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2 INTRODUCTORY REMARKS, Cuar. L

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

derful beauty, preventing the imy ion of the
flowers by their own pollen. There is a small class of
plants, which I have called dimorphic and trimorphic,
but to which Hildebrand has given the more appro-
priate name of heterostyled; this class consists of
plants presenting two or three distinet forms, adapted
for reciprocal fertilisation, so that, like plants with
separate sexes, they can hardly fail to be intercrossed
in each generation. The male and female organs of
some flowers are irritable, and the insects which touch
them get dusted with pollen, which is thus transported
to other flowers. Again, there is a class, in which the
ovules absolutely refuse to be fertilised by pollen from
the same plant, but can be fertilised by pollen from
any other individual of the same species. There are
also very many species which are partially sterile with
their own pollen. Lastly, there is a large class in
which the flowers present no apparent obstacle of any
kind to self-fertilisation, nevertheless these plants are
frequently intercrossed, owing to the prepotency of
pollen from another individual or variety over the
plant’s own pollen.

As plants are adapted by such diversified and effec-
tive means for cross-fertilisation, it might have been
inferred from this fact alone that they derived some
great advantage from the process ; and it is the object
of the present work to show the nature and importance
of the benefits thus derived. There are, however, some
exceptions to the rule of plants being constructed so
as to allow of or to favour cross-fertilisation, for some
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Cmr. L INTRODUCTORY REMARKS. 3

fow plants seem to be invariably self-fertilised ; yet

even these retain traces of having been formerly

for cross-fertilisation. These exceptions need

not make us doubt the truth of the above rule, any

‘more than the existence of some few plants which pro-

duce flowers, and yet never set sced, should make us

doubt that flowers are adapted for the production of

seed and the propagation of the species.

We should always keep in mind the obvious fact

‘that the production of seed is the chief end of the

act of fertilisation ; and that this end can be gained

by hermaphrodite plants with incomparably greater

certainty by self-fertilisation, than by the union of

the sexual elements belonging to two distinet flowers
‘or plants.  Yet it is as unmistakably plai

merable flowers are adapted for cross-fertilisation, as

the teeth and talons of a carnivorous animal are

for catehing prey ; or that the plumes, wings,

of used are adapted for its dissemination.

efo constructed so as to gain two

¢ nn,io a certain extent, :nhgununc, and

 many apparent anomalies in their strue-

“ pnhnyolﬁunﬂuu to the stigma.

th B favours, and often leads, to

elf ; but this end could have been gained

far more. -uyk 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.

r, in this case, a very small quantity of pollen

would lnve been mﬁmant for fertilisation, instead of

of grains being produced. But the openness

of the flower und the production of a great and ap-

parently wasteful amount of pollen are necessary for

‘eross-fertilisation. These remarks are well illustrated

by the plants called cleistogamic, which bear on the

B2
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4 INTRODUCTORY REMARKS, Cuar. L

same stock two kinds of flowers. The flowers of the one
kind are minute and completely closed, so that they
cannot possibly be crossed; but they are abundantly
fertile, although producing an extremely smail
quantity of pollen. The flowers of the other kind
produce much pollen and are open; and these can be,
and often are, cross-fertilised. Hermann Miller has
also made the remarkable discovery that there are
some plants which exist under two forms; that 1s,
produce on distinet stocks two kinds of hermaphrodite
flowers. The one form bears small flowers constructed
for self-fertilisation ; whilst the other bears larger and
much more conspicuons flowers plainly constructed
for cross-fertilisation by the aid of insects; and without
their aid these produce no seed.

The adaptation of flowers for cross-fertilisation is a
subject which has interested me for the last thirty-
seven years, and I have collected a large mass of ob-
servations, but these are now rendered superfluous by
the many excellent works which have been lately pub-
lished. "In the year 1857 I wrote * a short paper on
the fertilisation of the kidney bean ; and in 1862 my
work ‘On the Contrivances by which British and
Foreign Orchids are Fertilised by Insects’ appeared.
It seemed to me a better plan to work out one group
of plants as carefully as I could, rather than to pub-
lish many miscell and imperfect oby i
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,
oy : LT ho adapteti

* *Gandeners’ Obronicle, 1857,  * Annals and Mag. of Nat, Hist!
P 725, and 1858, p. 625 Alsy mtuﬂeam‘:ﬁmpm
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Cmai. 1. INTRODUCTORY REMARKS, 5

exceptional case. The lever-like action of the
stamens of Salvia (deseribed by Hildebrand, Dr. W.
Ogle, and others), by which the anthers are depressed
and rubbed on the backs of bees, shows as perfect o

The case of

(one of the Buhmm). is as won-

the most wonderful orchid. The

according to Fritz Miiller,* are irritable, so

that as soon as a moth visits a flower, the anthers ex-
the insect with pollen; one of the

which is broader than the others then moves

ut twelve hours, after

position. Thus the

o4
# observations, how essential a part insects play in
: u-mm of many plants. But he was in ad-
 vauce of his age,and his discoverics wero for o long
g neglected. Since the appearance of my book on
many excellent works on the fertilisation of
_&-,nnh as those by Hildebrand, Delpino, Axell,

* * Botanische Zeitung,” 1860, p. 129,
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6 INTRODUCTORY REMARKS. Onar. T

and Hermann Miller,* 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 initerest,

From my own observations on plants, guided to a
certain extent by the experience of the breeders of
animals, T became convineed many years ago that it
isa general law of nature that flowers are adapted to
be crossed, at least occasionally, by pollen from a
distinct plant. Sprengel at times foresaw this law, but
only partially, for it does not appear that he was aware
that there was any difference in power between pollen
from the same plant and from a distinct plant. In the
introduction to his book (p. 4) he says, us the sexes
are separated in so many flowers, and us 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 Lublock has given  known, visit the flowers of cach
an interesting  summary species. He likewise enters
whole subject in kis  British Wild  new ground, by

ou i that tlowers ure

ing Dot caly

adapted for their

o visits of certain

inscots ; but that the insects

themselves uro excellently adapted

mense nimber of for procuring nectar or pollen

orginal ubscrmations wd gene- from crtain lowers. Tho ‘i

tions, It s, of H. Maller's work can hardly be

t is much to

forenocs desired hould be trans-
which has been published on the  lated into Ky wlish.  Sever

subjoct, His work differs from  Axell's work is written in Swedish,

that of all others in specifying s that T have bot been able o

what kinds of insects, as fur as  read it,

own
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INTRODUCTORY REMARKS. ]

~ see its full importance, as may be perceived by any-
‘one who will read his observations carefully ; and he
‘consequently mistook the meaning of various struc-
- tures. But his discoveries are so numerous and his
~ work 50 excellent, that he can well afford to bear a
 small amount of blame. A most capablo judge, H.
likewise says It is remarkable in how very
- many cases Sprengel rightly perceived that pollen is
) ly transported to the stigmas of other flowers
dﬁlmqﬂsﬂuby the insects which visit them,
~and yet did not imagine that this transportation was
~ of any service to the plants themselves.”
Andrew Knight saw the truth much more clearly,
for he remarks,t “ Nature intended that a sexual in-
tercourse should take place between neighbouring

i humm.hmgmore in view than that
amales should fecundate each blossom.”

© The Complete Work of Charles Darwin Online



8 INTRODUCTORY REMARKS. Cuar. I

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

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

that the ion of the
species, whether by self-fertilisation or by cross-fertili-
sation, orasexually by buds, stolons, &e. s of paramount
importance. Hermann Miller 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
good with plants; and that it would be necessary at
the sacrifice of too much time to self-fertilise and inter-
cross plants during several successive generations, in
order to arrive at any result. I ought to have re-
ﬂecwd that such elaborate provisions favouring cross-

as we see in ble plants, would
not have been acquired for the sake of gaining a
distant and slight advantage, or of avoiding a distant
and slight evil. Moreover, the fertilisation of a flower
by its own pollen corresponds to a closer form of inter-
breeding than is possible with ordinary bi-sexual
animals; so that an earlier result might have been
ex,

pected.
I was at last led to make the experiments recorded
in the present volume from the following ecircumstance.

© The Complete Work of Charles Darwin Online.



ar.L  INTRODUCTORY REMARKS.

'te-h of determining certain points with
ce, and without any thought of the effects
ose interbreeding, I raised close together two
beds of self-fertilised and crossed seedlings from
 same plant of Linaria vulgaris. To my surprise,
rossed plants when fully grown were plainly taller

il more vigorous than the self-fertilised ones.
tly visit the flowers of this Linaria and carry
llen from one to the other; and if insects are ex-
d, the flowers produce extremely few seeds; so
, the wild plants from which my sedlings were
‘must have been intercrossed during all previous
rations. It seemed therefore quite incredible that
 difference between the two beds of seedlings could
been due to a single act of self-fertilisation ; and
ited the result to the self-fertilised seeds not
been well ripened, improbable as it was that
have been in this state, or to some other
d inexplicable cause. During the next
for the same purpose as before two large
¢ d self-fertilised and crossed seed-

Dianthus

the self-fertilised seedlings
x wldllyhﬁmlmhagumdugouwthe

Mnnwu now thoroughly aroused, for I could
doubt that the difference between the two beds
to the one set being the offspring of crossed,
the other of self-fertilised flowers. Accordingly I
cted almost by hazard two other plants, which
d 1o be in flower in the greenhouse, namely,

© The Complete Work of Charles Darwin Online



10 INTRODUCTORY REMARKS. Cuar. 1.

Mimvdus luteus and Ipomaa purpurea, both of which,
unlike the Linaria and Dianthus, are highly self-
fertile if insects are excluded. Some flowers on a
single plant of both species were fertilised with their
own pollen, and others were crossed with pollen from
o distinet individual; both plants being protected by a
net from insects. The crossed and self-fertilised seeds
thus produced were sown on opposite sides of the same
pots, and treated in all respects alike ; and the plants
when fully grown were measured and compared.  With
both species, as in the cases of the Linaria and
Dianthus, the ecrossed seedlings were conspicnously
superior in height and in other ways to the seli-
fertilised. 1 therefore determined to begin a long
series of experiments with various plants, and these
were continued for the following eleven years; and we
shall see that in a large majority of cases the crossed
beat the self-fertilised plants, Several of the excep-
tional cases, moreover, in which the crossed plants
were not victorious, can be explained.

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

My experiments were tried in the following manner.
A singlo plant, if it produced a sufficiency of flowers, or
two or three plants were placed under a net stretched
on a frame, and large enough to cover the plant
(together with the pot, when one was used) without
touching it. This latter point is important, for if

© The Complete Work of Charles Darwin Online
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Cuar. L INTRODUCTORY REMARKS. 1

the flowers touch the net they may be eross-fertilised
by bees, as I have known to happen ; and when the net
is wet the pollen may be injured. I used at first
“white cotton net,” with very fine meshes, but after-
‘wards a kind of net with meshes one-tenth of an
“inch in dismeter; and this I found by experience
effectually excluded all insects excepting Thrips, which
no net will exclude. On the plants thus protected
several flowers were marked, and were fertilised with
their own pollen ; and an equal number on the same
ts, marked in a different manner, were at the same
erossed with pollen from a distinct plant. The
“ﬂdﬂoﬂn were never castrated, in order to make
ts as like as possible to what occurs
’hﬁt nature with plants fertilised by the aid of
insects, some of the flowers which were
may have failed to be thus fertilised, and
‘have been self-fertilised. But this and
sources of error will presently be discussed.
cases of spontaneously self-fertile species,
 allowed to themselyes under

disadvantages in my having occasion-
‘my method of proceeding ; but when there
in the treatment, it is always so

species.

Care was taken that the seeds were thoroughly
ied before being gathered.  Afterwards the crossed
and self-fertilised seeds were in most cases placed on
damp sand on opposite sides of a glass tumbler covered
by a glass plm with a partition between the two lots;

and the glass was placed on the chimney-piece in a
Nm room. I could thus observe the germination of

© The Complete Work of Charles Darwin Online



12 INTRODUCTORY REMARKS. Cuar L

the seeds. Sometimes a few would germinate on one
side before any on the other, and these were thrown
away. But as often as a pair germinated at the same
time, they were planted on opposite sidesof a pot, with
& superficial partition between the two; and I thus
proceeded uutil from half-a-dozen to a score or more
seedlings of exactly the same age were planted on
the opposite sides of several pots. If one of the young
seedlings became sickly or was in any way injured,
it was pulled up and thrown away, as well as its
antagonist on the opposite side of the same pot.

As a large number of seeds were placed on the sand
to germinate, many remained after the pairs had been
selected, some of which were in a state of germination
and others not so; and these were sown crowded
together on the opposite sides of one or two rather
larger pots, or sometimes in two long rows out of doors,
In these cases there was the most severe struggle for
life among the crossed seedlings on one side of the
pot, and the self-fertilised seedlings on the other side,
and between the two lots which grew in competition
in the ssme pot. A vast number soon perished,
and the tallest of the survivors on both sides when
fully grown were measured. Plants treated in this
manner, were subjected to nearly the same conditions
a8 those growing in a state of nature, which have to
struggle to maturity in the midst of a host of
competitors,

On other oceasions, from the want of time, the seeds,
instead of being allowed to germinate on damp sand,
were sown on the opposite sides of pots, and the fally
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
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Cuar. 1. INTRODUCTORY REMARKS. 13

Kinds of seeds would not germinate well when exposed
to the light ; though the glasses containing them were
kept on the chimney-piece on one side of a room,
and some way from the two windows which faced
the N.E.*

Tho soil in the pots in which the seedlings were
planted, or the seeds sown, was well mixed, so as to
be uniform in composition. The plants on the two
sides were always watered at the same time and as
equally s possible; and even if this had not been

both sides, as the pots were not large. The crossed
and self-fertilised plants were separated by a super-
ficial partition, which was always kept directed towards
the chief source of the light, so that the plants on both
sides were equally illuminated. I do not believe it
ible that two sets of plants could have been sub-
to more e]o-ely similar conditions, than were
crossed and self-fertilised seedlings, as grown in
manner.

1 comparing the two sets, the eye alone was never
trusted.  Generally the height of every plant on both
sides was carefully measured, often more than once,
viz, whilst young, sometimes again when older, and
lmlly'bnﬁ.l.lynrmfnllygmm But in
some eul,-m are always specified, owing to the

tfﬂg

each side were measured. This plan, which is not a
good one, was never followed (except with the crowded

lninest  specics germinated on the bare

and
lews were m eurth in pots, an
Adonis R Ononioming:  covernd with & thin I-ynr nr -und.
tsina, Warely more than oue  they germinated. mmedite]
Jarge u
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14 INTRODUCTORY REMARKS. G 1.

plants raised from the seeds remaining after the pairs
had been planted) unless the tallest plants on mach
side scemed fairly to represent the average difirrence
between those on both sides. It has, however, some
great advantages, as sickly or accidentally injured
plants, or the offspring of ill-ripened seeds, are thus
eliminated. When the tallest plants alone on each side
were measured, their average height of course exceeds
that of all the plants on the same side taken together.
But in the case of the much erowded 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
seli-fertilised plants, their absolute height signifies
little,

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

© The Complete Work of Charles Darwin Online
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INTRODUOTORY REMARKS. 15

o them and for the pairs, but have added up all
heights, and thus obtained a single average.

long doubted whether it was worth while to give
measurements of each separate plant, but have
ded to do so, in order that it may be seen that the

ty of the crossed plants over the self-fertilised,
jes not commonly depend on the presence of two or
‘extra fine plants on the one side, or of a few
very poor plunu on the other side. Although several
have insisted in general terms on the off-
from intercrossed varieties being superior to
no precise measurements have been

of crossing and self-fertilising the indi-
of the same variety. Moreover, experiments of
kind require so much time—mine having been
during eleven years—that they are not

o be repeated.
e number of crossed anrl self-

nd?m. T may premise
that | ok by chance a dozen or score of men
i two nations and measured them, it would

small numbers on their average heights. But
g

case is somewhat different with my crossed and

t plants, as they were of exactly the same

B e T i yntien)
w o xvii, 2n¢ 1875, vol.
in my* Varition of Auimals i . 100. inllets:
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age, were subjected from first to last to the same
conditions, and were descended from the same parents.
When only from two fo six pairs of plants were
measured, the results are manifestly of little or no
value, except in so far as they confirm and are con-
firmed by experiments made on a larger scale with
other species. I will now give the report on the seven
tables of measurements, which Mr. Galton has had the
great kindness to draw up for me.

“T hayo examined the measurements of the plants with care,
l.mi by many statistical methods, to find out how far the means

of the several sots represent constant realitics, such as would

by
of plants, say of Zea mays, for an example.”
Zea mays (young plants).

ARRANGED 1 Oxomn 0F MaGNITTOR,

o Mr.Daowin.
7’!-3@-\-'0«.‘ In a Single Series.

Gwmt| | | v | v

vu | v

Crossed. | Selftert. | Cromsed. | Selfeert. ‘Seltfet, | Difference]

e || e s Tncbes.

283 | 17) | 233 | 20 203
vl | 12° | 20§ | &' | 20 20
a [20 |13 | 20

i8¢

Pot 11,

Pot 111,

| 2 ‘
‘llﬂ
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“The observations as T received them are shown in columns IL.
and ITL, where they certainly have no primd fucie appearance of

. But as soon as we arrange them in the order of
i in columns IV. and V., i

rawing & curve through them with a frec hand, but the re-

ved from the original
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 remarkablo coincidence
o
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that in the seven kinds of plants, whose measurements T have
examined, the ratio between the heights of the crossed and of
m-au- ‘ranges in five cases within very narrow limits.
In Zew mays it is a8 100 to 84, and in the others it ranges

obwamn 100076 acd 100 fo 8%
The determination of the variability (measured by what is

bearing on variability, is very evident in most cases, though not
in Zex mays, viz., that the solf-fortilised plants include the
larger number of exceptionally small specimens, whilo the
erossed are more generally fall grown.”

“Those groups of cases in which measurements have been

plant
o o plnte oxose e ferilined i ety but ey

of the preciso law followed by tho series. Tho experionco of
the plants in pots docs not help us to determino that law,
becauso the observations of such plants are too few to enablo

we are now considering refer to one of its extremities. There
are other special difficulties which need not be gone into, as the
one already mentioned is a complete bar.”

Mr. Galton sent me at the same time graphical
representations which he had made of the measure-
ments, and they evidently form fairly regular curves.
He appends the words “ very good ” to those of Zeaand
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flowers on one or more of the crossed plants were ferti-
lised with pollen from another crossed plant of the
sume 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 self-
fertilised plants of each generation with pollen taken
from a non-related plant—that is, one belonging to a
distinet family or stock of the same species and variety.
‘This was done in several cases as an additional experi-
ment, and gave very striking results. But the plan
usually followed was to put into competition and
compare intercrossed plants, which were almost always
the offspring of more or less closely related plants, with
the self-fertilised plants of each succeeding genera-
tion;—all having been grown under closely similar
conditions. I have, however, learnt more by this method
of proceeding, which was begun by an oversight and
then necessarily followed, than if I had always crossed
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
closo as twins or animals of the same litter. But in
one sense the flowers on the same plant are distinet
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individuals, and as several flowers on the mother-plant
were crossed by pollen taken from several flowers on
the father-plant, such seedlings would be in one sense
half- or sisters, but more closely related than
are the hal-brothers and sisters of ordinary animals,
The flowers on the mother-plant were, however, com-
monly crossed by pollen taken from two or more dis-
tinet plants; and in these cases the scedlings might
be called with more truth half-brothers or sisters.
‘When two or three mother-plants were crossed, as often
happened, by pollen taken from two or three father-
plants (the seeds being all intermingled), some of the
seedlings of the first generation would be in no way
related, whilst many others would be whole or hali-
brothers and sisters. In the second generation a large
number of the seedlings would be what may be called
whole or half first-cousins, mingled with whole and
half-brothers and sisters, and with some plants not at
‘dlnhhd. So lt would be in the l\leoeodmg genera-
tions, but would also bo many cousins of the

‘ The will

hn-amnmdmmmextmuhly complex

later generations; with most of the plants in
wﬂwndmyofmmelnnlyuhud

1 have only one other point to notice, but this is one

of the highest importance ; namely, that the crossed

self-fertilised phnhmmb}wted in the same

and
was possible. In the successive genunnnm they were
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
the same time, and kept close together
in the same greenhouse or hothouse. They were

g E
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therefore not exposed during successive years to such
great vicissitudes of climate as are plants growing out
of doors.

On some apparent and real Causes of Error in my Ee-
periments.—It has been “objected to such experiments
4s mine, that covering plants with a net, although only
for u short time whilst in flower, may affect their health
and fertility. 1 have seen no such effect except in one
instance with a Myosotis, and the covering may not
then have been the real cause of injury. But even if
the net were slightly injurious, and certainly it was not
so in any high degree, as I could judge by the appear-
ance of the plants and by comparing their fertility with
that of neighbouring uncovered plants, it would not
have vitiated my experiments; for in all the more im-
portant cases the flowers were crossed as well as self-
fertilised under a net, so that they were treated in this
respect exactly alike.

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

to diminish and not to increase any superiority in
average height, fertility, &e., of the crossed over the
selffertilised plants.

As the flowers which were crossed were never cas-
trated, it is pml»lrle or even almost cortain that T
fertilise them and

that they were ‘ ds 1i-fertilised.
This would have been most lxkely to occur with dicho-
gamous lpmu,fnrnuzm much care it is not easy to

mn stigmas are ready to be fer-
when the mum- open. But in all cases,

a8 some of the seeds not having
thoroughly ripened, though care was taken to

‘avoid this error—the sickness or unperceived injury of

- any of the plnm.——mu have been to a large extent
eliminated, in cases in which many crossed and
plants were measured and an average
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struck. Some of these causes of error will also have
been eliminated by the seeds having been allowed to
germinate on bare damp sand, and being planted in
pairs; for it is not likely that ill-matured and well-
matured, or diseased and healthy seeds, would germi-
nate at exactly the same time. The same result will
have been guined in the several cases in which only a
few of the tallest, finest, and healthiest plants on each
side of the pots were measured,

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

e 3 Neadin, 1 - aaet Philosophical
3 - '
Neirlln Arshivesd Muséum,!  Soc. 1853, pp. 298-238.
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placed on one side of the large stigma in sixty-four
flowers of Tpomaa purpurea, and a great mass of pollen
 over the whole surface of the stigma in sixty-four other
- flowers. In order to vary the experiment, half the
- flowers of both lots were on plants produced from self-

fertilised seeds, and !he other half on plants from

.

seeds per capsule. The sixty-four flowers with only a
little pollen placed on one side of the stigma yielded
sixty-three capsules, and excluding one from the same
cause as before, the remainder contained on an average
5129 seeds. So that the flowers fertilised with little

yielded rather more capsules and seeds than did

difference in the amount of
oo

b

The order in which our subject will be treated in
 the present volume is as follows. A long series of ex-
will first be given in Chapters II. to VI

will afterwards be appended, showing in a con-
hlhnthnhun heights, weights, and fertility
‘of the offspring of the various crossed and self-fertilised

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

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

Species were selected for experiment belonging to
widely distinct families, inhabiting various countries.
In some few cases several genera belonging to the
samo family were tried, and these are grouped toge-
ther; but the families themselves have been arranged
not in any natural order, but in that which was the
most convenient for my purpose. The experiments
have been fully given, as the results appear to me of
sufficient value to justify the details. Plants bearing
hermaphrodite flowers can be interbred moro closely
than is possible with the higher animals, and are theres
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well-fitted to throw light on the nature and extent
good effeets of cmng. and on the evil effects

g slightly in constitution, owing to their pro-
itors having been subjected during several genera-
to ilghly different conditions, or to what we

 Complete Work of Charles Darwin Online



CONVOLYULAGRE.

Tpomema purpures, comparison of the height and fertility of the
e S Al Bl detog G i greming
—Greater constitutional

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

Crossed and self-fertilised seeds obtained in the above
- manner wero allowed to gorminate on damp sand, and 0s often
a8 pairs ted at the ssm time they wero planted in the
‘mauner hdinmlntmdunnon, on tho opposite sides of
two pots. Five pairs were thus planted ; and all the remaining

‘whether or not in & state of germination, wero planted on

8 opposite sidos of a third pot, so that the young plants on
Mﬂ-mmm crowded and exposed to very

verago height of the six crossed plants is hero 86 inches,
 of tho six selffertlsed. plants s only 65-66 inches,

should be observed that this difference is not due
Mmmmyﬂl or to a few of
mmmmmmmm

o greater than their antagonists. The
.ml.mmmanm-run y-nndl,lnd
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t the final measuring. But it is an interesting fact, of which I
have seen several other instances, that one of the self-fertilised

than the erossed plant; and again, when beo i Bigh, it vas
1y ineh taller, but during the ten subsoquent days the crossed
plant began to gain on its antagonist, and over afterward asserted
ita supremaoy, until it exceedod its selt-fortilised opponent by
16 i
mh.nvun—oapmxnl’nu and TL, woro covered with o
net, and produced 121 capsules; tho five sclf-fortilised plants
produced cighty- rmupmu.umc the numbers of capsules
were a8 100 o 69. Of the 121 capsulos on tho crossed plants
Iht:-ﬂn the product of flowers crossed with pollen from o
distinct plant, and these contained on an averago 5-23 sceds per

(which were alone ) contained on an average 4°85
seods per tho cross-fertilised
pared with capsules, yiclded seeds in_the

data (i.e., number of capsules and average number of contained
soods), tho crossed plants, compared with tho self-fertilised,
yielded seeds in the ratio of 100 to 64.

Theso crossed plants produced, as already stated, fifty-six
spontanconsly self-fertilised capsules, and the self-fertilised
plants produced twenty-nine such capsules. The former con-
fained on an_ average, in comparison with the latter, sceds

In Pot 11L, on the opposito sides of which  large mumber of
cromed and self-ferilised sceds had boen sown and the seed-
lings allowed o stroggle together, the crossed plants had at
first 1o great advantage. At one time tho fallest crossed was
95 inchos high, and the tallest solf-fortilised plants 213, But
the difference afterwands becamo much greater. The plants on
both sides, from being so crowded, were poor specimens, The
flowers were allowed to fertilise themselves spontancously under
@ net; the crossed plants produced thirty-seven capeules, the
self-fortilisod plants only eighteen, or as 100 to 47. The former

contained on an average 8-G2 sceds per capsule;, and the latter
8:38 seods, or as 100 to 93. Combining these data (i, number
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and averago mumber of seeds), the erowded crossed
with the self-fertilised as 100
M hﬁl seeds, however, were decidedly heavier, a

Mphnuln this the first generation, when grown
2 ‘Sonditions, and when grown under unfavour-

he samo flower. The seeds thus produced were
respect us before, and wo have in Table IL

1L (Second Generation.)
P r——

a7
o8,
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crossed, and from the self-fertilised plants again self-fertilised,
were treated in all respects exactly as before, with the following
result:—

Tane L (Third Generation.)

Noof it | Cromod Punin | Seteritined Pt
L ] . 7" M’
ki) 51
3 5
[ t & »
81 30
1 o
Total faches. J 845 3170
Again all the crosssd than their antagonists:

seveuty-seven self-fertilised capsules containing on an average
4°41 poeds; vhﬂnhthmnllﬁrﬁu—iphn produced

capsules) only twenty-nine self-fertilised capsules, containing on
o0 averago 4°14 s, Thereorstho averago numer of sods
in the two lots of spontaneously self-fertilised capsules was as
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0 fo 94. Taking into consideration the number of capsules
with the average number of sceds, the crossed plants

x ) produced sceds in ith
solf-fertilised plants (spontancously self-fertilised) in the
o of100 to 85. By whatever method the fertility of
% plants is compared, the crossed are more fortilo than the

ts.
1 tried in several ways the comparative vigour and powrs of
owth of the crossed and self-fertilised ‘plants of this third
on Thus, four self-fertilised seods which had just
nated were planted on ono side of a pot, and after an in-
forty-eight hours, four crossed seeds in the same state
m wero planted on tho opposite side; and the pot
in the hothouse. 1 thonght that the advantage thus

 the self-fertilised scedli

s 6557 inches, or as 100 to 86; there-

e self-fertilised Plants having
fours.)

ilised secds of the third generation wero
doors late i the summer, and thereforo under
con and a single stick was given {0 each
up. The two lots were sufficiently
o interfero with each other's growth, and tho

. in their hardiness), tho
od plants were found to be 24-5 and 225 inches,
v o
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whilst the two tallest self-fertilised plants were only 15 and
18:8 oche tn beght, or 20 100 o 8.
likewise sowed at the same time two lots of the same secds
hly-ndthm'lh'-lhdyldwu-l'iﬁ
crossed seedlings from the first looked the most
mmy.mmmqumwymmcdnhm
whilst the self-fertlised were not ablo to twino at all; and the
tallost

Lastly, two lots samo seeds were sown in the midst of
abed ) vigorously. The seedlings
«came up, but all the self-fertilised soon died

lmﬁmdupﬁcﬂmdhlhoﬂlhthehig\nd
inches. These cases prove that the crossed

have an immense advantage over the both when
growing isolated under very conditions, and when
put into tion with each other or with other plants, as
would happen in a state of

Crossed and self-f-rtilised Plants of the Fourth Generation.—Seed-
lings raised as before from tho crossed and self-fortilised plants

Tane V. (Fourth Generation.)

i ]
—— ————
1 | [ 80
| r 44y

| 488°5. 4200

Total lnches. |

Here the average height of the seven crossed plants is 69-78
hﬁ.lﬂﬂd\hﬂmnﬂwﬂmh 60°14; oras

relaf
former generations, may bo attributed to the plants having been
raised during the dopth of winter, and consoquently to their not
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grown vigorously, as was shown by their general ap-

extremity of itions.

 Grossed and self-fertilised. Plants of the Fifth Generation.—~Theso

. in tho samo manner as before, and when measured
the following results:—

Tasis VL (Fifth Generation.)

No.of Pt Cromed Plate, | Slf-frtid Pl
Tochen, Toches
L % s
86 kil
1 69 29
1L 84 51
84 84
763 i
Total fuches, [ 495°25 574:00
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and that of the six self-fertilised plants 6233 inches, or as 100
1075, Every crossed plm-m-ddn..nmnmm helght.
In Pot 1. the middle plant on the crossed side was slightly

the
i (6 e oo of o b, s of e sl o
I can offer no
Crossed and slf-fertilised Plants u the smn Generation,.—

1 should stato that thero were mv.@nmnd

one of a pair plainly became very unhealthy.
Tasue VIL (Siath Generation.)

oot Pt Cromed P, | Seittertoed Pt
i - s

& 5 508
o1 o
n ™ 0
86§ 87
B 62

L. 873 | o4}
Total fnches, 525 D

‘The average height of the six crossed plants is here 875, and.
of the six self-fertilised plants 6316, oras 100 to 72. This large
difference was chiefly due to most of the plants, especially the
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‘self-fortilised ones, having become unhealthy towards the close
of their growth, and they were severely attacked by aphides,
From this cause nothing can be inferred with respect to their
rolative fertility. In this genevation we havo the first instance
 of a self-fertilised plant in Pot IL. exceeding (though only by
hlun inch) its crossed opponent. This victory was fairly won
aftera long struggle. At first the self-fertilised plant was several
4 imhu taller than its opponent, but when the latter was 4}
Moot high it had grown equal; it then grew a little taller than
tho self-ertilised plant, but was ultimately beaten by it to the
extent of half an inch, as shown in the table. T was so much
surprised at this caso that I saved the self-fortilised sceds of
 this plant, which T will call the Bero," and experimented on
its descendants, as will hereafter be descri
Besides the plants included in Table vn., nine crossed and
mine solf-fertilised plants of the same lot were rised in two
other pots, IV. and V. These pots had been kept in the hot-
‘house, but from want of room were, whilst the plants were
young, suddenly moved during very cold weather into the
m part of the greenhouse. They all suffered greatly, and
aever quite rocovered. After a fortnight only two of the nine
self-fertilised scedlings were alive, whilst seven of the crossed
The tallest of these latter plants when measured was
7 inches in height, whilst the tallost of the two surviving self-
‘plants was only 32 inches, Here again wo seo how much
‘vigorous the crossed plants are than the self-fortilised.
Crossed and self-fertilised Plants of the Seventh Generation.—
‘were raised as heretofore with the following result:—

TABLE VIIL (Seventh Generation.)

No.of Pt | Oromsed Pants,_| St Plaots,
L 84 .‘f:“
L. 84! 1
76§ 554
1L 844 65
90 51
823 80
A 83 o,
86 60]
1v. 847 7]
Total inches. | 755:50 61425
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Each of thesa nine crossed plnhhhghrthulhopwmt,
an inch.

)-tmurld(vh. by -7 of an inch) the averago height of th
dlhhhndpllnh but two of tho lattar were still taller than

their erossed opponents. T was so much astonished at this whole
case, that I tied string to the summits of the rods ; the plants

flowered before

carlier flowers produced by theso solf-fertilised plants did not
sct any eapsules, and their anthers contained only a small
amount of pollen; but to this subject I shall return, Nevorthe-
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capsules produced by two other self-fertilised plants of the
Iot, not included in Table IX., which had been highly
red by being grown in separate pots, contained the large
ge number of 51 sceds per capsule.

Tavue IX. (Bighth Generation.)

T r—
Tnches, lu:h--.
5 11y
127 5
1508 94
1L o7y 94
8} 1259
. 1034 15
100 84
i 108
Total inches. 908-25 7825

and wlf-fortitised Plants of the Ninth Generation.

fourteen crossed plants averago in hoight 81°39 inches
mnm sclf-fertilised plants 64-07, or as 100 to 79,
g plant in Pot I1L. excoeded, and one in Pot IV,
in height, its opponent. The self-ertilised | plate
1o sign of inheriting the prococious growth of their
; this having been due, as it would appear, to the
stato of the seeds from the unhealthiness of their
The fourteen solf-fertilised plants yielded only forty
onsly self-fertlised capsules, fo which must be added

es in tho proportion of about 182 to 47, or as 100 to 26.
phenomenon was well pronounced in this generation,
Delieve had occurred previously to o slight extent ;
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namely, that most of the flowers on tho self-fortilised plants
were somewhat monstrous. ity consisted in the
corolla being irregularly split so that it did not open properly,
with ono or two of the stamens slightly folinccous, coloured,
and firmly coherent to the corolla. 1 observe this monstrosity
in only one flower on the crossed plants. The self-fertilised
plants, if woll nourished, would almost cortainly, in a fow mors
generations, have produced doublo flowers, for they had already
becomo in some degroe sterilo.*

Tavtx X. (Ninth Generation,) .

No.of k.
L
i
. E o
85} 7
it ko
v. a2 T
% 76}
Ve | & I
Crowdod plants. T
| 70
Total inches. | 807+

Crossed and self-fertilised Plants of the Tenth Generation—Sis
plants wero raisod in the usual manner from the crossed plants
of the lnst generation (Table X.) again intercrossed, and from
the self-fertilised aguin self-fertilised. As one of the crossed
plants in Pot L. in the following fable became much diseased,
having crumpled leaves, and producing hardly any capsules, it
and its opponent have been struck ont of the table,

* Soe on this subject* Variation Do ;
- T R
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Tanix XL (Tenth Generation)

NoofPut | Cromed Pants. | Seltforiised Plants.

L a1
e
. 87 5
89§ 49|
105

“Total inches.

1 ﬂ&mﬂaoj'wnju_ngda]mﬂomn
' instead of crossing distinet Individuals.
u foregoing experiments, seedlings from
ossed by pollen from a distinct plant (though
16 later generations more or less closely related)
into competition with, and almost invariably
cedly superior in height to the offspring

ed flowers, I wished, therefore, to

- whether a cross between two flowers on the
would give to the offspring any superiority
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over the offspring from flowers fertilised with their
own pollen. 1 procured some fresh seed and raised
two plants, which were covered with a net; and several
of their flowers were crossed with pollen from a dis-
tinet flower on the same plant. Twenty-nine capsules
thus produced contained on an average 486 sceds per
capsule; and 100 of these seeds weighed 3677 grains.
Several other flowers were fertilised with their own
pollen, and twenty-six capsules thus produced con-
tained on an average 442 seeds per capsule; 100 of
which weighed 42-61 grains. 8o that a cross of this
kind appears to have increased slightly the number of
seeds per capsule, in the ratio of 100 to 91 ; but these
crossed seeds were lighter than the self-fertilised in the
ratio of 86 t0100. I doubt, however, from other
observations, whether these results are fully trust-
worthy. The two lots of seeds, after germinating on
sand, were planted in pairs on the opposite sides of
nine pots, and were treated in every respect like the
plants in the previous experiments. The remaining
seeds, some in a state of germination and some not
80, were sown on the opposite sides of a large pot
(No. X.); and the four tallest plants on each side of
this pot were measured. The result is shown in
Table XII.

The average height of the thirty-one crossed plants i
7323 inches, and that of the thirty-one self-fertili

plants exceed their opponents. A record was kept wi
respect to the plant which flowered first in each pot;
and only two of the crossed flowered before one of
self-fertilised in the sume pot; whilst eight of the
fertilised flowered first. It thus appears that
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Tasie XIL
No. of Pot.. Crossed Plants. | Self-fertilised Plants.
Tnchen, Inches,
L 82 7,
kel 87
o
% 874
. 784 M
86
854 90,
L. 61§ 86
85 69,
89 31‘
w. a0,
734 5
L 84§
V. 3 "
76§ 77
57 81
VL o 704 80
79 82,
9% 55
i, s I
811 83,
79 78
Vil 78 6y
67 R2
83 80,
IX. 731 8
78 67
X a4 82,
82
81g 69
mn 75,
inches. 2270°25 230975
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erossed plants are slightly inferior in height and in
earliness of flowering to the self-fertilised. But the
inferiority in height is so small, namely as 100 to 106,
that I should have felt very doubtful on this head,
had I not cut down all the plants (except those
in the crowded pot No. X.) close to the ground and
weighed them. The twenty-seven crossed plants
-ughed 16} ounces, and the twenty-seven self-fer-

tilised plants 20} ounces; and this gives a ratio of
100 to 124,

A self-fertilised plant of the same parentage as those
in Table XIL had been raised in a separate pot for a
distinet purpose; and it proved partially sterile, the
anthers containing very little pollen. Several flowers
on this plant were crossed with the little pollen which
could be obtained from the other flowers on the same
plant; and other flowers were self-fertilised. From the
seeds thus produced four crossed and four self-fertilised
plants were raised, which were planted in the usual
manner on the opposite sides of two pots. All these
four crossed plants were inferior in height to their
opponents ; they averaged 78°18 inches, whilst the
four self-fertilised plants averaged 84-8 inches ; or as
100 to 108.* This case, therefore, confirms the last.
Taking all the evidence together, we must conclude:
that these strictly self-fertilised plants grew a little
taller, were heavier, and generally flowered before
those derived from a cross between two flowers on the
same plant. These latter plants thus present a wons
derful contrast with those derived from a cross between.
two distinet individuals.

2 From cuo of thees wlfferl-  an average only \nmd.

ferilized, T e ppasial bectied sain o
capeules, they contained on  slerility of its plnnl.m -
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Ejm on the Offspring of a Cross with a distinct
Stock belonging to the same Variety.—From the
foregoing series of experiments we see, firstly, the
d effects during several successive generations of
between distinet plants, although these were
e degree inter-related and had been grown
nearly the same conditions ; and, secondly, the
@ of all such good effects from a cross between
rs on the same plant; the comparison in both
being made with the offspring of flowers fertilised
their own pollen. The experiments now to be
show how powerfully and beneficially plants,
have been intercrossed during many successive
re having been kept all the time under
ly uniform conditions, are affected by a cross with
plant belonging to the same variety, but to a
family or stock, which had grown under dxf-
conditions.

flowers on the crossed plants of the ninth generation

‘Tind twined a short way up their sticks, one of the
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plants was much taller than any one of

the intercrossed plants on the opposite sido of the same pot;
and in the three other pots somewhat taller. I should
that two of the Colchester-crossed plants in Pot IV.,

remaining nineteen plants, when almost fully grown, were
measured, with the t:—
Tasre XIIL
B [
Nowie | Gt et e
Toches,
L & ‘ 8
&7 o8
Sl o8}
. 93f 50
8 874
B 90| 45
. 41 0
92 81
8 8
v s | s s
¥. 90f 85
5ol b
& 62
VI s0p | T
Crowaed piants 1a 8 s | 3
‘very large pot. 71 | 30§
a | 8
8 | W
Total inches. | 159050 ‘ 1249°75

In sixteen ont of these nineteen pairs, tho Colchester.
plant excoeded in height its intercrossed opponent. The ave
height of the Colchester-crossed is 84°03 inches, and that
the intercrossed 6578 inches; or as 100 to 78 With
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mvof the two lots, it was too troublesoma to collect

plants were to those from the intercrossed plants as
51; 8o that tho former probably contained a somewhat
jer averago number of soods.

learn from this important experiment that
in some degree related, which had been inter-
during the nine previous generations, when they
e fertilised with pollen from a fresh stock, yielded

look to the plants of the ninth generation in
X. (and these offer in most respects the fairest
d of comparison) we find that the intercrossed
mts were in height to the self-fertilised as 100 to 79,
in fertility as 100 to 26; whilst the Colchester-
plants are in height to the intercrossed as 100
and in fertility as 100 to 51,

thus rised wero put into competition with self-fer-
plants of the corresponding generation.
Tots of secdlings thus all belong to the seventh genera-
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tion. Their relative heights are shown in the two following

tables :—
Tasue XIV.

No.of Pot.

Total inches.

verage height of the six self-fertilised children of Hero
ilﬂﬂhtlnlwhﬂntmdthmdimrynlw
the corresponding gencration is ouly 62-58 inches, or as 100

wu
Taste XV,
I
| Sttt plats -
Nootrw |[Othe Sermid Gene- b Gepe-
s
| I
. ‘ () 76§
v, 87 89
874 86§
Total inches. } 266°75 252+50

by a trifle the intererossed plants,—all of the
tion.
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flowers on the self-fertilised children of Hero in Table

d us the offspring of the union of brothers and sisters.

solf-frtilised and tho offspring of brothers and sisters)
n in the following table:—

ot IV. one of tho crossed plants grew only to a height of

g i this plant nd i opponent o stk o, os

‘b the fairest plan, the averago height of tho crossed

exceeds, but only by a fraction of an inch, that of the self-
E
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fertilised plants. 1t is therefore clear mum-h-twunuu
ds lid

1f-fortilised children of Hero d
‘worth notice; Mnbmdmm)-hmumuwﬁnmm
can be

been united, for the m\‘l]nlrymmv:m-ed plants of f-homun.l
succossive generations must often have been derived from the
union of brothers and sisters (as shown in Chap. L), and yet all
of them were greatly superior to the solf-fertilised plants. We

ero
constitution adapted for sel-frtilisation.

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 intererossed plants, but have become mare
fertile when self-fertilisod than is usual with the plants of the

present species. The flowers on the self-fertilised grandehildren
of Hero in Tablo XVL (the eighth generation of self-fertilised
‘plants) were fertilised with their own pollen and produced plenty
of capsules, ten of which (though this is too few a number for &
safe -w-n) contained 52 seeds per capsule,—a higher average
than was observed in any vllwrulnwllll the self-fertilised plants.
The anthers produced by these self-fertilised grandehildren were
also as well developed and contained as much pullm " !lm-e on
the intererossed plants of the corresponding
this was not the case with the ordinary ml[{erﬁ.ﬁnd phnh of
the later generations, Novertheless some fow of the flowers
produced by the of Hero were sligl
Tike thos of the ordinary slf-fertiliscd plants of the lter ganera
tions, In order ot to reeur o the u\ll jm of fertility, | may n::
prody

that twents ilised capsul

by the Rmn—mmh.hxldm nlﬂm ({nrmmg the ninth gunulm

the from them (great-grandehildren of Hero)
formed the ninth jon.
were erossed with pollen from r that they

seedlings thus raised may be called the intercrossed great-
children. And lastly, other flowers were fertilised with
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growing only a fow inches in height, and vry fow to their

height, Tho result, therefore, cannot be fully trusted ;

it would be useless to give the measurements in dotail. Tn

striko as fair an average as possible, I first excluded all
‘plants under 50 inches in height, th i

on the Grouth, Vigour, and Fertility of the

Generations of the crossed and self-fertilised

of Ipomaea purpurea, together with some miscel-
Observations.

n the following table, No. X VIL, we see the average
n heights of the ten successive generations of
e and self-fertilised plants, grown in

E2
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competition with each other; and in the right-hand
column we have the ratios of the one to the other, the
height of the intercrossed plants being taken at 100.
In the bottom line the mean height of the seventy~
three intercrossed plants is shown to be 85°84 inches,
and that of the seventy-three self-fertilised plants
6602 inches, or as 100 to 77.

Tasue XVIL
Ipom Summary of (in Inches) of
the Ten Generations,
L—-L--.- Sumier| Averae | Rato erwees
Hetein etgha | Average
Nutmber of the Generation. | Cronsed -:w» Helgnue
- Piante, | Selffriiied
P
Fintgeseration . . .| 6 | %00 6 6566 lwl00to 70
Table 1.
Second generation . . | 6 | 84:16 [ 6 [ 66°35 |ar 100 to 78
Table 1L
Thind geseration, . . | 6 |77°41| 6 |52'83 [as 100 to 68
“Table 11I, ] |
Fourth generation . . | 7 | 6978 | 7 | 00°14 [us 100 to 88
" rabia Vo ’ ‘
Fifth generation . . .| 6 | 8254 | 6 | 6233 as 100 t0 75
Table V1. |
Sisth gneration. . . | 6 | 87°30 | 6 | 63°16 (w100 to 72
Table Vii. |
Seventh geaeration . . | 9 8304 | 9 | 65°25 fas 100 to 81
fable VIIL | | |
Eighth generation . . | B (11325 8 | 0665 [us 100 to 85
B e A b
Ninth generation . . | 18 | 81°09 14 | 64-07 s 100 to 79
Tuble X. | bie elh |
Tenth generation ., .| & | 9370 5 ‘ww a8 100 to 54
Tuble XL |
All the tes guaerstions)] 73 | 5.8 73 | 66:02 'ne 100 t0
taken together . .
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lhe mean height of the self-fertilised plants in

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

showing the mean heights of the crossed and self-fertilised
in the ten

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

In the right-hand column of figures, the difference
in height between the crossed and self-fertilised plants
in the successive generations is seen to fluctuate much,
us might indeed have been expected from the small
number of plants measured in each generation being
insufficient to give a fair average. It should be
remembered that the absolute height of the plants
goes for nothing, as each pair was measured as
soon a8 one of them had twined up to the summit
of its rod. The great difference in the tenth genera-
tion, viz, 100 to 54, no doubt was partly accidental,
though, when these plants were weighed, the differ-
ence was even greater, viz, 100 to 44. The smallest
amount of difference occurred in the fourth and the
eighth ions, and this was ly due to
both the crossed and self-fertilised plants having
become unhealthy, which prevented the former attain-
ing their usual degree of superiority. This was an
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0 circumstance, but my experiments were
it thus vitiated, as both lots of plants were exposed
the same conditions, whether favourable or un-
 There is reason to believe that the flowers of this
[pomaen, when growing out of doors, are habitually
by inseets, so that the first seedlings which 1
ed from purchased seeds were probably the offspring
cross, I infer that this is the case, firstly from
e-bees often visiting the flowers, and from the
tity of pollen left by them on the stigmas of such
5 and, secondly, from the plants raised from the
ne lot of seed varying greatly in the colour of their
rs, for as we shall hereafter sce, this indicates
ch intercrossing.® It is, therefore, remarkable
it the plants raised by me from flowers which were,
‘all probability, self-fertilised for the first time after
generations of crossing, should have been so
cedly inferior in height to the intercrossed plants
they were, namely, as 76 to 100. As the plants
b were sel-fertilised in each ling i
: ily became much more closely interbred in
he later than in the earlier generations, it might have
expected that the difference in height between
and the crossed plants would have gone on in-

g; but, so far is this from being the case, that
difference between the two sets of plants in the
uth, eighth, and ninth generations taken together
than in the first and second generations together.
en, however, we remember that the self-fertilised
crossed plants are all descended from the same

3 (“Sur o Produc- color, cannot be kept pure unless
dos Variétés! 1865, p. 66) grown ut u distance from all other
certain losely  varieties,

d plant, the Conrolrulus i

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

The much greater constitutional vigour of the
crossed than of the self-fertilised plants, was proved on
five occasions in various ways; namely, by exposing
them, while young, o a low temperature or to a
sudden change of temperature, or by grow'mg them,
under ver
with full-grown plants of other kinds.

chh Tespect to the productiveness of the crossed

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

First Generation of crowsed. and self-fertilised Plants
growing in competition with ome another.—Sixty-five
capsules produced from flowers on five erossed
fertilised by pollen from a distinct plant, and fifty-five
capsules produced from flowers an five self-fertilised
plants fertilised by their own pollen, contained seeds
in the proportion of . . 100093
Fifty-six spontancously self-fertilisod capsules on
the above five crossed plants, and twenty-five sponta-
neously self-fertilised capsules on the above five self-
fertilised plants, yielded seeds in the proportion of . 100 to 99
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Combining the fotal number of capsules produced
‘these plants, and the averago number of seeds in

100 to 64
100 to 45
100 to 94
100 to 38
100 to 94
d to the self-fortilised plants, both spontane-
,wasas . . . . . 10085
Generation of crossed and self-fertilised Plants.
from flowers on the crossed plants forti-
another plant, and capsules from
100 to 94

100 to 89

100 to 26

SIS « 1000 51
see in this table that the crossed plants are
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always in some degree more productive than the self-
fertilised plants, by whatever standard they are com-
pared. The degree differs greatly; but this depends
chiefly on whether an average was taken of the seeds
alone, or of the capsules alone, or of both combined.
The relative superiority of the crossed plants is chiefly
due to their producing a much greater number of cap-
sules, and not to each capsule containing a larger
average number of seeds. For instance, in the third
generation the crossed and self-fertilised plants pro-
duced capsules in the ratio of 100 to 38, whilst the
seeds in the capsules on the crossed plants were to
those on the self-fertilised plants only as 100 to 94
In the ecighth generation the capsules on two self-
fertilised plants (not included in the above table),
grown in separate pots and thus not subjected to any

competition, yielded the large average of 5°1 ned.-.
The smaller number of capsules produced by the self-
fertilised plants may be in part, but not altogether,
attributed to their lessened size or height ; this being
chiefly due to their lessened constitutional vigour, so
that they were not able to compete with the ecrossed
plants growing in the same pots. The seeds produced

The impaired fertility of the self-fertilised plants was
shown in another way, namely, by their anthers bei
smaller than those in the flowers on the crossed plants,
This was first observed in the seventh generation,
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‘have occurred earlier. Several anthers from flowers

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

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
st-formed flowers being sterile. For instance, the
first flowers on a self-fertilised plant of one of the
generations were carefully fertilised with their
own pollen, and eight of them dropped off; at the same
ne fifteen flowers on a crossed plant growing in the
pot were self-fertilised, and only one dropped off.
two other crossed plants of the same generation,
ral of the earliest flowers were observed to fertilise
elves and to produce capsules. In the plants of
i@ ninth, and I believe of some previous generations,
many of the flowers, as already stated, were
ly monstrous; and this pmhhly was connected
their lessened fertili
All the self-fertilised plmm of the seventh genera-
tion, and I believe of one or two previous generations,
d flowers of exactly the same tint, namely, of a
dark purple. 8o did all the plants, without any
ption, in the three succeeding generations of self-
e d plants ; and very many were raised on account
other experiments in progress not here recorded.
attention was first called to this fact by my
remarking that there was no occasion to label
the self-fertilised plants, as they could always be known
by their colour. The flowers were as uniform in tint
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as those of a wild species growing in a state of nature ;
whether the same tint occurred, as is probable, in the
earlier generations, neither my gardener nor self could
recollect. The flowers on the plants which were first
raised from purchased seed, as well as during the first |
few generations, varied much in the depth of the .

purple tint; many were more or less pink, and ocea-
sionally a white variety appeared. The crossed plants
continued to the tenth generation to vary in the same
manner as before, but to a much less degree, owing,
probably, to their having become more or less closely
inter-related. We must therefore attribute the extra-
ordinary uniformity of colour in the flowers on the
plants of the seventh and succeeding self-fertilised
generations, to inheritance not having been interfered
with by erosses during several preceding generations,
in combination with the conditions of life having been
very uniform.

A plant appeared in the sixth self-fertilised genera-
tion, named the Hero, which exceeded by a little in
height its crossed antagonist, and which transmitted
its powers of growth and increased self-fertility to its
children and grandchildren. A cross between the
children of Hero did not give to the grandchildren
any advantage over the self-fertilised grandchildren
raised from the self-fertilised children. And as far as
my observations can be trusted, which were made on
very phnu, the great. raised
from i dehildren had no
over the seedlings from the grandehildren the product
of continued self-fertilisation; and what is far more
remarkable, the great-grandchildren raised by crossing
the grandchildren with a fresh stock, had no advantage
over either the intercrossed or self-fertilised great-
grandchildren. It thus appears that Hero and its
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K! differed in itution in an di
-manner from ordinary plants of the present species.
~ Although the plants raised during ten successive
generations from crosses between distinet yet inter-
elated plants almost invariably exceeded in height,
constitutional vigour, and fertility their self-fertilised
opponents, it has been proved that seedlings raised
by intercrossing flowers on the same plant are by no
-means superior, on the contrary are somewhat inferior
height and weight, to seedlings raised from flowers
with their own pollen. This is a remarkable
ot, which seems to indicate that self-fertilisation is
some manner more advantageous than crossing,
the cross brings with it, as is generally the case,
ne decided and preponderant advantago; but to this
subject I shall recur in a future chapter.
The benefits which so generally follow from a
between two plants apparently depend on. the
differing somewhat in constitution or character.
s is shown by the seedlings from the intercrossed
ts of the ninth generation, when crossed with
from o fresh stock, being as superior in
and almost as superior in fertility to the again
wsed plants, as these latter were to seedlings
rom self-fortilised plants of the corresponding gene-
on. We thus learn the important fact that the
act of crossing two distinet plants, which are
some degree inter-related and which have been
subjected to nearly the same conditions, does
e good as compared with that from a cross between
belonging to different stocks or families, and
h have been subjected to somewhat different con-
ns. We may attribute the good derived from
erossing of the intercrossed plants during the
successive generations to their still differing some-
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what in constitution or character, as was indeed proved
by their flowers still differing somewhat in colour.
But the several conclusions which may be deduced
from the experiments on Ipomea will be more fully
considered in the final chapters, after all my other
observations have been given.
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CHAPTER IIL
Somornvianiaces, Grsxemaces, Lanure, ¥re.

Juteus; gt vigour, and Gty of the eromed wnd el
isod by

ylants of the fint
highly self-fertile varioty—
plants—]

ﬁmﬂy of the Scrophulariacem I experimented
in the six following genera: Mimulus,
Caleeolaria, Linaria, Verbascum, and Van-

1L SCROPHULARTACE.—Mixvis womscs.

bwlbopallmml{nkdoltbdrhchby

The flowers with much rod have
been numed by hortieulturists as
var. Youngiana.
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the two-lipped stigma, the lips of which are irritable and close.
like @ forceps on the pollen-grains. If no pollen s _enclosed

which quickly closes, and when the beo retires dusted with

pollen, it can leave none on the stigma of the same flower,

But as soon as it enters lnyothnﬂowar,plmtydpollmh

Ieﬂmhnﬁm'ﬁkﬁ'ﬂlh\hﬂmfmﬂnﬂ.

el if aeeca e buded, tho fowees fetilies thexmei¥l

pnﬁne\ly-ndpmdvuylmtyo{md but T did not ascertain
is by the stamens increasin

seeds from twelve capsules thus produced were placed
separate watch-glasses for comparison; and those from the

L
=
i
%
i

same time, were subjected to the same unfavourable condi
the first on which T

* A Year's Botany,’ 1874, p. 118,
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an inch high, the solf-fertilised ones
ouly a quarter of au inch high. When grown to their full

i 4

 were fully expanded before one on the self-fertilised
A fow of these plants of both lots were transplanted
fertilised

@ case which follows it is doubtful whether they would
1 long continued equal. Some flowers on the crossed plants

s plced o spersle w-mhﬂuu for comparison ;
sceds seemed more numerous by half than the

lanta on both sides of Pot T, after they had seeded,
large pot with plenty of

cut down and transplanted into
..ﬁ, and in the following spring, when they had grown
f batwsen § and 6 nches, the two ol wore squal,
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fertilised ones on the opposite side of the same pot, though not
they were subjected

nearly to so great a degroo as before, when
0 yey sevee compeiton

Crowed and slf-fertilised Plants' of the Third Generation—
Crossed soods from the erossed -u-cm-d-&

from the self-fertilised plants of the last generation, were
thickly on opposite sides of a small pot, No. 1. "Tho two talesh
plants on each side were measured after they had flowered, and

H
ir
i
)
!
1
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the crossed plants weighed *65
in, whilst thoso from cight of the cupsulos on_the selffer-

pots,
previous experiments, flowered beforo the self-fertilised.
occurred even in the third pot in which the crossed sceds
sown four days after the self-fertilised sceds.
tly, soods of both Iots wero sown on opposite sides of o
potin which a Fuchsia had long been growing, so that the
th was full of roots. Both lots grow miserably; but the
d seedlings had an advantago at all times, and ultimately
d to n height of 3} inches, whilst the self-fertilised secd-
never exceeded 1inch. The several foregoing experiments
in o decisive manner the
of the crossed over the self-ortilised plants,
the throo gencrations now describod and taken together, the
Teight of the ten tallest crossed plants was §+19 inches,
that of the ten tallest self-fertilised plants 5'2) inches (the
ts having been grown in small pots), or as 100 to 65.
‘tho next or fourth self-fertilised generation, several plants
new and_tall variety appeared, which increased in_tho
owing to its great
the completo exclusion of the original kinds. The same
also appeared amongst the crossed plants, but as it was

wif particular attention, I know

ow far it was used for raising the interorossed plants; and

later crossed generations it was rarely present. Owing to

ho appearance of this tall variety, the comparison of the crossed
elf-fortilised plants of the ffth and generat

plants consisted of it. Nevertheless, the
ﬁhhhrupedmhmhmmm'dlvmﬂ:

and self-fertilived Plants of the Fourth Generation.—Seeds

two kinds, produced in the usual way from the two sets of

ants of the third generation, were sown on opposite sides of

pots (L and IL); but the seedlings woro not thinned

h and did not grow well. Many of the self-fertilised

especially in one of the pots, consisted of the new and

L variety abova referred to, which boro largo and almost white

s marked with crimson blotches. I will call it the

wariety. T believe that it first appeared amongst both the
r2
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68 MIMULUS LUTEUS, Cuar. TIL

crossed and ised. plants of the last tion; but
Dither my guslanee s et ould recnember any sl ety
in the seedlings raised from the purchased seed. It must there-

hmtmmmmtmanmmm
tallest self-fertilised 5 inches in In Pot IL the tallest
u_dphlt'llﬂlnﬁh-.uﬂmuhn
which consisted of the white variety, 7 inches in height; and
lemhnhmnuinmyexpuﬂmnhon Mimulus in

mu-.a.m-n-‘u_awmmw

two tallest self-fertlised plants in beight as 100 to 80,
the crossed plants were superior to the sclf-fertilised in

plants were self-fertilised,
and produced fifteen capsules, all appearing poor; and the seeds
from ten of them weighed only oy 08 galn, 0 thad from e
aual mumber of cxpenen the cromod. sesds wers o the el
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varioty, but tho greater number approached in character to the
old and shorter kinds with smaller yellowish flowers blotched

108 inches in height they were oqual, but when fully grown
the self-fertilised were decidodly the tallest and finest plants, but,
from want of time, they were not actually measured, In half
the pots the first plant which flowered was a solf-fortilised one,
8nd i tho other bl a crose one. Aud now another remark:

Sheags vas ceacly puaird, namel,tha th et Seiliond
ilo the crossed.

‘The seeds from nine capsules of  both e

teh-glasses for
| i sy these sponta-
self-fertilised capsules, twenty flowers on the crossed
aguin crossed yielded sixteen capsules; twenty-five

n eapsules, and this is a larger proportional number of
was produced by tho self-fertlised flowers on the

wongedwm tall white varioty.

in comparison with the seedlings first raised from
 purchased seed, was quite remarkable. On the other hand,
‘orossed plants diffarod much in the tints of their flowers,

time to measure the plants on both sides
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carefully. The self-fertilised seodlings came up rather before the
crossed, but both luta wero for  time of equal height. When first

, tho averago height of the six tallest crossed plants in.
the threo pots was 702, and that of the six tallest self-fertilised
plants 897 inches, or as 100 to 128. When fully grown the
same plants were again measured, with the result shown in the
following table:—

Tavtx XVIIL (Seventh Generation.)

No. of Pot. l Cromsed Plants, | Self-frtilised Plants.
Tochen Tnches
L 1 10}
1 18
1L 2| 189
i | 14
. 9 12¢
11 \ i
Total fnches, e | 93-88

The average height of the six erossed is here 11°43, and that
of the six self-fertilised 15°64, or as 100 to 157.
As it was now evidont that the tall white variety transmitted
its characters faithfully, and as the self-fortilised plants consisted
exelusivoly of this variety, it was manifest that they would
always exceed in height the crossed plants which belonged
chiefly to the original shorter varieties, This line of experiment:
was therefore discontinued, and I tried whether intercrossing
two self-fertilised plants of the sixth gencration, growing in dis-
tinet pots, would give their offspring any advantage over the
offspring of flowers on one of the same plants fortilised with their
own polien.  These latter seodlings formed the seventh genera-
tion of self-fertilised plants, like those in the right-hand column
in Table XVIIL; the crossed plants were the product of six
previous self-fertilised generations with an intercross in the
Iast generation. _The sceds were allowed to germinate on sand,
and were phnted in pairs on opposite sides of four pots, all the
romaining sceds being sown erowded on opposite sides of Pot
V. in Table XIX.; the three tallest on each side in this latter pot
being alone measured. ~ All the plants were twice measured—the
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of the self-fertilised was then as 100 to 122. When fully
they wore agnin measured, as in the following table :—

Tapre XIX.
Intercrosssd Plants
| St frtined Pianta
Seiffesil
Nootme | i SO
Generation.

Tnches, Inchen,
L 129 15
104 1
10 1
144 i

. 10 ETHE

7 i

12 8

7 14

L. 13§ 10
12§ 1

1. 73 144
8 7
7 8
Vi 8 10,
Crowded. 9 9
8 9

Total in inches.

‘The averago height of the sixteen intercrossed plants is here
46 inches, and that of the sixteen self-fertilised plants 1096, or
00 to 110; mthlnhnhmr_ulphn ts, the progenitors of
had been

Mbmnw-ddmngthwhdaﬁmh uni-
‘conditions, were somewhat inferior in height to the plants

ol two o crossed plant. Theso self-fotilised plants were
fextile, for twenty flowers fertilised with their own
Produicod 1o los than ninetoen very fino cupeules

The Complete Work of Charles Darwin Online



2 MIMULUS LUTEUS. Cuar. TIL

Theofii o3 0 Oro distinet Stock—Some flowers on the
self-fertilised plants in Pot IV. in Tablo XIX. wero
with their et pallAn, and plants of the eighth self-ertilised

exolnded),:nd B pla 5 o, these monda tocred 8
ninth self-fertilised generation ; they consisted wholly of the tall
white varioty with crimson blotches. Other flowers on the
same plants of the cighth self-fertilised generation were erossed
with pollen taken from another plant of the same lot; so that
the scedlings thus raised were the offspring of eight previos
generations of self-fortilisation with an intercross in the last
; these I wi

Chelsea plants bore yellow flowers blotched with red, bllld;ﬂand
in no other respect. Thqhdbemmonto{dmﬂ whilst

raised from this cross with & wholly difforent stock
may bo called the “ Chelsea-crossed.” The three lots of sceds
thus obtained were allowed to germinato on bare sand; and
whenever a seed in all three lots, or in only two, germinated a
the samo time, they wero planted in pots superficially divided
into three or two compartments. The remaining sceds,
‘whether or not in a state of germination, were thickly sown in
three divisions ins large pot, X., in Tablo XX. When the plants
had grown to their full height they wero measured, as shown in
the following table; but only the threo tallest plants in cach of

the three divisions in Pot X. were measured. !
In this table the averago height of the twenty-cight Chelsea-
crossed plants is 21-62 inches; that of the twenty-seven inter-
erossed plants 12+2; and that of tho ninoteen self-fertilised 10-44,

wodwacled ones (only 4 inche in beight), 0 as ot tocxaggerate
the inferiority of the self-fertilised plants; and this will raise the

*2 inches. Therefore
Mhhdghﬁuloﬂw“ the Chelsea-crossed to the self-
05 100 to 52; and the intercrossed to the self-fertilised
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CROSS WITH A FRESH STOCK. 3

Tamee XX.
Plsints from Sef- | Plants from an fn- |, Sel-fertlisnd
(i e | Pt e . O
tho Kighth Gevers-| the Planta of the | Ugeration fro
o Grvsaed by | Bighth Selter | et
Chelaca Phants, | Lied Generation, | A Sefferte
Tnches, Inches,
501 14 9
2 13, 10,
o 15
20§ 1y g
22 12 12§
ok 9) @
234 8
- A
25§ 7 6
22| 9 4
22 8 13}
g e i
2 9 4
19 1 LA
284 & 154
28 18¢ 13
! o 16}
- 124 &Y
124 15 o
2§ 12§
20§ 1§
2} 154
1 13
2| 14
3 14§ i
23§ 1
[ it
204 143
18} o 10
165 8§ [
17§ 10 1
inches, 805°38 920-50 198:50
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21001052 Vo thue e how immeonly supaic fn bdgH
the Chelsea-crossed are to the intercrossed and to the self-
fertilisod plants. They began to show their superiority when
only one inch high, They were also, when fully grown, much
‘more branched with larger leaves and somewhat larger flowers
than tho plants of the other two lots, so that if they had heen
weighed, the ratio would certainly have boen much higher than
Aot 100 to 56 and 52,
plants are hero to the self-fortilised in
wgm ns 100 to 92; whereas in the analogous experiment
given in Table XIX. the intercrossed plants from the self-
ﬁrﬁlhnd st ol e st grosexion were fnfror 1 heghy
piants in the ratio of 100 to 110. I
b vt onin ol el o results of the two

having been self-fertilised during two additional generations,
though this s & more probablo explanation.

‘With respect to fertility, the tmty—d;hl cheln-au-l
plants produced 272 capsules; the twenty-seven intercrossed
plants produced 24; and the seventeen solf-fertilised plants 17
capsules, All tho plants were left uncovered 50 us to be naturally
fertilised, and empty capsules were rejected.

Cpeules.

Therefore 20 Chelsea-crossed plants would have produced 194-29
»  20Interorossed plants - 7
»  20Seli-fertilised plants F i 20

The sceds contained in 8 capsules from the Chelsea-

erossod plants weighed l

Tho seods contained in 8 capsules from the Intercrossed foa
plants weighed .

The md.mmmsnmnmmsaunmm“m
plants weighod .

If wo combine the number of eapsules produced together with
e avries valgit of contained seeds, wo get tho following

Wa‘h&nl-nlpmdmulbym-mnnumber
‘of Chelsea-crossed and intererossed plants T} w0
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dndp\ﬂnmdbymmnmb«} as100t08

m; December

mhmnpmmmm,wmlnﬂlmplmﬁ
other two lots were quite dead.

though several of the self-fertilised sceds, from which the

were of course rejected) before any of those of the
two lots, yet in only one of the ten pots did a self-
lised plant flower before the Chelsea-crossed or the inter-

plants growing in the samo pots. The plants of theso
Iatter lots flowered at the same time, though tho Chsts-
d grow s0 much taller and more vigorously than the

ererossing Flowers on the

instead of crossing distinct Individuals.—In all the

ts the crossed plants were the product of a
dwm plants. T now selected a very vigorous
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grow 8o irregularly during
the winter, that one crossed plant was 98} inches, and two
others only 4, or less than 4 inches in height, as may bo seen
in Table XXI  Under such circumstances, as I have observed

; nevertheless I feel bound to give the
Tasue XXI
Pt oo o 1 | Plats e e
Lt S e e R T
e Flani. Plen.
Tnches. Inches,
L 17 17
9 3}
o 2 1]
16 I3
13, 2
L. + 157
2 10
. 3 e
15 7
. 7 134
VL. 18] 1y
1
VIL an 15§
Crowied. 11 1
12 i)
Total fnches. 21088 14075
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fifteen crossed plants here average 14-05, and the fifteen

‘mann
of tho seedlings aro given in tho following table:—

Tapre XXII.

el | Bus
No.of Pt Mm!enlll-vl
B et Pt the \,,n_,
Tncbes. Inchen.

;A 15} 19

12 20

10} 12

L. BT 1

13 19,

20 17,

L 18¢ 124

15 15

13§
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Here the average height of the twenty-two erossed plants is
16°85, and that of the twenty-two self-fertilised plants 1607 ; or
45 100 to 95. But if four of the plants in Pot VIL, which are
much shorter than any of the others, aro struck out (and this
would be the fairest plan), the twenty-one crossed aro to the
‘nineteen self-fertilised plants in height as 100 to 100-6—that is,
are cqual. Al he plants, except the crowded ones in Pot VIIL,
after being measured were cut down, and the cighteen crossed.
plants weighed 10 oz, whilst the same number of self-fertilised
plants weighed 10} oz, or as 100 to 1025; but if the dwarfed
plants in Pot VL. had been excluded, the sclf-fortilised would
have excooded the crossed in weight in a higher ratio. In all

self-fertilised plant flowered before a crossed one on the

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

Summary of Observations on Mimulus luteus.—In the
three first generations of crossed and self-fertilised.
plants, the tallest plants alone on each side of the
several pots were measured ; and the average height
of the ten crossed to that of the ten self-fértilised
plants was as 100 to 64. The crossed were also much
more fertile than the seli-fertilised, and so much
more vigorous that they excoeded them in height, even
when sown on the opposite side of the same pot after
an interval of four days. The samo superiority was
likewise shown in a remarkable manner when both:
kinds of sceds were sown on the opposite sides of a pot
with very poor earth full of the roots of another plant.
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In one instance crossed and self-fertilised seedlings,
grown in rich soil and not put into competition with
each other, attained to an equal height. When we
come to the fourth generation the two tallest crossed
plants taken together exceeded by only a little the two
tallest self-fertilised plants, and one of the latter beat
erossed opponent,—a circumstance which had not
occurred in the previous generations, This victorious
self-fertilised plant consisted of a new white-flowered
variety, which grew taller than the old yellowish
varieties. From the first it scemed to be rather more
fertile, when self-fertilised, than the old varieties, and
ll the i If-fertilised i became

elves spontancously. In the seventh generation
twenty flowers on one of these plants artificially
selfertilised yielded no less than nineteen very fin-
capsules !
This variety transmitted its characters so faithfully
10 all the ding self-fertilised ions, up to
‘the last or ninth, that all the many plants which were
presented a complete uniformity of character;
thus offering a remarkable contrast with the seedlings
ised from the purchased sceds. Yet this variety
to the last a latent tendency to produce
llow flowers ; for when a plant of the eighth self-
itlisod generation was crossed with pollen from o
ollow-flowered plant of the Chelsea stock, every
gle seedling bore yellow flowers. A similar variety,
least in the colour of its flowers, also appeared
mongst the crossed plants of the third generation.
0 attention was at first paid to it, and T know not
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how far it was at first used either for crossing or self-
fertilisation. In the fifth generation most of the
nlf fertxlmed plants, and in the sixth and all the

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

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

Some of the self-fertilised plants of the sixth gene-
ration were intercrossed, as were some in the eighth
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ration ; and the seedlings from these crosses were
own in competition with self-fertilised plants of the
wo corresponding generations. In the first trial the
ossed plants were less fertile than the self-

ferti , and less tall in the ratio of 100 to 110.
the second trial, the intercrossed plauts were more

tile than the self-fertilised in the ratio of 100 to
and taller in the ratio of 100 to 92. Notwith-
ding that the self-fertilised plants in the second
were the product of two additional generations
1 cannot und, A this discor-
ce in the results of the two analogous experiments.
The most important of all the experiments on
limulus are those in which flowers on plants of the
self-fertilised generation were again self-ferti-
other flowers on distinct plants of the same lot
intercrossed ; and others were crossed with a new
ol plants fmm Chelsea. The Chelsea-crossed
were to the intercrossed in height as 100 to
and in fertility as 100 to 4; and they were to the

e also much more hardy than the plants of the
two lots; so that altogether the gain from the
with a fresh stock was wonderfully great.

y, scedlings raised from a cross between flowers
same plant were not superior to those from
rs fertilised with their own pollen ; but this result
be absolutely trusted, owing to some previous
tions, which, however, were made under very
rable circumstances.

DIGITALIS PURPUREA.

Phe flowers of the common Foxglove are proterandrous ; that
the pollen is mature and mostly shed before the stigma of
je same flower is ready for fertilisstion, This is offected by
@
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a whole season in North Wales, and * only once saw a
Lo reach the nectary, though many were seen trying in

dnn";
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ertilised capsules, after
bare sand, were planted in pairs on the opposite
- B acsiirsad vok, whicii v kept in the green-

in the open ground in two close parallel ows. They
lu subjected to tolerably severe competition with one
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Tasue XXITL
The tallest Flower-stem on each Plant measured : 0 means that
the Plant died before @ Flower-stem was produced.

No.offot | Cromed Pants. | Selchrtilised Plants

Inches | lnchen,
L | By | o7
| 55
B 0
| 5 0
1. | 34, 39
52 32
| 53 2

L. 57 34
| 53 | o
50 0
| 374 0
. { o, | m

| al
| o
. | 53 0
| r 0
| 34, o

“Total in inches. | 821°25 287+00

The average height of the flower-stems of the sixteen crossed

at first exposed to no competition with one another, and
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.~ tumed out of their pots into the open ground they were planted
at & moderate distance apart, so that they were exposed to much
less severe competition than in the last case. The longest leaves
on the three crossed plauts, when turned out, exceeded those on
the self-fertilised plants by a mere trifle, viz, on an average by
“I7of an inch. When fully grown the three crossed plants
produced twenty-six flower-stems ; the two tallest of which on
€ach plant were on an average 5404 inches in height. The

ilised plants produced twenty-throe flower-stotus,
the o tallest of which on each plant had an average height of
4618 inches, So that the difference between these two lots,
‘which hardly competed together, is much less than in the last
caso when thers was moderately severe competition, namely, as
100 to 85, instead of as 100 to 70.

The Effccts on the Ofispring of intererossing different Flowers on
the sme Plant, instead of crossing distinct Individuals—A fine
‘plant growing in my garden (one of the foregoing seedlings) was
covered with a net, and six flowers were crossed with pollen from
another flower ou the same plant, and six others were fertilised
with their own pollen. ~All produced good capsules. Tho seeds
from each were placed in separate watch-glasses, and no difference
could be porceived by the eye between the two lots of seeds;
and when they wero weighed there was no difference of any sig-
nificance, us the seeds from the self-fertilised capsules weighed
765 grains, whilst those from the crossed capsules weighed
77 grains. Therefore the sterility of the present species, when
inseots are exoluded, is not due to the impotence of pollen
~ on the stigma of tho same flower. Both lots of seeds and seed-

planted on the opposite sides of cight pots, all the
i ite sides of Pots IX.

» ly
‘and X. in Tuble XXIV. The young plants during the following

the first experiment, when the plants were subjected to
hiat severe mutual competition, an cqual number on each
either diod or did not produce flower-stems. The tallest
on the surviving plants were measurod, as shown in
following table: —
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Tasze XXIV.
N.B. 0 signifies that the Plant died, or did not produce a Flower-
stem.
T
Plants rabed from &
i | AT | st e o
La! e Fiowes o "'(‘-m' ¥ thie own uten]
z iy
L 49 54
4 5
43 | 0
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 The average height of the flower-stems on the twenty-five
ossed plants in all the pots taken togothor s 43-12 inches, and
of the twenty-five sel-fortilisod plants 89-82, or us 100 to
to test this result, tho plants planted in pairs in

nhd from the thickly sown seed in Pots XL and X.,
h were subjected o very severo mutnal com
by homselves, and the average hoight of the nino crossed
i889°86, and that of the nine sclf-fertiliscd plants 85°88, or

whole wo may conclude, especially from the evidence of
t, that scedlings from a cross between flowers on the same
have a decided, though not great, advantage over those
flowers

the advantage is much less than that exhibited by the
d offspring of distinet plants, for theso exceeded the self-

B cetainly o Mimulus, as wilh thess'io sck species
088 between flowers on the same plant did no good.
CazcroLARIA.
Buahy greenhiouse variety, weith yellow foncers botched with purple.
flowers in this genus are constructed so as to favour or
ensure cross-fortilisation;* and Mr. Auderson remarks +

the corolla is cut quite away, insects, s far as he has seen,

d sceds wero sown on opposito sides of a pot, and

Hildobrand, a8 quoted 1 Gardener Chonlcl; 1858
Miler, *Die Beruchtu ot n it
Blnmen,” 1873, p.
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after a timo the crossed secdlings slightly exceeded the self-
fertilised in height. When a little further grown, the longest
leaves on the former were very nearly 3 inches in length,
whilst those on the solf-fertiliscd plants were only 2 inches.
Owing to an accident, and to the pot being too small, only one
plant on each side grew up and flowered; the crossed plant was
194 inches in height, and the self-fortilised one 15 inches; or as
100 to 77.

LINARIA VULGARTS.

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

with & masimum inone 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 spontancously self-fertilised sceds from under
the net, and some seeds from the uncovered plants naturally
fertilised and almost certainly intercrossed by the becs, were
sown separately in two large pots of the same size; so that the

* ¢ Dic Befrucatung,’ &. p. 279,
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70 lots of seedlings were not subjected to any mutual competi-
Three of the crossed plants when in full flower were

raging bl
to the spontancously self-fortilised plants in height, at
a8 much as 100 to 81.

VEREASOUN THADSUS,
The flowers of this plant are frequented by various inseets,
chiefly by bees, for the sake of the pollen. H. Miller, however,
has shown (‘Die Befruchtung,” &c. p. 277) that V. nigrum
retes minute drops of nectar. The arrangement of the re-
tive organs, though not at all complex, favours cross-
on; and even distinct species are often crossed, for

greater number of naturally produced hybrids have been observed
this genus than in almost any other.* Nevertheless the
species is perfectly selffortile, if inseots are excluded ;

wts of V. thapsus had been raised for a distinet purpose
n self- seeds ; and some flowers on these plants were
self-fertilised, yielding seed of the second self-fertilised

eq
a full flower were measured, as in the following table (XXV.).
We hero seo that two of the self-fortilised plants exceed in

their s age height
six crossed plants is 6534 inches, and that of the six
tilised plants 56-5 inches; or as 100 to 86.

* 1 have given o striking case  found growing wild: *Journal of
' largo number of such hybrids  Linn. Soe. Bot.’ vol. x. p. 431,
V. thapsus and lychnitis
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90 VANDELLIA NUMMULARIFOLIA.  Cumar. L

Tapie XXV.
Seltfetiiaed Plants
No.of Pot. Cromed Plnts, | of the Sccond Gene-
ration.
Tnches.
3 ] £
L. 5 6
1L 62 75
60} 804
. 73 62
664 5
Total in inches. 30218 839:00

'VANDELLIA NUMMULARIFOLIA,
Seeds were sent to me by Mr. J. Scott from Caleutta of this
1 Indi whi i o ® fl

eod,
‘Tho latter aro extremely small, imperfectly doveloped, and never
expand, yot yield plenty of seeds. The perfect and open
flowers are also small, of a whito colour with purple marks ; they
generally produce seed, although the contrary has been
nsserted ; and they do s even if protected from insects, They
have a rather complicated structure, and appear to be adapted
for eross-fertilisation, but were not carefully examined by me.
They are not casy to fertilise artificially, and it is possible that
some of the flowers which I thought that I had succeeded in
crossing were afterwards spontancously self-fertilised under the
net. Sixteen capsules from the crossed perfect flowers contained:
on an average ninety-three seeds (with o maximum in one
capsule of 137), and thirteen capsules from the self-fertilised
perfect flowers contained sixty-two sceds (with a maximum i
one capsule of 135); or as 100 to 67. But I suspect that this
considerablo excess was accidental, as ou on oceasion nine
capsules were compared with seven self-fertilised cap--
sules (both included in the above number), and they contained
almost exactly the same average number of seed. 1 may add

* The convehient ferm of eleis-  an article on the genus in
togamio was proposed by Kubn in  *Hot. Zeitung, 1867, p. p
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n in full flower averaged 43 inches, and tho self-fertilised
from the perfect flowers 427 inches in height; or as 100
0 99, Tho sell-frtilised plants from tho cleistogamic flowers
4°06 inches in height; so t crossed
o these lntter plants as 100 to 94.
to compare again the growth of plants raised
crossed and solf-fertiliscd perfect flowers, and obtained two

real,
b very slight, advantage in height and weight over the
lised plants, when grown in competition with one

crossed plants were, however, inferior in fertility to the
lised. Six of tho finest plants wore solected out of the
crossed plants, and six out of the forty-one self-

rilised plants; and the former produced 598 capsules, whilst
Intter or self-fortilised plants produced 752 capsules. All
capsules were the product of cleistogamic flowers, for the
did ot bear during the wholo of this season any perfect

rs. The soods were counted in ten cleistogumic capsules
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92 GESNERIA PENDULINA. Cuar, TIL

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

III. GESNERIACEE —GESNERIA PENDULINA.

In Gosneria the several parts of the flower are arranged on
nearly the same plan as in Digitalis,* and most or all of the
species aro dichogumous. Plants were raised from seed sent me
by Fritz Milller from Sonth Brazil, Seven flowers were crossed
with pollen from a distinct plant, and produced seven capsules
containing by weight 301 grains of seeds. Seven flowers on the
same plants were fertilised with their own pollen, and their
soven capsulos contained exactly the samo weight of sceds.

seods were planted on opposite sides of four pots,
and when fully grown measured to the tips of their leaves.

Tapie XXVI
o of Put. Cromsed Plants, | Selffetilised Plants,
Inchos,
1. 42 39
QA! b
1L 33 30
o 19
. 334 81
29§ 2
v. 30f 29
% ]
Total inches. 25650 23313

The average height of the eight crossed plants is 82+ 06 inches,
'l:flgolhtofthamghﬁ self-fertilised plants 29°14; or as 100

* Dr. Ogle, ‘ Popular Science Review,’ Jun. 1870, p. 51,
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1V. LABTATE —SALVIA COCCINEA.®

This specics, unlike most of the others in the sume genus,
yields u good many sceds when inseets are excluded. Teutharsd
‘inety-cight capsules produced by flowers spontancously self-
fortilised under a net, and they contained on an averago 1-45
‘seods, whilst flowers artificially fertilised with their own pollen,
in which caso the stigma will have received plenty of pollen,
wanm averago 83 sceds, or moro than twice s many.
ty flowers were crossed with pollen from a distinet plant,
‘and twenty-six wero self-fertilised. Thero was no great difference
‘i the proportional number of flowers which produced capsules
by these two processes,or in the number of the contained seeds
ot in the weight of an equal mumber of sceds.
Seads of both kinds were sown rather thickly on opposite sides

Tesults shown in the following table:—
Tasee XXVIIL

Moot ot [——
L 324
| %!
I | 323
| 2
. 20 5
28 18
Toul fnches. | 167°13 127:00

* Tho adminble mechanical by Hildebrand, Del
g ‘h_ehm{zmh?ir g o h.hmdmothn{‘niqn

or cross-ferti-  their sevoral
o boon ity dameibed
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94 ORIGANUM VULGARE. Cuar. T1L.
Tt may be here scen that each of the six tallest crossed plants

averaged 2116 inches; or s 100 fo 76. Tn all throo pots the
first plant which flowered was a crossed one. All the crossed
‘plants together produced 409 flowers, whilst all the self-fertilised.
togother produced only 232 flowers ; or as 100 to 57. So that
the erossed plants in this respect were far more productive than
tho self-fertilised.

ORIGANUM VULGARE.

'uu- Bant exit, socrling mn_ Miiller, under two forms;
so that it is
fordirgpes i leridoni i ol from Coottiar v
the other form is exclusively female, has a smaller corolla, and
must of course be fertilised by pollen from a distinet plant
in order to yield any seeds. The plants on which I experi-
mented were hermaphrodites; they had been cultivated for &
long period as a pot-herb in my kitchen garden, and were, like
5o many long-cultivated plants, extremoly sterile. As 1 felt
doubtful about the specific name 1 sent specimens to Kew, and
was assurod that the species was 0. valgare. My plants formed
one great clump, and had evidently spread from a single oot
by stolons. In a strict sense, therefore, thoy all belonged to the
same individual. My object in experimenting on them was,
firstly, to ascertain whether crossing flowers borne by plants
having distinet roots, but all derived asexnally from tho same
individual, would be in any respect moro advantageous than
self-fertilisation; and, secondly, to raise for future trial seedlings
which would constitute really distinet individuals. Several
plantsin the above clump were covered by a net, and about two
dozen seeds (many of which, however, wero small and withered)
were obtained from the flowers thus spontancously self-fertilised.
The remainder of the plants were left uncovered and were in-
cossantly visited by bees, so that they were doubtless crossed
by them. Theso exposed plants yiclded rather more and finer
sood (but still very few) than did_ tho covered plants. The two
Tots of seeds thus obtained wero sown on opposito sides of two
pots ; the seedlings were carcfully observed from their first
growth to maturity, but they did not differ at any period in
height or in vigour, the importance of which latter observation
wo shall presently see. When fully grown, the tallest crossed
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. I1L ORIGANUM VULGARE. 95
one pot was a very little taller than the tallest self-

When the plants were fully
n, the two tallost crossed and the two tallest self-fertilised
ts in each pot were measured, as shown in the following
ble. 1 regret that from want of time T did not measure
pairs; but the tallest on each side seemed fairly to represent
average difference between the two lots.

© The Complete Work of Charles Darwin Online



96 THUNBERGIA ALATA. Crar. TIL

The average height of the crossed plants is here 20 inches, and

that of the self-fertilised 1712; or as 100 to 86, But this excess
of height by no means gives a fair idea of the vast superiority in
vigour of the crossed over the solf-fertilised plants. The crossed
flowered first and produced thirty flower-stems, whilst the self-
fertilised produced only fifteen, or half the number. The pots
were then bedded out, and the roots probably camo out of the
holes at the bottom and thus aided their growth. Farly in the
following summer the superiority of the crossed plants, owing
to their increase by stolons, over the solf-fortilised plants was
truly wonderful, Tn Pot I, and it should be remembered that
very large pots had boen used, the oval clump of crossed plants
was 10 by 4} inches across, with the tallest stem, as yet young,
54 inches in height; whilst the clump of self-fertilised plants,
on the opposite side of the same pot, was only 8} by 23 inches
across, with the tallest young stem 4 inches in height. In Pot
1L, the clump of crossed plants was 18 by § inches across, with
the tallest young stem 8} inches in hoight; whilst the clump of
self-fertilised plants on the opposite side of the same pot was 12
by 4} inches across, with the tallest young stem 6 inches in
height, The crossed plants during this season, as during the
last, flowered first. Both the crossed and self-fertilised plants
‘eing left freely exposed to the visits of bees, manifostly produced.
much more seed than their grand-parents,—the plants of the
original clump still growing close by in tho samo garden, and
equally left to the action of the bees,

V. ACANTHACEE.—THUNBERGIA ALATA.

Tt appears from Hildebrand’s description ( Bot. Zeitung,' 1867,
. 285) that the conspicuous flowers of this plant are adapted
for cross-fertilisation. Seedlings were twice raised from pur-
chased seed; but during the early summer, when first expe-
rimented on, they were extremely sterile, many of the anthers
containing hardly any pollen. Nevertheless, during the autumn
these same plants spontancously produced n good many seods.
Twenty-six flowers during tho two years were crossed with
pollen”from o distinct plant, but they yielded only cleven
capsules; and these contained very few scods! Twenty-cight
flowers were fertilised with pollen from the sume flower, and
these yielded only ten peles, which, howerer, eonained
rather more seed than the crossod capsules. Eight pairs of
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Pauted on apporite side of 1o pot;
ly g self-fertilised plants
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98 BRASSICA OLERACEA. Cuar. IV.

CHAPTER IV.
Creorrena, PAPAVERACER, RESEDACEE, ETC.

Brassica oleracen, crossed nnd self-fertlised plants—Great effect of
crom with o frosh stock on the weight of the offspring—]
umbllata—Pujarer vogum—Bachachaltia callormic, sselings
from u cross with o fresh stock not more vigorous, but more
fertile than the self-fertilised scedlings— Rescda lutea and odorata,
many individuals sterile with their own pollen—Viola tricolor,

plants compared for four generations—Great effects of a cross with
& fresh stock—Uniform colour of the flowers on the self-fertilised
plants—Hibiscus africanus.

VI ORUCIFERZ.—BRASSICA OLERACEA.
Var. Cattell's Eorly Barnes Cabbage.

Tun flowers of the common cabbago are adapted, as shown by
H. Milller,* for cross-fertilisation, and should this fuil, for self-
fertilisation. It is well known that the varieties are crossed so
largely by insects, that it is impossible to raiso pure kinds in the
same garden, if moe than one kind is in flower at the ssme time
Cabbages, in one respect, wero not well itted for my experiments,
u,.mrum:hndformdhudl,lhnymoﬁmdlﬂcullbm
The flower-stems also differ much in height; and a poor
Tl wih e thoow wp s highies e s ik o .00
plant. In the later experiments, the fully-grown plants were cut
down and weighed, mdumunimmu-dmugunm.

‘plant of the same variety growing close by; and the seven cap-
sules thus produced contained on an average 16°8 seods, with &

* *Die Befruchtung,’ &e. p. 19,

@ The Complete Work of Charles Darwin Online




Cuuar. IV. CROSSED AND SELF-FERTILISED PLANTS. 99

‘maximum of twenty in one capsule. Some flowers were arti-
ficially self-fortilised, but their capsules did not contain so many
seeds as those from flowers spontancously self-fertilised under
the net, of which a considerble number were produced. Fourteen
‘of these latter capsules contained on an average 4°1 soods, with
& maximum in one of ten seeds ; so that the seeds in the crossed
eapsules wero in number to those in the self-fertilised capsulesas
100 to 25.  The self-fertilised seeds, fifty-cight of which weighed
8:88 grains, were, however, a little finer than those Imm m
fifty-eight of which weighed 876 grains. Wh
o o o prodiuced, theso seem ofen 1o bo botter nourishied

pot, and
. open ground. The young crossed plants in the pot at first ex-
@uw. little in luzizllk the self-fertilised ; then oqn.llul them ;
victorious. The plants,

; and growing
ossed ﬂnﬂl, ‘which weru all of nearly the same height, exceeded
ﬂl-ﬁﬂ.mnd ones by 2 inches. When they flowered, the

fo the tips of their leaves on the
sbar of the same year, and the cight crossed plants
hoight 84 inches, whilst the solf-fertilised averaged
#0 that the crossed wero a little inferior in height,
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100 BRASSICA OLERACEA. Cuuar. IV
plants bad grown much bulkier, and had begun to form

undisturbed in the open ground. By tho bth of August their
heads were fully fnmui,hnt-vnnlmdmwnncmhdmt
ther heights could hasdly b messurod with sccuracy. The
crossed plants, however, were on_the whole considerably taller
than the self-fertilised, Tn the following year thoy flowered ; the
crossed plants flowering beforo tho self-fortilised in thre of the
pots, and at the same time in Pot IL The flower-stems were
XXIX.

now measured, as shown in Table
Tapie XXIX.
Measured to tops of Flower-stems ; 0 signifies that @ Flower-stem
was ot formed.
NoofPot | Crsed Plants | Slfdertioed Pasis.
=
L 49 W
39 it
[ a7y 38
EH 354
sy a7 T
40 4
@ k]
Wi oy 34 e -
sl | s
0 o
Totalin fuches, | 36975 ! 351400

The nine flower-stems on the erossed plants here average 4108
inches, and the nine on the self-fertilised plants 39 inches in
height, or a5 100 to 95. But this small difference, which, more-
over, almost wholly on one of the self-fertiliscd plants
being only 20 inches high, does not in the least show the vast
superiority of the crossed over the self-fertilised plants. Both

dower, were now cut down close to the ground and weighed, but
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Cuar. IV. CROSS WITH A FRESH STOCK. 101

those in Pot IL. wero excluded, for they had been accidentally
ww.nu during transplantation. and one was almost

The cight arossed plants weighed 219 ounces, whilst tho
.u plants weighed only 82 ounces, or as 100037 ;
#0 that the superiority of the former over tho latter in weight was

The Effects of a Cross with a fresh Stock.—Some flowers ona.
crossed plant of the last or second generation were fertilised,
without being castrated, by pollen taken from a plant of the
same varioty, but not related to my plants, and bronght from a
nursery garden (wheneo my seeds originally came) having a dif-
ferent soil and aspect. The flowers on the self-ertilised plants
uhuumdmmammx)-mumm
fertilise themselves spontancously under o net, and yielded
mu.-h. Theso latter and the crossed seeds, after gormi-

on sand, wore planted in pairs on the opposite sides
ddxhrgn , which were kept at first in a cool groenhouse.
M,inhnnuyﬂudrheighhwmmummimﬁmhplnﬂhdr
The thirten plants averaged 1316 inches in
Hdit,und 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.

Tasie XXX.
Weight of Plants after they had formed Heads,

Naorpw (Ol Puntn | S S
ration.
L oo T
1L 7 84
. 121 174
. 1277 1
V. % g
100y 46
Total in ounces. 849:00 | 142:25
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102 BRASSICA OLERACEA. Cuar. IV..

Early in the spring the plants were gradually hardened, and
turned out of their pots into the open ground without being
disturbed. By the end of August the greater number had
formed fine heads, but several grew extremely crooked, from
having been drawn up to the light whilst in the greenhouse.
As it was scarcely possible to measure their heights, the finest
plant on each side of each pot was eat down close to the ground
und weighed. In the preceding table we have the result.

The six finest erossed plants average 10816 ounces, whilst
the six finest self-fortilised plants average only 23'7 ounces, or
05100 to 22 This difference shows in the clearest manner the
enormous benefit which these plants derived from a cross with
another plant belonging to the same sub-variety, but to a fresh
stock, and grown during at least the three previous gencrations
under somewhat different conditions.

The Offspring from a cut-leaved, curled, and variegated white
green Cabhage crossed with a cut-leaved, curled, and variegated
crimuon-green Cabbage, compared with the self-fertilised Oltpn-y
Jrom the two Varieties—These trials were made, not for the
‘sake of comparing the growth of the crossed and self-fertilised
seedlings, but becanse I had seen it stated that these varieties
would not naturally intercross when growing uncovered and
near one another. This statement proved quite erroncons; but
the white-green variety was in somo degreo'sterile in my garden,
plﬂd\lcing little pnllen lnd few Aeed.l. It was therefore 1o
wonder f
variety were greatly exeesded in hexght Dy seodlings from  cross
between it and the more vigorous crimsou-green variety ; and
nothing more need be said about this experiment.

‘The seedlings from the reciprocal cross, that is, from the erim-
son-green variety fertilised with pollen from the whitegreen
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
taller than any of the others. Now it is a strange fict that a
much larger number of the self-fertilised scedlings from the
crimson-groen variety than of the crossed scedlings thus reverted ;
and as & consequence the self-fertilised seedlings grow taller by
2} inches on an average than the erossed seedlings, with which
they were put into competition. At first, however, the crossed
seedlings exceeded the self-fertilised by an average of a quarter
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an ‘We thus see that reversion to a more nataral con-

acted more powerfully in favouring the ultimate growth
of these plants than did a cross; but it should be remembered
that the cross was with & semi-sterile variety having a feeble

IBERIS UMBELLATA.

- This varioty produced plenty of spontancously self-fertilised
‘sced under n net. Other plants in pots in tho greenhouse wero
ncororod, and o4 T st amall fes vsiting the flowers, i
that they would be i
‘seeds supposed to have been thus crossed and umnhummnly self-
fertilised

We have scen  somewhat analogous case with the self-fertilised

its of the eighth generation of Ipomaea, raised from unhealthy

It is a curious circumstance, that two other lots of the

seeds were sown in pure sand mixed with burnt earth,

and therefore without any organic matter; and here the sup-

E seedlings grew hdmblemhdghtoflhcﬂ&

careloss manner, namely, by smearing one head of expanded
over another. T should have thought that this would

havo sucoeodod, and perhaps it did so; but the fact of 108
the solf-fertilised scods weighing 487 grains, whilst the same

umber of the supposed crossed sceds weighed only 3°57 grains,
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104 IBERIS UMBELLATA. Cuar. IV,

does not look like it. Five seedlings from each lot of seeds were
raised, and the self-fertilised plants, when fully grown, excoeded
in average height by a trifle (viz. -4 of an inch) &he five probably

crossed plants. 1 hase thought it right to give this case and the
Inst, becanso had the supposed erossed plants proved superior
to th self-fertilised in height, T should have assumed without
doubt that the former had really been crossed. ~As itis, T do not
know what to conelude.

Being much surprised at the two foregoing trials, T deter-
mined to make another, in which there should be no doubt about
tho crossing. 1T therefore fertilised with great care (but as
usual without castration) twenty-four flowers on the supposed
erosed plate of tha st genaraion with pollen from Jaineh

twenty-one capsules.
punu of the last generation were nﬂw'ulwkruh.- themselves
again under a net, and the seedlings reared from these seeds
formed. the third self-fortilised generation. Both lots of sceds,

were
sown erowded on opposite sides of a third pot; but as all the
self-fortilised scodlings in this latter pot died before they grew
to any considerablo height, they were not measured. The
plants in Pots L. and I wero measured when between 7 and
8 inches in height, and the erossed exceeded the self-fortilised
in averago height by 157 inches. When fully grown they were
again measured to the summits of their flower-heads, with the
following result :—

Tase XXXIL
No. of Pot. Crosed Plants, | SetEfersitond Plants
ration.
- Bt
L 18 19
2t a1
18§ 19§
. 19 161
18, 7
17} 14
21 15,
Total in inches, 133-88 1475
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nhouse; but from being too much crowded they were not
productive. The seeds from all seven plants of both lots
were counted ; the crossod produced 206, and tho self-fertilised
1543 or as 100 o 75,
Cross by a fresh M——I“wm the dmlblsnlusdlry“whu

experiment having been put into competition with plants

-mmmmd for three generations, which moreover grew very
mmequally, I resolved to repeat the trial on a larger scale, and
in a rather different manner. I obtained sceds of the same
erimson variety of 7. wmbellata from another m

tivated for some generations. These latter plants differed in hay-
ing pale pink instead of crimson flowers, but in no other respect.
o cross had been effctive (though the flowers on the erinn-

e bk
pink flowers, emuy ke thoso of their father; the six others
erimson flowers exactly like those o{ their mother
like those of all the self- This caso
B i) o or & it ik i reel floen
sroming variotes Laving diflasly colowed Sowers;

ere measured to
the summits of the flower-heads, as shown in the following
table :—
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106 1IBERIS UMBELLATA. Cuar. IV

Tasie XXXIL
Tberis umbellata : O signifies that the Plant died.

Pians from gpen
Soane | Phstmaone | DR
L 18] 17y

17] 16
17 13,
20 15
s 20] o
15; 16§
17 15§
. 19, 1y
18] 14
18] 13,
w. 17 18,
18] 14,
17 16
15§ 15
14 14}
v 18] 16,
14 16
16/ 14
15, 14
12 16,
VL | 18 16}
18 1
‘ 17§ 15§
VIL 18 16
16 14
18] 18
VIIL 20| 154
17 16|
13 201
18 "'l
“Total in inches. 520138 449°88

wwerago height of the thirty crossed plants is here
ITM,MMnlmtmvnmd!hMphnh(m
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PAPAVER VAGUM. 107

died) 15-51, or as 100 to 89. T am surprised that the
e did not prove somewhat greater, considering that in
Iast experiment it was as 100 to 86; but this latter mtio, as
re explained, was probably too great. It should, however,
obsoryed that in the last exporiment (Table XXXL), the
d plants compoted with plants of the third self-fertilised
tion; whilst in the present case, plants derived from a
ross with  fresh stock competed with self-fertilised plants of
first generation.
The crossed plants in the present caso, as in the last, wers
fortilo than the self-fertilised, both lots being left un-
d in tho greenhouse. The thirty crossed plants produced
08 secd-bearing flower-heads, as well as somo heads which

er of seod-bearing heads from the erossed plants, com-
d with the samo number from tho self-fortilised, yiolded
by weight, in the ratio of 100 to 92. Combining these
eloments, viz., tho number of seed-bearing heads and the
ight of scods in cach head, the productiveness of tho crossed
solf-fertilisod plants was as 100 to 75,

he crossed and self-fertilised scods, which remained aftes
 above pairs hiad been planted, (some in a stato of germina-
and some not o), were sown early in the year out of doors
i two rows. Many of the self-fertilised scedlings suffered

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

1 50 that this species must often bo solf-ferti-
but with P. dubium the same result does not follow
onding to H. Miller, ‘Die Befrachtung,’ p. 128), owing to
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108 PAPAVER VAGUM. Cruar. IV,

the shortness of the stamens, unloss the flower happens to stand
inclined. Tho present specios, therofore, does not seem so well
fitted for salf-fortilisation as most of the others. Nevertheless
P. -g-pmdmdp:nmr capsules in my garden when insects
but only late in the season. T may hero add that
) gl o b Siance o6 e ot nnll-
fertilised capsulos, s Professor H. Hoffmamn likewise
bo the case:* Some species of Papaver cross frecly when gmm,
in the same garden, as I have known to be the caso with 2.
bracteatum and arientale.
Flaateat Pepoow egum wess Tisefr o st o
i i

bserva-

tions subsequently made, that thue e hmi been already

Ry el oun pole, s tha procses seeus b taks plach

soon after their expansion.t I raised, however, a fow soodlings

of both lots, and the self-fertilied rather exceeded. the crossed
in height.

Early in the following year T acted differently, and fertilised
soven flowers, very soon after their expansion, with pollen from.
another plant, and obtained six capsules. From counting the
seeds in o medium-sized one, T estimated that the averge
number in each was at least 120,  Four out of twelve capsules,
spontancously self-fertilised at tho same time, were found fo
contain no good seeds; and the remaining eight contained on

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. Tho two lots of
mdlmgp.whmhdfunmhmhdgh‘;mﬂmmvhmﬂm
high, were measured to the tips of their leaves, but presented

* Zur ?1875,p.59.  dono “on the second day, o even
2.3 St found (Boprt 8 fow bours e tho

an the Bkmnth s of of th Sover on the e day(R
ie Opinm Poppy * Caloutt 3 m fertilisation
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IV.  ESCHSCHOLTZIA CALIFORNICA. 109

difforence.  When fully grown, fower-stalks were

wred lotlmnmmhuﬁ.henudup‘nl. with the follow.
g result :—

Taprs XXXIIL

Papaver vagum.

e L ror——
Tnches.
L 244
50
184
I 14 15
22 20
194 14
214 16
L. 20¢ 19,
20, 18
mi 18
. 25 23
z;‘ B
v 20 18§
213 27
19 214
Total in inches, 32875 203-13

fifteen crossed plants here average 2191 inches, and the

, u cross greatly inereases the productiveness of the flowers
tho parent-plants, or, as it would be more correct to suy, slf-
stilisation lessens their productiveness. A cross is indeed
in order that the flowers should produce

eed. Moroover, plante devived from a cross e thiunacives

h more fertile than those raised from self-fertilised flowers
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50 that tho wholo advantago of a eross is confined to the re-
productive system. 1t will be nocessary for me to give this
singular case in considerablo detail.

Twelve flowers on same plants in

fertilised with pollen from dhﬁm.;unu,mmu«lm
capsules ; but one of these cantained 10 good seed. The sceds
of the cleven good capsules weighed 17-4 grains. Eighteen
flowers on the samo plants were fertlised with their own polle
and produced fwelve good capsules, which contained 1361
grains weight of seed. Therefore an equal number of crossed
und self-fertilised capsules would have yiclded seed by weight
05100 o 71* 1f we take into account tho fact that & much
great

the solf-fertilised flowers was a8 100 to 52. Noverthaless thesa
plants, whilst still proteoted by the net, spontancously produced
a numl e

The sceds of tho two lots afer gormi on sand were

ol in
height, as shown in the following table. But I believe from

Tasue XXXIV.
Euchscholtzia californiea.

No. of Pot. Cromsed Plante, | Selt-frtilsed Plants,

Toches,
L 333

L w4y

Total in fnches. 1875 102-25

* Prof. experi- sromg ; cighty-five sceds, whilst
mented o .i‘h’h“fmn it
w Inrger seale than 1 did, ‘nod ‘Bowers. eomtainod. on_anl
s it ey """’mn ‘Jnhxhﬂn: atin
ool Yt souce)
coutained on an P AT,
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ESCHSCHOLTZIA CALIFORNICA. 111

follow that this result was accidental, owing to
3 fow plants having boen meanurod, and to one of the

four crossed plants here averago 29°68 inches, and the
solf-fertilised 25°56 ln height; arlllﬂohﬂﬁ. The
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112 ESCHSCHOLTZIA CALIFORNICA.  Cuar. IV.

sceds were examined by Professor Asa Gray, and pronounced.
to belong to E. californic, with which they were identical in

this work. Here it will suffice to state that eight flowers on
theso two plants, fertilised with pollen from another plant
undor the net, produced ight fine capsules, each containing on

height. 1t will be sufficient fo state that the fourteen crossed
plants averaged 44-64, and the fourteen self-fertilised 45-12
inches in height; oras 100 to 101 .

The Effects of a Cross with afresh Stock—T now tried a difforent

forty-two :
raised from these sceds formed tho second sef:fer ilised gonoration
of the Brazilian stock.

‘Eight flowers on one of the crossed plants of the last experi=
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Cuar. IV. CROSS WITH A FRESH STOCK. 113

‘ment were crossed with pollen from another grandehild, nnd

f wur fetllnd with polen from & plest of e
in my garden, and which must have

compared with that of plants growing out of doors.
vm-baumm lots of sceds, viz, the self fortilised, inter-
4, and English

-crossed, wero planted in an equal state of
(having been as usual sown on bare sand) in nine
divided into three parts by superficial partitions.
germinated beforo those of the

, and these wero of course rejected. Tho

(for g
ind that of the ninetcen solf-fertilised plants, 50°3 inches. So
hat we have the following ratios in height :—

Engliircromod t the st frtiised plast, 100 to 10
‘English-crossed to the intercrossed plants, as 100 to_ 94
intercrossed to the self-fertilised plants, ns 100 to 116
tho seed-capsules had been gathered, all these plants
cut down closo to the ground and weig The nineteen

y plants weighed 1825 ounces; the intercrossed

1
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114 ESCHSCHOLTZIA CALIFORNICA.  Cuar. IV.

ety Cwith thoe waght enlontd an i Yoes b boen i
teen) weighed 18'2 ounces; and the nincteen self-fortilised
pleats, 15 oonces. We hao thareors for the weightaof he
threo lots of plants the following Tatios
The English-crossed to the el plants, as 100 to 118
The English-crossed to the intercrossed plants, as 100 to 100
The intorcrossed to the self-fertilised plants, s 100 to 118
Vo thon s hut o wlght, s I eight, the it it
had a decided advantage over the English-crossed and

‘The remaining seeds of the three kinds, whether or not in a
el of pminaton, weee sown . thes ong parall rowe i3
here again

tho plauts were killod, with tho excoption of %0 of tho sif-
ilised ; 80 that as far as this little bit of evidence goos, some.
of the self-fertlised plants wero more handy than any of the

We thius seo that the self-fortilised plants which wero grown
In e aine pots were sapere i beght (u 115 0 100) wnd
um(uushmu),m-pmn, hardiness, to

plants derived from

ﬁldllu’dﬂumlml. 1 may premise that in five out of
English-

crossed ; hmdﬁepﬁhm-ﬂf{nﬂu‘dplnt and in
nnimdkl an intercrossed pllnt flower first; so that these
latter plants were beaten in this respect, as in so many other
ways. The threo closely adjoining rows of plants growing in
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Cuar. IV. CROSS WITH A FRESH STOCK. 115
hmmuammdy,mmmmm

overed, proves how effectually the bees carry pollen from
to plant. My gardener gathered, at throo successive
an equal number of ripe ca I
Tots, until ho had collected forty-five from each lot. It is

B ludd) trom tho sltAecklind planis oaniataad .- 17467
hu-d- should remember that these capsules are the pro-

r of seeds contained in an equal number of naturally
hod caple produced—

wlh-u_edlndlsl!!erhﬂudphnll 08 100 to 63

the English-crossed and intercrossed plants, s 100 to 81
hhlmv-edundlnlﬂsmhudphnh, 08100 t0 78

hhnm&eymdummofthsthmlm

to kuow how many

mpndnodbythc-nunmborofplmh. The
12
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116 ESCHSCHOLTZIA CALIFORNICA.  Ciar. IV,

threo long rows, however, were not of quito equal lengths, and
thplnnhnnmuﬁmdd.nth“!mk) havo been ex-

forty-five capsules of each lot, it is easy to caloulato the relative
nmnhnu{udlpnﬂnmdb]nqmlnnmhu of the plants of

hmhlro(nnl- produced by an equal number of natarally-
fertilised plants.

Plants of English-crossed and self-fertilised

Plants of the English-crossed and intercrossed

Plants of the intercrossed and self-fortilised

DADIESL .yt e i G B
The superiority in productiveness of the intererossed

(that is, the product of a cross between the

plants which grew in Brazil) over the self-fertilised, m.uumb,

iswholly due to the larger average nuaber of sceds contained

capsules; for the intercrossed plants produced fower cap-
sules i the greenhouse than did the scf fertlised plants.

great superiority in productiveness of the English-crossed o
the eelf-fortilised plants is shown by e larger number
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The English-crossed plants, thongh so superior in productive-
mess, were, as wo bavo seen, decidedly inferior in height and
‘weight to the self-fertilised, and only equal to, or hardly superior
to, the intererossed plants. Therefore, the whole advantage of &
eross with a distinot stock is here confined to productiveness, and
T have met with no similar case.

VIIL RESEDACE/E.—RESEDA LUTEA.

Seads collected from wild plants growing in this neighbour-
ood were sown in the kitchen-garden ; nnd several

ing plants were
‘wmoovered, and. as pollen was carried (mnphnmpmwy
the hive and humble-bees which incessantly visit the fowers,
they produced an abundance of capsules. Of the necessity of
pollen being carried from one plant to nother, T had ample
‘evidenco in the easo of this specics and of . odorata ; for those
‘plants, which set 1o sceds or very fow us long as they were
protected from insects, bocamo loaded with capsules immediately
they wero uncovered.
Soeds from the flowers spontancously self-fertilised nnder the

the open ground. The same number of plants of crossed
self-fertilised parentage were measured up to the summits
their flower-stows, with the result given in-the

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

The averago height of the twenty-four crossed plants is here
717 inches, and that of the same number of solf-fortilised plants
{:61; or as 100 to 85. Of the crossed plants all but five
whilst several of the sclf-fortilised did not doso. The

‘pairs, whilst still in flower, but with some eapsules already
wero afterwards cut down and weighed. The crossed
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118 RESEDA LUTEA. Cuar. IV,

weighed 905 ounces; and an equal number of the self-fertilised.
only 19 ounces, or 4s 100 to 21; and this is an astonishing
difforence.

Tasue XXXV.
Tesoda lutea, in pots.
No.of Pot. Cromd Plants. | Selerilised Planta,
Inches. Tnches.
L a1 12}
14
19) 1
7 15
154 19
. 20 12,
17 16
23 16
17 13
20 13
L. 16 14
1 19
16 20
10 7
10 1)
v. a4 9
19 g
18, i1
16 18
19 164
7 25 14
b4y hid
[ 14,
14 14
Total in inches, 41225 350°88

Soeds of the samo two lots were also sown in two adjoining

the one row and thirty-two self-fertilised plants in the other
row, 80 that the experiment was uot quite fair; but not so un-
fair as it at first appears, for the plants in the same Tow were not.
crowded so much ns seriously to interfere with each other's
growth, and the ground was bare on the outside of both rows.

© The Complete Work of Charles Darwin Online



in the same manner as before, with the following

Tasiz XXXVL
Reseda luted, growing in the open ground.

Crowed Plants. | Selffertiined Plants.

ipetition. On
mhmhnmnsﬁnhﬂvm

RESEDA ODORATA.

others
'not bo supposed that these latter plants produced no sced
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120 RESEDA ODORATA. Omar. IV.

becauso their stigmas did not recelve any pollen, for they were
repeatedly fortilised with pollen from the same plant with no

plants were trained up sticks, and measured to the summits of
their leafy stems—the fower-stems not being included. We here
have the result :—

Tasue XXXVIL
Reseda odorata (seedlings from a highly Self-fertile Plant).
o of Pot. Crossed Plants, | Selffrttined Plania.
nehen, Tndes

L 20 22
34 2
26 2|
82| 50,
N 344 2]
41 80}
11 3

83| 30}
1L 17 =%

hy 2!
30] 2
30 25|
v, ap 2
2 25,
30 13
324 2
%% an - 1
251 19
2 10

Total in fnches, 52228 428°50

The averago height of the ninetoen crossed plants is here
97-48, and that of the nineteen self-fortlised 22-55 inches ; or as.
100 to 82.  All these plants were cut down in the carly as
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weighed 115 ounces, and the self-
left freely exposed to the visits of insects, did not present
difforence to the eye in the number of seed-capsules which

they produced.

The remainder of the same two lots of seeds were sown in two
adjoining rows in the open ground ; so that the plants were ex-
pndmnnlymodenuwmpenum The eight tallest on each

side wero measured, as shown in the following table :

Tasie XXXVIIL
Reseda odorata, growing in the open ground.

[ P——

Tinhen $206+13

The averago height of the eight crossed plants is 2576, and
“at of the cight fertilised

n parentage (which were partially solf-sterile) did not
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122 RESEDA ODORATA. Cuar. IV..

profit more from a cross, than did the plants of the far more
self-frtile English stock. The above two lots of crossed and
germinating on sand, were planted on opposite sides of five pots,
and measured as in the last ease, with the following result :—

Tants XXXIX.
Teseda odorata (seedlings from a semi-self-sterile Plant).

o, of Pot. Crossed Plants, | Self-forilised Plants.

Toches, Tnchon.
% 33/ 81
304 2

294 137
20 8
. 2 2
83, 264
3 2
82| 30,
L. 17
82 2
31 24
89, 4
v, 19 20
0] 82
4 31
30§ 561

344 24§
87| 34
81 a2
83 7]

Total 1n inches. 50975 55425

m.mpmmofmmrymmumnhmm 98,
nd thatof tho twenty st frtilsed 27-71. nches; o an 100
These
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v, IV, VIOLA TRICOLOR. 128
ground ; and the eight tallest plants in each row were
d, with the following result:—

Tasiz XL.

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

Crowod Plants. | Self-ferclised Planta,

average height of the eight crossed plants is here 2592,
ﬂau( the cight self-fortilised plants 23-54 inches; or s
o

IX. VIOLACEZ.—VIOLA TRICOLOR.

tho flowers of the common eultivated hoartseaso aro
tho anthers shed their pollen into a little semi-cylin-

n-nnm o (Nature! May 15
ﬂm P ioncr, o p. 148,

ficts which follow on_the
ets of covering up \ plant

 hiider oted
\gsw Lubbock in his ¢
ild Flowers, &c. p. 62.
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‘uncovered plant of the same variety, growing close by, produced.
105 fine capsulos. The few flowers which produce capsules when
insects are excluded, ilised by the curling i

of the potals as they wither, for by this means pollen-grains
adhering to the papill migitt be inserted into the cavity of the
stigma. But it is more probable that their fortilisation is effected,
as Mr, Bennett suggests, by Thrips and certain minuto beetles
which haunt the flowers, and which cannot be excluded by any
net, Humble-bees are the usual fertilisers ; but T have more than
‘once seen flics (Rhingia rostrata) at work, with the under sides of
their bodics, heads and legs dusted with pollen; and having
marked the flowers which they visited, I found them after a fow
days fertilised.* 1t is curious for how long a time the flowers of

heartscase and of

imeots discover the fuct by the odour emitted, and immediately
froquent the flowers,
As the flowers require the aid of insects for their complete

* I should add that this fly of these bees doing so. H.
apparently did not suck the nee-  has also seen the hive-boo at
tar, but was attmcted by the pa-  but only on the wild
il which surround.the stisma. form.  He gives a list
Milllor also saw a small bee,an  (* Nature,' 1873, p. 43) of all the
Audrean, which conld ot resca {nsects which ' has secm :
noctar, repeatedly inserting largo and small.
its proboscis beeath the stigma,  forms.
whero the papillm aro situsted; peet
t theso papillm must be in  a state of naturo

Somo woy airicive by inmcts, & froquently by inmols than hose
it amets (' Zoologit! vol. of the culi
iliciv. p. 1225) Gt o moth soen therfl
(Plutia), trequently visits the the fluwers of wild

of the Hive-boca

Hlowers . Hive this I hve never observed:
do ok ordinarly Vil thow, bat  usdons; though T paoe

« case has boen recorded (‘Gar-  the flowers during many
denens’ Chrouicle,” 1844, p. 574)
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fertilisation, and as they are not visited by inseots nearly so often

a5 most other nectar-secreting flowers, we can understand the

fact discovered by H. Miiller and described by him

* Nature,’ namely, that this species exists under two forms.

Oné of these bears conspicuous flowers, which, as we have seen,

tho aid of insects, and are adapted to bo cross-fer-

by them; whilst the other form has much smaller and

less conspiononsly coloured flowers, which aro constructed on o

slightly different plan, favouring self-fertilisation, and aro thus
dapted to

@ third of their full size, and the crossed plants then
mged 887 inches, and the self-fertilised only 200 inches in
; oras 100 to 52 They were kept in the greenhouse, and
20t grow vigorously, Whilst in flower they were again
ured to the summits of their stems (see Tablo XLL), with

the following resul
‘The average height of the fourteen crossed plants is hore 558
iches, aud that of the fourteen self-fortilised 2°57; o as 100 to
In four out of the five pots, a crossed plant flowered before
‘one of the self-fertilised ; us likewise i

ug summer (1869) they flowered profusely, and being
by humble-becs sot many capsules, which were earefully
from all tho plants on both sides. The crossed plants
167 capsules, and the self-fertilised only 17; or as
10. So that the erossed plants were moro than twice the
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height of the self-fertilised, generally flowered first, and produced
capsules.

ten times as many naturally fertilised

Tapue XLL
Vidla tricolor,
o, of Pot. Crossed Plants. | Self-fortilised Plants.
- Inches, Inches.
L Qx g
7
5 1
I 5 s
4 4
44 3y
[ 9 3
H 1
8 0]
. 4] 2,
4 1
4 2,
v. S 3
3 14
Total in nche. | 18 | 83

fertilised plants had now grown all matted togother on the
respective sides of the superficial partiti them;
and in the clump which included the finest self-fortilised plant,
1 estimated that the surface covered by the crossed plants was
about nine times as large as that covered by the self-fertilised
plants. The extraordinary superiority of the crossed over the
self-fertilised plants in all five clumps, was no doubt due to
tho crossed plants at first having had a decided advantage over
the self-fortilised, and then robbing them more and more of their
food during the succceding seasons. But we should remember
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the same result would follow in a state of nature even to

t was now tried for the sakeof ascertaining
far the superiority of the crossed plants, or to speak more
rrsctly, the inferiority of the self-fertilised plants, would be

, after germinating
opposite sides of three pots. The naturally crossod scedlings

Tapix XLIL
tricolor : seedlings from crossed and self fertilisod Plants, te
2 dehuﬁwMMthy/eM

Naturuly cromed | Notursly cromed
NooPou | Piani s anihe | Piite oo
caly crosme Finain | feiliod Pants
Tnches. Tochen.

L 12 9

11 L

'S 13 9

10 1

. 14, 1

131 n

L
Total  fnches. | 588 | 61088
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derivod from the crossed plants flowered in all three pots before-
the naturally erossed scedlings derived from the solf-fertilised
plants. When both lots were in full flower, the two tallest
plants on each side of each pot were measured, and the result
s shown in the preceding table.
The average height of the six tallest plants derived from the
crossed plants is 1256 inches; and that of the six tallest plants
derived from_the self-fertilised plants is 10-31 inches; or as
100 to 82. We here see o considerablo difference in height
between the two sets, though very far from equalling that in the
previous trials between the offspring from crossed and self-
fertilised flowers. This difference must be attributed to the
lntae st of plaats having inlerited » weak constitution rom
their parents, the offspring of self-fertilisod flowers ; notwith-
standing that the parents themselves had been froely inter-
crossed with other plants by the aid of insects.

X. RANUNCULACEZE. —ADONIS BSTIVALIS,
The resnlts of my experiments on this plmz aro hnrdly worth
giving, as T remark in my notes made at the
from some unknown cause, ll miserably unhealthy.” " Nor did they
ever become healthy; yoi I foel bound to give tho present case,
as it is opposed to the general results at which I have arrived.
Fifteen flowers were crossed and all produced fruit, mmnmg
on an average 32'5 seeds; nincteen flowers were fertilised with
their own pollen, and they likewiso all yielded fruit, containing
a rather larger average of 34°5 seeds ; or as 100 to 106. Seedlings
were raised from these seeds. In ome of the pots all the self-
fertilised plants died whilst quite young; in the two others, the
‘measurements were as follows :
Tase XLIIL
Adonis astivalis,

No. of Put. Crossed Plants, | Selffertlsed Plants,
Tncher.
1 14 13§
134 18
1. | 18 157
| 13§ | 15
Total in inches. | 700 572
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d capsules, though numerous, wero so
of seods from the crossed and perttiuey capsules

- Speciesfrage,’ 1 Their structure is described
> TR, % 7 Ty S R o
‘Decaisne, * Comptes-Rendus’  p. 122,
T, b 5.

© The Complete Work of Charles Darwin Online



130 VISCARIA OCULATA. Caar. IV.

were in weight as 100 to 45. The two lots were allowed to
erminate o0 s, a1 pair were plante o the opposite siled

of four pots. When nearly twohiris grown they wers
measured, as shown i the following table L
Tapte XLIV. 4
Delphinium consolida.
L I L pe—
Inches, P Tnches.
L 1 11
m 19
164
L. 26
T o
s
Total in ll;: 89°75

The six crossed plants here average 14-95, and the six self-
fertilised 12-50 inches in height; or as 100 to 84 When fully
grown they wero again measured, but from want of time only &
singlo plant on each #ide was measured ; 8o that T have thought
it best 0 give the earlier measurements. At the later period

fertilised 1 do not know. The six crossed plants produced 282
mature and immature capsules, whilst the six self-fertilised
plants produced only 159; or as 100 to 56. So that the crossed
‘plants were very much more productive than the self-fertilised.

XI. CARYOPHYLLACEZE.—VISCARIA OCULATA.
Twelve flowers were crossed with pollen from an
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fertilised flowers would have been in weight as 100 to 88. Thad

selected » medium-sized capsule from each lot, and
p the seeds in both; the crossed one contained 284, and
uﬂl—mlmiml%nadl or as 100 to 44. These seeds

bo trusted; thaphnhﬂmmwm\maq\uﬂyﬂ:n
—duumﬁam.umonmmmuumm
fy twico as tall s that on ono of the others;
on the self-fertilised punu.mmdm
an equal degree one of the others.
In the following year the experiment was repeated on o larger

All the capsules were gatherod from both lots of plants
pt from the crowded and nnproductive ones in Pot V.), aud
close of the season the few remainiog flowers were added
B Ntioen cromed pisots profuced S51, wiile the fous-
self-fertilised plants produced only 203 capsules and flowers,

077,

K2
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Several single-flowered carnations were planted in good soil,
and were all covered with a net. Eight ﬂ.owmm crossed

:-p ‘majority of the spontancously self-fertilised capsules pro-
duced by several plants contained 1o seeds, or only a singlo one.
Excluding theso latter capsules, T counted the seods in eighteen

Orossed and uwmnu Plants of the First Generation.~Tho
many seeds obtained from the above crossed and artificially
St Sovors werosownaukof dors, aod o args beda

4 inches taller than the self-ertilised. Judging from

 subsequent measurements, we may assume that the crossed

plants were about 28 inches, and the self-fertilised about

94 inches in height; and this will give us a ratio of 100 to

86, Out of a large number of plants, four of the crossed ones
before any one of the self-fertilised plants.

Thirty flowers on these crossed plants of the first generation
‘wero again crossed with pollen from a distinet plant of the samo
Tot, and yielded twenty-nine capsules, containing on an average
ll 62 scods, with a maximum in one of 110 sceds.

the remainder with pollen from another flower on the same
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plant; and these
averago 8595 sceds, with a meximum in one of 61 seeds. We
thus seo, judging bymnmhnofmdlpurupnb,ﬂmm
plants again were more productive than the
self-fertilised again self-fertilised, in the ratio of 100 to G5.
Both tho crossed and self-fortilised plants, from having grown
‘much erowded in the two beds, produced less fine capsules and
fewer sceds than did their parents.
Crosed and slf frtised Plats of th Second Genertion.—Tho

plants of mmmmmmwnmam

pois; zh, so that both lots.
grew very irregularly, and most of the self-fertilised plants after

two pairs, obviously is nmmmlum\mﬂhy,m-mu
not have been given had it not been supported. T
state in my notes that the crossed plants wero very much more
Iuxuriant than their opponents, and seemed to be twice as
bulky. This latter estimate may be believed from the
weights of the two Jots in the next generation. Some flowers
on these crossed plants were again crossed with pollen from
another plant of the samo lot, and some flowers on the elf=
fertilised plants again self-fertilised; and from the seeds thus
obtained the plants of the next generation were
Crossed and self-fertilised Plants of the Third Generation~The
scods just alluded to were allowed o germinato on bare sand,

other three pots the crossed flowered first. Theso latter plants
-baonﬁnndmmuhhhhihumnﬂﬂﬁ
self-fertilised.
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Tase XLVL
Dianthus caryophyllus (Thind Generation).

O [T F—
T T
L 28] 80
27 26
L 29 30
299 27,
L 284 31
il b
w. n
334 %
Total ia inches.

i
The average height of the eight crossod plants is here 2839
hes, and of the eight self-fortilised 28-21; or as 100 to 99.
Ulhnlmmd:ﬂnmumbdghtwaﬂ.h.pukﬂn;nf
o i genoral vigour aud luxurianco there was an aston

plants were all kept under a net, so that the capsules
Mpmdnmrlmmthnhemdlmmdyldl-
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136 DIANTHUS CARYOPHYLLUS. Cuar. IV.

first experiment differed from the others in, being slightly more
salf-

ﬂ.L]-ﬁpj‘aC‘t-m‘lln/mﬁ Stock.—Twenty flowers on the.
inTable XLVL,
were fertilisod with their own pollen, but taken from otker
flowers on the same plants. Theso produced fifteen capsules,
which contained (omitting two with only throo and six seeds)
on an average 47-23 seeds, with o maximum of seventy in one.
The self-fertilised capsules from tho self-fertilised plants of the
first generation yielded the much lower average of 35-05 sceds;
but as these latter plants eow extromnly crowded, notbing ent

inferred with respect to this differenco in their self-fertilty.
The seedlings raised from the above sceds constitute the plants
of the fourth self-fertilised generation in the following tablo
(XLVIL).

Twelve flowers on the same plants of the third self-fertilised
generation, in Table XLVL, were crossed with pollen from the
crossed plants in the same table. These crossed plants had been
intercrossed for the three previous gencrations; and many of
them, no doubt, were more or less elosoly inter-related, but not.

50 closely as in some of the experiments with other species; for
severnl carnation plants had been raised and crossed in the
eatlier generations. They were not relted,or cnly in  disant

, to the self-fertilised plants. The parents of both the
self-fertilised and crossed plants had been subjocted to s nearly
as possiblo the samo conditions during tho three previous genera-

seventy-two seeds. The plants raised from these seeds may be
called tho interorossed.

Lastly, twelve flowers on the same self-fertilised plants of the
third generation were crossed with pollen from plants which
had been mised from seeds purchased in London. It is almost
Mrhl.n!hll thophnhwhlohprodneedﬁhﬂaluad'hd

give & much higher ayerage number of seeds; for, as we shall
immediately see, the plants raised from these sceds, which may
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1IV.  CROSS WITH A FRESH STOCK. 137
called the London-crossed, benefited greatly by the cross, both
and fertility.
The above three lots of seeds were allowed to germinato on
germina

wero planted in ten pots, made tripartite by superficial

Tasue XLVIL
Dianthus caryophyllus,
Noatro, | Londmorom Selftertilisod
Toches. Taches, Tnches,
1 as’ nl 297
30 2 +
. 6 2
A " s
L 28§ 30
- 23,
. 83| 854 %
2 82 244
iy; 3 34 =R
0 2 +
VI 33 2 30
! s u ul
Vi n! 29 )
34, b b4
VIIL 341 29 264
b 0 +
IX. 25 28 +
o 5y 0
X 8 28§ 22}
82 + o
in fnches, [ 52513 42000 26550
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138 DIANTHUS CARYOPHYLLUS. Cuar. IV

divisions; but when only two kinds of seeds germinated at the

same time, they were planted on the opposite sides of other pots;
and this is indicated by blank spaces in ono of the three columns
i Tubl XCVIL VA 0 the i sipitn hut 1o g

not measured.
1t deserves notice that no less than ight out of the eighteen self-
fertilised plants cither died or did not flower; whereas
three out of the cighteen intercrossed, and four out of the twenty
wero in this predicament. The self
less

mu-ndphml.ﬂinnh— and that of the ten self-fertilised

s«d:umhugmnhnmlommgnm—
The London-crossed to the self-fertilised as 100 to 81
The London-crossed to the intercrossed as 100 to 85
The Intercrossed to the self-fertilised as 100 to 95
These three lots of plants, which it should be remembered.
wero all derived on the mother-side from plants of the third

capsules could no longer ripen, all were gathered and were
counted, whether good or bad. The capsules were then crushed,
and the sced cleand by sioves and weighed. For the sake of
uniformity the results are given from calculation, as if there had.

capsules; thereforo
375 capsules; and from the actual weight of the sceds, the
twenty plants would have yielded 462 grains weight of sceds.
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‘From theso data we got the following ratios
- Number of capsules produced by an equal mumber of plants of
the three lots,

Number of Capadee.
The London-crossed to the self-fertilised, as 100 to 39
The London-crossed to the intercrossed, as 100 to 45
The Intercrossed to the self-fertilised as 100 to 67

Weight of seeds produced by an equal number of plants of the
three lots.

™
u uced. These phnhwmnﬂmnoﬁpnuoﬂhe
e mother-plants, and the strongly marked
ty must bo atributed to the maturo o tho pollen empluynd
)dhn-b-rlu parents had been subjocted during several
‘generations.
- the Flowers.—The flowers produced by the self-fertilised
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140 HIBISCUS AFRICANUS. Cmar. IV.
plants of the last or fourth generation were as uniform in tint

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 frosh stock which bore dark crimson flowers, varied extremely
in colour, as might have been_expected, and s is the general
Tulo with seedling carnations. Tt deserves notice that only two
o hreo of the London-<rosod plaats produced dark crimemn

flowers liko thoso of their fathers, and only a very few of a pale
pink ke those of their mothers. ' The great majority bad their
petals longitudinally and variously striped with the two colours,
—the groundwork tint being, however, in some cases darker
than that of the mother-plants.

XIL MALVACEZ—HIBISOUS AFRIOANUS.

mquamanmmlmmmmmndwmponmm
a distinet plant, and many others were self-frtilised.
Jarger propostlonal mumber of he et thin o e SoE
fertilised flowers yieed capeuls, and tho crossd capenls o=
tained rather more seeds. The self-fertilised seeds wero a little
heavier than an equal mumber of the crossed sceds, but they
germinated badly, and T raised only four plants of each lot. In
threo out ofthe four pos, the crossed plasts fowered irst.

Tase XLVIIL
Hibiscus africanus.
No. of Pot. Crossed Plants. Indih\ﬂl-ll’h.k
L 0 i
K I 14 "
L. 8 7
. 17§ 20§
Toultainches | 8300 | w1
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HIBISOUS AFRICANUS. 141

these
well or .qmug !dﬂmmnﬁm Tertility of the two
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142 PELARGONIUM ZONALE. Cuar. V..

CHAPTER V.
GEraNiAcE®, LEGUMINOLY, ONAGRACE®, FTC.

Pulurgonius meala » @ bobvees glass peopaguied by
10 good—Tropeolum minus—Limnanthes a..m-.n-mm-

highly bonefiial fus, wonderful effects of a
flowers of—Summary on
the Leguminose —Clarkia aurea —

groat advantages of & cross—Borugo ofcinalis—Nolana prostrata.

XIIL. GERANTACEZE.—PELARGONIUM ZONALE.

‘Turs plant, s a general rule, is strongly proterandrous,® and
is thereforo adapted for orow-frtlisntion by the ad of asects
Somo flowers on a common scarlet variety were self-fertilised,
and other flowers were crossed with pollen from another plant;
but no sooner had I done so, than I remembered that these
plants had been propagated by cuttings from the same stock,
and were therefore parts in & strict senso of the same individual.
Nevertheless, having made the eross I resolved to save the seeds,
which, after germinating on sand, were planted on the opposite

* Mr. J. Denny, & ‘which also the pistil is nent

umnnaﬂ—«&ﬁ:mm Mool g o

after stating that i it e

lllﬂ P“I‘“i.‘q -'Illm 11; M i HIIT
are L] hrﬂhnd by it own p

colou, or which possoss n weakly ~ examplo of this fact.”
constifution, where the pistil ex- here an interesting uno!n-
pands a8 so0m as oF even before thlItylnlnlmp\mm

© The Complete Work of Charles Darwin Online




V. PELARGONIUM ZONALE. 143

of three pots. In one pot the quasi-crossed plant was very
0 mdmuwnmummammm-u-m

pairs they were planted on the nppmu sides of four pots.

Tapie XLIX.
Pelargonium sonale.

No. of Fot. Cromed Planta, | Self-frtlinod Plaata,
ER S pias ¢ bl ot
X 2 25§

19 12}

15 19
12§ 23|
30| 19
18 7
1. 38 9

Total in fnches. 110:08

the two lots of seedlings ware betwoen 4 and 5 inches in
it they wero equal, excopting in Pot IV., in which the erossed
was much the fallest. When between 11 and 14 inches
“height, they were meusured to the tips of their uppermost
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14 TROPEOLUM MINUS, Crar. V..

1346, and the sclf-fertilised 1107

h.whul.u haisht, oras 100 to 82, Five months later they were

454 o ‘manner, and the results are given
inmpm«:m

The seven crossed hnum-mm 22:35, and the soven
sel-fertilised 16°62 inches in height, or as 100 to 74. But from
the great inequality of tho several plants, tho rosult is less trust=
worthy than in most other cases. In Pot IL the two self-
fertilised plants always had an advantage, except whilst quite
‘young, over the two crossed plants.

As T wished to ascertain how these plants would behave
dndngnlmondpwﬁ: they were cut down close to the gronnd
whilst' growing freely. The crossed plants now showed their
superiority in another way, for only one out of the soven was
Killed by the operation, whilst threo of the self-fertilised plants
never rocovered. There was, therofore, no use in keeping ord of
the plants excepting those in Pots 1. and IIL; and in the
m-m;mmmmuhmmmm'ddm

their second growth nearly the same relative superiority over
tha-llhtﬁlhsdplmhnhaﬁm‘.

TROPROLUM MINUS.

Tho flowers aro proterandrous, and are manifestly adapted
for cross-fertilisation by inscots, as shown by Sprengel and
Delpino. Twelve flowers on some plants growing out of doors
wero crossed with pollen from a distinet plant and produced
eleven capsules, containing altogether twenty-four good seeds.
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advantage over their opponents. When grown to
bl height the eight tallest crossed plants averaged
I aﬂhm‘hﬂmd!ﬁrﬂdm&mmm

com)
n-mi.,ulbvvninlhblhmu table:—

Taste L.

Tropaolum minus.
No.of Pt Crossed Plasts, | Self-fertlisod Planta,
Inchea, Tochen.
L [ 51
50 '
. 69 4
85 4
. 70 504
sy 554
. 61 314
5 I
Total in inches. 4675 3680

Tho eight tallest crossed plants now averaged 5843, and th
ight tallest self-fortilised plants 46 inchos in height, or as 100

re was also a great difference in tho fertility of the two

same number of self-fertilised plants yielded only 155 seeds,
a8 100 to 64.

1 LINNANTIES DOUGLASIL,

ral flowers men—dmﬂ self-ortilised in the usual
r, but there was no marked difference in the number of

‘which they yielded. A vast number of spontancously self-
 capsules were also produced under the net. Scodlings

double this height, the
L
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146 LIMNANTHES DOUGLASIL Cuar.

sixteen crossed and sixteen self-fertilised plants were measured
to the tips of their leaves; the former averaged 7°8 inches, and.
the self-fertilised 6:07 inches in height, or as 100 to 83, In
all the pots, excepting IV., a crossed plant flowered before any
ounoﬂhn-!l—hxﬁ)’n-iplnh The plants, when fully grown,

again measyred to the summits of their ripe capsules, with
tluhlwvingr-ull'

Tasie LL
Limnanthes douglasii,
No.of Pot. Cromsed Plants. | Slffrtlsed Piaota.

L 17, 15
17 16
3 1
I 20 14
2 15
2 16,
18 17
L. 15 1
17, 10
1 o

. 20 134
1 18

18 127
V. ” 14,
18 4,
14, 12

Total in inches. 279:50 20775

would be fairer, viz, 100 t076. Hemadea
tion of the above measurements, and adds the words “
£00d” to the curvaturo thu formed. Both lots of plants pro-
duced an abundanco of soed-capsules, and, o5 far s could be
Judged by the eye, thero was no difference in their fortility,

height, or as 100 t079. Mr. Galton considers that a higher ratio
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LUPINUS LUTEUS. u7

XIV. LEGUMINOS.E.
~ In this family I experimented on the following six
ra, Lupinus, Phaseolus, Lathyrus, Pisum, Saro-
and Ononis,

Lursus wm'

The second clmud seed was sown in like manner with

m-dqmunm crossed one. In both pots, therefore,

germinating later, were at first com-

Dbeaten by the self-fertilised ; nevertheless, this state of

s was afterwards completely reversed. The seeds were

Rl 1 tho autumn, and the pots, which were much too

|, were kept in the greenhouse. The plants in consequence

badly, and the self- fertilised suffered most in both pots.

two crossed pl

9 inches in height; one of tho selt-ferilised plants was
and the three others

¢ Nature,” 1872, p. 499) that

£ ero i cavityu tho bk and

base of the vexillum, in which T

v ok boon able o'tnd nectar
it the bees, which co

nstantly
it thes fvers, orainly 0 0
this cavity e it dhey” yuv.
oot e sninal tabe”
L2
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148 LUPINUS LUTEUS, © Cun V.

spontancously self-fertilised seeds just mentioned, and crossed
Muwwmmmmmuﬂt@m

Nevertheless the sel-fertilised plants in all three pots flowered
beforo the crossed! The measurements are given in the,
following table :—

Tavie LIL
Lupinus lutens,
No. of Pot, Crossed Plants.  Self-fortilised Plants.
Inches. | Tnches,
L T {
30§ 184
o L
. 204 i

30 2%

1. 304 o
| 3t o7q

| sy 2]

Total in inches. | 246°25 201°75

The eight erossed plants here averago 3078, and the eight
self-fertilised 2521 inches in height; or as 100 to 52. Thess
plants were left uncovered in the greenhonse to set their pods,
but they produced very few good ones, perhaps in part owing o
few bees visiting them. The crossed plants produced nine pods,

from an equal mumber of plants were as 100 to 88,

" Two other crossed seedlings, each with two self-fertilised
scodlings on the opposito sides of the sume large pot, were
turned out of their pots early in the season, without being
disturbed, into open ground of good quality. They were thus
subjected to but little competition with one another, in com--
parison with the plants in the above three pots. In the antumn.
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LUPINUS PILOSUS. 149
ts were about 3 inches taller than the four

20 inches, whilst the two self-fertilised were only 18 and 9}
inches high.

Lurixus priosvs.

nn--duduﬁmhlmmwmhmm;

& suflicient number of crossed seedlings; and the following

not be worth giving, did they not strictly accord

h those just given with respect to L lufeus. 1 raised at first

, which was placed in competition

0 hiur ekt aingio ol s Bevionh
had been planted at the same timo separately
{0 open ground ; and tho two tallest of theso wore 88 and

il of
mﬂnlfwmndlowinhmmotjw

still_kept in

The avernge height of the two erossed plants of the two
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150 PHASEOLUS MULTIFLORUS. Ouar. V.

generations taken together was 855, and that of the three self-
fertilised plants of the same two gencrations 80°5; or as 100
to 86.*

PHASEOLUS MULTIFLORUS.

net, as I moved the wing-petals of several protected flowers, in
the samo manner as bees do, and these produced remarkably

* Wo here seo that both Lupi- in the * Annals and Mag. of Nat,

wue lutous wnd pilowus soed frecly  Hist vol. ii. (4th  series) Octe

when insects aro excluded ; but . My son ;

Mr. Swale, of Cbristchurch, in  bas éxplained (‘Nuture? Jon. 8

N informs me (sco 1874, p. 189) the use of one pecns.
liarity in their

on the.

ganlen varieties
the lupine are not there visited by  single free stamen near its
any boes, and that they soed less  which seems o if 1o
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V. PHASEOLUS MULTIFLORUS. 151
p&. When the net was taken off, the flowers were imume-

these minuto insccts, Dr. Ogle likewise covered up a largo

0 of a plant, and ““out of  vast number of blossoms thus

not asingle one produced a pod, while the unprotected

wero for the most part fruitful” Mr. Belt gives a

mﬂonlcm this plant grows well and flowers in Nicaragna;

a8 none of Hmuﬁwbou visit the flowers, not a single pod
ever produced.®

hlhnhhnn'givn“mqbdmlynnﬁ.t

2 1 have, however, received an
.A_Idghhn.ﬂlll pllnhnludh]hlmﬁom o
d an extraordinary

b.' any variety ;
mmmhummmmwummwmm

N g tl'(mmlnlonnh e Ve
Belt, o ez les Ve
)'IKI!NFM in Nlm taux,’ 1854, H: He adds
p. 70, Thl hﬁm suthor  that M. Villiers has d
cano >

calls P. cocoineus hybridus, in the
*Annales de la Soe, K. de Horti.
cuh.um‘.lum) 1844,

1 * Bestimmung des Werth
von Species und Varictit,” l!!lll,
Py 4772
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152 PHASEOLUS MULTIFLORUS. Cuar. Vo
neous variability. But the above distance would be very far from

ives many instances of plants growing at from 600 to 800 yards

apart Professor Hi

ko e o Bl s s s apsenly adaptodL KR
fortilisation. ; and as

exclusion of insects. But the only safe method of experimenting
is to cover up a whole plant, which then never suffers. {
Selffortilised seeds were obtained by moving up and down in

sized sticks wero given them to twine up. When 8 inches

in height, the plants on the two sides were equal. The crossed

plants flowered before the solf-fertilised in both pots. As soom

s ono of each pair had grown o the summit of its stick both
‘mensured.

wer
Tasu LIL
Phaseolus multiflorus,

No. of Pot. Crowed Planis. | Self-fertlised Planta.
Inches. Tnches.
L 87 84
88 87

Toalminche | 40000 e

The avorage height of the five erossed plants is 86 inches, and.
that of the five self-fertilised plants §2-35; oras 100 to 96. The
pots wero kept in the greenhouse, and there was littlo or no
difforence in the fertility of the two lots. Therefore as far as
theso fow observations serve, the advantago gained by a cross is
very small,
* “Kenotniss der Befruchtung,’ 1844, pp. 573, 577.
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LATHYRUS ODORATUS. 158

PHASEOLUS VOLOAMS.
~ With respect to this species, I merely nscortained that the
flowers wero highly fortile when insects wero excluded, o indeed.

e when no insects nre present. Some plants of two varicties
Canterbury and Fulmer's Forcing Bean) wero covered with

#, and they seemed to produce as many pods, cantaining us
beans, as somo uncovered plants growing alongside; bub
the pods nor the beans were actually counted. This

ce in seltfertility between P. vulgaris and multiflorus is

d by me from his plants was wonderfal. I could add other
cases, and the fact is well known to gardencrs.®

LATHYRUS 0DORATUS.

everyone who has studied the structuro of papi-

flowers has been convinced that they are specially

‘eross-fertilisation, although many of the species aro
i case therefore

variotios always come true, yet, as we shall prescutly see, once

1 have given Mr. Coc's cuse ture)' 1872, p. 242, to the same
o' Guniouers” Chironiclex  elfock.  HO oncey however, s
808, p. 829, Sco also for anoter  bocs visiing the lowers, und sup-
o i p. 813, posedd tht on this occasion. they
"Sea Mr. W. Easley in ‘Na-  would have been intercrosscl.
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154 LATHYRUS ODORATUS, Cuuar. V.

of the five woll
which exhiitn all it umal charctes. o-xn.m this curions
fact, and to the darker-coloured varieties being the most pro-
duetive, these increase, to the exclusion of the others, as I was
informed by the late M. Masters, if thero be no selection.

Tn order to ascertain what would be tho effect of crossing two.
varioties, some flowers on the Purple swoet-pea, which has a
dark reddish-purplo standard-potal with violet-coloured wing-
petals and keel, wero eastrated whilst very young, and were

af

some

hlml,hdnﬂtfhtphnh,wmmnﬂmidnhdhlppﬂ-

‘ance with the father or Painted Lady, later in the season produced
blotchod purple.

plant as it grows older. Tho flowered plants woro 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 effootual. But tho plants which
resembled in the colour of their flowers tho paternal variety or
Painted Lady were preserved, aud their seods uvod. Next

tint : this was lhmwnlwly Seeds were again saved from the
A'nrecotng plants, and the seedlings thus raised still resembled

m\mh, g petal varying from palo to dark red, in &
few instances with blotehes of white; and tho wing-petals varied
* from nearly white to purple, the keel being in all nearly white,
As mo variability of this kind can be defected in plants raised:
from seeds, the parents of which have grown during many sue-
cossive generations in close proximity, we may infer that they
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LATHYRUS ODORATUS.

 the Purples were chiefly Purples, but with some l’lmfa‘l Ladies.
~and some Scarlets, The seedlings from the aberrant Painted
Lady wero chiefly Painted Ladies with some Searlets. Each
variety, whatever its parentage may have hun, retained all its

S, toveres, s often soid, which e striped and blotehed
 with dark purple; and this is probably of crossed origin, for T
found, as well as Mr. Masters, that it did not transmit its
at all truly.

From the evidence now given, we may conclude that |he
varieties of the sweet-pea rarely or never intercross in
country ; and thisis a highly remarkable fact, considering, ﬂntly,
the general structure of the flowers; secondly, the large quantity
~of pollen produced, far more than is requisite for self-fertilisation ;
~and thirdly, the occasional visits of insects. That inseots should
sometimes fail to cross-fertilise the flowers is intelligible, for T
‘have thrice seen humble-bees of two kinds, as well as hive-bees,
sucking the nectar, and they did not depress the keel-petals so
anthers and stigma ; they were therefore quite

Bombus lapidarius, stood on one side at the base of the
uﬂwiupmm-mmuamghmnnmm as
afterwards ascertained by opening the flower and finding this

any
 pods in my garden, unless the wing-petals were moved up and
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156 LATHYRUS ODORATUS. Cnar. V.

down, in the same manner as bees ought to do; and then pods
were generally formed, but from some cause often dropped off
aiterwards. of my sons caught an elephant sphinx-moth
whilst visiting the flowers of the sweet-pea, but this inscct would.
not depress tho wing-petals and keel. On the other hand, I have
seen on one oecasion hive-bees, and two or threo the
Megachile willughbiella in the act of depressing the keel; and
these bees had tho under sides of their bodies thickly covered
with pollen, and could not thus fail fo carry pollen from one.
flower to the stigma of another. Why then do not the varicties
occasionally intercross, thongh this would not often happen, as
insects 80 rarely act in an efficient manner? The fuct cannot,
it appears, be explained by the flowers being self-fertilised at &
very early age; for although nectar is sometimes secreted
polien adheres to the viscid stigma before the flowers are fully
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 varicties never or
very rarely infercross. But it does not follow from this, that
they would not be crossed by the aid of other and insects
in their native country, which in botanical works is said to be
the south of Europeand 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 varicties do inter-
cross, aud that they cannot be preserved pure unless they are
sown separa
It follows also from the foregoing facts that the several varieties
of the swect-pea must have propagated themselyes in EnM
by self-fertilisation for very many generations, since the time
when each new variety first appeared. From the analogy of the
plants of Mimulus and Ipomcea, which had been self-fertilised
for several generations, and from trials previously made with
the common pea, which is in nearly the same state as the sweet-
pea, it appeared to me very improbable that a cross between the
individuals of the same variety would benefit the offspring. A
cross of this kind was therefore not tried, which T now regret.
But some flowers of the Painted Lady, castrated at an carly
age, were fertlised with pollen from the Purplo swoet-pea; and.
it should bo remembered that these varictios diffor 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 resombling
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LATHYRUS ODORATUS,

seedling had its summit gnawed off by a slug,
was in mnmforlﬁmqmumnbyﬂmmlf-
Nevertheless T

plant. 0 remain,
'I!lh constitutional vlgmlrth“ it ultimately beat its un-
red self-fertilised rival. When all four plants were almost
grown they were measured, as here shown :i—

Tapis LIV.
Lathyrus odoratus.

| Nearr Crosed Plants, | Scttfetilined Plants,
o
L 50 [
e S &
. 8y s
1585 1275
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138 LATHYRUS ODORATUS. Cuar. Vo

The self-fortilised peas were, however, quite as heavy as those.
from the crossed pods. From these two lots of seeds, the plants
of the next generation were raised.

Plants of the Second Generation—Many of the self-fertilised
poas just referred to germinated on sand boforo any of the
crossod oncs, and were rejected. As soon as I got equal pairs,
they wero planted on the opposite sides of two large pots, which
wero kept in the greenhouso  The seedlings thus raised were the
grandehildron of the Painted Lady, which was first crossed by
the Parplo variety. When the two lots were from 4 to 6 inches

fully grown they were measured, as =
Tasz LV.
Lathyrus odoratus (Second Generation).
from Piauta Sedlings rven Panis
oot | oyt durng e | s ding
| Lo
Ty Anches. Tnchen.
L 724 374
7 o7
524 56
1. 814 68,
45 88
| 50 40
Total in inches. | 37750 331°86
|
Tho average height of the six crossed plants is here 62-91, and.
that of the mnnml..ed 5531 inches; or as100to 88, There

plants having
pods, and the self-fertilised thirty-two pods.
Seeds were saved from the sclf-fertilised flowers on these two
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d for many generations; and that in the other lot they
hohiklmnof plumwhinhhld not been erossed for very

fully grown, with the following result:—

Tamtz LVL
Lathyrus odoratus.

Saltfrtiied Piaate
Noooftw. | GGl Py | Sl
Tnchen, Toen
L 72 65
7 3t
1 58 64
68 681
724 56§
1L 81 ‘ 603
v, m | 764
“Total in inches. 452

o average height of the soven self-fortilised plants, the off-
of erossed plants, is 71°57, and that of the soven self-for-
plants, the offspring of self-fertilised plants, is 61°57
to 9. The i ts from t

rather more pods—viz., thirty-six—than the self-fer-

seeds of the same two lots were sown in the oppexiie
of alarge box in which a Brugmansia had
ndhwhiohhmlwnmuhn‘bdmcmndsol
purpurea would hardly vegetato; yot the two plants of
imwmnmnind flourished well. For a long
the self-fertilised plant from the self-fertilised beat the self-
Mmmm,mt the former flowerod first,
at ono timo 77} inches, whilst the htterwunnly 681 in

 but ltimataly tho plant from tho
by and ttained n height of 108} inchos, whilst tho
-uﬂsmu Talso sowed some of the same two
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160 PISUM SATIVUM, Ciar. V..

lots of seeds in poor soil in a shady place in a shrubbery, Hers
again the solf-fortilised plants from the solf-fortilised for a
time exceoded considerably in height those from the previously
crossed plants; and this may probably be attributed, in the
prosent as in the last case, to these seeds baving germinated
Tather soonor than those from th crossed plants; but at the
close of the season th tallest of the self-fertilised plants from
tho crossed plants was 80 inches, whilst the tallost of the solf-
fortilised from the solf-fertilised was 20} inches in height,
From tho various facts now given we see that plants derived
from a cross botween two varioties of the sweet-pea, which differ
in no rospect except in the colonr of their flowers,

plants
also transmit their superiority in height and vigour to their
self-fertilised offspring.

Prsux saTIvox.

The eommon pea is perfectly fertile when its flowers are pro-
tooted from the visits of insects; I ascertained this with two or
throe difforent varieties, as did Dr. Ogle with another. But the
flowers aro likewise adapted for cross-fertilisation; Mr. Farrer
specifies * the following points, namely : “ The open blossom dis-
playing itself in the most attractive and convenient position for
insects; the conspicnous vexillum; the wings forming an alight-
ing place; the attachment of the wings to the keel, by which
any body pressing on the former must press down the latter;
the staminal tube enclosing nectar, and affording by means of its.
partially froo stamen with apertures on each side of its base an
open passage to an insect secking the nectar; the moist and
sticky pollen placed just where it will be swept out of the apex.
of the keel against the entering insect; the stiff elastio style so
placed that on a pressure being applied to the keel it will be
pushed upwards out of the keel; tho hairs on the style placed
on that sido of the style only on which there is spaco for the
pollen, and in such a direction as to sweep it out; and the
stigma 50 placed as to meet an entering insoct,—all these
become correlated parts of one elaborate mechanism, if we

* ‘Nature! Oct. 10, 1 the flowers, *1
475, e gives i cabreals gy o i ‘o
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Mhhﬁﬁ-ﬁmdﬂiﬂ! Menhmbyﬂw

plvvilm for cross-fertilisation, varieties which hlv:

and wero very vigorous, lnsted for at least sixty years, and
all these years were self-fertilised ; for had it been other-

of constitution from long-continued self-

kable, considering that the flowers secrete much
wr and afford much pollen, how seldom they are visited by
ets cither in England o, as H. Miller remarks, in North
ny. Thave observed the flowers for the last thirty years,
i ail this time have only thrice seen bees of the proper kind af
ik (one o them Veing Hombus muscorum), uch a5 wero suf-
ntly powerful to d

Bodies dusted with pollen. '11mnhau visited several flowers,

and could hardly have failed to cross-fertili

dy fertilised flowers, but this is of no account. The rarity
‘visits of efficient bees to this exotic plant is, I believe, the
cause of the varieties so seldom intercrossing. That a
does occasionally take place, as might be expected l‘mllut

t is certain, he direct
ion of tho pollen of one varioty on the seed-couts of. another.
late ir. Masters, who particularly attended to the raising of

e of peas, was convinced that somo of them had
from accidental crosses. But as such crosses are

lants departing from the proper fypo are generally
d by those who collect seed for sale. Thero is another
which probably tends to render eross-fertilisation rare,

* ¢ Variation of Animals and f~v ndMDn\mmxul(un,
lants under  Domestication,” ah-prhdldlt. i p. 425,
diap. ix. 20d edit. vol. & p. 348,

N
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162 PISUM SATIVUM. Cuar, V.

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

open
not follow that the species in its native country would be thus.

Owing to the varietics having been self-fertilised for many
mnum mlhlhurhvm( genera-
tion to nearly the same conditions (as will be explained in &
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 T covered up soveral plants of the Barly Emperor pea, which

have.

‘were measured, as in the following table :—

Tarue LVIL
Pisum sativum.
No.of Put. Crossed Planis, | Sltferlised Plants,
Tnches. Toches.
L 35 291
L 814 51
35 %
87 3
Total in inches. 188°30 15875

The average height of the four erossed plants is here B4
and that of the four self-fertilised plants 39-68, or as 100 to
So that the crossed plants, far from beating the self-
were completely beaten by them,
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“here can bo no doubt that the result would have been
diflrnt, I any two vaciotien outof the muberles anes
n h

ight in n’puklng .48 o Srviming “bpiilly vory

and short varieties, says,® “I bad in this experiment o

iking instanco of the stimulative effects of erossing the breeds;

the suwallest variety, whose height rarely exceeded 2 fect,

increased t0 6 foot; whilst the height of the largo and
hed.”

/, namely,
ed pea, wasonly 70 inches in height; m‘lllw 1060,

SAROTHAMNUS SCOPARIUS,
‘Bees incessantly visit the flowers of the common Broom, aud
s6 are adapted by a curious mechanism for cross-fertilisation,
@ bee alights on the wing-petals of o young flower, the

is -u;nuy opened and the short stamens spring out, which
pnll(m against the abdomen of the beo, If a rather
flower is visited for tho first time (or if the beo exerts great

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

* ‘Philosophical Transactions,’ 1799, p. 200,
M
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164 SAROTHAMNUS SCOPARIUS. Cuar. Vo

with the much elongated curved pistil, spring forth

The flattened, spoon-like extremity of the pistil rests for a time.
on tho back of the bee, and leaves on it the load of pollen with
which it is charged. As soon as the bee flics away, the pistil
instautly curls round, so that the stigmatic surface is now up-
turned and ocoupies a position, in which it would be rubbed

the
and pistil remain
thus protected yield very fow pods in comparison with
produced by neighbouring uncovered bushes, and sometimes

none at all. 1 fertilised o fow flowers on a plant growing
lmost in a state of nature with pollen from another plant
i the four crossed capsules contained

il
iz
f
Ee
£f
L
g2
i
Eh

producing many pods ; for fifty pods gathered from an
plant, the flowers of which had been fertilised by
contained an average of only 7-14 seeds. Ninoty-t
spontancously self-fortilised on a large bush which had
covered up, but had been much agitated by the wind, cont
un averago of 2:93 seeds, Ten of the finest of these ninoty-

i

1

* Theso observations have boen ix. 1806, p. 558, M. Miller
quoted in an wbbreviated furm by since publis

the Rev. G. Henslow, in the lent account of the flower in
“Journal of Linn. Soc. Bot vol + y X

© The Complete Work of Charles Darwin Online



165

SAROTHAMNUS SCOPARIUS,

eapsules yielded an average of 4-30 seeds, that is less than
the average number in the four artificially crossed capsules.

por
ilised seeds were heavier, in the ratio of 100 to 8. We thus
that besides th
flowers are much more productive with pollen from a
distinet plant than with their own pollen.

Eeh pllnot' tho above crossed and self-fertilised seeds, after
they had gorminated on sand, were planted (1867) on the

@ sides of two lurge pots. i

¢h from the sudden change, especially the self-fertilised, and
of tho latter died. The remainder wero measured, and T
the measurements in the following tablo, because T have
soen in any other specics so great a difference botween the

ed and self-fertilised seedlings at 5o early an ago.

Tase LVIIL
Sarothamnus scoparius (very young plants).

NoofPt | Crosed et | Sebrilied Plants
| Inches.

L | 41 2
6 1
2 | 1

. H

g o
Total in inches. 175

The six crossed plants here average 2-91, and the six self-
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166 SAROTHAMNUS SCOPARIUS. Cmar. V.

fertilised 1°3 inches in height; so that the former were more
than twice as high as the latter, o as 100 to 46,
In the spring of the succeeding year (1869) uuumocm-d

hind smothered the three little self-fortilised plants so completely
that two were dead; and the third, only an inch and a half
in height, was dying. It should be remembered that these
plants had been hedded out in their pots, so that they were
subjected o very severe competition. This pot was now thrown
It

way.
The six plants in Pot IL were all alive. One of the self-

therefore resolved to leavo these plants to
struggle together for some years. By tho autnmn of the same
year (1869) the self-fertilised plant which had been victorious.
was now beaten. The measurements are shown in the following
tablo :—

Tapux LIX.
Pot TL—Sarothamnvs seoparius,

Crossed Plasts, | Sol-fertilid Plants,

‘The smmo plants were again measured in the autumn of the
following year, 1570,
Tax LX.
Pot TL—Sorothamnus scoparius.
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he thros crossed plauts now averaged 18-91, and the thres

. ed 11°88 inches in height; or as 10040 63, The three

0 plnm in Pot I, as already shown, had beaten the threo

fertilised plants so completely, that any comparison between
was superfiuous.

The winter of 1870-1871 was severe. In the spring the three
d plants in Pot T1. had not even the tips of their shoots in
least injured, whereas all threo solf-fortilised. piants were
half-way down to the ground ; and this shows how much

more tender they were. In consequence not one of these lntter
uts boro o singlo flower during the cusung summer of 1671,

threo crossed plants flowered.

Oxoxts MINUTISSIMA.

tho sodlings wero about 4} nshes in hlght, the tw lots
ro cqual. In the antumn of the following year (1868) the two
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168 SUMMARY ON THE LEGUMINOSE.  Cuar. V.

supremiey ; theit height being 164 and 153, whilst that of the
two self.fertilised plants was 143 and 11 inches.
By the sutumn of 1870, the heights were as follows :—

Tasze LXL

Ononis minutissima,

Crimed Plants, | Slf-festilisnd Plasita.

Inches. Toches.
201 174
19 | 17f

So that the mean height of the two erossed plants was 19-81,
and that of the two self-fertilised 17-87 inches; or ns 100 to 88,
1t should be remembered that the two lots wer at first cqual in
licight; that one of the self-fertilised plants then had the advan-
tage, the two crossed plants being at Inst vietorious.

Summary on the Leguminosa.—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 conspieuously superior to
the self-fertilised plants in height and fertility ; and
when grown under very unfayourable conditions, in
vigour. The searlet-ruumer (Phasealus mudtiflorus) s
partially sterile if the visits of bees are prevented, and
there is reason to believe that varieties growing near
one another intercross, The five crossed plants, how=
ever, exceeded in height the five self-fertilised only
by a little.  Phaseolus vulgaris is perfectly self-fertile;
nevertheless, varieties growing in the same garden
sometimes intercross largely. The varieties of Lathyrus
aodoratus, on the other hand, appear never to intercross
in this conntry ; and though the flowers are not often
visited by efficient insects, I cannot account for this
fact, more especially as the varieties are believed to
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CLARKIA ELEGANS. 169

in North Italy. Plants raised from a eross
m two varieties, differing only in the colour of
flowers, grew much taller and were under un-
ble conditions more vigorous than the self-ferti-
plants ; they also transmitted, when seli-fertilised,
heir superiority to their offspring. The many varieties
the common Pea (Pisum sativum), though growing in
e proximity, very seldom intercross ; and this seems
@ to the rarity in this country of the visits of bees
ciently powerful to effect cross-fertilisation, A
088 between the self-fertilised individuals of the same
varioty does no good whatever to the offspring ; whilst
cross between distinet varieties, though closely allied,
great good, of which we have excellent evidence.
flowers of the Broom (Sarothamnus) are almost
if they are not disturbed and if insects are ex-
The pollen from a distinet plant is more
foctive than that from the same flower in producing
The crossed seedlings have an enormous ady
over the self-fertilised when grown together in
e competition. Lastly, only four plants of the
minutissima were raised; but as these were
erved during their whole growth, the advantage of
crossed over the self-fertilised plants may, I think,
fully trusted.

XV. ONAGRACEX.—CLARKIA ELEGANS.

Owing to the season boing very unfavourable (1867), fow of
e fowers which I fetilied formed capsuls; welvo crossod
only four, and cighteen self-fertilised flowers

began to show a slight superiority
the self-fortilised. When in fall flower they wero measured,
the following result:—
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folied Planta
Tiches,

33

2

. e 30

Total in inches. 1340 105

Tbelwhﬂ;htdﬂuiummphnhhmﬁnﬂ

fertilised plants 63 capsules; or as 100 to 60. In both pots &
self-fortilised plant flowered before any one of tho crossed plants.
XVI LOASACEZE.—BARTONIA AUREA.

Somo flowers wero crossed and self-fertilised in the usual
‘manner during two scasons; but as I reared on the first occasion

Tase LXTIL
Burtonia aurea,
Nooftot | Cromed P, | Setseriend P,
Py Tnchen
L 3 7
. 185 Ty
L 194 Ly
. 2 5
8 154
Vo a1 18
1 14
Vi, 20 Ty
Total fn fnches. 197:0 205

© The Complete Work of Charles Darwin Online




1m

uring the first year, when the plants were about
7 inches in halxht,&hnnlf[emhud'm the tallest, and in the
secand year the crossed were the tallest. Whea the two lots were
in full flower they were measured, as in the preceding table.

The average hoight of the eight crossed plants was 24-63, and
that of the eight self-fertilised 26°31 inches; or s 100 to 107, So
tho sel-ortilised had a decided advantage over tho crossed.

‘plants from some cause never grew well, and finally be-
came 5o unhealthy that only three crossed and three self-fertilised
survived to set any capsules, and these were fow in number.

two lots seemed to be about equally unproductive,

XVIL PASSIFLORACEZE.—PASSIFLORA GRACILIS.
 This annual species produces spontaneously numerous fruits

%

Total in inches,

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

% ¢ Variation of Animals and chap. xvil. 20d edit. vol. iL p.
Plants under Domestication,” 118,
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XVIIL UMBELLIFERZE —APION PETHOSELINUN.

The Umbelliferm are proterandrous, and can hardly fail to be
cross-fertilised by the many flics and small Hymenoptera which
visit the flowers.” A plant of the common parsley was covered
by o net, and it apperently produced as many and as fine
spontancously self-fertilised fruits or seods as the adjoining
uncovered plants. The flowers on the latter were visited by so
many insects that they must have reccived pollen from one
another. Some of these two lots of secds ware loft on sand, but.
nearly all the selt-fertilised scods germinated before the others,
50 that T was forced to throw all away. The remuining seeds
mﬂmmmmmnﬂu of four pots. At first the
fertilised scedlings were a little taller in most of the pots
ﬂ-nuumnuym-.ajmg-,md this no doubt was dua
to the selffertilised seeds having germinated first. But in
the autumn all the plants were so equal that it did not seem

advantage over the other; so that in height they may be said
to bo as 100 to 100.
XIX. DIPSACEZE.—SCABIOSA ATHO-FULFUREA.
The flowers, which are proterandrous, were fertilised during
Tapuz LXYV.
Scabiosa atro-purpurea.

SR TS re—
=] -
4 14 0
. 15 144
L a1 14
184 13
Total fn inches. 65 |, os

. Emll!et. Datekbun o v’ on. 1 59, 1000 veriotes
Accovling el gt um«P}mdng
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pulled up; nth-tvhmthqwmmnmmndloth

ts of their flowers, there were only threo on each side;
cerossed now averaged in height 32°83, and the self-fertilised
0°16 inches; or as 100 to 92.

XX. COMPOSITZE—LacTuea sativa.
nm;m«-urlmm (Great London Cos var.) grew close

positw aro well- Tt is very fmprobable that all the

varietion whish Jore hua cultc

flow, red. at

diffrent b -hm gy which T

wnd sawed

Thar cach ot did nof flower ot

the same time; and rial
failed.
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174 SPECULARIA SPECULUM. Cuar. V..

Tasie LXVL
Lactuca sativa,
R v [ it i)
a7 21
Fint goneration, % 2
planted in open
gromnd,
i 3
lanted i ’;i
Pl open 12
ground.
. T 0
i 104 )
kept in the pot.
Total in inches, 136 0

The average height of the seven crossed plants is 1943, and
that of the six self-fertilised plants 16 inches ; or as 100 to 82,

XXI. CAMPANULACEZ.—SFFOULARIA SPECULUN.

Tn tho closely allied genus, Campanula, in which Specularia
was formerly included, the anthers shed af an early period their
pollen, and this adheres to the collecting hairs which surround
the pistil beneath the stigma; so that without some mechanical
aid tho flowers cannot be fertilised, For instance, 1 covered up
& plant of Campanula carpathica, and it did not. produce a single
capsule, whilst the surrounding uncovered plants seeded pro-
fusely, On the other hand, the present specics of Specularia
appears to et almost as many capsules when covered up, as
when left to the visits of the Dipters, which, as far as T have
seen, are the only insects that frequent the flowers* 1 did not
ascertain whether the naturally erossed and spontancously self-
fertilised capeules contained an equal number of sceds, but &
comparison of artificially crossed and self-fortilised flowers,

1t has Tong been known that  cleistogami 1 s peret
another .pm'--t ‘gcnus, flowerss 4nd ‘tho. ormer oo
Specularia. perfoliata, bt e
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showed that the former were probably the most productive. It
‘appears that this plant is capable of producing a number
of self-ertilised capsules owing to the petals closing at night, as
‘well as during cold weather. In the act of closing, the margins
of tho petals become reflexcd, and their in jecti
‘midribs then pass between the clefts of the stigma, and in doing
0 push the pollen from the outside of the pistil on to the
stigmatio surfuces.*

Twenty flowers wero fertilised by me with their own pollen,
‘but owing to the bad season, only six capsules were produced ;
they contained on un average 21-7 seeds, with a maximum of
forty-cight in one. Fourteen flowers were crossed: with

SPECULARIA SPECULUM.

imany ong capsule, or by their weight, crossing does great good
in comparison with self-ertilisation. The two lots of sceds were

Tasre LXVIL
Speculuria speculum,

Nooriw, | IO | T
. W i
m 1w 19
iy 22} 18
. 2 (73 s
Total i lnches, s 7

* Mr. Mechan bos lntely shown foni virginica nud Ranunculus hul-
‘ Nat. Sc. Philadel-  Josus during the night causes their
selfertilisation.
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sown on the opposite sides of four pots ; but the scedlivgs were

not sufficiently thinned. Only the tallest plant on each side was

‘measured, when fully grown. The measurcments are given in
the crossed plants flowered.

he
first.  When the seedlings wero only about an inch and a half in
height both lots were equal.

The four fallest crossed plants averaged 19-28, and the four
tallest self-fortilised 1893 inches in hoight; or as 100 to 98,
So that there was no difference worth speaking of between the
two lots in height; though other great advantages aro derived,
as wo have sean, from cross-fertilisation, From being grown in
pots and kept in the greenhouse, none of the plants produced
any capsules.

Lomkuia navoss.*
Var. Snorelake.

The well-adapted means by which cross-fertilisation is en-
sured in this gonus have been described by several authors.t
The pistil as it slowly increases in length pushes the pollen
out of the conjoined anthers, by the aid of a ring of bristles; the
70 okt o the sigoe uing o thistime cloml a0 fcagable
of fortilisation. The extrusion of the pollen is also aided by
insocts, which rab against tho littlo bristles that project from
the anthers. The pollen thus pushed out is carried by imsects
to the older flowers, in which the stigma of tho now frecly
projecting pistil is open and ready to be fortilised. 1
the importance of the gaily-colourd corolla, by outting off the
large lower potal of several flowers of Lobelia erinus ; and these
flowers were neglocted by the hivo-boes which were incessantly
visiting the other flowers.

A capsulo was obtained by crossiug a flower of L. mumoss

* I have adopted the  Mag. of Nat. Hiat? vo. 1. At
v {o.thia plant in the ‘Gar. _ seics) 1688, p.
? leners’ Chroniole,’ 1566 Prof. genus
o, informs mo  which projects mlm\gulml)?’rﬂm
um l{"mbamy eavblioviriely the authery ead which W
w i

an the back of n enteing insecty
} Soo the works of Hikdebrand  seems to have been developed
and Dolpino.  Mr. Furer slao.from & Beiti ke ona of i
ven @ remarkably cloae  which gring rom tho anthers i

ption of the mmmi somo of o all the species of L=
oo feisatio setole]  bale  describe vy B Fusrie
in this genus, in the * Annals

@ The Complete Work of Charles Darwin Online




the plants
 mot much in height botween the two lots; but in Pot
nmmmlumnm.mmmmp When in full
flower the tallest plant on each side of each pot was measw
‘and the result is shown in the following table. In all four
 potsa crossed plant flowered before any one of its opponents.

- Tapr LXVIIL
‘2 Lobelia ramosa (First Generation).
H Tullent Crome Plant | Taliest S1¢-feetioed |
3 i o | T i ok
b Tnches. Inchen,
L 22 ‘ 17§
I g 2%
164 15
. 224 17
Total in fnches. | 8°0 735

‘hﬂ_a_dpm.vmmmﬁﬂlhbw
‘self-fertilised
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178 LOBELIA RAMOSA. Cuar, V.
Plants of the Second Generation—The above two lots of seeds

lhantlhwh-;mdidﬁqylmkmrl]mh

Tasue LXIX.
Lobelia ramosa (Second Generation).

No.ofor, | Tallest Crossed Plat | Tallest Self-fertilised
In each Pot. | Pant n each Po.

(crﬂhudplmb. e mmummm'
weighed.
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LOBELIA PULGENS.
s speicn offrs & smonint poq-lum. case. Tn tho first
the self-fertilised

could be fairly compared only in Pots L and II.

ﬁm- has shown that cer- butmln'duphnhm'h
aro ted, whioh wero kopt

g et

pocaliar Sondition:

N2
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180 LOBELIA FULGENS. Cuar. V..

Tanis LXX.
Lobelia fulgens (First Generation).
Seight ot Pwer- | et of Power-
oot e e
i, Inchen. Inches.
% 3 ()
. 38 384
. 2 N
Not in full flower.
™. 12 a5g
Not in full flower.|

Themean height of the flower-stems of the two erossed
in Pots L. and T1. is here 3475 inches, and that of tho two self-
fertilised pi

The two plants, therefore, in Pot 1. were cut down, and
without being disturbed in a much larger pot. In the following
year tho self-fertilised plant showed even a greater su
than before; for the two tallest flower-stems produced by the

were 49} and 49¢ inches; and this gives a ratio of 100 to 167,

evidence, there can be 1o doubt that these

self-fertilised plants had a great superiority over the crossed
™

Orveed g sof il Plants of the Seond Gerrstioncl
pollen

avoid the error of using

ot qm-m:u for and sclf-fertilisation; so

that T pollen out of the conjoined anthers of young'
Several flowers on the crossed plant

again
distinot plant. ~Several other flowers on the solf-fertilised plant
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¥ LOBELIA FULGENS.
Tapue LXXL
* Lobelia fulgens (Second Genaration).
Orossed Planta. | Sel-frtlised Plants,
No.ofPot. | Heightof Flower- | Height of Flower-
‘stems. ‘Stema.
L 2§ 32
2 2
24 2
2 2
. 34 36
26§ 28
5} 30
2 32
1L 404 30,
87 28
82 23
. 34 2
32 28
29 26
2 251
¥ 28} 2
27 24
2 23
2 2
VL 33§ 44
£ 87
26} 37
2 35
VIL 30§ 27
30§ 19
29§ a
ViIL 39, 23}
57 23§
36 25
E 2
X 33, 19
3! ]
25 19
21, 18§
Total in inches. 1014:00 921-63

181
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182 NEMOPHILA INSIGNIS. Cuar. V.

in the samo pot were again self-fertilised with olln fom the
anthersof other flowers on the same plant. Thercfore th
of s doc ko ik e o Ghoms e Tt Tk el
tion, in which pollen from the same flower, kept in paper, was
used. These two lots of sceds were thinly sown on

sidos of nine pots; and the young scedlings were thinned, an
equal number of nearly as possible tho same ago being laft on
the two sides. In the spring of the following year (1870), when
the seedlings had grown to a considerablo size, they wero
measured to the tips of their leaves ; and the ftwenty-three
crossed plants averaged 14-04 inches in hoight, whilst tho twenty-
throe salf-fertilised seedlings were 13-54 inchos ; or as 100 to 96.

In the summer of the same year several of theso plants

flowored, tho crossed and self-fertilised plants fovering almost

and all the fower-stems Those
produced by eleven of the crossed plants averaged 30-71 inches,
and thase by nine of the self-fertilised plants 29°43 inches in
height; or as 100 to 96.

The plants in these nino pots, after they had flowered, were
repotted without being disturbed in much larger pots; and in
the following year, 1871, all flowered freely; but they had
grown into such an entangled mass, that the separate plants
on each side conld no longer be distinguished. Accordingly
threo or four of tho tallest flower-stems on each sido of each
pot were measured; and the measurements in the preceding
table aro, I think, moro trustworthy than tho previous ones,
from being moro numerons, md from the plants being well
established and growing vigorous)

"Tho averago height of the thirty-fou tallst fower-sfems on
the twenty-threo erossed plants is 20-82 inches, and that of the
samo number of flower-stems on the same number of self-
fertilised plants is 2710 inches; or as 100 to 91 So that the
crossed plants now showed a decided advantage over their self-
fertilised opponents.

XXIL POLEMONIACEE.—NEMOPRILA INSIGNIS.

Twlve flowers wore crossed with pollen from a distinet plant,
but produced only six capsules, containing on an average 18-§
sceds, Eighteen flowers wero fertilised with their own pollen
and produced ten capsules, containing on an average 127
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]
+Nemophila insignis ; 0 means that the plant died.

No. of Pot. Crossed Plants. | Seltfrdlsed Plaste
Tnches, Tochos, i
L 32¢ a1y
34 2
. 33 1
23] 7
29 17
w. 354 104
333 7
V. 35 o
38 18
38 20,
34
82, 0
Total in inches. 399-38 199:00

* Soveral wpecies of Palu:ﬂ_o— says (* Des Varidtés, 1865, p.99)

‘misoem aro knon to be pro i ono
gudmus but 1 did not atiend o another spontaneonay otercrous:
point in Nemophila. Verlot
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184 NEMOPHILA INSIGNIS, Cmr. V.

The plants wera first measured to the tips of their leaves, before
they had flowered. and when tho crossed were under n foof
in height. The twolve crossed plants averaged 11°1 inches f1
eight, whilt tho fwolvo sefferilisod wer loss thao hafof thia
height, viz,, 5°45; or as 100 to 49, Before the plants had grovn
to their full height, two of the self-fortilised died, and asI feared
that this might happen with others, they were again measured
to the tops of their stems, as shown in the preceding table.
The twelve crossed plants now averaged 8328, and the ten self-
fortilised 19°9 inches in height, or as 100 to 60; so that ey
differed somewhat less than before.
‘The plants in Pots IIL. and V. were placed under a et inthe

The self-fertilised seeds thus obtained from the crossed and.
l‘lffarhlmd plants, after germinating on sand, were planted

Tasze LXXIIL
Nemophila insignis,
Safertilled Planta
Nooftw, | Sdhritoed Paoe | SN P
Fiania,
Tnches, Tochen,
1 27 27
4 34
I 174 3
244 82
i 16 7
1w, 5] 7
nf xal
Total in inches, 110418 700
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Cun V. BORAGO OFFICINALIS. 185

on the opposite sides of four small pots, and treated as before.
‘But many of the plants were unhealthy, and their heights were so

in
ceding table aro not in the least trustworthy. Nevertheless I
Bave folt bound to give them, as they are opposed to my general

jons.

The seven self-fertilised plants from the crossed plants hero
average 15°73, and the soven self-fertilised from tho self-fertilised
21 inches in height; or as 100 to 183, Strietly analogous ex-
‘periments with Vidla tricolor and Lathyrus odoratus gave & very
different result.

XXIIL BORAGINACEZ.—BORAGO OFFICINALIS.
This plant is frequented by & greater number of bees than
almost any other one which I have observed. It is strongly
us (H. Miller, * Befruchtung, &e., p. 267), and the

} can hardly fail to be cross-fertilised; but should this
' mot ocour, they are capable of sclf-fertilisation to a limited
 extent, as some_pollen lony remains within the anthers, and is
apt to fall on the mature stigma. In the year 1863 I covered
up o plant, and examined thirty-five flowers, of which ouly
twelve yioldod any sceds; whereas of thirty-five flowers on an
‘exposed plant. growing close by, all with the exception of two
yielded seods. Tho covered-up plant, however, produced alto-

seeds;
Ihntpmd.lmmgﬁfu five sceds, the product, no doubt, of cross-

hihlyﬂlEGEughmﬂawmmnpmhd were
M‘Ithpollen S dinizl plas It el o s
fruit; mepmmx.ppmwlmmmof

are produced, were heavier than the crossed seeds in the ratio of
100 to 90.
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186 NOLANA PROSTRATA. . CmarV.

Taszz LXXIV.
Borago offcinalis,
No.of Bt Crossed Plants, | Sel-ertitod Plate
Tachos, Tnches,
L 19 13,
2 18
16 20§
L. 264 524
Total in inches. 875 8475

The average height of the four crossed plantsis here 20+68, and
that of the four self-fertilised 2118 inches; or as 100 to 102.
‘The sclf-fertilised plants thus exceeded the crossed in height by

raisod, the result would have been difforent, 1 regret that T did
not attend to the fertility of the two lots.

XXIV. NOLANACEZE.—NOLANA PROSTRATA.
Tn some of the flowers the stamens aro

than the pistil, in others equal to it in length. I suspected,
therefore, but erroneously as it proved, that this plant was
dimorphic, like Primula, Linum, &., and in the year 1862
plants, covered by a met in the greenhouse, were subjected to

. The spontancously self-fertilised flowers yielded 64 grains
weight of seeds, but the product of fourteen artificially crossed

doubt intercrossed by them, produced 79 grains weight of sceds:
therefore twelve plants thus treated would have yielded 105
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NOLANA PROSTRATA 187

us tho seeds produced by the flowers on an equal
ts, when crossed by bees, and spontancously self-
(the product of fourteen artificially crossed flowers
;, included in the latter) were in weight as

In the summer of 1867 the trial was repeated ; thirty
were crossed with pollen from a distinet plant and produced
twenty-seven capsules, each containing fivo seeds. Thirty-two
flowers woro fertilised with their own pollen, and produced only
six capsules, cach with five seeds. 8o that the erossed and self-
capsules contained the same number of seeds, though

(fertilised flowers, in the ratio of 100 to 21.
 An equal number of sceds of both lots were weighed, and the
g—dna.wmwu:e self-fertilised in weight as 100 o §2.
inereases the number of capsules produced and
BSIet o the s, but 1ok the mumber of sl sec

e w0 ota of seods, afier garminating on seud, wers
on the opposite sides of three pots. Tho secdlings
from 6 to 7 inches in height were equal. The plants
ro measured when fully grown, but their heights were so
in the several pots, that the result cannot bo fally

TapLe LXXV.
Nolana prostrata.
No.of Pot. Crossed Plants, | Seltfertilsed Plaats
Tnches. Tnches,
4 sl cl
6 7
L. 104 14
hy b
L. 20§ 22
Total in inches. 8375 67:00

The five crossed plants average 12'75, and thaﬂva self-
lised 13'4 inches in beight; or as 100 to 1
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188 PETUNIA VIOLACEA. Ciuar. VL.

CHAPTER VL
Souaxaces, Panrvraces, POLYGONEE, ¥T0.
Petunia violacea, crossed and self-fertilised plants compared for four

et ey et g
of tho flowers on the wif fetilisd plaata of tho fourth generation
tabacum, crossed and self-fortilised plants of equal
Bolght—Great effle of  crom with a distinct sub-variety on th
height, but not on the fertility, of the per-
sicum, crossed seedlings greatly superior to the self-fertilised—
Anagallis collina—Primula veris—Equal-styled varioty of Primula
‘voris, fortility of, greatly increased by a cross with a frosh stock—

and self-fortilised plants of equal height—Zea mays—Phalaris
canariensis.

XXYV. SOLANACEZ.—PETUNIA VIOLACEA.
Dingy purple variety.
Tk flowers of this plant are so scldom 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 humble-
bees at work. Mr. Mechan says,* that in the United States
Dees bore through the corolla for the nectar, and adds that their
“ fertilisation is carried on by night-moths.”
In France M. Naudin,

whilst in bud, left them exposed to the visits of insects, and
about & quarter produced capsules;t but I am convinced that

capsules, showing that pollen from other plants must have been
brought to thom, probably by moths. Plants growing vigorously
and flowering in pots in the green-house, never yielded u single

cad. Nat. Sc. of Phil-  in Germany. 8o it is, uns-
from Mz, Boulger, with

that moths, o Anaales des S, Not? dth
S, sty ek e — et 1
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- Omar. VI CROSSED AND SELF-FERTILISED PLANTS, 189

w;mmmhmnmhwm,b
the exclusion of moths.

Six flowers on o plant covered by a met wero crossed with
pollen from a distis duced si les, containi
by weight 4°44 grains of seed. Six other flowers were fertilised
with their own pollen and produced only three capsules, con-
taining only 1°49 grain weight of seed. From this it follows
that an equal number of crossed and self-fortilised capsules would
‘have contained soeds by weight as 100 to 67. I should not have
thought the proportional contents of so few capsules worth
‘@iving, had not nearly the same result been confirmed by soveral
subsequent trils.

rejected. Several pairs in an equal state of germination were
‘planted on the opposite sides of Pots 1. and 1L; but only the
tallest plant on each side was measured. Seeds were also sown
thickly on the two sides of a large pot (11L), the seedlings being
afterwards thinned, so that an equal number was left on each
side; the three tallest on each side being measured. The pots
wero kopt in the greenhouse, and the plants were trained up
sticks. For some timo the young crossed plants had no ad-
vantago in height over the self-fertilised; but their leaves
wero larger.  When fally grown and in flower the plants were
measured, as follows :—

Tapie LXXVL
Petunia violacea (First Generation).
No. of Pot. Crossed Planta. | Selfertlived Planta.
Tnches. Inches.
L %0 20§
1. 344 7
L. £ 28|
30§ P
25 2
Total in fnches. 154 130

The five tallest crossed plants here average 308, and the five
Aallest self-fertilised 26 inches in height, or as 100 to 84.
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190 PETUNIA VIOLACEA. Ciuar. VL.

Threo capsules were obtained by crossing flowers on the
above crossed plants, and threo other capsules by again self-
fertilising flowers on the self-fortilised plants. Ono of the latter

conf

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

Crossed i

Plantsof the
mmmmﬁm,mmyotm-mmmm mminnd
before the crossed.

those growing separately in Pot III.
Tance LXXVIL
Petunia vidacea (Second (Generation).

Moot | Coms P | saonsino st
o

T 13§

8

5 ‘lL’ ™ —“—- 334
. 0 4

L] 28

Total in inches. | 162:0 1575

The four crossed plants average 40°5, and the six self-for-
tilised 26°25 inches in height; or as 100 to 65. But this great
inequality is in part accidental, owing to some of the self-
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Cuar. VI. CROSSED AND SELF-FERTILISED PLANTS. 191
Wmmmmmmmammm

leﬂnvcnmihmcm-edphnhwmlmu_d,md
capsules wero produced; of these, five wero poor and six

Twelve

with their own pollen and produced 1o loss than twulvamyln!m,
and the six finest of theso contained by weight 2-57 grains of
souds. It should howevr bo observed {hat heso latter capsules

ulme& From these sceds the plants of the next generation

wero raised.

Crossed and slf-fertilised. Plants of the Third Generation.—The
above seeds were placed on sand, and after germinating were
‘planted iu pairs on the opposite sides of four pots; and all the
remaining seeds were thickly sown on the two sides of a fifth large
pot. The result was surprising, for the self-fertilised secdlings

 very early in life beat the crossed, and at one time were nearly
double their height. At first the caso appeared like that of
Mimulns, in which after the third generation o tall and highly
‘self-fertile varioty appeared. But as in the two sucoceding
generations tho crossed plants resumed their former superiority
ver the self-fortilised, the case must be looked at asan anomaly.
“Tho sole conjecturo which I can form is that the self-fertilised

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

o.of Pot. Crossed Plants.  Selffertilised Plants.
Inches. | Inches.
L 13 5
1 4
1. 5 8
5 al
i, 4 5t
. 1 5
Total in inches. 19°63 3650
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192 PETUNIA VIOLACEA. Cuuar. VL.

seeds had not been sufficiently ripened, and thus produced
‘weakly plants, wmhp“nnmn.n-hmm, quick Tate,
as occurred with seedlings from not well-ripened self-
seeds of Iberis. When the crossed plants were between 3 and &
inches in height, the six finest in four of the pots were measured
mmmmuofmmm,mdnm-mﬁmmﬁx
self-fertilised plants. The measurements are given
mmmedmghbha.xxvnm,mdnmybenmmnm
all the self-fertilised plants excced their opponents in height,
whereas when subsequently measured the excess of the self-
fertilised depended chiefly on the unusual tallness of two of the
phnhh:PMIL The crossed plants hero average 8-27, and
the self-fertilised 608 inches in height; or as 100 to 186.
‘When fully grown they were again measured, as follows :—

Tasiz LXXIX.
Petunia violacea (Third Generation ; plants fully grown).
No.of Pt | Croesd Plnts. | St festied Piain
iz
1 s1q 40§
48 89
36 48
. 36
21 80,
364 86
. 52 w
= m 5 43q
Total in fnches. 27 43100

The eight crossed plants now averaged 40-96, and the cight self-
fertilised plants 53- B’lmchumhmght,nrnloowlsl mm..

ly d
o{lwoofthaul”emlnedplmhml’m]l Thu!ellfarﬁhnd
bad 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 ITL. at the same timo with the crossed.
Tho caso is rendered the more strange, because the crossed
plants in the ifth pot (uot included in the two last tables), in
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VI CROSSED AND SELF-FERTILISED PLANTS. 103

hich all the remaining sceds had boen thickly sown, wero from
first finer plants than the sel-fortlised, and had lnrgor
At the period when the two tallest crossed plants in

‘plants,as well as many others on the samo ide of this pot,
, whereas several of the erossed

“Thirty flowers on tho croased plaats in Pota I, and IV, (Tablo
KXIX.) were again crossed, and produced seventoen capsules.
ty flowers on the self-fertilised plants in the same two pots

re again sclf-fertilisod, but produced only seven capsules.
‘cantents of cach capstile of both lots were placed in separato

and tho seeds from the crossed appeared to the

capsules.

3 Tn ander b0 scertin whether the foklity of tha sel-frtlised
had been lessened by the plants having beon self-ferti-
ltthothmpnvmlgwmthm. thirty flowers on the
were fertilised with their own pollen. These

d in comparison with that of the plants which had
dengmthmpnhmm It

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

ilised opponent.
and slf-fertilised Plants of the Fourth Generation
o
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194 PETUNIA VIOLACEA. * Cuar. VI

(mu/muupu-hml..zw- LXXIX.)—Crossed and
self-fortilised seeds from the lust generation in Pot I
and after germinating,

same manrer,
Tapue LXXX.
Petunia violaoca (Fourth amnlm 5 raised from Plants of the
Third Generation in Pot L, Tuble LXXIX.).
| o

|7 tochen Inches.
L 2 50
sl 34
4 a
in. aa’ 81

5 u!
56, 38

i, 45 45}
n 4

54, ¢
v, 51 3
51 0
V. 49| 2

Crowded vlasts. 45 uI
40 24

53
Total in inches. 70188 459:50

crossed plants averago 4679, and the

recovered 5
mhhmhdhmhml,’hhhm m
MWMMH—GM

Crossed and selffertilised Plants of the Fourth
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in a fourth pot simul-
and in o fifth (viz, Pot L) a crossed plant flowered

Tass LXXXL
Paunia violacea (Fourth Generation ; vaised from Plants of the
Third Generation in Pot IV., Table LXXIX.).

oot Pot. Cromed Piant. | Selt il Paste.
Lnches. Tnchen,
I 45 30§
46 %
I 50| 25
40 a1
87 22
. o 22
61, 26§
45 32
v ]
29} I
¥ a7y 40
Crowded plants. 63 18
| 413 11,
Total in inches. 58165 349-08

crossed plants hero averago 44°74, and the

Mhdphnuss o7 incs in height; or as 100

ts of these plants were mnch faller,

hhmmmmﬂuhﬂm and

they transmitted some of this superiority to their
02
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- 196 PETUNIA VIOLACEA.
crossed offpring, It is unfortunate that I did not turn these

tion in Table LXXXL were again sel , and produced
ven taining by weight 21 grains of sceds. The
welf-fertilised plants raised form the fifth self-

Weight

of Seed.
Ten Westerham-crossed eapsules would have contained 626
Ten inforcrossed capsules wonld have contained . . 414
Ten solf-fertilisod capsules would have contained . 8:00
We thus get the following ratios:—
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Cuar. VL. CROSS WITH A FRESH STOCK. 197

Soeds from the Westerham-crossed capsules to
those from the eapsules of the fifth solf-lor-
tilised geveration. in weight . . . as100to48
Seeds from the Westerham-crossed capsules to
those from the capsules of the fifth intororossed
gmeration . . . . . . 21001066
Seads from tho intercrossed fo those from the
solf-fortilised capsules . . . . asl00to72
80 that & cross with pollen from  frosh stock greatly incronsed
the productiveness of the flowers on plants which had been self-
for the four previous generations, in comparison not
nly with the flowers on the same plants self-fertilised for the fift
time, but with the flowers on the crossed plants crossed with
‘pollen from another plant of the same old stock for the fifth

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 flrst measured to
tho fops of their stems when cominginto flower ; and the twenty-
 two Westerham-crossed plants then averaged 2551 inches; the
twenty-threo intercrossed plants 50°38; and the twenty-three
 sell-fertilised plants 2340 inches in height. W thus gt the
following ratios :—
- The Westerham-crossed plants in height to the
solf-fertilised . R e . .as100to 91
 The Westerham-crossed plants in height to the
. . .« . .asl00to119
 The intercrossed plants in height to the self-
fertilised . Yo ais PR . a8 100t0 77
These plants wero again measured when their growth appeared
m & castal inspection o be complete. But in this I was mis-
for after cutting them down, T found that the sum:

three lots had been loft to grow for another
that the ratios would have been somewhat different
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198 PETUNIA VIOLACEA, Ouar. VL,
from those deduced from the measurements in the following
table :—

Tasie LXXXII,
Petunia vidlacea,

R — o]
Planis (from Sef. 1

¥; (Flanta of one and ettt Pl
No.ottw, | frlied Paois | (O Sock " ritond fo

eruion| o o, | $ivs Gememtions
T3 | iy Generstions). | o
Inches, Inches. Inches.
L [ 574 43
“ 56,
s1p o84 31
1w 48] 59] 41
54 58 41
58, 83 18§
L 52] 46q
53] 54 45
62 61 194
1w, 44 58] a7
49] 65] 83
. 59§ 82
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The Westerham-crossed plants in height fo the
solf-furtilised . as100to 66

Tho Westerham-crossed plants in height to tho
intererossed . 85100 to 108

ﬂninhrmzllndplmlamhmghtwmnlb

fertilised ¥ . . as100to 0L

We hero sc that the Westerham-crossed (the offspring of
plants solf-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 genera-
tions, They were then as 100 to 91, and now as 100 to 66 in

 height. ’l‘lm intercrossed plants (i.e., those which had been in-
for the last five generations) likowise exceed in
‘eight the self-fertilised plants, as ocourred 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 exoceded in height by the intererossed ; and this is a
surprising fact, judging from most of the other strictly analogons
cases. But as tho Westerham-crossed plants were still growing
vigorously, while the infercrossed 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
ywere as 100 to 119, and now as only 100 to 108 in height. The

Theso three lots of plants were cut down close to the ground
mﬂvﬂzlmi. The twenty-one Westerham-crossed plants weighed
83 0unces ; tho twenty-two intercrossed plants, 84 ounces, and tho
twenty-one self-fertilised plants 74 ounces. The following ratios
are caleulated for an oqual number of plants of each kind. Bat
as tho self-fertilisod plants wero just beginning to wither, their
Velght i bor lightly oo smal; and s tho Wasterb-
ill growing vigorously, their relative weight

B ot ik have ety Gt
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to
the intercrossed . as 100 to 101
mmwmhmhm-ﬂ
fertilised . . . 08100 to 228

w.mumw-mmdunbmwm
that the Westerham-crossed and the intercrossed hay
immense advantage over the self-fertilised. The We

crossed are inferior to tho infercrossed by a mere trifle; but it is
almost certain that f they had been allowed to go on growing for.
nnou!ummth the former would have completely beaten the

uxumm-nu.ud..xm.mmmm
which the foregoing plants had been raised, theso were sown in
three long parallel and adjoining rows in the ope ground, so us to

under be
nearlythe same as o, Lato i th antumn (Nov. 17) tho fen

tallest plants wero carefully solected ont of each row, aud their
heights measured, with the following result:—

Tasie LXXXIIL
Petunia violacea (plants growing in the open ground).
Westerham-cromed |
Totreroascd Plants
e P e Sl Tt
ourdh e e | e G,
Mhylll-l o o
s Gereratons).
Inches.
341 a8 297
a6} 8
i 3'|
32, a7 4]
86 22
38 1 23
40 377 21
57 40 23
38 41 b1t
88 2
38675 38275 20913
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. mces; and the self-fertilised, 1475 ounces.
We thus g!l (he fol!uwmg ratios :—

The Westerham-crossed plants in height to the
self-fertilisod w8100 to 63
Tho Westerham-crossed plants in weight 1o the
self-fertiliscd as100to 58
lhwmrlmm-emund ‘plants in height to the

45100 to 104
m Wnterhlmm plants in weight to the
- intererossed 25100 to 146
“The intererossed plmm in ha'ght to tho self-

fertilised . 45100 to 61
The i 'al'uouedpl.nh in 'mghl to the self-

fertilised . . 100t 36

Hero tho relativo heights of the threo lots are nearly the same
thin throo or four per cent.) as with tho plants in tho pots.

Relative Muuya/m Three Lots of Plants.—None of the plants
pots in the greenhouso ever produced a capsulo; and this may
‘attributed in chief part to the exclusion of moths. There-
tho fortility of the threo lots could be judged of only by that
m plants growing out of doors, which from being loft
rod were probably eross-ferilised. Tho plants in the

‘maust be attributed to their different origin; namely, to the
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one lot being derivod from plants self-fortilised for four genera-

tions and then crossed with a fresh stock ; hdmmﬂdmbﬁt

derived from plants of the same old stock inf for five
us; and 10 the third lot being derived from plants self=

which the measurements and m;m. have already been given.

lants ; nmithumgyha-llnbmd hth.
hn-nviumnmm-wmim;m

bennshed. Tharafee tho arcage weight of an squal s
ol 5 dn Lo o Eauhs o 3 bo 1 Tirst wiaodct
of comparison, as ] o beon determined chiofly

were taller and heavier than the plaats of the other two lots, it

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

Tho ten fallost Wosterham-crossed plants produced 111 ripa
and unripe capsules, woighing 121-2 geains. - Therefore 100 of
such eapsules would have weighed 10918 grains.

The ten tallest intercrossed plants produced 129 capsules,
weighing 76°45 grains. Therefore 100 of these capsules would
havo weighed 59-2 grains.

Tho ten tallest solffertilised plants produced onlyumpuh,
weighing 22- zamm Thercforo 100 of these capsules woald
Tave weighed 50-79

Erom theso datn we go iho following ratios for the fertility of
the fhroo lots, as doduced from the relative weights of au equal
‘number of eapsules from the finest plants in each lot:—

‘Westerham-crossed  plants to  self-fertilised

phnts . e . . wsl00tod6
Wasterham-crossod plants to intererossed plants as 100 to 54
plants . as100 to 86

We here see how potent the influence of & cross with pollen
fmmslmhlhckhllbunmmhﬁmyulphnhnllmﬁlhd
In ecmpaciexs with pacia of the o sodl

the
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lo plants having been left to be frecly crossed
insects or to fertilice themselves, The Westerham-crossed
t4 were also much taller and heavier plants than the self-

plants, but produced a greater
 of seodcapaules, which contained 8 ar lrger averago

tions were raised, bore dmzy purple flovers. At no timo
any selection practised, and the plants were subjected in
generation to extremely uniform conditions. The result
8 in somo provious cases, that the flowers on all the self-
plants, both in the pots and open ground, were

olutely uniform in tint; this being a dull, rather peculinr
i This uniformity was very striking in tho long row

were p.l., lppmnchmk preesrimgsvnal e i o4

ts from tho cross with the purple-flowered Westerham stock
8 might havo been cxpeted, mach mors purpl and ok

rly 50 uniform in tint. Tho self-fertilised plants were also
bl uniform n b, s judgsd by he eye; the inter-
d less so, whilst the Westerham-crossed plants varied

NICOTIANA TABACUN.
is plant offers a curions case. Out of six trials with erossed
self-fertilised plants, belonging to threo successive genera-

in one alone did the crossed show any marked superiority
over the self-fertilised ; in four of the trials they were
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approximately equal; and in one (ie, in the first gemeration)
the self-fortilised plants were greatly superior to tho crossed.
lnmund;dtbtupﬂuﬁvmﬁomhrﬂlll«lwhhpdh
from a distinct plant yield many more, and. they yielded
much fower seeds than the capsules from self-fertilised flowers.
But when the flowers of one variety were crossed with pollen
from o slightly difforent variety, which had grown under
somowhat different conditions,—that is, by o fresh stook,—the
seodlings derived from this eross exceeded in height -ndwd;u
those from the self-fertilised flowers in an extraordinary degree.
Mnnnmmmpl-nuoluummmwm raised
from purchased seods, were erossed with pollen from a distinct

plant of the same lot, and these produced ten capsules. Twelve
b-umm-_ﬂmmhzm-imammm
and produced eleven capsules. The seeds in the ten erossed
capaules weighed 817 grains, whilst thoso in ten of the selt-
fertilised capsules

The tallest plant on each side of each pot was
the plants were quite young the four tallest crossed plants
averaged 787 inches, and the four tallest self-fortilisod 14-87
inches in height; or as 100 to 189, The heights at this ago are
given in the two left-hand columns of the following table,
When in full flower the tallest plants on each side wero again
measured (seo the two right-hand columns), with the following
mIL But I should state that the pots wero not largo enough,
and the plants never grew to their proper height. The four
tallest crossed plants now averaged 18-5, and the fonr tallest
self-fortilised plants 8275 inches in height; or as 100 to 178,
In all four pots a self-fortilised plant flowered before any one of
the erosed.

In Pot IV., in which the plants were extremely erowded, the:
two lots wore at first equal; and ultimately tho tallest crossed

in the
mmm-mmwmumw
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Tasee LXXXIV.
Nicotiana tabacum (First Generation).

May 20, 1568, Decensber 6, 1965,
No. of Bt
| T [ghme| Cum [Sachi
Tochen, | Toches | Inches | Tuchen
T 15 ] 0 "
1. 3 15 6 3
L, 8 | 18 14 38
. 5 5 1y u
Crowied.
Total in : i - 5
h‘hﬂ) 315 505 0 131:0

ir growth taller than the crossed in all the pots except
i tho crowded one. Accordingly another trial was made, and
n of the sume crossed and_self-fertilised seeds of tobacco

ro sown thickly on opposite sides of two additional pots; tho
nts being left to grow up much crowded. When they were

n 13 and 14 inches in height there was no differenco

from the same seed, and were planted in pairs
gpposite sides o fou very large pols cntuining rich il

'm-wdluwh’hbhm.,dnwudurly
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NICOTIANA TABACUM.

that the plants raised from the crossed seeds wore inferior
hdghthﬂmllrmnhlﬂ{-ﬁtﬂlﬁ.dm but only when not

great
mpamw the crossed and selffertilised plants were nearly

et it self-fertilised Plants of the Second Generation,
Twelve flowers on fhe crossed plants of the last generation
mmmmmwummm wero crossed with

i
?éég

2,

Nicotiana tabcum (Second Generation).

R I L [re——
frey Taghes
L 14 ﬂ’ll
78 8]
9
I @ 194
B 7
10 504
. 51, 87 (2)
i 813
. oy 10
3 37
69y 4
i'- E 994 9,
2 {
Total i Inches. sies
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d to ascertain,
Iast gencration, which greatly cxoeeded in height their crossed
ents, would transmit the same iy b5 s atipe,
socnly, whother they posssed th semo sesual consti
for experiment tho two self-fertilised plants
Aand B in Pot IIL in Table LXXXY., s these two

Tanre TXXXVL.
Nicotiana tabacum (Third Generation).
Seedlings from the Self-fertilised Plant A in Pot IIT,
Table LXXXY,, of the last or Second Generation.

From Sl forned
Moot | T cemdiys | et g e
i i, | Tt st frod
et
3 Tnches, Tnche,
L 100§ i
o1 £
[ 110, 50
100 o
. 100 BT
v 84 110
751 o
Towl in fnches. 50075 w0725
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fortilised first,
Wo now come to the secdlings raised from the other parent-

Taste LXXXVIL
Nicotiana tubacum (Third Generation).
Self-fertilised Plant B in Pot I11,,
Tuble LXXXV., of the last or Second Generation.

From Saf-ferliedPlant again sci feri-
Noof ot | Flant, cromed bya | lied: oring the
‘Croused Plant. ‘ “Thind Self-fertitiset
Generatian.
L & 72|
o u%
L 8} 7
o 10y
1. ” 106
157 Lt
. 1 451
05 489 81
o 6
Total in inches. 49530 64175
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crossed plants (for two of them died) here average
a-nimh..na the nine selffertilised plants 71°8 inches in

plants aro in some respects slightly superior to the crossed.
- It wo now consider the crossed and self-fertilised plants of the
 fhree generations, we find an extraordinary diversity in their

have given evidence -uﬁudmiehvalﬂ.hﬂd]k
hﬂw&-? vol. ii. p. 1
and under Do-
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cortain individuals aro sexually incompatible, and will mot
produce offspring, although fertile with other individuals. But
has

when erossed with a widely distinet species, N. glutinosa. As the
difforent vurieties thus differ iu their sexual affinities, there is
in the individuals of tho samo varioty differ-

have been self-fortilised for generations. In such cases s

pmm-uu byuu;m-d-mnphmd\h-n“,,
extraondinary & cross with a slightly
dihm(nb-vumy.
The Effects of @ Crows with a fresh Stock—T procured some
of . tabacum from Kew and raised some plants, which for

)
from th Kow plants, that is, by a fresl stock. The
- ‘lx-udldtd-l’ﬁ_!'dhlm 1764, p. B
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thus raised may bo called the Kew-erossed. Somo other flowers
o the same two plants were fertilised with their own pollen,
- and the secdlings thus suised orm the fourth it et
erossed eapsules produced by the plant in
Pot IL, oo 13 LXXXVIL, were plainly less fine than the self-
fertilised capsules on the same plant. In Pot V. the one finest
capsulo was also o self-fortilised one; but tho seeds produced
by the two crossed capsules together exceeded in number those
by the two self-fertilised capsules on tho same plant.
as far as the flowers on the parent-plants are con-
cerned, a cross with pollen from a fresh stock did little or no
g00d; and 1 did not expect that the offspring would have re-
ceived any bonefit, but in this T was completely mistaken.
The crossed and self-fertilised seeds

wrements are fair.
avorago height of the twenty-six croased plants in tho six-

pots of the two series is 6320, and that of tho twenty-
mmhumm or as 100 to 66. The

erossed plants was shown in another way.

M pola & cromied: plac fliwered

& solf-fortilised one, with tho exception of Pot VL. of the
in which the plants on - the two sides flowered

P2
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212 NICOTIANA TABACUM. Cuar. VL.

Tapie LXXXVIIL
Nicotiana tabacum.,

Plants raised from two Plants of the Third Saf-fertilised
Generation in Pots IT, and V., in Table LXXX VII.

From Pot 11, Toble LXXXVIL | From Pot V., Tahle LYXXVIL
o\ Kew-comd | Fouth S|
Sa.or ot | EEEE i Gen | o-of Tot | KSRt i ]
eration. | emilon.
Toches | Tachen, Toches, | lnches,
L 84§ 8] L 77§ 5
51 5 EH 5
1. 783 514 . 55 I
48 70 i 7
[ [ 124 [ 64 60
b 5
w. 49 204 v 90} 1
15 52 29} 4
% 89 8 % 94 28}
17 51
VL % 80 B 8§
VL TR VL 54 o
5§ 56§
VIIL 834 844 Vi, 65) 8
72 L
Total in q 13 || Total i > g
o}l vozes | eses | bl zasrs | seress

a stato of germination, wero thickly sown on the opposite sides

broader and finer leaves than the self-fertilised seedlings.
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Tapie LXXXIX.
Nicotiana tabacum,
Plants of the same pirentage s those in Tuble LXXXVIIL,
but grown extremely crowded in tiwo large pots.

[ From I IL, Tuble LXXXVIL || From I V., Table LXXXVIL,

X Plants of the = Plants of the
lied

weighed
fortilised plants only 753 ounces; or in weight as

its were
e the 14 of Novabe f the axtrosfesof tha 1--,
a8 shown in \!uhllmnng tablo (\a; Of the twenty eromed
the twenty self-
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214 NICOTIANA TABACUM, Cuar. VL.

Tasue XC.
Nicotiana tabacum.

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

From Bt 11, Table LXXXVIL From Pot V., Table LXXXVIL
Kowcroned | Pntsotthe | Ko copmea | | Pl ofthe

Fourth Seiffer. | Fourth Sl

Pkt | el Generaion, | Peo e

42 a22¢ 543 34

54 573 514 38

39 34§ ) 401

53 0 ) 43f

49 2 43

31 484 8

47 2 P

o7 2 8 39

37 29 55 47

48 2 63 58
47875 28536 496418 4725

The twenty tallest crossed plants here averago 48°74, and the
twenty tallest self-fertilised 85°2 inches in helm P 100 to
72. 'Theso plants after being measured were cut
the ground, and the twenty crossed plants w-gh-d 195-75
nnnul,lnd the twenty self-fertilised plants 123-25 ounces; or
as 1

In um mm preceding tables, LXXXVIIL, LXXXIX., and
XC,, we have the measurements of fifty-six plants derived m
two plants of the third self-fertilised

Mpmummlmmmuynmmh-&
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fertilised. This was shown in several ways—by the earlier
germination of the crossed seeds, by the more rapid growth of
the seedlings whilst quite young, by the carlier flowering of the

ot
hardly be desired of the immense advantage derived from a
eross with a fresh stock.

XXVL PRIMULACEZ.—CYCLAMES FRUSICUN.®
Ten flowers crossed with pollen from plants known to be
istinet secdlings, yielded nine capsules, containing on an
averago 542 seods, with a maximum of seventy-seven in one.
Ton flowers sl frtlised yieldd st eapsules, containing on
 anaverage only 131 seeds, with a maximum of twenty-five in one.
"Dhis gives a ratio of 100 to 35 for the average number of secds
per capsulo for the crossed and solf-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 lhm,mdlhn they would have been spontancously

erossed

HIHIL
:5%;53

SbiioT, i o4 gy tisight of W slgt¥sbans

aceord- . 150), is proterandrous, and this
u"prmea-m B teties & e 4k itk @
i. 1858,  persiowm.
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216 CYCLAMEN PERSICUM. Cuar, V1.
was 949 inches. After a considerable interval of time the
self-fertilised plants flowered, and several of their flower-stems
(but T forgot to record how many) were roughly measured, and

were at least as 100 to 79. The renson why I did not make
more careful measurements of tho self-fertilised plants was, that
zhuylmhdmhpm"pmmhummmhnm
wmdhhmpm.ndmmuh-mg to measure
them carefully ; bnnmlmmcmumpmybum
by 80 fow fower-stems being then produced.
Thm

crossed plants

m-ummupmmm,m, or a5 100 to 12.
But this difference does not givo a just idea of the relative
fertility of the two lots. T connted the seeds in one of the finest
capstles on the crossed plants, and it contained seventy-throe;
whilst the finest of the five capsules produced by the self-
fertilised plants contained only thirty-five good sceds. In the
other four capsules most of the sceds were barely half as large
as those in the erossed capsules.

Tasue XCOL
Cyclamen persieum : O implies that no flower-stem was produced.

o, of Pot. Crossed Plants, | Self-foritsed Plants.

I
Lo
|

L 9,
9, 6

Total in inches. 119-88 20°50
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took after their mother, and were red-coloured. But on two of
tho plants the flovers were plinly saied with biv, ol
mh-dwhmmumh.mm
ernssed seads of the two foregoing Vints and the salf
rmummmhwmum largo pots, and
woro measured when fully grown, as shown in the

uvm-—u‘ A lines Flant ot the T Ve,

Pot.

Total in inches.

Red Vi ‘erosed by Mlue Va , and Ted Variety
e e vt

Noof Pk | Crosed Plants, | Selffrtised Planta
e
1. 30 24
23, 18,
1
Total in Inches. | a8 |
Total o both lots. } 14463 '

As the plants of the two lots are few in number, they may
run togother for the general average; but T may first state
he croms bek

varicties
weight of all six crossed plants in the two lots taken together j
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"”,&d that of the six self-fertilised plants 83°25; or as 100

'n—.ixm plants produced spontancously twenty-six
—uu.-uuu.nx.ur-muﬂ.numwmx,m
or as 100 to 8. There is
difforence in fortility betwoen the pdl e self-fortilised
‘plants s in the last genns, Cyclamen, which belongs to the same
family of the Primulacer.

5

Panvvia vems. Brit. Flora.
(Var. offeinalis, Linn.). The Couslip,

they became exe
sterile and dwarfed, and remained so d\u’tng the Iullowing

S "n- Diffrent  paprs in *Jouraul of Proo. Linn.
1862, p. 77, and vol.
—nup.m, ooy 2107 p S0,
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year, by which time-they ought to have become accustomed to
growing out of doors, so that they must have possessed & weak
constitution.

Under these eircumstances, it scemed advisable to ascertain
what would be the effect of legitimately crossing long-styled
plants of the fourth illegitimate generation with pollen taken from
non-related short-styled plants, growing under difforent con-
ditions. Awldmgl mml lovmunyhnhof&hfwﬂh

i of

which had bmlegmmmly fertilsed) growing vigorously in po\.
in the greenhouse, woro legitimately fertiliséd with pollen from
an almost wild short-styled cowslip, and these flowers yielded
some fino capsules. Thirty other flowers on the same illegi-
timato plants were fertilised with their own pollen, and these
yielded seventeen capsules, containing on an averago thirty-two
e mu-mamuwcy higher, T believe, than
‘which generally obtains with illegitimately fortilised long-
lvldyhnhpvwmg ok of s, A hgher than Shat of 8
provious illegitimate gonerations, although their flowers were
fertilised with pollen taken from a distinet plant of the same
form.

Theso two lots of seeds were sown (for they will not
well when placed on bare sand) on the opposite sides of four
pots, and tho seedlings were thinned, so that an equal number

XCIIL, the self-fertilised plants wero rather the tallest. Butly
the timo that they had thrown up young flower-stems,
legitimately erossed plants appeared much the finest, and 1
greener and larger loaves. The breadth of the largest leaf on
each plant was measured, and those on the crossed plants were
on an average o quarter of an inch (exactly *28 of an inch)
broader than those on tho solf-fertilised plants. The plants,
from being too much erowded, produced powun‘llhnﬁﬂnwn-
stems. The two finest on each side were messured ; the eight
mmuﬁmmyn_.dpx.m.ma 08, and the cight on.
tely self-fertilised plants averaged 293 inches in
hugh!~ or s 100 to 72,
Thero plants after they had flowerod were turned out of their

pots, 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 s shown in the
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following table, which likewise gives the number of fower-stems
produced on both sides of all the pots.

Tasie XCIIL
Primula veris.

S [
o of P, —
et FUGTEC] i ‘ E
1, 9 16 2y
§ N
e 15 8w [t
64 L |
w [ e 15 3 a
6 o4
v 7 14 2 5
6 | 2
Total. ‘ 5626 ’ 62 || 2575 15

- The average height of the eight tallest flower-stems on the
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168 good capeules, 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 frtility of the two lots,
Indeing b ths e of capsules, was as 100 o 8-5.

In considering tho great differenco in height and the wonderful
difference in fertility between the two sets of plants, we should
bear in mind that this s the result of two distinet agencies.
The self-fertilised plants wero the product of llegitimate fertili-
sation during five successive generations, in all of which, ex~
upungmeh-t, the plants had been fertilised with pollen taken

from a distinet individual belonging to the same form, but which
was moro_or less closely related. The plants had also been

itimately
‘with pollen from a short-styled plant, which, as well as its pro-
genitors, had been exposed to very different conditions; and this
Iatter circumstance alone would have e g great vigour to the
offspring, as we may infer from the several analogous cascs
already given. How much pmpnmu weight onght to be at-
tributed to these two agencies,—the one tending to injure the.
self-fertilised. offspring, and fhe other to benofit the crossed
determing

fertility is concerned, must be attributed to the cross having
been made with a fresh stock. b
PRvLA VERS.
Equal-atyled and red:glncered car.
T have described in my paper ‘ On the Tllegitimate Unions of
lants’

an_ hormay
um-qumum.pmnudmmdh
of its being necessary that pollen should bo brought from oue
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$0 another, s in the common cowslip. From the stigma
neuly on the smo v, the flowers are
when i

variety or fresh stock. Thus the offspring from both
can be compared quite fairly, fr rom any doubt rom
the injurious cffocts of an illegitimate uni
. Tho plants on which I experimented it iy during
successive from
produced by plants under a net; and ns the variety is
self-furtil, its progenitors in Edinburgh may have been

3 ipe they wero gaf
—uhuhmm-nnmmmmubu —
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Tanie XCIV.
Primula veris (squal-styled, red-flowered variety).
o ene g | e [ e | e
Flowersiem| Flower- ’“£ ':m‘ Flowee- 1 ot
n oches.
L 10 G ] 5 0
Several,
1L 8 A N 2 0
counted.
oL i) L] s | 10 5 2
Totals. 0 u}m‘n-o{ulu

@® The Complete Work of Charles Darwin Online



primrose is a heterostyled or dimorphic
the common ounﬂp,itm?dn p -y
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the number of seeds obtained from these two modes of self-fer-

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 phnhnkdﬂvmthaunlmo(dhﬁnctphnhhlmdn‘
to the same form, flowered before the offspring from

fertilised flowers,
Somlong-tyled and shorttyld plants woronow rasedfrom
purchased scods, and flowers on both forms wero

wvﬂhpdluﬁmlﬂlﬂmphnt and other flowers on
both forms were illegitimately fertilised with pollen from the
flowers on the same plant. The seeds were sown on oppasite sides
of Pots L to IV. in the following table (XCV.); a single plant
being left on each side. Several on the illegitimate

o , and their

the same tabl. As the two sets of seedlings did not differ in
any essential manner, their measurements are given in a single
table. T should add that the legitimate unions in both cases
yielded, as might have been expected, many more seeds than the
illegitimate unjons. The scedlings whilst half-grown presented.
1o difference in height on the two sides of the several pots.
When fully grown they were measured to the tips of their
longest leaves, and the result s given in Table XCV.

In six out of the eight pots the legitimately crossed plants
exceeded in height by a triffe the illegitimately solf-fortilised
plants; bntd-hﬁaumdd\h!mwinmdmwhhn
‘more strongly marked manner. The averago height of the eight

Tegitimately ceomed piaais ia 01, s thetof the eight illegi-
timately self-fortilised 9-03 inches; or as 100 to 100°2. The
plants on the opposite sides produced, as fur as could bo judged
by the eye, an equal number of flowers, I did not count the cap-
sules or the seeds produced by them; but undoubtedly, judging

legitimately crossed seeds wonld have been considerably more.
fertilo

than thoso from the illegitimately self-fertilised seods.
The crossed plants, as in the previous case, flowered before the
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Tasie XCV.
Primula sinensis,
Pt tom
Noorn | Jime it | I SR
= »llth‘ ot
1 8§ 8
From short-styled |
‘mother.
In. 74 8
From short-styled
‘mother.
1L 9 9
From long-styled
‘mother.’
PR R
o
3 L1} 0
From illegitimate
short-styled
mother,
e i '
imate
short-styled

sed plants in all the pots excoptin Pot IL, in which the

flowered simultanconsly; and this early flowering
be considered as an advantage.

Q2
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XXVIL POLYGONEZE.—FAGOFYEUM ESCULENTUM.

This plant was discovered by Hildebrand to be hetorostyled,
that is, to present, liko the specios of Primuls,a long-styled anda |
short-styled form, which are adapted for fortilisation.

sel-fortilised plants 26°18 inches; or as 100 to 69.

XXVIIL CHENOPODIACEZE—BETa YULGARIS.
A single plant, no others growing in the same garden, was
soeds were

wind. Some of the of secds wero sown on the opposite
sidos of two very large pots; and the young scedlings
thinned, o that an equal but blo number was left o
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onsuing lprlng, when they had grown a mm, and then some
the crossed plants were finer and taller than any of the self-
When in full flower their stems were measured, and

be measurements are given in the following table
Tasue XOVL
Beta vidgaris,

No.ofPot. | FCroesd Plana, | Sl riied Planis.
Tohes | lncha
5 34§ ‘ 36
. 30 20,
s | 32
| 52
1 . a 42
33 20,
sif 29
33 20
Total in inches. 7275 23850
- The average height of the eight crossed plants is here

m-’u,mdmeormd;hcnummplm -81; or as
'Iﬁx-peethmmm.mmmmnd each long row

plants in the two halves of the two rows were carefully
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selected and measured. The eight tallest crossed plants averaged
8092, and the eight tallest self-fortilised M 7 imxhu in height,

self-fertilised plants had & st advantage over the -
in being much loss crowded in their own row, owing to the
Irge number of seeds which had perished under ground after

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

XXIX. OANNACEZ.—CANNA WARSCEWICZL,

iew, also,
surfuce s an unintelligiblo foaturo in tho structuro of the fower,
as well as tho relative position of all the parts, which is such
that when insects visit the flowers o suck the copious nectar,
they cannot fail to carry pollen from one flower to another. *

‘D.lrlnnhlduulbd M are fortilised in the bud, and that
, 277, and self-fertilisation is inevitable. T
e Ouinkons” 135
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According to Delpino, bees cagerly visit the flowers in North
Ttaly, but 1 have never seen any insect visiting the flowers of the
present species in my hothouse, although many plants grow
there during soveral years. Nevertheloss 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
boen self-fortilised in this country for many generations. As
ﬁqmmunuhpm,.ummmmmwm
plants, they have also been subjected for &

time to somewhat uniform conditions. This, there-
h‘,hlu-cnmlypnlld'nhmlofthmmnpu.ln
vhkhvuhvamngh&mnpmlmmhurwgmdlm
plants thus descended and thus treated; and

species.
was one of the earlier ones on which I experimented, and as T
had not then raised
.—nm-udxmﬁ-u-nu_.ldumkmvum
suspect that such

10 bo guinod from a croms. T was therefore much surprised at
the crossod plauts not growing more vigorously than the self~
fertilised, and a large number of plants were raised, notwith-
standing that the present species is an extremely troublesome
ono to experiment on. The seeds, even those which have been
Jong soaked in water, will not germinato well on bare sand ; and
those that were sown in pots (which plan I was forced to follow)
fgerminated at very unequal intervals of time; so that it was
Mhupnd&_uuup,nd-q—n-p
had to be pulled up and thrown sway. My experiments were
continued during three successive gonerations; and in each
generation the self-fertilised plants were again

‘their early mmhmumwummh-m-
fertilised for many previous each generation,
*n,uaomniphnhmf-ﬁﬂnd'hhpﬂamw
erossed plant,
Olthﬂnm'hhhmm—dln\humnm

forty-seven

fained on an average 995 seeds; whereas forty-cight capsules
from the self-fertilised flowers contained on an average 845
seods; or as 100 t0 85 The seeds from the crossed flowers were
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ot henvier, on ho contray a litl lghter, than those from the
flowors, ns was

T weighed 200 of the crossed and maon.hmumm.ad..
and the relative weight of an equal number was as 100 for the
crossed to 101-5 for the self-fertilised. With other plants, when
the seeds from the self-fertilised flowers wero heavier than those
from tho crossed flowers, this appeared to bo duo generally
to fewer having been prodneed by the self-fertilised flowers, and

to their having been in consequence better nourished. But in
the prosent instance the seeds from the crossed capsules were

taining over fourteen sceds, and thoso from capeules containing
nnder fourtoen seeds,
upuhmu-h-mum-tw. 50 that the above explana-
here fails.

Axpoﬂmildupndud at a very oarly age on the pistil, gene-
n.llylnomhd'lth(hu.ﬁm some flowers whilst still in
‘were castrated for my first experiment, and were afterwards

hnnhdvmpnmm-wmt Other flowers wero
fertilised with their own pollen. From tho soeds thus ob-
mned,lrumoodadlnmnnganlythmplno!plmhn!aqnﬂ
-9 inches, and

eq
the same result followed in all threo generations, it would b
superfiuous to give the heights of all the plants, and T will give
only the averages.

Tn orde to aisocroeo and self frtlised plants o thesocond

within twvnty four hours after thoy had expanded with pollen
from a distinet phnc nnd nun interval would pmb.\»lynot o too
Some flowers

fertilised. From these two lots of seeds, ten crossed and twelve
self-fertilised plants of equal ages were raised ; and theso were
‘measured

again the two lots were nearly equal; but the selffertilised had

o slight advant

In order to raise plants of the third generation, a better plan.
was followed, and flowers on the crossed plants of the second
generation were selected in which the stamens were too short to
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reach the stigmas, so that they could not pomily bare boen
self-fertilised.  Theso flowers wero crossed with 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 genoration, were raised
in fourteen largo pots. They were measured when fully grown,
and by an 0dd chanco 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 rosult, 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 messured; and now the crossed plants ex-
ceeded by & little (viz, 17 inches) the self-fertilised. They were
again cut down, and on their flowering for the third time, the
self-fertilised plants had a slight advantago (viz., 1-54 inches)
over the crossed. Henco the result arrived at with these plants
the previous trials was confirmed, namely, that neither
ot had any decided advantage over the other, It may, however,
1o worth mentioning that the self-fertilised plants showed some
tendeney to flower before the crossed plants: this occurred with
all threo pairs of the first generation; and with the cut down
plants of the third generation, a self-fertilised plant flowered
first in nino out of the twelve pots, whilst in the remaining three

duals had acquired a closely similar constitution.

XXX. GRAMINACEE.—ZEA MAYS,
"This plant is moncecious, and was selected for trial on this ac-
‘count, no other such plant having been experimented on.* It is

' Hildebrand nlnmkl thut  male flowers standing above the
spgie tecna i it Gemlo Bowirs; bt pmeinly i

-xqmd o e tied fos i
‘o plant, o'u-gla s oo plant, ax the
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alsoanemophilous, or is fertilised by the wind; and of such plants
only the common beet had been tricd. Some plants were raised
in the greenhouse, and were crossed with pollen taken from a
distinct plant ; and a single plant, growing
difforentpart of the house, was allowed to fertilise itself spon-

and as they germinated in pairs of equal age wero planted on
the opposito 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
tabloi—

Tasiz XOVIL
Zea may,
No.of . Selfertilond Piate.
g [ tnces
L | 17y
| 20f
20

Total in inches.

The fifteen crossed plants here averago 2019, and the fifteen
solf-fertilised plants 17-57 inches in height; or a8 100 to §7.
Mz, Galton made n graphical representation, in accordance with
the method deseribed in the introductory chapter, of the above
male flowers usually shed their K. Akad.' Borlin, Oct, 1872,
pollen beforo the fomale fowers  p. 743,
are mature: ¢ Monstsbericht der
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; and adds the words “ very good * to the curves

Shortly afterwards one of the crossed plants in Pot L. died;
another became much diseased and stunted ; and the third never
grew to its full height. Theymdwhnubqnluwund,
probably by some larva gnawing their Therefore all
the plants on both sides of this pot were m.wctsd in the lnhlo-
quent measuroments. When the plants were fully grown they
were again measured o the tips of tho highest leaves, and.the
eleven crossed plants now averaged 681, and the eleven self-
fertilised plants 62-34 inches in height; or as 100 to 91. In all
four pots a crossed plant flowered before any one of the self-fer-
tilised ; but three of the plants did not flower at all. Those that
ﬂo'nmd'umlhommmdlotbnmmmlhdtbemnhﬂalm
the ten crossed plants averaged 66-51, and the nine self-fertilised
plants 6159 inches in height ; or as 100 to 93,

A large number of the same rxmwdlnll -n.l!llrﬁhud mll

the crossed plants produced flowers ; but those that did flower,
flowered almost simultancously. When fully grown the ten
tallest plants in each row wero selected an the
tips of their highest leaves, as well as to g summits of their

b4 inches in height, and the self-fortilised 4465, or as 100
to 83; and to the summits of their male flowers, 53:96 and
4345 indxu or as 100 to

PHALARIS CANARIENSIS.
Hildebrand has shown in the paper referred to under the

kept in the greenhouse. When the plants were a little over a
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foot

in height they wore measnred, and tho crossed plants
averaged 1388, and the self-fertilised 1229 inches in height ;
or a8 100

092,
When in full fover they wers again measured to ho ex-
hmiﬁuﬂlhdrcﬂn,-mh&hfouwmg
Thvie XOVIIL
Plalaris canariensis.
Noof Pt | O Plsts | Sitfrilod Plani
o e
L ‘ n! !’ it}
39, b
e 2 —) 57 | T
15 b
& ,
a7 ED
A 7 w
35, 2%
43 -
T R O T
b 34
[ Total in inches, 42800 ‘[7 02:63

eloven crossed plants now averaged 88+, and the eleven
Mumnww,mmwc.unmmn
which is the same ratio as before. Differently to what oceurred
with tho maize, the crossed plants did not flower beforo the self-
fertilised; and though both lots fowered very poory from
having been kept in pots in the groemhouse, yet the self-fertilised
planta produced twmfquhtﬂn'uhhndn, whilst the erossed
produced only twenty !

Two long rows of the same seeds wero sown out of doors, and
caro was taken that they were sown in nearly equal number;
but a far greater number of the crossed than of the self-fertilised
seods yielded plants. The lfriised plats wero in con-
sequenco 1ot 8o much crowded as tho crossed, and thus had an
advantago over them. When in full flower, the twelvo tallest
Mwmmiﬂl:ﬂghdmbmh and
as shown in the following table
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Tasz XCIX.
Phalaris canariensis (growing in the open ground).

|
oo s weive | st e Pt
| ovelve s
Toches,
84}
85
36
35§
35§ 31
36} 36
36§ 38
38§ 32
36§ 35}
854 | 33§
54 344
34§ 35
Tohen} 420-5 4020

The twelve crossed plants here average 35°78, and the twelve
salf-fertilised 835 inches in height; or as 100 to 98. In this
case the erossed plants flowered rather beforo the self-fertilised;
and thus differed from those growing in the pots.
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CHAPTER VIL

Suneary or Tue Heignts AND WeiGHTs o Tue CRosseD AXD
SeLr-PERTILISED PLANTS,
Nuimber of specics and plants measurod—Tables g{mn~l‘mllmln-ry
remarks on the offspring of plants crossed by a frosh stock—T!
casee apacially cvoatdesed—Tho efcts of o crossing o sclf-fertilised
Plantlther by another self-frtilined plant r by an intororomed plant
of the old stock—Summaty of the results—Preliminary remarks on
the crossed and self-fertilised plants of the same stock - Tho twenty-
six excoptional cases considered, in which the crossed plants did not
exceed greatly in  beight tho sellrtlised—out o theso came
ghown nok lo be real execpions o_the rlo that crom fertlimtion
beneficial—Summary of results—Relativo weights of the crossed
o i ot plants,
THE details which have been given under the head
of each species are so numerous and so intricate, that
it is necessary to tabulate the results. In Table A, the
number of plants of each kind which were raised from
a cross between two individuals of the same stock and
from self-fertilised seeds, together with their mean
or average heights at or near maturity, are given. In
the right-hand column, the mean height of the crossed.
to that of the self-fertilised plants, the former being
taken as 100, is shown. To make this clear, it may
be advisable to give an example. In the first genera-
tion of Ipomeea, six plants derived from a cross
between two plants were measured, and their mean
height is 86:00 inches; six plants derived from
flowers on the same parent-plant fertilised with their
own pollen were measured, and their mean height is
6566 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-fer-
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tilised plants is 76. The same plan is followed with
all the other species.

The crossed and self-fertilised plants were generally
grown in pots in competition with one another, and
always under as closely similar conditions as could
be attained. They were, however, sometimes grown in
separate rows in the open ground. With several of
the species, the crossed plants were again crossed, and
the self-fertilised plants again self-fertilised, and thus
successive generations were raised and measured, as
may be seen in Table A. Owing to this manner of
proceeding, the crossed plants became in the later
generations more or less closely inter-related. The
later generations of Mimulus are not included, as a
new tall variety then prevailed on one side alone, so
that a fiir comparison between the two sides was no
longer possible. With Ipomea the variety Hero has
been excluded for nearly the same reason.

In Table B the relative weights of the crossed and
self-fertilised plants, after they had flowered and had
been cut down, are given in the few cases in which
they were ascertained. The results are, I think, more
striking and of greater value as evidence of constitu-
tional vigour than those deduced from the relative
heights of the plants.

The most important table is that of C, as it includes
the relnuve heights, weights, and fertility of plants

from parents crossed by a fresh stock (that is, by
non-related plants grown under different conditions),
or by a distinet sub-variety, in comparison with self-
fertilised plants, or in a few cases with plants of the
same old stock i d during several
The relative fertility of the plants in this and the
other tables will be more fully considered in a future
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Tante A.—Relative Heights of Plants from Parents crossed with
Polen from other Plants of the same Stock, and self:fertilised.

L I By 8| 8
e {1

¥

g i

5|4 <
Ipomaa eneration | 6 |86°00| 6 [65:66 as 100 t0 78
Ipomaa. d generstion | 6 |84°16| 6 |66:38 ., , 79
Ipomara generation | 6 |77+41| 6 /5283 [ [ 68
Ipomaa penerstion | 7 |60°78| 7 [60-14 . . 86
Ipomes 6 (82:34| 6lezas o 17
Ipomaa generation | 6 |87°50| 6 (03-18) . , 72
Ipomaa. generation | 9 [83-94| 9 [68-25 . | 81

generation | 8 [113°25 8 (9465 . . &

Ipomara. generation | 14 |81:30| 14 (8407 . . 79
i generation | 5 (93:30| 5 (5040| L . B4
famber and average height of all
mph-u-ld.u,-- 73 |85-84 | 73 | 66 v, aulE

lll-ulu luhu—thm first. gone-

the newad bller | 10 | 8+19] 10 | 5020] , 68
R RTLIY vectar sppmend
Digitall purpures - 16 |51-38| 8 [9587| ., , 70
&mﬂl:ﬂ.—(mmm pun.hnnu} 11000 1 |1s00] o o 7
varlety) © .+ .
Linaria valgaria . . . . .| 8| 7:08| 3| 58| , , &
Verbascum thopeus_© + - .| & |63 @ (o050 n 1 88
Vandellia summularifolia—crossed
i el i, e 4020 40| . o, @
Vadsllh aemmulartoie-eromod
ll‘-ll'u‘lll-d'h-h,nlu\l P W st .

20| 4:50| 20 | 408] , , 9
8 [s2:08| 8 " 0
6 |2785( 6 " e
4 (20000 4 n 86
6 |60-00| 6 108
9 [4108] o "
7103 7 » 8
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21+91| 15 | 1954 as 100t0 89
20-08| 4 (25°58| , , 8

3247 11 | 52-81

44e64| 14 [45r12) 100
43-38| 19 (50-30| ,, , 116

40-03| 48 (4272 , 107
1717 | 24
82800 8

22

14+61
84
-4 10 |2985| , , 82
2576 8 |27°00( , 105

20-98| 2 o771 , , 92

s % guedn 2

28:00 10 26755 .,

=
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Tanie A—continued,
MATEIED
H -,i i %= | 4y
NAMES OF PLANTS. .,1 ﬁ e ﬁ 3‘%
Pl
N
Dianthus
and av ’ﬂmof.u &-] 81| 2707 | 26 [25°18 fas 100 to 82
Hil mlﬁ_‘. : l!'g 41448, 109
Pelargonium zonale . . . . ] 7 (18-62( 4
Tropeolum minus . . .| 8|s8-43| 8|48-00| 1 I 78
Limaauthes douglasii . 16 |17-46( 16 (1385 1 70
..ﬁl-lm—ﬂld‘l‘lﬂlh 83078 8 (25°:1) , , 83
Lupious pilosus — .,h-h.ﬂ.tn 2s550| 8 [s0-s0| , . 88
5 |ss-00| 5 (8335 , , 96
4 [34-62| 4 |3068] , , 115
e 6| 2o of 193] , , 48
Sarothamnus mp-rlu—zhl thres
arigors o e e l wes| , o, 68
2 2 wear| , , 88
. + 4 |2763 , , 89
Sl e 6 8 2631 o 5107
et 1 2 [51000| o 108
Apium potroivem .| 2l }o w100
Scablosa atro-purpurea ’ s|wsrf , , %
]‘ﬂm-llvw—plnh-fm‘u«} . 6|00 o &
Sreciria speilum | N 4[1s0s| , , 68
u.-.-n— alre 4 (1887 0 1 8
3 319000 o 0 &
Mhlnlp-—m'mu— H 3425 0 Dam
2nd generation | | 23 23 |27-10 » . 9%
-.phunmnu—w-mwn. 12 13 545( p, o, 49
) ww , @
Borago oficiaalis + . . . I'| 4 4 lnsf , 1
Nolana prostrata . s 5 |1-do| n
Potunia violacea—1st generation . | 5 52600 ) 1
Petunia violacea—2ud generation o | 4 6 |28-25) o o
Petunia violacea—drd e 8|sa87) o %
Petunis violscea—ith generation . | 15 14 [s2:30| 5 B
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NAMES OF FLANTS. 3 iigi ﬂ };ag
: B thi

Potunin iolacen—ith generation, p 3

a distinet parent . . .| 13 |44°74] 13 [26°87 s 100 t0 60

2 |sen|n (s, ,a

910 m3m| o6

4033 | 07 1as-n o rpla

18:50| 4 s2ea| |

se-84| 7 5178| 0 D ge
95:25| 7 79-60| 1

7078( 9 |710%0| , 101

6373 27 6191| ,, , %

949 87 750 , , 79
42:20| 6 (9835 [ 7 ey
o01| 8| 903 , 100
38°06/ 15 |26:13| 69
s4-00| 8 (20m1| &7
30-92| 8 (3070 99
35-98| 34 [96-90| 101
2019|156 17-57| ,, , &7

os-10( |oz%4f , , @1
oo:51| |etsof ,

5400| 10 |44-58| ,,
5398 [4348)

882 8 8

3890/ 11 |85-69
3578 12 [ss0| L 0

R 2
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Tastm B—Rolative Weights of Plants from Parents crossed with
Pollen from distinet Plants of the same Stock, and Self-fertilised.

Sumber | Number | Welghtof e
woosor s, (SR N | gt
Fiam aken a 100,
by
tpoms purparea—plaats of the 108 5|6 [ 100 10 48
(NG P e
Brasica olerace—1st generaticn F T e
i calforica—plats of )
1 | 10 118
x-.a;ﬁz.—m goneration, ,mm - | S P S
Besd lufen-—1at generation, ;mm RFTETN &
open grot * o
Resedn odorata—1si_generation, *do-
‘cnded from a highly seltfertlefl 10 | 19 | , o, 67
plant, grown In
jorata—ist_ gensration,” de-
il v st 20| 20 | o 9
Dissthus il plants of the
Sl ....“.:.’A'E" LI (B0 SR
Petunia. violscea—plants of the ‘Sthl| g0 [ 4y i
generation, in pots " om
Pl vupiens o e Sh) 4y | 0 -
‘eneration, in open T "o
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grations and then crowed by sl 19 | g4-03| 19 |65-78 as 100 4o 78

3
L ¥
.
i
i

10°44

i
;%
tle]

jpared_with the of-
of ® plant self-fertilised 28 |21-02( 27 [19-20( , , 56
vapd ions, and then|

with another self-
fertlised plant of the same gea-|
emation . . . . . . o)
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NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS,

M(mn‘ulluwnl—oﬁprh,ofplllu

e byt
with the

j5100t0 4

i
1
E
1

fresh compared  wit}
ke of the s i
Seneration, by weight « . -
toeris umillta—ilyring, rom
sliy Ml dll AI s
sighily difews Mgerioe v
g seif-f| 30
Tortiis of prh.ahhh'lhl
variety .+
heris umbalate—olipring_fron
English varioty, crossed by
n.,my di

z
s
=
-
@

compared
fertiliad -ﬁvn-(uﬂhn Enelih
variety, in rmuny A
Eschscholtaia cali
of a Brazilian ltuk crossed b{

19 |45:92| 19 |50-80| ,, , 100

‘20d self-fortilised generation,

of a Brazilian stock crossed bg

an English stock, compared wit]

plents of the Brasilan sock of
20d sl-fortilised generation,

h-dﬁl....<

saif il v [ e
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8 froh stock, compared with thel 15 | 39,43/ 15 (2500 as 100 t0 85

79:25| 26375 » . 80
of one of the varietios: in st
goneration .

‘wo varieties, diffring ,n.]
“‘““"'".’:""”"'"*"g:{:‘ 6 |6291| 6 (5531
the varieties: in

with P
of one
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|
|

e o

with'a Frenh Stock taken

160,

S

of the Plants

et ths vt | . 1008101

generati
& dightly difrent varity, com-Ll g5 | 3.9 95 | 41-67
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TasLE C—continued.

251

il

AMES OF PLANTS AND NATURE E! i
EXPERIMENTS. - }g

!

Bl

!‘E

!55

1%!

self-fertilised. generation, grown|
 much,crowded fa pots,in weight)

Nicotiana MHm?m. o)
plants self-fertilised for three|
geverations and then crossed

yliﬁ-lnllnnm.
with plants of the 4th||
self-fertilised generation, grown|
Thuch crowded in pot, it height

12 (81°58

»
Sis

of)
,u« .m.mu-\ Zr flu-

:ﬁﬂy et oo | 30 4876
ith plants of

hq-gmd‘,-b‘dln s
.l-n- sittctioad &:hm;
:?u, plu:l'!(l |
e e e, o
Asaple cllon-—oipin .o

a
3 ith the seli-f| 3 |27:62
variety, comy §i L

variety

12 17-21

8 [18-21

5100 to 54
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SAMES OF PLANTS AND NATURE Eg i
oF T . gg

Average Helght n fuches and]
Welght.

=
ATH.mIHIHﬁpmlhvml

i b’ h 100to 6
vlrh( o (I IO (PO PP

4 -::; ihnd
v-ﬂny,\-tmnny.

erhsb-Tl e
styled plants of the 3rd illegiti-|
mate goneration, crossed by a| i
oyl ant 8| 708| 8| s21| , o, 48

plaats of the 4th-illegitimate|
and self-fertilised generation )
veris—offspring from long.)
styled plaats of the 3rd ilegiti-
mate generation, crossed by a|
fresh ~stock, compared with
Blats of the 4th illegtimael
ifferilised geeraion, i
l‘-rllllly S

el pluu o e z‘.a m-;m-
mate generati
fresh

=z
Py
o

e et
plants of the 4th- illogitimate|
and self-fertilised_genes in
fertility in following year

flowered variety)—offspring from|
rt' for two)
hen crossed byt 3 | 8:66| 8| 73| , » 85

generations
Sifireat vlr(-l.y, 7, compared wih
ploats. m

Pd-h veris (lq'll.\ﬁyhd. “redy|
e Wb e for m\

‘generations snd then c: 1o Neoml [ IR PR T
different varioty, comm |
plants of the drd se

generation, in fertility
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In these three tables the measurements of fifty-seven
species, belonging to fifty-two genera and to thirty
great natural families, are given. The species are
natives of various parts of the world. The number
of crossed plants, including those derived from a cross
between plants of the same stock and of two different
stocks, amounts to 1,101 ; and the number of self-fer-
tilised plants (including a few in Table C derived
from a cross between plants of the same old stock)
is 1,076. Their growth was observed from the germi-
nation of the seeds to maturity; and most of them
were measured twice and some thrice. The various
precautions taken to prevent either lot being unduly
favoured, have been described in the intmdnmry
chapter. Bearing all these circumstances in mind, it
may be admitted that we have a fair huu for judging
of the ive effects of and of
self-fertilisation on the growth of the offspring.

It will be the most convenient plan first to consider
the results given in T-bla C, 88 a0 opponumty will thus
be afforded of incids
points. If the reader will look down the right-hand
column of this table, he will see at a glance what an
extraordinary advantage in height, weight, and fer-
tility the plants derived from a cross with a fresh stock
orwith another sub-variety have over the self-fertilised
plants, as well as over the intercrossed plants of the
same old stock. There are only two exceptions to this
tule, and theselrehndlyrdunu In the case of
Eschscholtzia, the advantage is confined to fertility.
In that of Petunia, though the plants derived from a
eross with a fresh stock had an immense superiority in
height, weight, and fertility over the self-fertilised

they were conquered by the intercrossed plants
of the same old stock in height and weight, bm, not
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in fertility. Tt has, however, been shown that the
superiority of these intercrossed plants in height and
weight was in all probability not real; for if the two
sets had been allowed to grow for another month, it is
almost certain that those from a cross with the fresh
stock would have been victorious in every way over
the intercrossed plants.

Before we consider in detail the several cases given
in Table C, some preliminary remarks must be made.
There is the clearest evidence, as we shall presently
see, that the advantage of a cross depends wholly on
the plants differing somewhat in constitution ; and that
the disadvantages of self-fertilisation depend on the two
parents, which are combined in the same hermaphrodite
flower, having a closely similar constitution. A certain
amount of differentiation in the sexual elements seems
indispensable for the full fertility of the parents, and
for the full vigour of the offspring. All the individuals
of the same species, even those produced in a state of
nature, differ somewhat, though often very slightly,
from one another in external characters and probably in
constitution. This obviously holds good between the
varieties of the same species, as far as external characters
are concerned ; and much evidence could be advanced
with respect to their generally differing somewhat in
constitution. There can hardly be a doubt that the
differences of all kinds between the individuals and
varicties of the same species depend largely, and as T
believe exclusively, on their progenitors having been
subjected to different conditions ; though the conditions
to which the individuals of the same species are ex-
posed in a state of nature often falsely appear to us the
same. For instance, the individuals growing together
are necessarily exposed to the same climate, and they
seem to us at first sight to be subjected to identically
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the same conditions ; but this can hardly be the case,
except under the unusual contingency of each individual
being surrounded by other kinds of plants in exactly
the same proportional numbers. For the surround-
ing plants absorb different amounts of various sub-
stances from the soil, and thus greatly affect the
nourishment and even the life of the individuals of
any particular species. These will also be shaded and
otherwise affected by the nature of the surrounding
plants.  Moreover, seeds often lie dormant in the
ground, and those which germinate during any one
year will often have been watured during very different
seasons, Seeds are widely dispersed by various means,
and some will occasionally be brought from distant
stations, where their parents have grown under some-
what different conditions, and the plants produced
from such seeds will intercross with the old residents,
thus mingling their constitutional peculiarities in all
sorts of proportions.

Plants when first subjected to culture, even in their
native country, cannot fail to be exposed to greatly
changed conditions of life, more especially from
growing in cleared ground, and from not having to
compete with many or any surrounding plants. They
are thus enabled to absorb whatever they require
which the soil may contain. Fresh sceds are often
brought from distant gardens, where the parent-
plants have been subjected to different conditions.
Cultivated plants like those in a state of nature
frequently intercross, and will thus mingle their
eonstitutional peculiarities. On the other hand, as
long as the individuals of any species are culti-
vated in the same garden, they will apparently be
subjected to more uniform conditions than plants in a
state of nature, as the individuals have not to compete
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with various surrounding species. The seeds sown at
the same time in a garden have generally been matured
during the same season and in the same place; and in
this respect they differ much from the seeds sown by
the hand of nature. Some exotic plants are not
frequented by insects in their new home, and there-
fore are not intercrossed; and this appears to be a
highly important factor in the individuals acquiring
uniformity of constitution.

In 1hy experiments the greatest care was taken that
in each generation all the crossed and self-fertilised
plants should be subjected to the same conditions.
Not that the conditions were absolutely the same, for
the more vigorous individuals will have robbed the
weaker ones of nutriment, and likewise of water when
the soil in the pots was becoming dry; and both lots
at one end of the pot will have received a little more
light than those at the other end. In the successive
generations, the plants were subjected to somewhat
different conditions, for the seasons necessarily varied,
and they were sometimes raised at different periods of
the year. But as they were all kept under glass, they
were exposed to far less abrupt and great changes of
temperature and moisture than are plants growing out
of doors.  With respect to the intercrossed plants, their
first parents, which were not related, would almost
certainly have differed somewhat in constitution ; and
such constitutional peculiarities would be variously
mingled in each succeeding intercrossed generatio
being i d, but more 1
neutralised in a greater or less degree, and sometimes
revived through reversion; just as we know to be the
caso with the external characters of crossed species and
varieties. With the plants which were self-fertilised
during the i ions, this latter imp
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source of some diversity of constitution will have been
wholly eliminated ; and the sexual elements produced
by the same flower must have been developed under as
nearly the same conditions as it is possible to conceive.

In Table C the crossed plants are the offspring of a
cross with a fresh stock, or with a distinet variety; and
they were put i ition 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
were crossed may be ranked as distinet varieties or
sub-varieties of the same species; but with Ipomeea,
Mimulus, Dianthus, and Petunia, the plants which
were crossed differed exclusively in the tint of their
flowers; and as a large proportion of the plants raised
from the same lot of purchased seeds thus varied, the
differences may be estimated as merely individual.
Having made theso preliminary remarks, we will now
consider in detail the several cases given in Table C,
and they are well worthy of full consideration.

(L) Ipomaa purpurea—Plants growing in the same
pots, and subjected in each generation to the same

were nine
generations. These intercrossed plants thus became in
the later generations more or less closely inter-related.
Flowers on the plants of the ninth intercrossed genera-
tion were fertilised with pollen taken from a fresh
stock, and seedlings thus raised. Other flowers on the
same intercrossed plants were fertilised with pollen
from another intercrossed plant, producing seedlings of
the tenth intercrossed generation. These two sets of

s
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seedlings were grown in competition with one another,
and differed greatly in height and fertility. For the
offspring from the cross with a fresh stock exceeded in
height the intercrossed plants in the ratio of 100t0 78 ;
and this is nearly the same excess which the inter-
crossed had over the self-fertilised plants in all ten
generations taken together, namely, as 100 to 77. The
plants raised from the cross with a fresh stock were
also greatly superior in fertility to the intercrossed,
namely, in the ratio of 100 to 51, as judged by the
relative weight of the sced-capsules produced by an
equal number of plants of the two sets, both having
been left to be naturally fertilised. It shonld be
especially observed that none of the plants of either lot
were the product of self-fertilisation. On the contrary,
the intercrossed plants had certainly been crossed for the
last ten generations and probably during all previous
generations, as we may infer from the structure of the
flowers and from the frequency of the visits of humble-
bees. And so it will have been with the parent-plants
of the fresh stock. The whole great difference in height
and fertility between the two lots must be attributed to
the one being the product of a cross with pollen from a
fresh stock, and the other of a cross between plants of
the same old stock.

This species offers another interesting case. In the
five first generations in which intercrossed and self-
fertilised plants were put into competition with one
another, every single intercrossed plant beat its self-
fertilised antagonist, except in one instance, in which
they were equal in height. But in the sixth gene-
ration a plant appeared, named by me the Hero, re-
markable for its tallness and increased self-fertility,
and which transmitted its characters to the next three
generations. The children of Hero wero again self-
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fertilised, forming the eighth self-fertilised generation,
and were likewise intercrossed one with another; but
this cross between plants which had been subjected
to the same conditions and had been self-fertilised
during the seven previous generations, did not effect
the least good ; for the intercrossed grandchildren were
actually shorter than the self-fertilised grandchildren,
in the ratio of 100 to 107. We here see that the
mere act of crossing two distinet plants does not by
itself benefit the offspring. This case is almost the
converse of that in the last paragraph, in which the
offspring profited so greatly by a cross with  fresh
stock. A similar trial was made with the descendants
of Hero in the following generation, and with the same
result. But the trial caunot be fully trusted, owing
to the extremely unbealthy condition of the plants.

to this same serious cause of doubt, even a
cross with a fresh stock did not benefit the great
grandchildren of Hero; and if this were really the case,
hudugre-unmmnlynhnned by me in all my

experiment

@) i i —Dunng the three first - gmert
tions the intercrossed plants taken
in height the self-fertilised taken together, mdunho
of 100 to 65, and in fertility in a still higher degree.
In the fourth generation a new variety, which grew
taller and had whiter and larger flowers than the old
varieties, began to prevail, especially amongst the self-
fertilised plants. This variety transmitted its characters
with remarkable fidelity, so that all the plants in the
later self- fcmhwd generations belonged to it. These

the i

ably in hsnght. Thus in the seventh genmnon the

intererossed plants were to the self-fertilised in height

as 100 to 137. It is a more remarkable fact that the
82
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self-fertilised plants of the sixth generation had become
much more fertile than the intercrossed plants, judging
by the number of capsules spontaneously produced, in
the ratio of 147 to 100. This variety, which as we
have seen appeared amongst the plants of the fourth
seli-fertilised generation, resembles in almost all its
constitutional peculiarities the variety called Hero,
which appeared in the sixth self-fertilised generation
of Ipomea. No other such case, with the partial ex-
ception of that of Nicotiana, occurred in my experi-
ments, carried on during eleven years.

Two plants of this variety of Mimulus, belonging to
the sixth self-fertilised generation, and growing in
separate pots, were intercrossed ; and some flowers on
the same plants wero again self-fertilised. From the
seeds thus obtained, plants derived from a cross
between the self-fertilised plants, and others of the
seventh self-fertilised generation, were raised. But
this eross 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
vith that given under Tpomaa, of the grandehildren
of Hero, and app of its great
for the secdlings raised by intercrossing these planty
were not in any way superior to those of the cor-
responding generation raised from the self-fertilised
flowers. Therefore in these several cases the crossing
of plants, which had been seli-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
seltfertilised, producing plants of the ninth self-
rertilised generation. Secondly, two of the plants of the
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eighth sel i ion were one
with another, as in the experiment above referred to;
but this was now effected on plants which had been
subjected to two additional generations of self-fer-
tilisation. Thirdly, the same plants of the eighth self-
fertilised generation were crossed with pollen from
plants of a fresh stock brought from a distant garden.
Numerous plants were raised from these three sets of
seeds, and grown in competition with one another.
The plants derived from a cross between the self-fer-
tilised plants exceeded in height by a little the self-
fertilised, viz., as 100 to 92; and in fertility in a greater
degree, viz., as 100 to 73. I do not know whether
this difference in the result, compared with that in the
previous case, can be accounted for by the increased
deterioration of the self-fertilised plants from two
dditional i of self-fertilisation, and the
consequent advantage of any cross whatever, although
merely between the self-fertilised plants. But however
this may be, the eflects of crossing the self-fertilised
plants of the eighth generation with a fresh stock were
extremely striking ; for the seedlings thus raised were
to the self-fertilised of the ninth generation as 100 to
52 in height, and as 100 to 3 in fertility ! They were
also to the intercrossed plants (derived from crossing
twoof the self-fertilised plants of the eighth generation)
in height as 100 to 56, and in fertility as 100 to 4.
Better evidence could hardly be desired of the potent
influence of a cross with a fresh stock on plants which
had been self-fertilised for eight generations, and had
been cultivated all the time under nearly uniform
Bk in ison with plants self-fertilised
for nine generations continuously, or then once inter-
erossed, namely in the last generation.
(8) Brassica oleracea.—Some flowers on cabbage
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plants of the second self-fertilised generation were
crossed with pollen from a plant of the same variety
brought from a distant garden, and other flowers were
again self-fertilised. Plants derived from a cross with
a fresh stock and plants of the third self-fertilised
generation were thus raised. The former were to
the self-fertilised in weight as 100 to 22; and this
enormousdifference 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.

) Iberis umbellata. — Seedlings from a crimson
English variety crossed by a pale-coloured variety
which had been grown for some generations in Algiers,
were to the self-fertilised seedlings from the erimson
variety in height as 100 to 89, and as 100 to 75 in
fertility. Iam surprised that this cross with another
varioty did not produce a still more strongly marked
beneficial effect; for some intererossed plants of the
crimson English variety, put into competition with
plants of the same variety self-fertilised during threo
generations, were in height as 100 to 86, and in
fertility as 100 to 75, The slightly greater difference
in height in this latter case, may possibly be attributed
to the iorating effects of self-fertilisation carried
on for two additional generations.

(5.) Eschscholizia californica—This plant offers an
almost unique case, inasmuch as the good effeets of &
cross or the evil effects of self-fertilisation are confined
to the reproductive system, Intercrossed and self-
fertilised plants of the English stock did not differ
in height (nor in weight, as far as was ascertained,) in
any constant manner ; the self-fertilised plants usually
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
plant. Intercrossed seedlings, raised in England from
the Brazilian stock, compared with self-fertilised seed-
Tings of the corresponding second generation, yielded
secds 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 genera-
tions of self-fertilisation, but were superior to them
in the most marked manner in the number of seeds
produced, namely, as 100 to 40; both lots of plants
being left frecly exposed to the visits of inscots.

In the case of Ipomea, we have seen that the
plants derived from a cross with a fresh stock were
superior in height as 100 to 78, and in fertility as 100
10 51, to the plants of the old stock, although these
had been intercrossed during the last ten generations,
With Eschscholtzia we have a nearly parallel case,
but only as far as fertility is concerned, for the plants
dnﬁvedlmm-m-with-fxuhmlwmmpeﬁm
in fertility in the ratio of 100 to 45 to the Brazilian
plants, which had been artificially intercrossed in
England for the two last generations, and which must
have been naturally ‘intercrossed by insects during all
previous generations in Brazil, where otherwise they
are quite sterile.

(6.) Dianthus caryophyllus—Plants self-fertilised
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for three generations were crossed with pollen from &
fresh stock, and their offspring were grown in compe-
tition with plants of the fourth self-fertilised genera-
tion. The crossed plants thus obtained were to the
self-fertilised in height as 100 to 81, and in fertility
(both lots being left to be maturally fertilised by
insects) as 100 to 33,

These same crossed plants were also to the off-
spring from the plants of the third self-fertilised gene-
ration crossed by the intercrossed plants of the cor-
responding generation, in height as 100 to 85, and in
fertility as 100 to 45.

We thus see what a great advantage the offspring
from a cross with a fresh stock had, not only over the
self-fertilised plants of the fourth generation, but
over the offspring from the self-fertilised plants of the
third generation, when crossed by the intercrossed
plants of the old stock.

(7.) Pisum sativum.—Tt has been shown under the
head of this species, that the several varieties in this
country almost invar ili
to insects rarely vi
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 Ipomwa named Hero; for
in these two instances, crossing plants which had been
self-fertilised for seven generations did not at all
benefit the offspring. On the other hand, a cross
between two varieties of the pea causes a marked
superiority in the growth and vigour of the offspring,
over the self-fertilised plants of the same varieties,
as shown by two excellent observers. From my own
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nlu-num (not made with great care) the offspring

from crossed varieties were to self-fertilised plants in
height, in one case as 100 to about 75, and in a second
case as 100 to 60.

(8) Lathyrus odoratus—The sweet-pea is in the
same state in regard to self-fertilisation as the common
pea; and we have seen that seedlings from a cross
between two varieties, which differed in no respect
except in the colour of their flowers, were to the self-
fertilised seedlings from the same mother-plant in
height as 100 to 80; and in the second generation as
100 to 88. Unfoﬂumtdy 1 did not ascertain whether
crossing two plants of the same variety failed to pro-
duce any beneficial effect, but I venture to predict such
would be the result.

(9.) Petunia violacea.—The intercrossed plants of
the same stock in four out of the five successive gene-
rations plainly exceeded in height the self-fertilised
plants,  The latter in the fourth generation were
erossed by a fresh stock, and the seedlings thus obtained
were put into competition with the self-fertilised plants
of the fifth generation. The crossed plants exceeded
the self-fertilised in height in the ratio of 100 to 66,
and in weight as 100 to 23; but this difference,
dmgh 50 grent, is not much greater umn that between

d plants of the

-nh the self-fertilised plants of the corresponding
generation. This case, therefore, seems at first sight

to the rule that a cross with a fresh stock is
much more beneficial than a cross between individuals
of the same stock. But as with Eschscholtzia, the
reproductive system was here chiefly benefited; for
the plants raised from the cross with the fresh stock
were to the self-fertilised plants in fertility, both lots
being naturally fertilised, as 100 to 46, whereas the
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intercrossed plants of the same stock were to the self-
fertilised plants of the corresponding fifth generation
in fertility only as 100 to 86.

Although at the time of measurement the plants
raised from the cross with the fresh stock did mot
exceed in height or weight the intercrossed plants of
the old stock (owing to the growth of the former not
having been completed, as explained under the head
of this species), yet they exceeded the intercrossed
plants in fertility in the ratio of 100 to 54. This fuct
is interesting, as it shows that plants self-fertilised
for four generations and then crossed by a fresh stock,
yielded seedlings which were nearly twice as fertile as
thoso from plants of the same stock which had been
intercrossed for the five previous generations. We
here see, as with Eschscholtzia and Dianthus, that the
mere act of crossing, independently of the state of the
crossed plants, has little efficacy in giving increased
fertility to the offspring. The same conclusion holds
good, as we have already seen, in the analogous cases of
Tpomeea, Mimulus, and Dianthus, with respect to height,

(10.) Nicotiana tabacum.—My plants were remark-
ably self-fertile, and the capsules from the self-fertilised
flowers apparently yielded more seeds than those which
were cross-fertilised. No insects were seen to visit the
flowers in the hothouse, and T suspect that the stock
on which T experimented had been raised under glass,
and had been self-fertilised during several previous

fons  if s0, we can why,in th
of threo generations, the crossed seedlings of the same
stock did not uniformly exceed in height the self-ferti-
lised seedlings. But the case is complicated by indi-
vidual plantshaving different constitutions, so that some
of the crossed and self-fertilisod scedlings raised at the
same time from the same parents behaved differently.
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However this may be, plants raised from self-fertilised
plants of the third generation crossed by a slightly
different sub-variety, exceeded greatly in height and
weight the self-fertilised plants of the fourth genera-
tion; and the trial was made on a large scale. They
exceeded them in height when grown in pots, and not
much crowded, in the ratio of 100 to 66; and when
much crowded, as 100 to 54. These crossed plants, when
thus subjected to severe competition, also exceeded
the self-fertilised in weight in the ratio of 100 to 37.
8o it was, but in a less degree (as may be seen in
Table C), when the two lots were grown out of doors
and not subjected to any mutual competition. Never-
theless, strange as is the fact, the flowers on the
mother-plants of the third self-fertilised generation
did not yield more seed when they were crossed with
pollen from plants of the fresh stock than when they
were self-fertilised.

(11.) Anagallis collina—Plants raised from a red
variety crossed by another plant of the sume variety
were in height to the self-fertilised plants from the
red variety as 100 to 73. When the flowers on the
red variety were fertilised with pollen from a elosely
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
a5 100 to 66, and in fertility as 100 to 6.

(12) Primula veris—Some flowers on long-styled
plants of the third illegitimate generation were legiti-
mately crossed with pollen from a fresh stock, and
others were fertilised with their own pollen. From
the seeds thus produced crossed plants, and self-
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fertilised plants of the fourth illegitimate g(meﬂmm,
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 35 during the next

year. In this case, however, we have no means of
dlmnguuhlng betwsm the evil effects of illegitimate
d during four ions (that is,

by pollen of the same form, but taken from a distinet
plant) and strict self-fertilisation. But these two
processes perhaps do not differ so essentially as at
first appears to be the case. In the following experi-
ment any doubt arising from illegitimate fertilisation
was completely eliminated.

(18) Primula veris. (Equalstyled, red-flowered
variety).—Flowers on plants of the second self-fertilised
generation were crossed with pollen from a distinet
variety or fresh stock, and others were again self-
fertilised. Crossed plants and plants of the third self-
fertilised generation, all of legitimate origin, were
thus raised ; and the former was to the latter in height
as 100 to 85, and in fertility (as judged by the number
of capsules produced, together with the average number
of seeds) as 100 to 11.

Summary of the Measurements in Table C—This
table includes the heights and often the weights of
292 plants derived from a cross with a fresh stock,
and of 305 plants, either of self-fertilised origin, or
derived from an intercross between plants of the same
stock. These 507 plants belong to thirteen species
and twelve genera. The various precantions which
were taken to ensure a fair comparison have already
been stated. If we now look down the right-hand
column, in which the mean height, weight, and
femhty of the plants derived from a cross with
o fresh stock are represented by 100, we shall see
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by the other figures how -onderluny lnpemr they
are both to the sel
plants of the same stock. With mspect o 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 much greater in fertility than in
height or weight. On the other hand, with some of
the species, as with Nicotiana, there was no difference
in fertility between the two sets, although a great dif-
ference in height and weight. Considering all the
cases in this table, there can be no doubt that plants
profit immensely, though in different ways, by a cross
with a fresh stock or with a distinet sub-variety. It
cannot be maintained that the benefit thus derived is
due merely to the plants of the fresh stock being per-
fectly healthy, whilst those which had been long inter-
erossed or self-fertilised had become unhealthy ; for in
most cases there was no appearance of such unhealthi-
ness, and we shall see under Table A that the inter-
crossed plants of the same stock are generally superior
o @ 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 Ipomea named Hero offer
instances of this rule. Again, plants self-fertilised
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during several generations profit only to a small extent
by a cross with intercrossed plants of the same stock
(as in the case of Dianthus), in comparison with the
effects of a cross by a fresh stock. Plants of the same
stock intercrossed during several generations (as with
Petunia) were inferior in a marked manner in fertility
to those derived from the corresponding self-fertilised
plants crossed by a fresh stock. Lastly, certain plants
which are regularly intercrossed by insects in a state
of nature, and which were artificially crossed in each
succeeding generation in the course of my experi-
ments, so that they can never or most rarely have
suffered any evil from self-fertilisation (as with Esch-
scholtzia and Tpomaea), nevertheless profited greatly
by a cross with a fresh stock. These several cases
taken together show us in the clearest manner that it
is not the mere crossing of any two individuals which
is beneficial to the offspring. The benefit thus derived
depends on the plants which are united differing in some
manner, and. there can hardly be a doubt that it is
in the constitution or nature of the sexual elements.
Anyhow, it is certain that the differences are not of an
external nature, for two plants which resemble each
other as closely as the individuals of the same species
ever do, profit in the plainest manner when inter-
crossed, if their progenitors have been exposed during
several generations to different conditions. But to this
latter subject I shall have to recur in a future chapter.
TABLE A.

We will now turn to our first table, which re-
lates to crossed and self-fertilised plants of the same
stock. These consist of fifty-four species belonging to
thirty natural orders. The total number of crossed
plants of which measurements are given is 796, and
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of self-fertilised plants 809; that is altogether 1,605
plants.  Some of the species werg experimented on
during several successive generations; and it should
be borne in mind that in such cases the crossed plants
in each generation were crossed with pollen from
another crossed plant, and the flowers on the self-
fertilised plants were almost always fertilised with
their own pollen, though sometimes with pollen from
other flowers on the same plant. The crossed plants thus
became more or less closely inter-related in the later
generations; and both lots were subjected in each ge-
neration to almost absolutely the same conditions, and
1o nearly the same conditions in the successive gene-
rations. It would have been a better plan in some re
spects if Lhad uw-y. crossed some flowers cither on the
d plants of each
with pollen i plant, grown under dif-
ferent conditions, as was done with the plants in Table
; for by this procedure I should have learnt how much
the offpring becamo deteriorated through contmued
As the

in the

case stands, the self-fertilised plants of the

generutions 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 Tablo
@, 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
elosely similar conditions, gives during several genera-
tions some advantage to the offspring, yet that after a
time they may be intercrossed with no advantage what-
ever to the offspring. Nor should I have learnt that
tho self-fertilised plants of the later generations might
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be crossed with intercrossed plants of the same stock
with little or no advantage, although they profited to
an extraordinary degree by a cross with a fresh stock.

With respect to the greater number of the plants
in Table A, nothing special need here be said; full
particulars may be found under the head of each
species by the aid of the Index. The figures in the
right-hand column show the mean height of the self-
fertilised plants, that of the crossed plants with which
they competed being represented by 100. No notice
is here taken of the few cases in which crossed and
self-fertilised plants were grown in the open ground,
50 as not to compete together. The table mcludu,
as wo have seen, plants belonging to fifty-four species,
but as some of these wero measured during several
successive generations, there are eighty-three cases in
which crossed and self-fertilised plants were compared.
As in each generation the number of plants which
were measured (given in the table) was never very large
and sometimes small, whenever in the right-hand
column the mean height of the crossed and self-fertilised
plants is the same within five per cent, their heights
may be considered as practically equal. ~Of such cases,
that is, of self-fertilised plants of which the mean
height is expressed by figures between 95 and 103,
there are eighteen, either in some one or all the gene-
rations. There are eight cases in which the self-
fertilised plants exceed the crossed by above five per
cent., as shown by the figures in the right-hand column
being above 105. Lastly, there are fifty-seven cases
in which the crossed plants exceed the self-fertilised in
a ratio of at least 100 to 95, and generally in a much
higher degree.

If the relative heights of the crossed and self-fertilised
plants had been due to mere chance, there would have.
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been about as many cases of self-fertilised plants
exceeding the crossed in height by above five per cent.
as of the crossed thus exceeding the self-fertilised ; but
we see that of the latter there are fifty-seven cases, and
of the former only eight cases; so that the cases in
which the crossed plants exceed in height the self-
fertilised in the above proportion are more than seven
times as numerous as those in which the self-fertilised
exceed the crossed in the same proportion. For our
special purpose of comparing the powers of growth
of erossed and self-fertilised plants, it may be said
that in fifty-seven cases the crossed plants exceeded
the self-fertilised by more than five per cent., and that
in twenty-six cases (18+8) they did not thus exceed
them. But we shall now show that in several of these
twenty-six cases the crossed plants had a decided ad-
vantage over the self-fertilised in other respects, though
not in height; that in other coses the mean heights
~ are not trustworthy, owing to too few plants having
been measured, or to their having grown unequally
from being unhealthy, or to both causes combined.
- Nevertheless, as these cases are opposed to my general
conclusion I have felt bound to give them. Lastly, the
cause of the crossed plants having no advantage over
' the self-fertilised can be explained in some other cases.
~ Thus a very small residue is left in which the self-
. fertilised plants appear, as far as my experiments
L‘ serve, to be really equal or superior to the crossed
\ plants.
- We will now consider in some little detail the eigh-
teen cases in which the self-fertilised plants equalled
R average height the crossed plants within five per
cent. ; and the cight cases in which the self-fertilised
. plants exceeded in average height the crossed plants
i byabove five per cent.; making altogether twenty-six
T
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cases in which the crossed plants were not taller than
the self-fertilised plants in any marked degree.

(L) Dianthus caryophyllus (third generation).—This plant was
experimented on during four generations, in three of which the
crossed plants exceeded in height the self-fertilised generally by
‘much more than five per cent.; and we have seen under Tablo
C that the offspring from the plants of the third self-fertilised
generation erossed by o fresh stock profited in height and fer-
tﬂltymnnnnnmdlmryﬂeglu. But in this third generation

the crossed plants of the same stock were in height to the self-
fertilised only as 100 to 99, that is, they wero pmuuuqul.
Nevertheless, when the eight crossed and eight self-fertilised
‘plants ware cut down and weighed, the former were to the latter
in weight as 100 to 49! There can thercfore be not the least
doubtlhlthn_dphnﬁo!thilqmd-mwﬂymm

in vigour and luxuriance to the self-fertilised ; and what was the
mdmdfwﬂnhnllh.ﬂ:ﬁd , though
50 light and thin, growing up so as almost to equal thoun—d

mmz.a Julgens (firs. generation).—The crossed plants of

measured, which is obviously much too few to be trusted,
yet from othier evidenco given under the head of this species,
it is cerfain 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 )-mm-]rlmh. it is
possible that the great difference in the growth of their offspring
may have been due to this esuse. In tho next generation this
source of error was avoided, and many more plants were raised,
and now the average height of the twenty-three crossed plants
was to that of the twenty-three self-fertilised plants as looeosl.
Weunv.hmfmhudlydm\»m-a_ is beneficial to

(&) Petunia violacea (third generation).—Eight crossed plants
wero o cight sclf-fortilised of the third generation in average
height as 100 to 131; and at an early age the crossed were
inferior even in a still higher degree. But it is a remarkable
mmummmmwmhpl.numbomm-mwmm
erowded, the erossed were thrice as tall as the self-fertilised.
in the two preceding -ndtwmudm‘mnhnm,um-
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with plants raisod by a cross with a fresh stock, the crosed
the sel-fertilised in hoight, weight, and fertility
(when theso two latter points were attended to), the present case
must bo looked at as an anomaly not affecting the general rule.
The most probable explanation is that the plants grew pre-
‘maturely, owing to the sceds of tho last generation not having
‘oen well ripened ; for T have observed an analogous case with
Theris. Self-fertilised scodlings of this latter plant, which were
known to have been produced from seeds not well
grew from th first much more quickly than the erossed plants,
which wero ruised from botter matured seeds; %o that having
thus once got a great start they wero enabled ever afterwards to

and pure sand, not containing any organic matter ; aud now the
young crossed grew during their short life to double
ﬁhﬂmo!&od‘l«nﬂummmmmum
with the above two sets of scedlings of Petunia which were much
erowded and thus cxposed to very unfavourable conditions. We
have seen also in the eighth gwmt"nn of Ipomaa that self-
first very
wmqnhlly&mm:wdmﬂmnthnm’m
for a long time much taller, though ultimately beaten by them.

(@, 5, 6.) Eschscholtsia californica.—Four scts of measure-
‘ments aro given in Table A. In one of these the crossed plants

from self-fertilisation 'lththnhhmv.n‘lphnbo(thm
if for

does some good, though it does not give to the crossed
‘soedlings increased powers of growth. ;
T2
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(7.) Viscaria oculata.—The average height of the fifteen inter-
erossed plants to that of the fifteen self-fertilised plants was only
08100 to 97; but the former produced many more capsules than
the latter, n the ratio of 100 to 77, Morwover, tho flowers on tho

flowers in the ratio of 100 to 72 We may thereforo draw tho
same conclusion as in the last case with respect to a eross being

decidedly beneficial.

@) Borago offcinalis—Only four erossed and four self-
fertilised plants were raised and measured, and tho former were
to the latter in height as 100 to 102. So small & number of
‘measurements ought never to b trusted; and in the present in-
stance the advantago of the self-fertilised over the crossed plants
depended almost entirely on one of the self-fertilised plants
having grown to an unusual height. All four crossed plants
flowered before their self-fortilised opponents. The cross-
fertilised flowers on the parent-plants in comparison with the
self-fortilised flowars yielded soeds in the proportion of 100 to 60.
S0 that here again we may draw the same conclusion s in the

cases.

(0) Passiflora gracilis—Only two crossed and two self-
frtilised plants wero raised ; and the former wero o the latter in
height s 100 to 104, On tho other hand, fruits from the cross-

the parent-plant

compared with thoso from the self-fertilised flowers, in the pro-
portion of 100 to 85.

(1) Phaseolus multiflorus—Tho fivo crossed plants wero to

the five self-fertilised in height as 100 to 96. Although the

crossed plants were thus only four per cent. taller than-the
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self-fertilised, they fowered in both pots before them. Tt is
therefore probable that they had somo real advantage over the
self fertilised plants.

(12) Adonis astivalis—The four crossed plants were almost
exactly equal in height to the four self-fertilised plants, but as
80 fow plants wore measured, and as these were all  miserably
unhealthy,” nothing can b inferred with safety with respect to
their relative heights.

(13) Bartonia aurea.—The eight crossed plants wero to the
eight self-fertilised in height as 100 to 107. This number of
plants, considering the care with which they wero raised and
compared, ought to have given a  rustworhy roslt. But rom
some unknown cause they grew very unequally, and Sy b
S 0 ety that culy thros of the crcused and
of the self-fertilised plants sct any seeds, and theso n
number.  Under these cireumstances the mean height of neither
Tot can be trusted, and the experiment is valucless. The cross-

flowers on the parent-plants yielded rather more seeds
than the self-fertilised flowers.

(14.) Thunberpia alata.—The six crossed plants were fo the
six self-fortilised in height a5 100 to 108, Hero the self-fertilised
‘plants seem to have a decided advantage; but both lots grew
unequally, some of the plants in both being more than twice as
tall as others. Tho parent-plants also were in an odd semi-
sterile condition, Under theso circumstances tho superiority of
tho self.fortilised plants cannot bo fully trusted.

(15, plants
ﬂlknlndmhmgmulwml% %0 that the ltlee soem
here to have a small but decided advantage. On the other hand,
the flowers on the parent-plants which were cross-fertilised

ery many
in the ratio of 100 to 21; and the scods which the former con-
tained wero heavier than an equal number from the selffortilised
capsnles in the ratio of 100 to 82.

(16.) Hibiscus africanus—Only four pairs were raised, and the
erossed wore to the self-fertilised in height s 100 to 109.

flowers on tho parent-plants were, on tho other hand, rather
more productive than the self-fertilised flowers.

(17.) Apium petroselinum —A few phnu (number not re-
orded) derived from flowers believed to have been crossed by
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inseots and
sides of four pots. 'm, attained to a nearly oqual height, the
erossed having  very light advantage.

(18) Vandelli raised
from the seeds of perfect flowers were o twenty self-fertilised
plants, likeswise raised from the seods of perfoct flowers, in height
as 100 to 99. Tho experiment was repeated, with the sole
differenco 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

trial bore fewer capstiles, and these contained fower sceds, than
did the self-fertilised plants, all the capsulos having been

fuced by eleistogamio flowers. The whole caso thereforo must
o left donbtfal.

(19) Pisum satiy ived from
 cross botween individuals of the same variety were in height
to four self-fertilised plants belonging to the same varity as 100
10115, Although this cross did 1o good, we have seen under
Table C that a cross between distinet varieties adds greatly to
the heghtand vigour of the nﬁpﬂng  and it was thero explained
that the fact
not being beneficial, is .mm mmzn:ydm o their having been
solffertilised for many generations, and in each generation
grown under nearly similar conditions.

(20, 21, 22)) Canna warscewiczi—Plants belonging to three
gencrations were observed, and in all of threo the crossed were
approximately equal to the self-fertilised ; the average height of
the thirty-four crossed plants being to that of the same number
of self-fortilised plants as 100 to 101 Therefore the crossed
plants had no advantage over the sclf-fertilised ; and it is pro-
bable that the same explanation here holds good as in the case
of Pisum sativam ; for the flowers of this Cannn are perfectly
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self-fertilo, and wore never seen to be visited by insects in the

), %0 08 10 bo crossed by them. This plant, moreover,
has boen cultivated under glass for several generations in pots,
and therefore under nearly uniform conditions. The eapeules
produced by the cross-fertilised flowers on the above thirty-four
erossed plants contained more seeds than did the capsules
produced by the self-fertilised flowers on the self-fortilised plants,
in the proportion of 100 to 85; so that in this respect crossing
was beneficial.

(28) Primula sinensis—The offspring of plants, some of
‘which wero legitimately and others illegitimatoly fertilised with

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. 1 have shown
in my work on heterostyled plants that this species is commanly
mised in England from self-fertilised seed, and the plants from
Baving been cultivated in pots have been subjected to nearly
uniform conditions. Moreover, many of them aro now varying
and changing their character, so as to become in a greator or
loss degree oqual-styled, and in consequence highly self-fertile.
Therefore I belieyo that the cause of the crosed plauts not
exceeding in height the self-fertilised is tho same as in the two
‘previous cases of Pisum sativum and Canna.

(24,25, 26.) Nicotiana tabacum.—Four sets of measurements
were made; in one, the self-fertilised plants greatly exceeded in
height tho crossed, in two others they were approximately equal
1o the crossed, and in the fourth were beaten by them; but this
latter case docs not here concern us. The individual plants

plants were in height to the twenty-seven sel&-fortilised plants
08 100 to 96. This excess of height in tho crossed plants is s
small compared with that displayed by the offspring from the
samo mother-plants when crossed by a slightly different varioty,
that wo may suspect (as explained under Table C) that most of
the individuals bolonging to the varioty which served as the
‘mother-plants in my experiments, had acquired a nearly similar
constitution, 50 s not to profit by being mutually interorossed.

Reviewing theso twenty-six cases, in which the
crossed plants either do not exceed the self-fertilised
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by above five per cent. in height, or are inferior to
them, we may conclude that much the greater number
of the cases do not form real exceptions to the rule,
—that a cross between two plants, unless these have
been self-fertilised and exposed to mearly the same
conditions for many generations, gives a great
advantage of some kind to the offspring. Of the
twenty-six cases, at least two, namely, those of Adonis
and Bartonia, may be wholly excluded, as the trials
were worthless from the extreme unhealthiness of the
plants. In twelve other cases (three trials with Esch-
scholtzia here included) the crossed plants either were
superior in height to the seli-fertilised in all the other
generations excepting the one in question, or they
showed their superiority in some different manner, us
in weight, fertility, or in flowering first; or again, the
cross-fertilised flowers on the mother-plant were much
more productive of seed than the seli-fertilised.
Deducting these fourteen cases, there remain twelve
in which the crossed plants show no well-marked
advantage over the self-fertilised. On the other hand,
we have seen that there are fifty-seven cases in which
the crossed plants exceed the self-fertilised in height
by at least five per cent, and generally in a much
higher degree. But even in the twelve cases just
referred to, the want of any advantage on the crossed
side is far from certain: with Thunbergia the parent-
plants were in an odd semi-sterile condition, and the.
offspring grew very unequally; with Hibiscus and
Apium much too few plants were raised for the measure-
ments to be trusted, and the cross-fertilised flowers of
Hibiscus produced rather more seed than did the self-
fertilised ; with Vandellia the crossed plants were a
little taller and heavier than the self-fertilised, but as
they were less fertile the case must be left doubtful.
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Lastly, with Pisum, Primula, the three generations of
Canna, and the three of Nicotiana (which together
complete the twelve cases), a cross between two plants
certainly did no good or very little good to the off-
spring ; but we have reason to suspect that this is the
result of these plants having been self-fertilised and
cultivated under nearly uniform conditions for several
generations. The same result followed with the experi-
mental plants of Ipomeeaand Mimulus, and toa certain
extent with some other species, which had been inten-
tionally treated by me in this manner; yet we know that
these species in their normal condition profit greatly by
being intercrossed. There is, therefore, not a single
case in Table A which affords decisive evidence against
the rule that a cross between plants, the progenitors of
which have been subjected to somewhat diversified
conditions, is beneficial to the offspring. This is a
surprising conclusion, for from the analogy of domesti-
eated animals it could not have been anticipated, that
the good effects of crossing or the evil effects of self-
fertilisation would have been perceptible until the
plants had been thus treated for several generations.

The results given in Table A may be looked at
under another point of view. Hitherto each genera-
tion has been considered as a separate case, of which
there are eighty-three ; and this no doubt is the more
correct method of comparing the crossed and self-
fertilised plants.

But in those cases in which plants of the same
species were observed during several generations, o
general average of their heights in all the generations
together may be wmade; and such averages are
given in Table A; for instance, under Ipomaa the
ruul average for the plants of all ten generations

48 100 for the crossed, to 77 for the seli-fertilised
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plants. This having been done in each case in which
more than one generation was raised, it is casy to
calenlate the average of the average heights of the
crossed and self-fertilised plants of all the species
ineluded in Table A. It should however be observed
that as only a few plants of some species, whilst a
considerable number of others, were measured, the
value of the mean or average heights of the several
species is very different. Subject to this source of
error, it may be worth while to give the mean of the
mean heights of the fifty-four species in Table A ; and
the result is, calling the mean of the mean heights
of the crossed plants 100, that of the self-fertilised
plants is 87. But it is a better plan to divide the
fifty-four species into three groups, as was done with
the previously given eighty-three cases. The first
group consists of species of which the mean heights
of the self-fertilised plants are within five per cent.
of 100; so that the crossed and self-fertilised plants
are approximately equal; and of such species there
are twelve about which nothing need be said, the
mean of the mean heights of the self-fertilised being
of course very nearly 100, or exactly 9958, 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
us 100 to 78. The third group consists of the species,
only five in number, of which the mean heights of
the self-fertilised plants exceed that of the crossed by
more than five per cent.; and here the mean of the
mean heights of the crossed plants is to that of the
self-fertilised as 100 t0 109. Therefore if we exclude
the species which are approximately equal, there are

@ The Complete Work of Charles Darwin Online




_ Cuar. VIL TABLE B.

thirty-seven species in which the mean of the mean
heights of the crossed plants exceeds that of the self-
fertilised by twenty-two per cent.; whereas there are
five species in which the mean of the mean heights
of the self-fertilised plants exceeds that of the crossed,
and this only by nine per cent.
The truth of the conclusion—that the good effects of
& cross depend on the plants having been subjected
to different conditions or to their belomging to differ-
ent varieties, in both of wlu(,h cases tlmy uuuld llmn.t
certainly differ b
by a eump-ruon of the Tnlvlm A and C. The latter
table gives the results of crossing plants with a fresh
stock or with a distinct variety ; and the superiority of
the crossed offspring over the self-fertilised is here
much more general and much more strongly marked
than in Table A, in which plants of the same stock
were crossed.  We have just seen that the mean of the
mean heights of the crossed plants of the whole fifty-
four species in Table A is to that of the self-fertilised
its as 100 to 87; whereas the mean of the mean
heights of the plants crossed by a fresh stock is to that
of the self-fertilised in Table C as 100 to 74. 8o that
the crossed plants beat the self-fertilised plants by
thirteen per cent. in Table A, and by twenty-six per
cent., or double as much, in Table C, which includes
the results of a cross by a fresh stock.

TasLe B.

A few words must be added on the weights of
the crossed plants of the same stock, in comparison
with the self-fertilised. Eleven casos nre given in
Table B, relating to eight species. The number of
plants which were weighed is shown in the two left
columns, and their relative weights in the right
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column, that of the crossed plants being taken as
100. A few other cases have already been recorded
in Table C in reference to plants crossed by a fresh
stock. I regret that more trials of this kind were not
made, as the evidence of the superiority of the crossed
over the self-fertilised plants is thus shown in a more
conclusive manner than by their relative heights, But
this plan was not thought of until a rather late period,
and there were difficulties in the way, as the sceds
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 ad-
vantage of a cross being here confined to the repro-
ductive system. With Vandellia the crossed plants
were a little heavier, as they were also a little taller
than the self-fertilised; but as a greater number of
more productive capsules, were produced by the cleis-
togamic flowers on the self-fertilised plants than by
those on the crossed plants, the case must be left, as
remarked under Table A, altogether doubtful. The
erossed and sclf-fertilised offspring from a partially
self-sterile plant of Reseda odorata were almost equal
in weight, though not in height. In the remaining
eight cases, the crossed plants show a wonderful
superiority over the self-fertilised, being more than
double thejr weight, except in one case, and here
the ratio is as high as 100 to 67. The results thus
deduced from the weights of the plants confirm in a
striking manner the former evidence of the beneficial
effects of a cross between two plants of the same stock 3
and in the few cases in which plants derived from a
cross with a fresh stock were weighed, the results are
similar or even more striking.
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CHAPTER VIIL

Dirrersce perwres Crossed AND Seir-viermusep PLANTS 1x
CoNsTITUTIONAL VIGOUR AND IN OTHEN RESYECTS,

Greater constitutional vigour of crossed plants—The effects of great

‘erowding—Competition with other kinds of plants—Self-fortilised

more liable to premature death—Crossed plants generally

flower before the self-fertilised —Negative effeets of intercrosmsing

on the sume plant—Cases desoribed—Transmission of the

good effects of o cross to later generations—Effects of crossing

‘plants of elosely related parentage—Uniform colour of tho flowers

on plants pelf-fortilised during several generations and cultivated
under similar conditions.

Greater constitutional Vigour of erossed Plants—As in
almost all my experiments an equal number of crossed
and self-fertilised seeds, or more commonly scedlings
just beginning to sprout, were planted on the oppo-
site sides of the same pots, they had to compete
with one another ; and the greater height, weight, and
fertility of the crossed plants may be attributed to
their possessing greater innate constitutional vigour.
Generally the plants of the two lots whilst very young
were of equal height; but afterwards the crossed
gained insensibly on their opponents, and this shows
that they possessed somo inherent superiority, though
not displayed at a very early period of life. There
were, however, some conspicuous exceptions to the
rule of the two lots being at first equal in height ; thus
the erossed seedlings of the broom (Sarothammus
seoparius) when under three inches in height were more
than twice as tall as the self-fertilised plants,
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After the crossed or the self-fertilised plants had
once grown decidedly taller than their opponents, a
still increasing advantage would tend to follow
from the stronger plants robbing the weaker ones
of nourishment and overshadowing them. This was
evidently the case with the crossed plants of Viola tri-
color, which ulunuuly quite overwhelmed the seli-
nrhhted. dut |hp cm-ed phnu lnva an inherent

i was some-
times well shown when bot.h lots wero  planted
separately, not far distant from one another, in good
soil in the open ground. This was likewise shown in
sovaral cases, even with plants growing in close compe-
tition with one another, by one of the self-fertilised
plants exceeding for a time its crossed opponent, which
had been injured by some accident or was at first
sickly, but being ultimately conquered by it. The
plants of the eighth generation of Ipomaa were raised
from small seeds produced by unhealthy parents, and
the self-fertilised plants grew at first very rapidly,
50 that when the plants of both lots were about three
feet in height, the mean height of the crossed to that
of the self-fertilised was as 100 to 122; when they
were about six feet high the two lots were very nearly
equal, but ultimately when between eight and nine feet
in height, the crossed plants asserted their usual
superiority, and were to the self-fertilised in height as
100 to 85.

The constitutional superiority of the crossed over the
self-fertilised plants was proved in another way in the
third generation of Mimulus, by self-fertilised seeds
being sown on one side of a pot, and after a certain
interval of time crossed seeds on the opposite side. The
self-fertilised seedhng: thus had (for I ascertained that
the seed ly) a clear ad

L.
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over the crossed in the start for the race. Nevertheless
they were casily beaten (us 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 o 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 Ipomeea and Mimulus, by
sowing crossed and self-fertilised seeds on the opposite
sides of large pots in which other plants had long been
growing, or in the midst of other plants out of doors.
The seedlings were thus subjected to very severe
omnpemlun with plants of other kinds; and in all
such cases, the crossed seedlings exhibited a great
superiority in their power of growth over the self-
fertilised
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After the germinating seedlings had been planted
in pairs on the opposite sides of several pots, the
remaining seeds, whether or not in a state of germina-
tion, were in most cases sown very thickly on the two
sides of an additional large pot ; 5o that the seedlings
camo up_extremely erowded, and were subjected. to
severe and condi-
tions. In such cases the cmued plants almost invari-
ably showed a greater superiority over the self-fertilised,
than did the plants which grew in pairs in the pots.
crossed and self-fertilised seeds were
sown in separate Tows in the open ground, which was
kept clear of weeds; so that the scedlings were not
subjected to any competition with other kinds of
plants. Those however in each row had to struggle
with the adjoining ones in the same row. When fully
grown, several of the tallest plants in each row were
selected, measured, and compared. The result was
in several cases (but not so invariably as might have
been expected) that the crossed plants did not exceed
in height the self-fertilised in nearly so great a degree
as when grown in pairs in the pots. Thus with the
plants of Digitalis, which competed together in pots, the
crossed were to the self-fertilised in height as 100 to
70; whilst those which were grown separately were only
as 100 to 85. Nearly the same result was observed
with Brassica. With Nicotiana the crossed were to
the self-fertilised plants in height, when grown
extremely crowded together in pots, as 100 to 54;
when grown much less crowded in pots as 100 to 66,
and when grown in the open ground, so as to be sub-
jected to but little competition, as 100 to 72. On the
other hand with Zea, there was a_greater difference in
height between the crossed and self-fertilised plants
growing out of doors, than between the pairs which
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grew in pots in the hothouse; but this may be
attributed to the self-fertilised plants being more
tender, so that they suffered more than the crossed,
when both lots were exposed to a cold and wet summer
Lastly, with one out of two series of Reseda odorata,
grown out of doors in rows, as well as with Beta
wulgaris, the crossed plants did not at all exceed the self-
fertilised in height, or exceeded them by a mere trifle.

The innate power of the crossed plants to resist
unfavourable conditions far better than did the self-
fertlised plants, was shown on two occasions in a
curious manner, namely, with Iberis and in the third
generation of Petunia, by the great superiority in
height of the crossed over the self-fertilised seedlings,
when both sets were grown under extremely unfavourable
conditions; whereas owing to special circumstances
exactly the reverse occurred with the plants raised from
the same seeds and grown in pairs in pots. A nearly

us case was observed on two other occasions
with plants of the first generation of Nicotiana.

The crossed plants always withstood the injurious
effects of being suddenly removed into the open air
after having been kept in the greenhouse better than
did the self-fertilised. On several occasions they also
resisted much better cold and intemperate weather.
This was manifestly the case with some crossed and
self-fertilised plants of Ipomeea, which were suddenly
moved from the hothouse to the coldest part of a cool
greenhouse. The offspring of plants of the eighth
self-fertilised generation of Mimulus crossed by a fresh
 stock, survived a frost which killed every single self-
fertilised and intercrossed plant of the same old stock.
Nearly the same result followed with some crossed and
seli-fertilised plants of Viola tricolor. Even the tips
of the shoots of the crossed plants of Sarothamnus

v
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scoparius were not touched by a very severe winter;
whereas all the self-fertilised plants were killed half-
way down to the ground, so that they were not able to
flower during the mext summer. Young
seedlings of Nicotiana withstood a cold and wet
summer much better than the self-fertilised seedlings.
1 have met with only one exception to the rule of
crossed plants being hardier than the self-fertilised :
three long rows of Eschscholtzia plants, consisting of
crossed seedlings from a fresh stock, of intercrossed
seedlings of the same stock, and of self-fertilised ones,
were left unprotected during a severe winter, and all
perished except two of the self-fertilised. But this
case is not so anomalous as it at first appears, for it
should be remembered that the self-fertilised plants
of Eschscholtzia always grow taller and are heavier
than the crossed ; the whole benefit of a cross with this
species being confined to increased fertility.
Independently of any external cause which could
be detected, the self-fertilised plants were more liable
to premature death than were the crossed ; and this
seems to me a curious fact. Whilst the seedlings
were very young, if one died its antagonist was pulled
up and thrown away, and I believe that many more of
the self-fertilised died at this early age than of the
crossed ; but I neglected to keep any record. With
Beta vulgaris, however, it is certain that a large number
of the self-fertilised sceds perished after germinating
beneath the ground, whereas the crossed seeds sown at
the same time did not thus suffer. When o plant
died at o somewhat more advanced age the fact was
recorded ; and I find in my notes that out of several
hundred plants, only seven of the crossed died, whilst
of the self-fertilised at least twenty-nine were thus
lost, that is more than four times as many. Mr. Galton,
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after examining some of my tables, remarks : “ It is very
evident that the columns with the self-fertilised plants
inelude the larger number of exceptionally small
plants ;" and the frequent presence of such puny plants
no doubt stands in close relation with their liability to
premature death. The self-fertilised plants of Petunia
completed their growth and began to wither sooner
than did the intercrossed plants; and these latter
considerably before the offspring from a cross with a
fresh stock.

Period of Flowering—In some cases, as with Digitalis,
Dianthus, and Reseda, a larger number of the crossed
than of the self-fertilised plants threw up flower-stems ;
but this probably was merely the result of their greater
power of growth ; for in the first generation of Lobelia
Julgens, in which the self-fertilised plants greatly ex-
ceeded in height the crossed plants, some of the latter
failed to throw up flower-stems. With a large number
of species, the crossed plants exhibited a well-marked
tendency to flower before the self-fertilised ones
growing in the same pots. It should however be
remarked that no record was kept of the flowering of

many of the species; and when & record was kept,
the flowering of the first plant in each pot was alone
observed, although two or more pairs grew in the same
pot. I will now give three lists,—one of the species
in which the first plant that flowered was a crossed
one,—a second in which the first that flowered was a
self-fertilised plant,—and a third of those which
flowered at the same time.

s,a..,qwamﬁmmmuuw were
of Crossed Parentage.

dpoma purpures.—1 rocord in my notes that i all ten gonra-
tions many of the crossed plants flowered beforo the self-
kept.

v2
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Mimulus lutews (First Generation).—Ten flowers on the crossed
‘plants were fully expanded before one on the solf-fertilised.

Mimulus luteus (Second and Third Generation).—In both these
generations a crossed plant flowered before one of the self-
fertilised in all three pots.

Mimulus Iuteus (Fifth Generation).—Tn all threo pots a crossed
plant flowered first; yet tho solf-fertilised plants, which
belonged to the new tall variety, were in height to the
crossed as 126 to 100.

Mimulus luteus—Plants derived from a eross with a fresh stock,

(Second Generation;
three out of the four pots flowered beforo any one of the
self-fortilised.

Tberis wmbellata.—In both pots & erossed plant flowered first.

Bsclacaltsia. californica.—Plants derived from the Brazilian
stock erossed by the English stock flowered in five out of
the nine pots first; in four of them a solf-fertilised plant
flowered first; and not in one pot did an intercrossed plant
of the old stock flower first.

Violatricolor.—A. crossed plant in five out of the six pots

fortilisod.

plant flowered first.

first; yot
wero to the self-fertilised in height only as 100 t099, but in
 weight as 100 to 49.

“Plants derived from a cross with a fresh

self-fertilised
Hibiscus africanus—~In three out of the four pots a crossed
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plant flowered before any one of the self-fortilised; yet the
Iatter were to the crossed in height as 109 to 100.

Tropeolum minus.—A crossed plant flowered before any one of
the self-fertilised in threo out of tho four pots, and simul-
tancously in the fourth pot.

Limnanthes douglasii—A erossed plant flowered before any one
of tho self-fertilised in four out of the five pots.

Phaseolus multiflorus—In both pots a crossed plant flowered

first,
Specularia speculum.—In all four pots a crossed plant flowered
first,

Labelia ramosa (First Generation)—In all four pots a erossed
plant flowered before any one of the self-fertilised.

Lobelia ramosa (Sccond Generation).—In all four pots a crossed
plant flowered some days before any one of the self-
fertilis

Nemophila insignis—In four out of the five pots a crossed plant
flowered first.

Borago officinalis.—In both pots a crossed plant flowered first.

Petunia vidacea (Second Generation)—In all threo pots a
erossed plant flowered first.

Nicotiana tabacum.—A plant derived from n cross with a fresh
stock flowered beforo any one of the self-fertilised plants of
the fourth generation, in fifteen out of the sixtoen pots.

persicum.—During two successive seasons a crossed
‘plant flowered some weeks before any one of the self-fertilised
in all four pots.

Primula_veris (equal-styled var.)—In all threo pots s crossed

t flowered first.

Primula_sinensis—In all four pots plants derived from an
illegitimato cross between distinct plants flowered before
any one of the self-fertilised plants.

any one of the self-fertilised plants in seven out of the eight

pots.
Fagopyrum esculentum.—A Tegitimately crossed plant flowered
from ono to two days before any ono 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 simultancously in the
pots.
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Spectes, of which the first Pla-l:llmtﬁmvﬁmqf
Self fertilised 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 excocded
the crossed in height, and now they flowered first in threo
out of the four pots.

Lupinus rm—ut.hom the crossed plants were o the self-
fertilised in height as 100 to $2; yet in all three pots the
self-fortilised plants flowered first.

Clarkia.elegans—Although the crossed plants were, s in the

self-fertilised flowered
I-I-H-/-l,m (First Generation).—The crossed plants were to
© tho self-fortilised in hnsllﬁmlyulmﬁol.?l and the latter
flowered the crossed.

Petunia violacea (Fourth Generation).—Although the crossed
plants were to the self-fertilised in_ height as 100 to 69, yet
in threo out of the five pots u slf-fertilised plant flowered
first; "in the fourth pot simultancously, and only in the fifth
did a crossed plant flower first.

Nicotiana tabacum (First Generation)—Tho crossed_plants
were 10 the self-fertilised in height only as 100 to 178, and
& self-fertilised plant flowered first in all four pots.

Nicotiana tabacum (Third Generation)—Tho crossed plants
wero to the self-frtilised in height as 100 to 101, and in
four out of the five pots & self-fertilised plant flowered first.

Canna warscewicsi—In the three gencrations taken thie
crossed were to the self-fertilised in height as 100 to 101; in
the first gencration the self-fortilised plants showed some
mdm, to flower first, and in the third generation they

flowered first in nine out of the twelve pots.

Species in schich the Crossed and Self-fertilised Plants
jowered almost simultancously,

Mimulus lutews (Sixth Generation).—The crossed plants were
inforior in height and vigour to the self-fertilised plants
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which all belonged to the new white-flowered tall variety,
yet in only half the pots did the sel-fertilised plants fower
first, and in the other half the crossed plants,

Viscaria. oculata, —The crossed plants wero only a little taller
than the self-fertilised (viz, as 100 to 97), but con-
siderably moro fertile, yot both lots flowered almost

ultancously.

ZLathyrus odoratus (Second Generation)—Although the crossed
plants were to the self-fortilised in height as 100 to 88, yet
thero was no marked difference in their period of flowering.

Lobdlia. fulgens (Seeond Generation).—Although the crossed
plants wero to the solf-fertilised in height as 100 to 91, yet
they flowered simultancously,

Nicatiana tabacum (Third Gmnﬁnn)A—Al'.hangh the crossed
plants were to the self-frtilised in height as 100 to 83, yet
in half the pots a self-fertiliscd plant flowered first, and in
the other half a crossed plant.

These three lists include fifty-cight cases, in which
the period of flowering of the erossed and self-fertilised
plants was recorded. In forty-four of them a crossed
plant flowered first either in & majority of the pots or
inall; in nine instances a self-fertilised plant flowered
first, and in five the two lots flowered simultaneously.
One of the most striking cases is that of Cyclamen, in
which the crossed plants flowered some weeks before
the self-fertilised in all four pots during two seasons.
In the second generation of Lobelia ramosa, a crossed
plant flowered in all four pots some days before any
one of the self-fertilised. Plants derived from a
cross with a fresh stock generally showed a very
strongly marked tendency to flower before the seli-
fertilised and the intercrossed plants of the old stock ;
all three lots growing in the same pots. Thus with
Mimulus and Dianthus, in only one pot out of ten, and
in Nicotiana in only one pot out of sixteen, did a self:
fertilised plant flower before the plants of the two crossed
kinds,—these latter flowering almost simultancously.
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A consideration of the two first lists, especially of
the second one, shows that a tendency to flower first is
generally connected with greater power of growth, that
is, with greater height. But there are some remarkable
excoptions to this rule, proving that some other cause
comes into play. Thus the crossed plants both of

luteus and Clarkia elegans were to the self-
fertilised plants in height as 100 to 82, and yet the
latter flowered first. In the third generation of Nico-
tiana, and in all three generations of Canna, the
crossed and self-fertilised plants were of nearly equal
height, yet the self-fertilised tended to flower first.
On the other hand, with Primula sinensis, plants
raised from a cross between two distinet individuals,
whether these were legitimately or illegitimately
crossed, flowered before the illegitimately self-fertilised
plants, although all the plants were of nearly equal
height in both cases. So it was with respect to height
and flowering with Phaseolus, Specularia, and Borago.
The erossed plants of Hibiscus were inferior in height
to the self-fertilised, in the ratio of 100 to 109, and yet
they flowered before the self-fertilised in three out of
the four pots. On the whole, there can be no doubt
that the crossed plants exhibit a tendency to flower
before the self-fertilised, almost though not quite so
strongly marked as to grow to a greater height, to
weigh more, and to be more fertile.

A few other cases not included in the above three
lists deserve notice. In all three pots of Viola tricolor,
naturally crossed plants the offspring of crossed plants
flowered before naturally crossed plants the offspring
of self-fertilised plants. Flowers on two plants, both of
self-fertilised parentage, of the sixth generation of
Mimulus luteus were intercrossed, and other flowers on
the same plants were fertilised with their own pollen;
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intercrossed seedlings and seedlings of the seventh
self-fertilised generation were thus raised, and the
latter flowered before the intercrossed in three out of
the five pots. Flowers on a plant both of Mimulus
Tuteus and of Ipomaa purpurea were crossed with pollen
from other flowers on the same plant, and other flowers
were fertilised with their own pollen; intercrossed
seedlings of this peculiar kind, and others strictly self-
fertilised being thus raised. In the case of the
Mimulus the self-fertilised plants flowered first in seven
out of the eight pots, and in the case of the Ipomaea.
in eight out of the ten pots; so that an intercross
between the flowers on the same plant was very far
from giving to the offspring thus raised, any advantage
over the strictly self-fertilised plants in their period
of flowering.
The Effects of crossing Flowers on the same Plant.

In the discussion on the results of a cross with a fresh
stock, given under Table C in the last chapter, it was
shown that the mere act of crossing by itself does no
good ; but that the advantages thus derived depend on
the plants which are crossed, either consisting of
distinet varieties which will almost certainly differ
somewhat in constitution, or on the progenitors of the
plants which are crossed, though identical in every
external character, having been subjected to somewhat
different conditions and having thus acquired some
slight difference in constitution. All the flowers
produced by the same plant have been developed
from the same seed ; those which expand at the same
time have been exposed to exactly the same climatic
influences ; and the stems have all been nourished by
the same roots. Therefore in accordance with the con-
elusion just referred to, no good ought to result from
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crossing flowers on the same plant.* In opposition to
this conclusion is the fact that a bud is in one sense
a distinet individual, and is capable of occasionally or
even not rarely assuming new external characters, as
well as new constitutional peculiarities. Plants raised
from buds which have thus varied may be propagated
for a great length of time by grafts, cuttings, &c., and
sometimes even by seminal generation.t There exist
also numerous species in which the flowers on the
same plant differ from one another,—as in the sexual
organs of monceious and polygamous plants,—in the
structure of the circumferential flowers in many Com-
positw, Umbellifere, &e.,—in the structure of the
central flower in some plants,—in the two kinds of
flowers produced by ecleistogamic species,—and in
several other such cases. These instances clearly
prove that the flowers on the same plant have often
varied independently of one another in many im-
portant v such variations having been fixed,

THE EFFECTS OF CROSSING  Omar. VIIL
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like those on distinet plants during the develop-
ment of species.

Tt was therefore necessary to ascertain by experiment
what would be the effect of intercrossing flowers on
the same plant, in comparison with fertilising them
with theif own pollen or crossing them with pollen
from a distinct plant. Trials were carefully made on
five genera belonging to four families; and in only
one case, namely, Digitalis, did the offspring from a
cross between the flowers on the same plant receive
any benefit, and the benefit here was small compared
with that derived from a cross between distinet plants.
In the chapter on Fertility, when wo consider the
effects of ilisation and self- on the
productiveness of the parent-plants we shall arrive at
nearly the same result, namely, that a cross between
the flowers on the same plant does not at all increase
the number of the seeds, or only occasionally and to a
slight degree. I will now give an abstract of the
results of the five trials which were made.

(1) Digitalis purpurea—Seedlings raised from inter-
crossed flowers on the same plant, and others from
flowers fertilised with their own pollen, were grown in
the usual manner in competition with one another on
the opposite sides of ten pots. In this and the four
following cases, the details may be found under the
head of each species. In eight pots, in which the
plants did not grow much crowded, the flower-stems
on sixteen intercrossed plants were in height to those
on sixteen self-fertilised plants, as 100 to 94. In the
two other pots in which the plants grew much crowded,
the flower-stems on nine intercrossed plants were in
height to those on nine self-fertilised plants, as 100
to 90. That the intercrossed plants in these two latter
pots had a real advantage over their self-fertilised
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opponents, was well shown by their relative weights
when cut down, which was as 100 to 78. The mean
height of the flower-stems on the twenty-five inter-
crossed plants in the ten pots taken together, was to
that of the flower-stems on the twenty-five self-ferti-
lised plants, as 100 to 92. Thus the irtercrossed
plants were certainly superior to the self-fertilised in
some degree; but their superiority was small com;

with that of the offspring from a cross between distinet
plants over the self-fertilised, this being in the ratio
of 100 to 70 in height. Nor does this latter ratio
show at all fairly the great superiority of the plants
derived from a cross between distinet individuals over
the self-fertilised, as the former produced more than
twice as many flower-stems as the latter, and were
much less liable to premature death.

Tpomesa purpurea.—Thirty-one i d plants
raised from a cross between flowers on the sume plants
were grown in ten pots in competition with the same
number of self-fertilised plants, and the former were
to the latter in height as 100 to 105. So that the
self-fertilised plants were a little taller than the inter-
crossed ; and in eight out of the ten pots a self-fertilised
plant flowered before any one of the crossed plants in
the same pots. The plants which were not greatly
crowded in nine of the pots (and these offer the fairest
standard of comparison) wero cut down and weighed ;
and the weight of the twenty-seven intercrossed plants
was to that of the twenty-seven self-fertilised as 100
to 124; so that by this test the superiority of the
self-fertilised was strongly marked. To this subject of
the superiority of the self-fertilised plants in certain
cases, I shall have to recur in a future chapter. If we
now turn to the offspring from a cross between
distinct plants when put into competition with self-
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fertilised plants, we find that the mean height of
seventy-three such crossed plants, in the course of ten
generations, was to that of the same number of
self-fertilised plants as 100 to 77; and in the case of
the plants of the tenth generation in weight as 100 to
44. Thus the contrast between the effects of crossing
flowers on the same plant, and of crossing flowers on
distinct plants, is wonderfully great.

(8) Mimulus luteus—Twenty-two plants raised by
crossing flowers on the same plant were grown in
competition with the same number of self-fertilised
plants ; and the former were to the latter in height as
100 to 95, or if four dwarfed plants are excluded as
100 t0 101 ; and in weight as 100 to 103. In seven out
of the eight pots a self-fertilised plant flowered before
any of the intercrossed. So that here again the self-
fertilised exhibit a trifling superiority over the inter-
crossed plants. For the sake of comparison, I may
add that seedlings raised during three generations
from a cross between distinct plants were to the self-
fertilised plants in height as 100 to 65,

(4) Pelargonium zonale—Two plants growing in
separate pots, which had been propagated by euttings
from the same plant, and therefore formed in fact
parts of the same individual, were intercrossed, and
other flowers on one of these plants were self-fertilised ;
but the seedlings obtained by the two processes did
not differin height. When, on the other hand, flowers
on one of the above plants were crossed with pollen
taken from a distinct seedling, and other flowers were
self-fertilised, the crossed offspring thus obtained were
1o the self-fertilised in height as 100 to 74.

(5.) Origanum vudgare—A plant which had been
long cultivated in my kitchen garden, had spread by
stolons 5o s to form a large bed or clump. Seedlings
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raised by intercrossing flowers on these plants, which
strictly consisted of the same plant, and other seedlings
raised from self-fertilised flowers, were carefully com-
pared from their earliest youth to maturity ; and they
did not differ at all in height or in constitutional
vigour. Some flowers on these seedlings were then
crossed with pollen taken from a distinct seedling, and
other flowers were self-fertilised; two fresh lots of
scedlings being thus raised, which were the grand-
children of the plant that had spread by stolons and
formed a large clump in my garden. These differed
much in height, the crossed plants being to the
self-fertilised as 100 to 86. They differed, also, to a
wonderful degree in constitutional vigour. The crossed
plants flowered first, and produced exactly twice as
many flowerstems; and they afterwards increased by
stolons to such an extent as almost to overwhelm the
self-fertilised plants.

Reviewing these five cases, we see that in four of
them, the effect of a cross between flowers on the same
plant (even on offsets of the same plant growing on
separate roots, as with the Pelargonium and Origa-
num) does not differ from that of the strictest self-
fertilisation. Indeed, in two of the cases the self-fer-
tilised plants were slightly superior to such intercrossed
plants.  With Digitalis a eross between the flowers on
the same plant certainly did do some good, yet very
slight compared with that from a cross between distinet.
plants. On the whole the results here arrived at, if
we bear in mind that the flower-buds are to a certain
extent distinet individuals and occasionally vary inde-
pendently of one another, agree well with our general
conclusion, that the advantages of a cross depend on
the progenitors of the crossed plants possessing some-
what different constitutions, either from having been
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exposed o different conditions, or to their having
varied from unknown causes in a manner which we in
our ignorance are forced to speak of as spontaneous.
Hereafter I shall have to recur to this subject of the
inefficiency of a cross between the flowers on the same
plant, when we consider the part which insects play in
the cross-fertilisation of flowers.

On the Transmission of the good Effects from a Cross
and of the evil Effects from Self-fertilisation—We have
seen that seedlings from a cross between distinet plants
almost always exceed their self-fertilised opponents in
height, weight, and constitutional vigour, and, as will
hereafter be shown, often in fertility. To ascertain
whether this superiority would be transmitted beyond
the first generation, seedlings were raised on three
occasions from crossed and self-fertilised plants, both
sots 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
soeds produced under a net by crossed and self-fer-
tilised plants of Nemophila insignis; and the latter
were to the former in height as 133 to 100.  But these
seedlings became very unhealthy early in life, and grew
50 unequally that in both lots some were five times
as tall as the others. Therefore this experiment was
quite worthless; but I have felt bound to give it, as
opposed to my general conclusion. 1 should state that
in this and the two following trials, both sets of plants
were grown on the opposite sides of the same pots, and
treated in all respects alike. The details of the experi-
ments may be found under the head of each 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 cap-
sules, the flowers on both were certainly cross-fertilised
by insects. Seeds were collected from both plants, and
seedlings raised from them. Those from the crossed
plants flowered in all three pots before those from the
self-fertilised plants; and when fully grown the former
were to the latter in height as100 to82. As both sets
of plants were the product of cross-fertilisation, the
difference in their growth and period of flowering was
clearly due to their parents having been of crossed and
self-fertilised parentage ; and it is equally clear that
they transmitted different constitutional powers to their
offspring, the grandchildren of the plants which were
originally crossed and self-fertilised.

Thirdly, the Sweet Pea (Lathyrus odoratus) habi-
tually fortilises itself in this country. As T
plants, the parents and grandparents of which had
been artificially crossed and other plants descended
from the same parents which had been self-fertilised
for many previous generations, these two lots of plants
were allowed to fertilise themselves under a net, and
their self-fertilised seeds saved. The seedlings thus
raised were grown in competition with each other in the
usual manner, and differed in_their powers of growth.
Those from the self-fertilised plants which had been
erossed during the two previous generations were to
those from the plants self-fertilised during many pre-
vious generations in height as 100 to 90. These two
lots of seeds were likewise tried by being sown under
very ditions in poor exh soil, and
the plants whose grandparents and great-grandparents
had been crossed showed in an unmistakable manner
their superior constitutional vigour. In this case, as
in that of the heartsease, there could be no doubt that
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the advantage derived from a cross between two plants
mmm.dwmeompnngomaﬁmmmm
That ional vigour due to
transmitted for many generations may also be ml‘ermi
as highly probable, from some of Andrew Knight's
nrieﬁel of the common pea, which were raised by
crossing distinet varieties, after which time they no
doubt fertilised themselves in each succeeding gene-
ration. These varieties lasted for upwards of sixty
years, “but their glory is now departed.”* On the
other hand, most of the varieties of the common pea,
which there is no reason to suppose owe their origin
to a cross, have had a much shorter existence. Some
also of Mr. Laxton's varieties produced by artificial
Grosses have retained their astonishing vigour and
i for a i number of 3
but as Mr. Laxton informs me, his experience does
~ not_extend beyond twelve generations, within which
period he has never perceived any diminution of vigour
in his plants.
An allied point may be here noticed. As the force
of inheritance is strong with plants (of which abundant
evidence could be given), it isalmost certain that seed-
lings from the same capsule or from the sume plant
would tend to inherit nearly the same constitution ; and
as the ddvantage from @ cross depends on theplum
- which are crossed differing somewhat in constitution,
it may be inferred as probable that under similar con-
_ ditions a cross between the nearest relations would
not benefit the offspring so much as one between non-
related plants. In support of this conclusion we have
some evidence, as Fritz Miller has shown by his

tho ovideuco on this  mstication chap. ix. vol. & 2nd
hui--, Variation under Do-  edit. p. 397.
£
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valuable experiments on hybrid Abutilons, that the
mnion of brothers and sisters, parents and children,
and of other near relations is highly injurious to the
fertility of the offspring. In one case, moreover, seed-
lings from such near relations possessed very weak
constitutions.* This same observer also foundt three
plants of a Bignonia growing near together. He fer-
tilised twenty-nine flowers on one of them with their
own pollen, and they did not set a single capsule.
Thirty flowers were then fertilised with pollen from
a distinet plant, one of the three growing together,
and they yielded only two capsules. Lastly, five
flowers were fertilised with pollen from a fourth plant
growing at a distance, and all five produced capsules.
1t seems therefore probable, as Fritz Miller suggests,
that the three plants growing near together were
seedlings from the same parent, and that from being
closely related they had little power of fertilising one
another.}

Lastly, the fact of the intercrossed plants in
Table A not ding in height the seli-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 Colowr of the Flowers on Plants, self-fertilised
and grown under similar conditions for several Genera-
tions.—At the commencement of my experiments, the
parent-plants of Mimulus luteus, Ipomea purpurea,
Dianthus caryophyllus, and Petunia violacea, raised
from purchased seeds, varied greatly in the ecolour

* ‘Jonabsche Zeitschrift fir  Domestication R
Naturw.; B vil, pp.22 and 43,  edit, vol. 2, p. 121) of hybrids of
1872 and . . Glodiolus and Cistus, any one of

+ “Bot Zeitube," 1808, p. 626.  which could be fertilised by

kable cases are from any ofher, but not. hy its
given fn my - Variation under own pollen.
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of their flowers. This occurs with many plants which
have been long cultivated as an ornament for the
flower-garden, and which have been propagated by
seeds. The colour of the flowers was a point to which
T did not at first in the least attend, and no selection
whateyer was practised. Nevertheless, the flowers
produced by the self-fertilised plants of the above
four species became absolutely uniform in tint, or very
nearly so, after they had been grown for some gene-
rations under closely similar conditions. The inter-
crossed plants, which were more or less closely
inter-related in the later generations, and which had
been likewise cultivated all the time under similar
conditions, became more uniform in the colour of
their flowers than were the original parent-plants, but
much less so than the self-fertilised plants. When
self-fertilised plants of one of the later generations
were crossed with a fresh stock, and seedlings thus
raised, these presented a wonderful contrast in the
diversified tints of their flowers compared with those of
the self-fertilised scedlings. As such cases of flowers
becoming uniformly coloured without any aid from
scem to me curious, I will give a full
abstract of my observations.

Mimulus Tuteus.—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
~ mapidly, that in the sixth generation of self-fertilised
plants_ every single one consisted of it. So it was
with all the many plants which were raised, up to the
last or ninth self-fertilised generation. Although this
variety first appeared amongst the intercrossed plants,
yet from their offspring being intercrossed in each
succeeding generation, it never prevailed amongst

x2
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them; and the flowers on the several intercrossed
plants of the ninth generation differed considerably in
colonr. On the other hand, the uniformity in colour
of the flowers on the plants of all the later self-fer-
tilised generations was quite surprising; on a casual
inspection they might have been said to be quite alike,
but the erimson blotches were not of exactly the same
shape, or in exactly the same position. Both my
gardener and myself believe that this variety did
not appear amongst the parent-plants, raised from pur-
chased seeds, but from its appearance amongst both the
crossed and seli-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 oceasionally appear under any circumstances.
We learn, however, from the present case that under
the peculiar conditions to which my plants were
subjected, this particular variety, remarkable for its
colouring, largeness of the corolla, and increased
height of the whole plant, prevailed in the sixth and
all the succeeding self-fertilised generations to the
complete exclusion of every other variety.

Ipomaa purpurea.—My attention was first drawn to
the present subject by observing that the flowers on all
the plants of the seventh self-fertilised generation were
of a uniform, remarkably rich, dark purple tint. The
many plants which were raised during the three sue-
ceeding generations, up to the last or tenth, all produced
flowers coloured in the same manner. They were
absolutely uniform in tint, like those of a constant
species living in a state of nature ; and the self-fertilised
plants might have been distinguished with certainty,
as my gardener remarked, without the aid of labels,
from the intercrossed plants of the later generations.
These, however, had more uniformly coloured flowers
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than those which were first raised from the

seeds. This dark purple variety did not appear, as
far as my gardener and myself could recollect, before
the fifth or sixth self-fertilised generation. However
this may have been, it became, through continued

If-fertilisation and the cultivation of the plants
under uniform conditions, perfectly constant, to the
exclusion of every other variety.

Dianthus caryophyllus.—The self-fertilised plants of
the third generation all bore flowers of exactly the
same pale rose-colour; and in this respect they differed
quite remarkably from the plants growing in a large
bed close by and raised from seeds purchased from the
same nursery garden. In this case it is not improbable
that some of the parent-plants which were first self-
fertilised may have borne flowers thus coloured ; but
as several plants were self-fertilised in the first genera-
tion, it is extremely improbable that all bore flowers
of exactly the same tint as those of the self-fertilised
plants of the third generation. The intercrossed plants
of the third generation likewise produced flowers
almost, though not quite so uniform in tint as those
of the self-fertilised plants.

Petunia violacea.—In this case I happened to record
in my notes that the flowers on the parent-plant which
was first self-fertilised were of a “dingy purple colour.”
In the fifth self-fertilised generation, every one of the
twenty-one self-fertilised plants growing in pots, and
all the many plants in a long row out of doors,

uced flowers of absolutely the same tint, namely,
of a dull, rather peculiar and ugly flesh colour; there-
fore, considerably unlike those on the parent-plant. I
believe that this change of colour supervened quite
gradually; but I kept no record, as the point did not
interest me until I was struck with the uniform tint
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of the flowers on the self-fertilised plants of the fifth
generation. The flowers on the intercrossed plants of
the corresponding generation were mostly of the same
dull flesh colour, but not nearly so uniform as those on
the self-fertilised plants, some few being very pale,
almost white. The self-fertilised plants which grew in
a long row in the open ground were also remarkable for
their uniformity in beight, as were the intercrossed
plants in a less degree, both lots being compared with
a large number of plants raised at the same time under
similar conditions from the self-fertilised plants of the
fourth generation crossed by a fresh stock. I regret
that I did not attend to the uniformity in height of
the self-fertilised seedlings in the later generations of
the other species.

These few cases seem to me to possess much interest.
We learn from them that new and slight shades of
colour may be quickly and firmly fixed, independently
of any selection, if the conditions are kept as nearly
uniform as is possible, and no intercrossing be per-
mitted. With Mimulus, not only a grotesque style of
colouring, but a larger corolla and increased height of
the whole plant were thus fixed ; whereas with most
plants which have been long cultivated for the flower-
garden, no character is more varinble than that of
colour, excepting perhaps that of height. From the
consideration of these cases we may infer that the
variability of cultivated plants in the above respects
is due, firstly, to their being subjected to somewhat
diversified conditions, and, secondly, to their being
often inter-crossed, as would follow from the free access
of insects. I do not see how this inference can be
avoided, as when the above plants were cultivated
for several generations under closely similar conditions,
and were intercrossed in each generation, the colour
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of their flowers tended in some degree to change and to
become uniform. When no intercrossing with other
plants of the same stock was allowed,—that is, when
the flowers were fertilised with their own pollen in
each generation—their colour in the later generations *
became as uniform as that of plants growing in a
state of nature, accompanied at least in one instance
by much uniformity in the height of the plants. But
in saying that the diversified tints of the flowers on
- cultivated plants treated in the ordinary manner are
due to differences in the soil, climate, &e., to which
~ they are exposed, I do not wish to imply that such
variations are caused by these agencies in any more
direct manner than that in which the most diversified
illnesses, as colds, inflammation of the lungs or pleura,
rhenmatism, &c., may be said to be caused by expo-
sure to cold. In both cases the constitution of the
‘being which is acted on is of preponderant importance.
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CHAPTER IX.

‘Tue Ervects o CRoSS-PERTILISATION AND SELP-FERTILISATION ON
Tux Provreriox or Sexps.

TuE present chapter is devoted to the Fertility of
plants, as influenced by cross-fertilisation and self-
fertilisation. The subject consists of two distinct
branches ; firstly, the relative productiveness or fertility
of flowers crossed with pollen from a distinct plant and
with their own pollen, as shown by the proportional
number of capsules which they produce, together
with the number of the contained sceds. Secondly,
the degree of innate fertility or sterility of the seed-
lings raised from crossed and self-fertilised seeds ; such
seedlings being of the same age, grown under the same
conditions, and fertilised in the same manner. These
two branches of the subject correspond with the two
which have to be considered by any one treating of
hybrid plants; namely, in the first place the comparative
productiveness of a species when fertilised with pollen
from a distinct species and with its own pollen; and
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in the second place, the fertility of its hybrid off-

spring.  These two classes of cases do not always run

; thus some plants, as Girtner has shown, can

crossed with great case, but yield excessively sterile

hybrids ; while others are crossed with extreme diffi-
culty, but yield fairly fertile hybrids.

The natural order to follow in this chapter would
have been first to consider the effects on the fertility
of the parent-plants of crossing them, and of fertilising
them with their own pollen ; but as we have discussed
in the two last chapters the relative height, weight,
and constitutional vigour of crossed and self-fertilised
plants—that is, of plants raised from crossed and
self-fertilised seeds—it will be convenient here first
to consider their relative fertility. The cases observed
by me are given in the following table, D), in which
~ plants of crossed and self-fertilised parentage were left
to fertilise themselves, being either crossed by insects
or spontancously self-fertilised. It should be observed
that the results cannot be considered as fully trust-
worthy, for the fertility of a plant is a most variable
element, depending on its age, health, nature of the
‘soil, amount of water given, and temperature to which
it is exposed. The number of the capsules produced
‘and the number of the contained seeds, ought to have
‘been ascertained on a large number of crossed and self-
fertilised plants of the same age and treated in every
respect alike. In these two latter respects my observa-
tions may be trusted, but a sufficient number of capsules
were counted only in a few instances. The fertility,
or a8 it may perhaps better be called the productive-
ness, of a plant depends on the number of capsules
produced, and on the number of seeds which these
contain. But from various causes, chiefly from the
want of time, I was often compelled to rely on the
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number of the capsules alone. Nevertheless, in the
more interesting cases, the seeds were also counted
or weighed. The average number of seeds per capsule
is a more valuable ecriterion of fertility than the
number of capsules produced. This latter circum-
stance depends partly on the size of the plant; and we
know that crossed plants are generally taller and
heavier than the self-fertilised; but the difference in
this respect is rarely sufficient to account for the
difference in the number of the capsules produced. It
need hardly be added that in the following table the
same number of crossed and self-fertilised plants are
always compared. Subject to the foregoing sources of
doubt I will now give the table, in which the parentage
of the plants experimented on, and the manner of
determining their fertility are explained. Fuller
details may be found in the previous part of this work,
under the head of each species.

Tazun D.—Belaiv Pirtlty o Plontf ersed ond wl et
Parentage, both sts being fertilised in the same manner.
ity juiged of by various Standards.  That of the crossed Pions
taken as 100.

Irowma. PoRRCREA—frst ,e-a: .;:
on cromed and self-fertilised plants, m wing, s
crowlel, spentansouly slf-ertilld g s jas 100 40, 98

FoRFCREA—seeds por copsule on crowed nnd )|
..mn-.:.a..nmm-.pmu as i the last

ing much crowdel, spontansously | -
fnnmud undn anet,innumber . . . ., . . .
IroMEA PURFUREA—productiveness of the a

by the umber of capeles prod
eapeule

FURFUREA—thind generation: per
on sroseed and mibariioed | Plaate, spontaseonsly slf(| w04
tmmud under & not, In number

IroMEA PURFURRA—productivensss of the same plants)|
as -—\-r.l-..d. nced, and average)| . 35
T
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. CmanIX.  AND

spontaneous)
TRoMns FURFURRL—abi) gerston: Number of
crossed plants to those on seli-fortilised plnn. .p-
aassialy Mlerilivd wadee o set »
MixvLs LoTRUS—an equal lmb"olup-ll-  plata
descended from slf-friled plastsof the 8tk gunera
© tion crowsd by a fresh stock, and on plants of the 9th|
¢ sl .-.m.nn-. both sets having been left
sod spentaseouly frtlined, ooniained s,
», ko

j-lc-l 7 -—\-v' .1 ..,.-u- p.-«..-, }
vun-.m l’vllvumml.u—«\d. por_ca
cleistogamic flowers on the crossed and ull’ ﬁl\m-l
plants, in number . LS }
SALYIA COCOINEA—eTossed m --ll-hL
e~ ,u.....,.d...m'i:w..':"‘ . )
thaats et sncovered in raboens
e gl e compare with
-::-m:n.f ani of the S gunerstin, i ...a.,]
umber R O

Faraven viouu—cruoed sad slfurloed plasts, b}
‘uncovered, produced capsules, in number . . .
Beomsonoursza. eaLirousics—Deuslian steck; plaats e
et ond. o titont i s-_;_ ol ol
S o sl rtloed ,\-'n of 2ad mu-,
Escuscuourzia uuﬂlm—p: b :
-"-v. number d.-'-‘i- Sy
Escnsonotrz o 1t
...:.m.‘.a"ﬁ?'ﬂf"‘:‘;ﬂ.'.'. ,«..".‘:'..w o
Tatercrossed geveration of the Brazil
Bk st b7 Engheh sk sempire vih o -p-l.-
o wlfetileed plu!-

-mv- o

b .,._,.,‘.“;L»,._-..a..... e, i
s

--—du-ﬁb&nuﬁ“‘mwhm:-m- sa
hothouse, and,
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TaBLE D—continued,
RESEDA ODORATA—crossed and self-fertilised plants, loft
uncoversd and m—hﬁubthpuu.aq—h las 100 to 100
in l'-l-lr (about) . . .
asoreee 448 o ritiont », o oL u...n— 2030
in number . . G
10X CoNsoLDA—crosed and self-frtiised plante
left uncovered in the .n-.s..., Fud Yokt
number , .
VISoARIA OCULATA—crossed and .ul-mnud plants, Lot "
uncoverad in the greenhouse,produced capsules in number| " "
DIANTHUS CARYOFHYLLUS—plants spontaneously salf-ferti-]
Tised uader a net; on and self- e,
el late of the 3od peneraion conained il v -
wn—a by i from it et
insects : its
for three ~: 'hmn- o eromed by L= inter-| P
erosmed same stock, compared L
i Ji e by
3 e oy
lu\lllnd by x-ucm mpnu m plants. ..xmmn...nl
“or three  generat crossed by o R
stock, compared -uh ,,unu of the dth self-fertilised
generation, produced seeds by weight
TROPROLUM MiNUS—erossed and self-fertilived plants, I o
uncovered in the greenhouse, produced seeds in number .| » #
LIIIXA""M DOUGLASII—crossed and nll’ f.rtlllud rllukl.
greenhouse, w100
.--hr(lbull) o
nl |lQ
e, pro-3 , , 88
iged from only a fow p«)
8 MULTIFLORUS—crossed f-ertilived plants,
left uncovered in the greeshouse, produced soeds inyl , ,, 100
wumber (about) .
LaTuvius ooomates—crosd and self-fetilised piants of
e 2ud grmertion, ok uacorerd s the grcabouse, bt o 91
certaiuly self-fortilised, produced pods in num|
Crankia mmn—mad andself-fertilised plnll l-n P
uncoverwd fa the LE
lnwmu M!b—c_ﬂ Tl
covered by a net and -pm.--muly n“’ &nmu thel ,, 29
greenhouse, produced eapsules in number .
Prrm-u vmum—-l-n un'und and crom-fertlised hy
d the 5th intercrossed f-fertilised "
.:.,..,.agd by the -dm ul.. »y

equal number of capeu

© The Complete Work of Charles Darwin Online



Cuar.IX.  AND SELF-FERTILISED PLANTS. 817
TasLE D—continued.

YIOLACEA—ef. spcovered as above: apring of
ndl—knﬂl-dfwrbur‘ufnn
Bk o comporsd vk p\uuof etk sl 10040 48
Rrtliad_geaeration, froduced sesds, as judged by the

[RRRENS o i oqual mussber of copeclen o 31 a
CroraMey PERsICUN—crossed and self-fertilised plants, loft
BT v i the Erosious, prodson carale a e

=

Same plants in the followingyear, . . . . . . e
Pn-uu vnu—(qul-lylzdv‘nﬂ. ) left uncovered x.}

insocts : offspring
o ].l..\. «lmmu.«x v Generaions and.thes

sel-ferti] n-..-uu, roduced capsules in number

PRINULA v
‘number of seeds per capsule .
PaINLA VEnS—(equal-styled var.) productiveness of th
i e il by e ot i pedsent
and averago nusiber of seeds per capsule . . . . .

This table includes thirty-three cases relating to
twenty-three species, and shows the degree of innate
fertility of plants of crossed parentage in com

with those of self-fertilised parentage ; both lots being
fertilised in the same manner. With several of the
species, as with Eschscholtzia, Reseda, Viola, Dian-
thus, Petunia, and Primula, both lots were certainly
cross-fertilised by insects, and so it probably was with
several of the others; but in some of the species, as
with Nemophila, and in some of the trials with Ipomcea
and Dinnthus, the plants were covered up, and both
lots were spontaneously self-fertilised. This also was
 necessarily the case with the capsules produced by the
eleistogamic flowers of Vandellia.
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The fertility of the crossed plants is represented in
the table by 100, and that of the self-fertilised by the
other figures, There are five cases in which the fertility
of the self-fertilised plants is approximately equal to
that of the erossed ; nevertheless, in four of these cases
the crossed plants were plainly taller, and in the fifth
somewhat taller than the self-fertilised. But I should
state that in some of these five cases the fertility of
the two lots was not strictly ascertained, as the capsules
were not actually counted, from appearing equal in
number and from all apparently containing a full com-
plement of seeds. In only two instances in the table,
viz, with Vandellia and in the third generation of
Dianthus, the capsules on the self-fertilised plants
contained more seed than those on the crossed plants.
‘With Dianthus the ratio between the number of seeds
contained in the self-fertilised and crossed capsules
was as 125 to 100; both sets of plants were left to
fertilise themselves under a net; and it is almost
certain that the greater fertility of the self-fertilised
plants was here due merely to their having varied
and become less strictly dichogamous, so as to mature
their anthers and stigmas more nearly at the same
time than is proper to the species. Excluding the
seven cases now referred to, there remain twenty-six
in which the crossed plants were manifestly much
more fertile, sometimes to an extraordinary degree,
than the self-fertilised with which they grew in com-
petition. The most striking instances are those in
which plants derived from a cross with a fresh stock
are compared with plants of one of the later self-fer-
tilised generations; yet there are some striking cases,
as that of Viola, between the intererossed plants of the
same stock and the self-fertilised, even in the first
generation. The results most to be trusted are those
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in which the productiveness of the plants was ascer-
tained by the number of capsules produced by an
equal number of plants, together with the actual or
average number of seeds in each capsule. Of such
cases there are twelve in the table, and the mean of
their mean fertility is as 100 for the crossed plants,
to 50 for the self-fertilised plants. The Primulaces
seem omlnently liable to suffer in fertility from self-

The followmg short table, E, includes four cases
which have already been partly given in the last table.
Tavix E—Innate Fertility of Plants from a Cross with a fresh

‘Stock, with that of Intercrossed Plants of the same

Stock, and with that of Self-fertilised Plants, all of the corre-

sponding Generation ; all these sets being fertilised in the same

manner, Fertility judged of by the number or weight of seeds
produced by an equal number of Plants,
il } 41 !

FLEET

00 | 4

MDMULS LUTEUS—the intercrossed plants are de-
ire fom o cro betwsn xo plate of the

sel-fertilined
B g s 00 et
‘self-fertilised plants belong to the 2ud generationf| 100 [ 45 | 40

DIANTIUS CARYOPHYLLUS—the intercrossed
s deired froms sl el of tho 3ed g

‘meration, 100 | 45 33
3nd pnerston The eif-frilied paats belon
tothe dth generation, . . . . . .
BB vactacns—the Inbrcrvmed and i o P
tilised plants belong to the Sth generation , .

.B.—In the above cases, excepting in that of Eschacholtzia, the plants

- B crom with o vk sock beloag on the mothercide fo'the

-p-n-ek intercrossed and self-fertilised plants, aud to the cor
un.
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These cases show us how greatly superior in innate
fertility the seedlings from plants self-fertilised or
intercrossed for several generations and then crossed
by a fresh stock are, in comparison with the seedlings
from plants of the old stock, either intercrossed or
self-fertilised for the same number of generations. The
three lots of plants in each case were left freely ex-
posed to the visits of insects, and their flowers without
doubt were cross-fertilised by them.

This table further shows us that in all four cases the
intercrossed plants of the same stock still have a
decided thongh small advantage in fertility over the
self-fertilised plants.

With respect to the state of the reproductive organs
in the self-fertilised plants of the two last tables,
only a few observations were made, In the seventh
and eighth generation of Ipomeea, the anthers in the
flowers of the self-fertilised plants were plainly smaller
than those in the flowers of the intercrossed plants.
The tendency to sterility in these same plants was
also shown by the first-formed flowers, after they had
been carefully fertilised, often dropping off, in the

same manner as frequently oceurs with hybrids. The

flowers likewise tended to be monstrous. In the
fourth generation of Petunia, the pollen produced
by the self-fertilised and intercrossed plants was
compared, and there were far more empty and shrivelled
grains in the former.

Relative Fertility of Flowers crossed with Pollen from a
distinct Plant and with their own Pollen.  This nading

ing
neration.—I will first treat of the parent-plants, which
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~were raised from seeds purchased from nursery-gardens,
‘or taken from plants growing in my garden, or
growing wild, and surrounded in every case by many
individuals of the same species. Plants thus circum-
- stanced will commonly have been intercrossed by
insects; so that the seedlings which were first ex-
- perimented on will generally have been the produet
‘of a cross. Consequently any difference in the
fertility of their flowers, when crossed and self-fer-
tilised, will have been caused by the nature of the
Bl cuployed ; that s, whether it was:taken: from
a distinct plant or from the same flower. The de-
. grees of fertility shown in the following table, F,
were determined in each case by the average number
of seeds per capsule, ascertained either by counting
or weighing.
Another element ought properly to have been taken
into account, namely, the proportion of flowers which
1ialdod capsules when they were crossed and self-fer-
tilised; and as crossed flowers generally produce a
larger proportion of capsules, their superiority in fer-
tility, if this element had been taken into account,
would have been much more strongly marked than
appears in Table F. But had I thus acted, there
 would have been greater liability to error, as pollen
~ applied to the stigma at the wrong time fails to pro-
 duce any eflect, independently of its greater or less
. 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
Aertilised be included in the caleulation, was afforded
by Nolana prostrata. Thirty flowers on some plants
of this species were crossed and produced twenty-seven
c each containing five seeds ; thirty-two flowers
the same plants were self-fertilised and produced

;
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only six capsules, each containing five sceds. As the
number of seeds per capsule is here the same, the fer-
tility of the erossed and self-fertilised flowers is given
in Table F as equal, or as 100 to 100, But if the
flowers which failed to produce capsules be included,
the crossed flowers yielded on an average 4+50 seeds,
whilst the self-fertilised flowers yielded only 0+ 94 seeds,
0 that their relative fertility would have been as 100
to 21. I should here state that it has been found con-
venient to reserve for separate discussion the cases of
flowers which are usually quite sterilo with their own

Tavix Fo—Kelative mauy.y the Flowers on the Pay
used in my Experiments, when fertilised with Pollen from a
dutmu’l-cmmamm Pollen.  Fertility judged of
by the average Number of Seeds per Capsule. Fertility of
Crossed Flowers taken as 100,

IroMceA PuRPUREA—crossed and  self-fertilised  flowers|
,mm.a soeds as (about) .
LuTEUs—crossed aud self-frtlised flowors ylel«ld]

rilivod Bo-ua)

Vixoiu xv:xrulxm—aw and sl fertilised

fowers yicldod seeds RO
G, pesovtesi-—cromod. aad s fotilied omer

yiehled soods as (by weight) . | » w100
BALTLA COmXEA—cromed snd sl I-mlhed u.-m yieldedy

scods s (about) . » w 100

B i s i t-ll!umhed nmn
D onic i
it cattromica—(English stoek) crossed nnd
oo Bowes oot prio o
FaquoLtas cuuronsior—(iruiln stock grova o
gland wnd selferti |§
(o welghty e (o) o o e
DR comsotin—ersed v it 5
elf-fertilised capsules » usly produc hnn-h .
Supported by other evidcace) richied oeds e %
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A second table, G, gives the relative fertility of
flowers on crossed plants again cross-fertilised, and of
flowers onself-fertilised plants again self-fertilised,
either in the first or in a later generation. Here two
causes combine to diminish the fertility of the self-
fertilised flowers ; namely, the lesser efficacy of pollen
from the same flower, and the innate lessened fertility
of plants derived from self-fertilised soeds, 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 different proportion of flowers which set capsules
when they are cross-fertilised and self-fertilised, are
here likewise applicable.

TABLE G.—Relative Fertility of Flowers on Crossed and Self-
Jertilised Plants of the First or some succeeding Geveration ; the
Sormer being again fertilised with Pollen from a distinet Plant,
and the latter again with their own Pollen, Fertility judged
of by the average Number of Sceds per Capaule. Fertility of
Crossed Flowers taken as 100,

IroNaA runrUREA—crossed and self-fertilised flowers on
the crossed and self-fortilised plants of the Ist generation
yiotdod soole an ¢ L ii Ve 4 Lo ik

IroNas FURFCREA—crowed and self-Gertilised flowers on
the crosed and self-fertilised plants of the 3nd generation
P o 0.y & vaiir o s e in el o

10N rURPUREA—cromsed and self-fertilised flowers on
the cromed and self-ertilised plants of the 4th generation| ,, . 94
Toohbol ool 88 1, bow e b Loy b

IrOMEA PURFUREA—crossed sud self-fertilised. flowers on|
the cromsed and solf-fertilised plants of the 5th genaration|| ,, , 107
yioldodsoodana . L L,

MiNOLUS LUTEUs—crowed and self-Gortilisod fowors on the,
crowed and self-fertilised planta of the Srd generation)| ,, ,, 63
Yiokdod seeds as by weight) . . 0]

MIMULUS LUTEUS—sams plants treated in the same manser| ol
on following year yielded seeds as (by weight) . o .f| # #

Muxuos and self-frtilived flowers on the
cromed and self-fertilised plaats of the $th generation
yiolded socds as (by weight) . . . .

T
| 1010 93
|
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: TasiE G—oontinued.

ymnmu—a-—dnlulf-ﬁmh-llwm—m‘
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As both theso tables relate to the fertility of
fertilised by pollen from another plant and by
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fertilised flowers in the second table, G, being
produced by self-fertilised parents, and the crossed
flowers 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 condi-
tions. These two tables include fifty cases relating to
thirty-two species. The flowers on many other species
were crossed and self-fertilised, but as only a few were
thus treated, the results eannot be trusted, as far as fer-
tility is concerned, and are not here given. Some other
cases have been rejected, as the plants were in an
unhealthy condition. If we look to the figures in the
two tables expressing the ratios between the mean
relative fertility of the crossed and self-fertilised
flowers, we seo that in a majority of the cases (i.e.,
in thirty-five out of fifty) flowers fertilised by pollen
from a distinet plant yield more, sometimes many more,
seeds than flowers fertilised with their own pollen ; and
they commonly set a larger proportion of capsules., The
degree of infertility of the self-fertilised flowers differs
extremely in the different species, and even, as we
shall see in the section on self-sterile plants, in the
individuals of the same species, as well as under
slightly changed conditions of life. Their fertility
ranges from zero to fertility equalling that of the
crossed flowers; and of this fact no explanation can
be offered. There are fifteen cases in the two tables
in which the number of seeds per capsule produced by
the self-fertilised flowers equals or even exceeds that
yielded by the crossed flowers. Some few of these
cases are, 1 believe, accidental ; that is, would not
recur on o second trial. This was apparently tho
case with the plants of the fifth generation of Tpomeea,
and in one of the experiments with Dianthus.
Nicotiana offers the most anomalous case of any,
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as the self-fertilised flowers on the parent-plants, and
on their descendants of the second and third genera-
tions, produced more seeds than did the crossed
flowers ; but we shall recur to this case when we treat
of highly self-fertile varieties.

It might have been expected that the difference in
fertility between the crossed and self-fertilised flowers
would have been more strongly marked in Table G, in
which the plants of one set were derived from self-
fertilised parents, than in Table F\, in which flowers on
the parent-plants were self-fertilised for the first time.
But this is not the case, as far as my scanty materials
allow of any judgment. There is therefore no evi-
dence at present, that the fertility of plants goes on
B iniishing in 5 e s 2
although there is some rather weak evidence that
this does ocour with respect to their height or growth.
But we should bear in mind that in the later genera-
tions the crossed plants had become more or less closely
inter-related, and had been subjected all the time to
nearly uniform conditions.

It is remarkable that there is no close correspondence,
either in the parent-plants or in the successive genera-
tions, between the relative number of seeds produced
by the crossed and self-fertilised flowers, and the
relative powers of growth of the seedlings raised from
such seeds. Thus, the crossed and self-fertilised
flowers on the parent-plants of Ipomcea, Gesneria,
Salvia, Limnanthes, Lobelia fulgens, and Nolana pro-
duced a nearly equal number of seeds, yet the plants
raised from the crossed seeds exceeded considerably in
height those raised from the self-fertilised seeds.
The crossed flowers of Linaria and Viscaria yielded
far more seeds than the self-fertilised flowers; and
although the plants raised from the former were taller
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than those from the latter, they were not so in any
corresponding degree. With Nicotiana the flowers
fertilised with their own pollen were more productive
than those crossed with pollen from a slightly different
variety ; yet the plants raised from the latter seeds
were much taller, heavier, and more hardy than those
raised from the self-fertilised seeds. On the other
hand, the crossed seedlings of Eschscholtzia were
neither taller nor heavier than the self-fertilisel,
although the crossed flowers were far more productive
than the self-fertilised. But the best evidence of a
want of eorrespondence between the number of seeds
produced by crossed and self-fertilised flowers, and
the vigour of the offspring raised from them, is afforded
by the plants of the Brazilian and European stocks
of Bschscholtzia, and likewise by certain individual
plants of Reseda odorata ; for it might have been ex-
pected that the seedlings from plants, the flowers of
which were excessively self-sterile, would have profited
in a greater degree by a cross, than the seedlings from
plants which were moderately or fully self-fertile, and
therefore apparently had no need to be erossed. But
no such result followed in either case: for instance,
the crossed and self-fertilised offspring from a highly
sclf-fertile plant of Ressda odorata were in average
height to each other as 100 to 82; whereas the similar
offspring from an excessively self-sterile plant were as
100 to 92 in average height.

With respect to the innate fertility of the plants
of crossed and self-fertilised parentage, given in the
previous Table D—that is, the number of seeds pro-
duced by both lots when their flowers were fertilised
in the same manner,—nearly the same remarks are
applicable, in reference to the absence of any elose
correspondence between their fertility and powers of
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growth, as in the case of the plants in the Tables F
and G, just considered. Thus the crossed and self-fer-
tilised plants of Ipomaea, Papaver, Reseda odorata, and
Limnanthes were almost equally fertile, yet the former
exceeded considerably in height the self-fertilised
plants. On the other hand, the crossed and self-fer-
tilised plants of Mimulus and Primula differed to an
extreme degree in innate fertility, but by no means to
a corresponding degree in height or vigour.

In all the cases of self-fertilised flowers included in
Tables E, F, and G, these were fertilised with their
own pollen ; but there is another form of self-fertilisa-
tion, viz, by pollen from other flowers on the same
plant; but this latter method made no difference in
comparison with the former in the number of seeds
produced, or only a slight difference. Neither with
Digitalis nor Dianthus were more seeds produced by
the one method than by the other, to any trustworthy
degree. With Ipomaa rather more seeds, in the pro-
portion of 100 to 91, were produced from a cross
between flowers on the same plant than from strietly
self-fertilised flowers; but I have reason to suspect that
the result was accidental. With Origanum vulgare,
however, a cross between flowers on plants propagated
by stolons from the same stock certainly increased
slightly their fertility. This likewise occurred, as we
shall see in the next section, with Eschscholtzia,
perhaps with Corydalis eava and Oncidium ; but not
sowith Bignonia, Abutilon, Tabernwemontana, Senecio,
and apparently Reseda odorata.

1 Self-sterile Plants.

The cases here to be described might have been
introduced in Table F, which gives the relative fer-
tility of flowers fertilised with their own pollen, and
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with that from a distinet plant; but it has been found
more convenient to keep them for separate discussion.
The present cases must not be confounded with those
to be given in the next chapter relatively to flowers
which are sterile when insects are excluded ; for such
sterility depends not merely on the flowers being
incapable of fertilisation with their own pollen, but on
mechanical canses, 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
A 1s and Plants under: ’Thad oceasion
to enter fully on the present subject; and I will there-
fore here give only a brief abstract of the cases there
described, but others must be added, as they have an
important bearing on the present work. Kolreuter
long ago described plants of Verbascum phaniceum
which during two years were sterile with their own
pollen, but were easily fertilised by that of four other
species; these plants however afterwards became more
or less self-fertile in a strangely fluctuating manner.
Mr. Scott also found that this species, as well as two of
its varieties, were self-sterile, as did Gartner in the
caso of Verbascum nigrum. So it was, according to
this latter author, with two plants of Lobelia fulgens,
though the pollen and ovules of both were in an
efficient state in relation to other species. Five species
of Passiflora and certain individuals of a sixth species
Tiave been found sterile with their own pollen; but slight
changes in their conditions, such as being grafted on
another stock or a change of temperature, rendered
them self-fertile. Flowers on a completely self-im-
potent plant of Passiflora alata fertilised with pollen
from its own self-impotent seedlings were quite fertile.
Mr. Scott, and afterwards Mr. Munro, found that some
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species of Oncidium and of M ina
hothouse in Edinburgh were quite sterile with their
own pollen; and Fritz Miller found this to be the
ease with a large number of Orchidaceons geners
growing in their native home of South Brazil® He
also discovered that the pollen-masses of some orchids

- acted on their own stigmas like a poison; and it

appears that Giirtner formerly observed indications of
this extraordinary fact in the case of some other
plants.

Fritz Miller also states that a species of Bignonia
and Tubernwmontana echinata are both sterile with
their own pollen in their native country of Brazil. t
Several Amaryllidaceous and Liliaceous plants are in
thesame predicament.  Hildebrand observed with care

is cava, and found it completely self-sterile;$
but according to Caspary a few self-fertilised seeds
are_occasionally produced: Corydalis halleri is only

. slightly self-sterile, and C. infermedia not at all so.§
B s Fumari 3

Hildel

Hypecoum,
observed | that H. grandiflorum was highly self-sterile,
whilst 2. prooumbens was fairly self-fertile, ~ Thunbergia
alata kept by mo in a warm greenhouse was self-sterile
early in the season, but at a later period produced
many spontaneously self-fertilised fruits, So it was
with Papaver vagum : another species, P. alpinum, was
found by Professor H. Hoffmann to be quite self-
sterile excepting on one occasion;¥ whilst P, somni-

has been with me always completely self-fertile,
Esclischollzia. californica.— This species deserves a
fuller consideration. A plant cultivated by Fritz

* “Bot, Zeitung,' 1868, p, 1

. 114, . Zeitung,' June 27, 1873,
4 Thid. 1868, p.'626, and 1870, heb. fiir wiss, Bofanik,
74,

iy nc:-.'m of the International Spociestrago; 1875,
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Miiller in South Brazilhappened to flower a month before
any of the others, and it did not produce a single
capsule, This led him to make further observations
during the next six generations, and he found that all
his plants were completely sterile, unless they were
erossed by insects or were artificially fertilised with
pollen from a distinet plant, in which case they were
completely fertile® Iwas much surprised at this fact,
as I had found that English plants, when covered by
a net, set a considerable number of capsules ; and that
these contained seeds by weight, compared with those
on plants intererossed by the bees, as 71 to 100.
Professor Hildebrand, however, found this species
much more self-sterile in Germany than it was with
me in England, for the capsules produced by self-
fertilised flowers, compared with those from intercrossed
flowers, contained seeds in the ratio of only 11 to 100.
At my request Fritz Miller sent me from Brazil seeds
of his self-sterile plants, from which I raised seedlings.
Two of theso were covered with anet, and one produced
spontaneously only a single capsule containing no good
seeds, but yet, when artificially fertilised with its own
pollen, produced a few capsules. The other plant pro-
duced spontaneously under the net eight capsules, one
of which contained no less than thirty seeds, and on
an average about ten seeds per capsule. Bight 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 distinet 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 capsu](‘s to 100 for the crossed

* <Bot, Zeitung, 1868, p. 115, und 1869, p. 228,
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capsules. Later in the season twelve other flowers on
these two plants were artificially self-fertilised ; but
they yielded only two capsules, containing three and
six sceds. It appears therefore that a lower tem-
than that of Brazil favours the self-fertility
of this plant, whilst a still lower temperature lessens it.
As soon as the two plants which had been covered by
the net were uncovered, they were visited by many
bees, and it was interesting to observe how quickly
they became, even the more sterile plant of the two,
covered with young capsules. On the following year
eight flowers on plants of the Brazilian stock of self-
~ fertilised parentage (i.e., grandchildren of the plants
which grew in Brazil) were again self-fertilised, and
produced five capsules, containing on an average 274
with a maximum in one of forty-two seeds; so
that their self-fertility had evidently increased greatly
by being reared for two generations in England. On
the whole we may conclude that plants of the Brazilian
- stock are much more self-fertile in this country than
in Brazil, and less so than plants of the English stock
in England ; so that the plants of Brazilian parentage
retained by inheritance some of their former sexual
constitution. Conversely, seeds from English plants
sent by me to Fritz Miller and grown in Brazil, were
much more self-fertile than his plants which had been
there for several ions ; but he informs
B . cf thio plauits of-Huglinh pezenthge which
did not flower the first year, and was thus exposed for
two seasons to the climate of Brazil, proved quite self-
sterile, like a Brazilian plant, showing how quickly
the climate had acted on its sexual constitution.
Abutilon darwinii—Seeds of this plant were sent
me by Fritz Miller, who found it, as well as some
other species of the same genus, quite sterile in its
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native home of South Brazil, unless fertilised with
pollen from o distinet plant, either artificially or
naturally by humming-birds.* Several plants were
raised from these seeds and kept in the hothouse.
They produced flowers very early in the spring, and
twenty of them were fertilised, some with pollen from
the same flower, and some with pollen from other
flowers on the sume plants; but not a single capsule
was thus produced, yet the stigmas twenty-seven hours
after the application of the pollen were penetrated by
the pollen-tubes. At the same time nineteen flowers
were crossed with pollen from a distinet plant, and
these produced thirteen capsules, all abounding with

fine sceds. A greater number of capsules would have.

been produced by the cross, had not some of the nine-
teen flowers been on a plant which was afterwards
proved to be from some unknown cause completely
sterile with pollen of any kind. Thus far these plants
behaved exactly like those in Brazil ; but later in the
season, in the latter part of May and in June, they
began to produce under a net a few spontaneously
self-fertilised capsules. As soon as this occurred,
sixteen flowers were fertilised with their own pollen,
and these produced five capsules, containing on an
average 34 seeds. At the same time I selected by
chance four capsules from the uncovered plants grow-
ing close by, the flowers of which I had seen visited
by humble-bees, and these contained on an average
215 seeds; so that the seeds in the naturally inter-
erossed capsules to those in the self-fertilised capsules
were as 100 to 16. The interesting point in this case
is that these plants, which were unnaturally treated
by being grown in pots in a hothouse, under another

* ¢ Jenaische Zeitschr. fir Nuturwiss.' B. vil. 1872, p. 22, and 1873,
4L
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hemisphere, with a complete reversal of the seasons,
were thus rendered slightly self-fertile, whereas they
seem always to be completely self-sterile in their
native home.

Senecio cruentus (greenhouse varieties, commonly
called Cinerarias, probably devived from several fruticose
or herbaceous species much intercrossed®).—Two purple-
flowered varieties were placed under a net in the
greenhouse, and four corymbs on each were re-
peatedly brushed with flowers from the other plant,
80 that their stigmas were well covered with each
other's pollen. Two of the eight corymbs thus treated
produced very fow sceds, but the other six produced
on an average 41°3 seeds per corymb, and these ger-
minated well. The stigmas on four other corymbs on
both plants were well smeared with pollen from the
flowers on their own corymbs; these eight corymbs
produced altogether ten extremely poor seeds, which
proved incapable of germinating. 1 examined many
Hlowers on both plants, and found the stigmas sponta-
neously covered with pollen; but they produced not a
single seed. These plants were afterwards loft un- -
covered in the same house where many other Cinerarias
were in flower; and the flowers were frequently visited
by bees. They then produced plenty of seed, but one
of the two plants less than the other, as this species
shows some tendency to be dimeious.

The trial was repeated on another variety with
white petals tipped with red. Many stigmas on two
eorymbs were covered with pollen from the foregoing
purple varicty, and these produced eloven and twenty-

ol o amuch bl to Mr.  liores that S cruntus, tut
Moors and to Mr. Thiselton Dyer inis, and_perhay i,
g T iy .nd';,.J-‘Zajm have
‘espect to tho varicties on which  all been more or less blended fo
T experimented.  Mr. Moore be-  gether in our Cinerarias,
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two seeds, which germinated well. A large number of
the stigmas on several of the other corymbs were re-
peatedly smeared with pollen from their own corymbs
but they yielded only five very poor seeds, which were
incapable of germination. Therefore the above three
plants belonging to two varieties, though growing
vigorously and fertile with pollen from either of the
other two plants, were utterly sterile with pollen from
other flowers on the same plant.

odorata.—Having observed that certain in-
dividuals were self-sterile, I covered during the
summer of 1868 seven plants under separate nets, and
will call these plants A, B, C, D, E, F, G. They all
appeared to be quite sterile with their own pollen,
but fertile with that of any other plant.

Fourteen flowers on A were crossed with pollen
from B or C, and produced thirteen fine capsules.
Sixteen flowers were fertilised with pollen from other
flowers on the same plant, but yielded not a single
capsule.

Fourteen flowers on B were erossed with pollen
from A, C, or D, and all produced capsules; some of
these were not very fine, yet they contained plenty ot
seeds. Eighteen flowers were fertilised with pollen
from other flowers on the same plant, and produced
not one capsule.

Ten flowers on C were crossed with pollen fiom A,
B, D, or E, and produced nine fine capsules. Nineteen
flowers were fertilised with pollen from other flowers
on the same plant, and produced no capsules.

Ten flowers on D were crossed with pollen from
A, B, C, or E, and produced nine fine capsules.
Eighteen flowers were fertilised with pollen from other
flowers on the same plant, and produced no capsules.

Seven flowers on E were crossed with pollen from
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A, C, or D, and all produced fine capsules. Eight
flowers were fertilised with pollen from other flowers
on the same plant, and produced no capsules.

On the plants F and G no flowers were crossed, but
very many (number not recorded) were fertilised with
pollen from other flowers on the same plants, and these
did not produce a single capsule.

Wo thus see that fifty-five flowers on five of the
above plants were reciprocally crossed in various ways ;

 several flowers on each of these plants being ferti-

lised with pollen from several of the other plants.
These fifty-five flowers produced fifty-two capsules,
almost all of which were of full size and contained
an abundance of seeds. On the other hand, seventy-
nine flowers (besides many others not recorded) were
fertilised with pollen from other flowers on the same
plants, and these did not produce a single capsule,
Tn one case in which I examined the stigmas of the
flowers fertilised with their own pollen, these were
penotrated by the pollen-tubes, although such pene-
tration produced no effect. Pollen falls generally,
and I believe always, from the anthers on the stigmas
of the same flower; yet only three out of the
above seven protected plants produced spontaneously
any capsules, and these it might have been thought
must have been self-fertilised. There were altogether
seven such capsules; but as they wero all seated close
1o 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 somo of these produced here and
there in the most capricious manner little groups
of capsules; and this makes me believe that a bee,
‘many of which settled on the outside of the net, being
z
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attracted by the odour, had on some one occasion
found an entrance, and had intercrossed a few of the
flowers.

In the spring of 1869 four plants raised from fresh
seeds were carefully protected under separate nets;
and now the result was widely different to what it was
before. Three of these protected plants became actually
loaded with capsules, especially during the early part
of the summer; and this fact indicates that tempera-
ture produces some effect, but the experiment given
in the following paragraph shows that the innate con-
stitution of the plant is a far more important element.
The fourth plant produced only a few capsules, many
of them of small size; yet it was far more self-fertile
than any of the seven plants tried during the previous
year. The flowers on four small branches of this
semi-self-sterile plant were smeared with pollen from
one of the other plants, and they all produced fine
capsules.

As T was much surprised at the difference in the
results of the trials made during the two previous
years, six fresh plants were protected by separate nets
in the year 1870. Two of these proved almost com-
pletely self:sterile, for on carefully searching them I
found only three small capsules, each containing either
one or two seeds of small size, which, however, ger-
minated. A few flowers on both these plants were
reciprocally fertilised with each other’s pollen, and
a few with pollen from one of the following self
fertile plants, and all these flowers produced fine
capsules. The four other plants whilst still remaining
protected beneath the nets presented a wonderfal
contrast (though one of them in a somewhat less
degree than the others), for they became actually
covered with spontaneously self-fertilised capsules, as.
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numerous as, or very nearly so, and as fine as those
on the unprotected plants growing near.

The above threo spontancously self-fertilised cap-
sules produced by the two almost completely self-
sterile plants, contained altogether five sceds; and
from these I raised in the following year (1871) five
plants, which were kept under separate nets. They
grew to an extraordinarily large size, and on August
29th were examined. At first sight they appeared
entirely destitute of capsules ; but on carefully search-
ing their many branches, two or three capsules were
found on three of the plants, half-a-dozen on the
fourth, and about eighteen on the fifth plant. But all
these capsules were small, some being empty; the
greater number contained only a single seed, and very
rarely more than one. After this examination the
nets were taken off, and the bees immediately carried
pollen from one of these almost self-sterile plants
to the other, for no other plants grew near. After a
few weeks the ends of the branches on all five plants
became covered with capsules, presenting a curions
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
purents; and without doubt a self-sterile race of
Mignonette could have been casily established.,

Reseda Iutea.—Plants of this species were raised
from seeds gathered from a group of wild plants grow-
ing at no great distance from my garden. After
casually observing that some of these plants were self-
sterile, two plants taken by hazard were protected
under separate nets. One of these soon became
covered with spontancously self-fertilised capsules, as

‘numerous as those on the surrounding unprotected

plants; so that it was evidently quite self-fertile.
z2
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The other plant was partially self-sterile, producing
very few capsules, many of which were of small
size. When, however, this plant had grown tall,
the uppermost branches became pressed against the
net and grew crooked, and in this position the bees
were able to suck the flowers through the meshes, and
brought pollen to them from the neighbouring plants.
These branches then became loaded with capsules
the other and lower branches remaining almost bare,
The sexual constitution of this species is therefore
similar to that of Reseda odorata.

Coneluding Remarks on self-sterile Plants.

In order to favour as far as possible the self-fer-
tilisation of some of the foregoing plants, all the
flowers on Reseda odorata and some of those on the
Abutilon were fertilised with pollen from other
flowers on the same plant, instead of with their own
pollen, and in the case of the Senecio with pollen from
other flowers on the same corymb; but this made no
difference in the result. Fritz Miller tried both kinds
of self-fertilisation in the case of Bignonia, Tabernm-
montana and Abutilon, likewise with no difference in
the result. With Eschscholtzia, however, he found
that pollen from other flowers on the same plant
was a little more effective than pollen from the
same flower. So did Hildebrand* in Germany; as
thirteen out of fourteen flowers of Eschscholtzia thus:
fertilised set capsules, these containing on an average
9+5seeds ; whereas only fonrteen flowers out of twenty-
one fertilised with their own pollen set capsules,
these containing on an average 90 seeds. Hildebrand

* * Pringshein's Jahrbuch. fir wiss. Botanik, vii. p. 467,
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found a trace of a similar difference with Corydalis
eava, as did Fritz Miller with an Oncidium.*

In considering the several cases above given of
complete or almost complete self-sterility, wo are first
struck with their wide distribution throughout the
vegetable kingdom. Their number is not at present
large, for they can be discovered only by protecting
plants from insects and then fertilising them with
pollen from another plant of the same species and with
their own pollen; and the latter must be proved to
be in an efficient state by other trials, Unless all
this be done, it is impossible to know whether their
self-sterility may not be due to the male or female
reproductive organs, or to both, having been affected
by changed conditions of life. As in the course of my
experiments I have found three new cases, and as Fritz
Miiller has observed indications of several others, it is
probablo that they will hereater be proved to be far
from rare.t

Aa with plants of the samo species and parentage,

If-sterile and others
oiwhu:h fact R«uda odorata offers the most !mkmg
instances, it is not at all surprising that species of
the same genus differ in this same manner. Thus
Verbaseum phaeniceum and nigrum are self-sterile, whilst
V. thapsus and lychnitis are quite self-fertile, as I
know by trial. There is the same difference between
some of the species of Papaver, Corydalis, and of other
 genera.  Nevertheless, the tendency to self-sterility
centainly runs to u certain extent in groups, as we see

auratum, Inpatiens pallida and
,vxvu. ma«m ""«‘h‘. v, 113 m.us Julea, canuot b fortilised with

3. ‘their own pollen. Rimpan shows
i tat rye fs probably serile with
Btates (quoted in * its own pollen.
»

© The Complete Work of Charles Darwin Online



842 SELF-STERILE PLANTS. Cuar. IX.

in the genus Passifiora, and with the Vandee amongst
Orchids.

Self-sterility differs much in degree in different
plants. In those extraordinary cases in which pollen
from the same flower acts on the stigma like a poison,
it is almost certain that the plants would never yield a
single self-fertilised seed. Other plants, like Corydalis
cava, occasionally, though very rarely, produce a few
self-fertilised seeds. A large number of species, as
may be seen in Table F, are less fertile with their own
pollen than with that from another plant ; and lastly,
some species are perfectly self-fertile. Even with the
individuals of the same species, as just remarked,
some are utterly self-sterile, others moderately so, and
some perfectly self-fertile. The cause, whatever it may
be, which renders many plants more or less sterile
with their own pollen, that is, when they are self-
fertilised, must be different, at least to a certain extent,
from that which determines the difference in height,
vigour, and fertility of the seedlings raised from self-
fertilised and crossed seeds; for we have already
seen that the two classes of cases do not by any means
run parallel. This want of parallelism would be
intelligible, if it could be shown that self-sterility
depended solely on the incapacity of the pollen-tubes
to penetrate the stigma of the same flower deeply
enough to reach the ovules; whilst the greater or less
vigorous growth of the seedlings no doubt depends on
the nature of the contents of the pollen-grains and
ovules. Now it is certain that with some plants the
stigmatic secretion does not properly excite the pollen-
grains, 80 that the tubes are not properly developed,
if the pollen is taken from the same flower, This is
the case according to Fritz Miller with Eschscholtzia,
for he found that the pollen-tubes did not penetrate.
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the stigma deeply ;* and with the Orchidaceous genus
Notylia they failed altogether to penetrate it.

With dimorphic and trimorphic species, an illegitis
mate union between plants of the same form presents
@ close analogy with self-fertilisation, whilst a legi-
timate union closely resembles cross-fertilisation ; and
here again the lessened fertility or complete sterility of
an llegitimate wnion depends, at least in part on the

for i ion between the pollen-g

and stigma. Thus with Linum grandiflorum, ns T
have elsewhere shown, not more than two or three
out of hundreds of pollen-grains, either of the long-
styled or short-styled form, when placed on the
stigma of their own form, emit their tubes, and
these do mot penetrate deeply; nor does the stigma
itself change colour, as oceurs when it is legitimately
fertilised.

On the other hand the difference in innate fertility,
as well as in growth between plants raised from crossed
and self-fertilised seeds, and the difference in fertility
and growth between the legitimate and illegitimate
offspring of dimorphic and trimorphic plants, must
depend on some incompatibility between the sexual
elements contained within the pollen-grains and ovules,
as it is through their union that new organisms are
developed.

If we now tum to the more immediate cause of
selfsterility, we clearly see that in most cases it is de-
termined by the conditions to which the plants have
been subjected. Thus Eschscholtzia is completely self-
sterile in the hot climate of Brazil, but is perfectly
fertile thero with the pollen of any other individual.
The offspring of Brazilian plants became in England

D\ﬂ‘awnt Forms of

* ‘Bot. Zeitung 1868, pp. 114, *T)
15, Flowers, &c., p.
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in o single generation partially self-fertile, and still
more o in the second generation. Conversely, the
offspring of English plants, after growing for two
seasons in Braail, becatne in the first generation quite
self-sterile. Again, Abutilon darwinii, which is self-
sterile in its native home of Brazil, became mode-
rately sltfrtle in  single generation in an English
hothouse, Some other plants are self-st & tholl
early part of the year, and later in the season become
selt-fortile. Passiflora alata lost its self-sterility when
grafted on another species. With Reseda, however,
in which some individuals of the sume parentage are
self-sterile and others are self-fertile, we are forced in
our ignorance to speak of the cause us due to spon-
taneous variability ; but we should remember that the
progenitors of these plants, either on the male or
female side, may have been exposed to somewhat
different conditions. The power of the environment
thus to affect so readily and in so peculiar o manner
the reproductive organs, is a fact which has many
important bearings; and 1 have therofore thought
the foregoing details worth giving. For instance, the
sterility of many animals and plants under changed
of life, such evidently comes
within the same general principle of the sexual
system being easily affected by the environment. It
hns already been proved, that a cross between plants
which have been self-fertilised or intercrossed duri
several generations, having been kept all the time
under) cloeely similar. conditions, ‘does: not/betell
the offspring; and on the other hand, that a cross
between plants that have been subjected to difforent
conditions benefits the offspring to an extraordinary
degree. We may therefore conclude that some degree
of differentiation in the sexual system is necessary for
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the full fertility of the parent-plants and for the fall
vigour of their offspring. It seems also probable that
with those plants which are capable of complete self-
fertilisation, the male and female elements and organs
already differ to an extent sufficient to excite their
mutual interaction ; but that when such plants are
taken to another country, and become in consequence
self-sterile, their sexual elements and organs are so
acted on as to be rendered too uniform for such inter-
action, like those of a self-fertilised plant long
cultivated under the same conditions, Conversely, we
may further infer that plants which are self-sterile in
their native country, but become self-fertile under
ehanged conditions, have their sexual elements so acted
on, that they become sufficiently differentiated for
mutual interaction.

We know that self-fertilised seedlings are inferior in
many respects to those from a cross; and as with
plants in a state of nature pollen from the same
flower can hardly fail to be often left by insects or by
the wind on the stigma, it seems at first sight highly
probuble that self-sterility has been gradually acquired
through natural selection in order to prevent self-
fertilisation. It is no valid objection to this belief
that the structure of some flowers, and the dichogamous
condition of many others, suffice to prevent the pollen
reaching the stigma of the same flower; for we should
rtemember that with most species many flowers
expand at the same time, and that pollen from the
same plant is equally injurious or nearly so as
that from the same flower. Nevertheless, the belief
that self-sterility is a quality which has been gradually
aequired for the special purpose of preventing seli-
fertilisation must, I believe, be rejected. In the
first place, there is 1o close correspondence in degreo
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between the sterility of the parent-plants when self-
fertilised, and the extent to which their offspring suffer
in vigour by this process; and some such correspon-
dence might have been expected if self-sterility had
been acquired on account of the injury caused by self-
at The fact of indi of the same
parentage differing greatly in their degree of self-
sterility is likewise opposed to such a belief; unless,
indeed, we suppose that certain individuals have
been rendered self-sterile to favour intercrossing,
whilst other individuals have been rendered self-
fertile to ensure the propagation of the species. The
fact of self-sterile individuals appearing only ocea-
sionally, as in the case of Lobelia, does not counte-
nance this latter view. But the strongest argument
against the belief that self-sterility has been acquired
to prevent self-fertilisation, is the immediate and
powerful effect of changed conditions in either causing
or in removing self-sterility. We are not therefore
justified in admitting that this peculiar state of the
reproductive system has been  gradually acquired
thmugh natural selectlon but we must look at it as
Tes dent on the conditi
wluch the plnnts huve been subjected, like the ordumry
sterility caused in the case of animals by confinement,
and in the case of plants by too much manure, heat, &e.
I do not, however, wish to maintain that self-sterility
may not sometimes be of service to a plant in preventing
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 selfsterility scems an
almost superfluous acquirement for this purpose,
Finally, the most interesting point in regard to self-
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sterile plants is the evidence which they afford of the
advantage, or rather of the necessity, of some degree or
kind of differentiation in the sexual elements, in order
that they should unite and give birth to a new being.
It was ascertained that the five plants of Reseda odorata
which were selected by chance, could be perfectly
fertilised by pollen taken from any one of them, but
not by their own pollen; and a few additional trials
were made with some other individuals, which I have
not thought worth recording. So again, Hildebrand
and Fritz Miiller frequently speak of self-sterile plants
being fertile with the pollen of any other individual ;
and if there had been any exceptions to the rule, these
could hardly have escaped their observation and my
own. We may therefore confidently assert that a
selfsterile 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
s do their external characters; and it has often been
remarked that no two individuals are absolutely
alike. Therefore we can hardly avoid the conclusion,
that differences of an analogous and indefinite nature
in the reproductive system are sufficient to excite the
mutual action of the sexual elements, and that unless
there be such differentiation fertility fails.

The appearance of highly self-fertile Varictios—We
have just scen that the degree to which flowers are
capable of being fertilised with their own pollen differs
much, both with the species of the same genus, and
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sometimes with the individuals of the same species.
Some allied cases of the appearance of varieties which,
when self-fertilised, yield more seed and produce off-
spring growing taller than their sl fertlised parents,
or than the i plants of the

generation, will now be considered.

Firstly, in the third and fourth generations of
Mimulus luteus, a tall variety, often alluded to,
having large white flowers blotched with crimson,
appeared amongst both the intercrossed and self-
fertilised plants. It prevailed in all the later self-
fertilised generations to the exclusion of every other
variety, and transmitted its characters faithfuily, but
disappeared from the intercrossed plants, owing no
doubt to their characters being repeatedly blended by
crossing. The self-fertilised plants belonging to this
variety were not only taller, but more fertile than the
intercrossed plants ; though these latter in the earlier

nerations were much taller and more fertile than the
self-fertilised plants. Thus in the fifth generation the
self-fertilised plants were to the intercrossed in height
as 126 to 100. In the sixth generation they were
likewise much taller and finer plants, but were not
actually measured ; they produced capsules compared
with those on the intercrossed plants, in number, as 147
to 100; and the self-fertilised capsules contained a
greater number of seeds. In the seventh generation.
the self-fertilised plants were to the crossed in height
as 137 to 100; and twenty flowers on these self-fer-
tilised plants fertilised with their own pollen yielded
nineteen very fine capsules,—a degree of self-fertility
which I have not seen equalled in any other case, This
variety seems to have become specially adapted to profit
inevery way by self-fertilisation, althongh this process
was 5o injurious to the parent-plants during the first
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four generations. Tt should however be remembered
that seedlings raised from this variety, when erossed by
a fresh stock, were wonderfully superior in height and
fertility to the self-fertilised plants of th di
generation,

Secondly, in the sixth self-fertilised generation of
Tpomeea a single plant named the Hero appeared, which
exceeded by  little in height its intererossed opponent,
—a case which had not occurred in any previous
generation. Hero transmitted the peculiar colour of
its flowers, as well as its increased tallness and a high
‘degree of self-fertility, to its children, grandchildren,
and great-grandchildren. The self-fertilised children
of Hero were in height to other self-fertilised plants
of the same stock as 100 to 85. Ten self-fertilised
eapsules 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
eapsules of self-fertilised flowers. The great-grand-
children of Hero derived from a cross with a fresh
stock were so unhealthy, from having been grown at
an unfavourable season, that their average height in
comparison with that of the self-fertilised plants
eannot be judged of with any safety; but it did not
appear that they had profited even by a cross of this
kind.

Thirdly, the plants of Nicotiana on which I experi-
mented appear to come under the present class of
‘cases; for they varied in their sexual constitution
and were more or less highly seltfertile. They
were probably the offspring of piants which had been
spontancously self-fertilised under glass for several
generations in this country. The flowers on the
- parent-plants which were first fertilised by me with their
~own pollen yielded half again as many seeds as did
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those which were crossed; and the seedlings raised
from these self-fertilised seeds exceeded in height
those raised from the erossed seeds to an extraordis
degree. In the second and third generations, although
the self-fertilised plants did not exceed the crossed in
height, yet their seli-fertilised flowers yielded on two
occasions considerably more seeds than the crossed
flowers, even than those which were crossed with pollen
from a distinet stock or variety.

Lastly, as certain individual plants of Reseda odorata
and lufea are incomparably more self-fertile than other
individuals, the former might be included under the
present heading of the appearance of new and highly
self-fertile varieties. But in this case we should have
t0 look at these two species as normally self-sterile ;
and this, judging by my experience, appears to be the
correct view.

We may therefore conclude from the facts now given,
that varieties sometimes arise which when self-fer-
tilised possess an increased power of producing seeds
and of growing to a greater height, than the inter-
crossed or self-fertilised plants of the corresponding
generation—all the plants being of course subjected
to the same conditions. The appearance of such
varieties is interesting, as it bears on the existence
under nature of plants which regularly fertilise them-
selves, such as Ophrys apifera and some other orchids,
or as Leersia oryzoides, which produces an abundance
of cleistogamic flowers, but most rarely flowers capable
of eross-fertilisation.®

Some observations made on other plants lead me
to suspect that self-fertilisation is in some respects
beneficial ; although the benefit thus derived is as a

* On Leersia, see * Different Forms of Flowers,” &c., p. 835,
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rule very small compared with that from a cross with
a distinet plant. Thus we have seen in the last chapter
that seedlings of Ipomeea and Mimulus raised from
flowers fertilised with their own pollen, which is the
strictest possiblo form of self-fertilisation, wero superior
in height, weight, and in early flowering to the seedlings
ruised from flowers crossed with pollen from other flowers
on the same plant; and this superiority apparently was
t00 strongly marked to be accidental. Again, the cul-
tivated varietics of the common pen are highly self-
fertile, although they have been self-fertilised for many
generations; and they exceeded in height seedlings
from a cross between two plants belonging to the same
variety in the ratio of 115 to 100 ; but then only four
pairs of plants were measured and compared. The
seli-fertility of Primula veris increased after several

i of illegiti ilisation, which is a
process analogous to self-fertilisation, but only as long
as the plants were cultivated under the same favour-
able conditions. I have also elsewhere: shown® that
with several species of Primula equal-styled varieties
oceasionally appear which possess the sexual organs
of the two forms combined in the same flower. Con-
sequently they fertilise themselves in a legitimate
manner and are highly self-fertile ; but the remarkable
fact is that they are rather more fertile than ordinary
plants of the same species legitimately fertilised by
pollen from a distinet individual. Formerly it appeared
10 me probable, that the increased fertility of these
heterostyled plants might be accounted for by the
stigma lying so close to the anthers that it was im-
pregnated at the most favourable age and time of
tho day; but this explanation is not applicable to the

* *Different Forms of Flowers, &, p. 272.
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above given cases, in which the flowers were artificially
fertilised with their own pollen.

Considering the facts now adduced, including the
appearance of those varieties which are more fertile
and taller than their parents and than the intercrossed
plants of the corresponding generation, it is difficult
to avoid the suspicion that self-fertilisation is in some
respects advantageous; though if this be really the
case,® any such advantage is us a rule quite insignifi-
cant compared with that from a cross with a distinet
plant,and especially with one of a fresh stock. Should
this suspicion be hereafter verified, it would throw
light, as we shall see in the next chapter, on the exist-
ence of plants bearing small and inconspicuous flowers
which are rarely visited by insects, and therefore are
rarely intercrossed.

Relative Weight and Period of Germination of Seeds
Jrom erossed and self-fertilised Flowers—An  equal
number of seeds from flowers fertilised with pollen from
another plant, and from flowers fertilised with their own.
pollen, were weighed, but only in sixteen cases. Their
relative weights are given in the following list; that
of the seeds from the crossed flowers being taken as 100.

Tpomas purpere (parentplents) - . . . . . . as100t01E0
= generation S
5n|rinmednu . A

rassica ol » o a0
Iberhumbellnu(sewndmerluﬂn) SR e
Delpbaium comolida s e s e e
Hibiens P oA

\ummn- .. . c e omop UB
T oyrus odoratus (about) 5 ol et THR O
Sarothamaus scoparius . R

» M. Ermam, who tntends pub.  another flwer. T hapo that bis
Tishing on the present subj view may hereafter bo
bas ind na 0 send me  correct, o the mubject of gres
iy MS. to read. Hois convinced  and selffertilisation would bo
s -al“mﬂ(u\lm is never  thus much simplified.
more beneficial than a cross with
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| Camna warscewiczi (three generations) . . . .

- It is remarkable that in ten out of these sixteen
‘cases the self-fertilised seeds were either superior or
;.qnl to the crossed in weight ; nevertheless, in six out
of the ten cases (viz, with Tpomea, Salvia, Brassica,
Tropwolum, Lathyrus, and Nemophila) the plants
raised from these self-fertilised seeds were very inferior
height and in other respects to those raised from the
ossed seeds. The superiority in weight of the self-
fertilised seeds in at least six out of the ten cases,
ely, with Brassica, Hibiscus, Tropwolum, Nemophila,
and Canna, may be accounted for in part by
the self-fertilised capsules containing fewer seeds; for
en a capsule contains only a few seeds, these will be
to be better nourished, so as to be heavier, than
en many are contained in the same capsule. It
d, however, be observed that in some of the above
ses, in which the crossed seeds were the heaviest, as
h Sarothamnus and Cyclamen, the crossed capsules
ined a larger number of seeds. Whatever may be
explanation of the self-fertilised seeds being often
heaviest, it is remarkable in the case of Brassica
colum, Nemophila, and of the first generation of
that the seedlings raised from them were
in height and in other respects to the seed-
raised from the crossed seeds. This fact shows
superior in constitutional vigour the crossed seed-
must have been, for it cannot be doubted that
and fine seeds tend to yield the finest plants.
ton has shown that this holds good with Lathyrus
; as has Mr. A. J. Wilson with the swedish

2a
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turnip, Brassica_campesiris ruta baga. Mr. Wilson
separated the largest and smallest seeds of this latter
plant, the ratio between the weights of the two lots
being as 100 to 59, and he found that the seedlings
“from the larger seeds took the lead and maintained
their superiority to the last, both in height and thick-
ness of stem.”*  Nor can this difference in the growth
of the seedling turnips be attributed to the heavier
seeds having been of crossed, and the lighter of self-
fertilised origin, for it is known that plnnts belonging
to this genus are habitually intercrossed by insects.
‘With respect to the relative period of germination of
crossed and self-fertilised seeds, a record was kept in
only twenty-one cases; and the results are very per-
plexing. Neglecting one case in which the two lots
germinated simultaneously, in ten cases or exactly one~
half many of the self-fertilised seeds germinated before.
the erossed, and in the other half many of the crossed
before the self-fertilised. Tn four out of these twenty
cases, seeds derived from a cross with a fresh stock’
were compared with self-fertilised seeds from one of the
later self-fertilised generations; and here again in
the cases the crossed seeds, and in the other half the
seli-fertilised seeds, germinated first. Yet the plants
of Mimulus raised from such self-fertilised seeds were
inferior in all respects to the ecrossed plants, and ir

. ‘ﬂudmmn Clronile,” mﬂ, by long-continued -eled\lm‘

ur-Deslongel
F ln-mnhln-. ‘842, . m.m) cereals u greater amount
waa Jed by his observations to or other mattor, than the
e nlnmdlnuy conclusion that  lings can utilise for their
the smaller graiis of cereals pro-  There ean bo littlo doul
duce as fino plants us the lrge, Humboldt long ago
Thiy omluuuu Ky Toveres oo, Lt e
wocceas L ln;}:rnrhg wheat by i 8, dogres

est graink, jurious to the species,
e Tl T "
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he case of Eschscholtzia they were inferior in fertility.
ely the relative weight of the two lots of
was ascertained in only a few instances in which
germination was observed ; but with Ipomcea and
eve with some of the other species, the relative
ess of the self-fertilised sceds apparently deter-
ed their early germination, probably owing to the
mass being favourable to the more rapid com-
of the chemical and morphological changes
for germination.* On the other hand, Mr.
lton gave me seeds (no doubt all self-fertilised) of
a us odoratus, which were divided into two lots of
er and lighter sceds; and several of the former
nated first. It is evident that many more obser-
ns are necessary before anything can be decided
respect to the relative period of germination of
d and self-fertilised seeds.

latter subject see an abstract in
Burbidge's *Cultivated Plunte,
) pe 38, on the important
experiments showing the mme
# resnite, by Dr. Marck and Prof.
seeds yicld the finer erop  Lehmann.
plant i to this
Wit b
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CHAPTER X.
Maxs ov Frnisatios.
Statiy s ety of lants wheo fosele aroazslnlad—The

by w ors

bety structure
o fowen, the vt of e, n the whvantages of emoes £
—The means by which flowers are fertilised with p
o plant—Greater fortilising power of such p
—Anemoplilous apeeies—Conyersion of anemophilons specics

i e e
i o S

Iy the introductory chapter 1 briefly specified
various means by which cross-fertilisation is fave
or ensured, namely, the separation of the sexes,
maturity of the male and female sexual elements
different periods, — the heterostyled or dimor
and_trimorphic condition of certain plants,—
mechanical contrivances,—the more or less comple
inefficiency of a flower’s own pollen on the stigmay;
the prepotency of pollen from any other indi
over that from the same plant. Some of these po
require further consideration; but for full de
must refer the reader to the several excellent
méntioned in the introduction. 1 will in the first

give two lists : the first, of plants which are either qu
sterile or produce less than about half the fall e
plement of seeds, when insects are excluded; and
second list of plants which, when thus treated, are fi
fertile or produce at least half the full comple
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of sceds. Theso lists have been compiled from the
several previous tables, with some additional cases from
my own observations and those of others. The species
are arranged nearly in the order followed by Lindley
in his ‘Vegetable Kingdom. The reader should
observe that the sterility or fertility of the plants in
these two lists depends on two wholly distinct causes;
namely, the absence or presence of the proper means
by which pollen is applied to the stigma, and its less
or greater efliciency when thus applied. As it is
obvious that with plants in which the sexes are separate,
pollen must be carried by some means from flower to
flower, such species are excluded from the lists; as
are likewise hetcrostyled plants, in which the same
necessity occurs to a limited extent. Experience has
proved to me that, independently of the exelusion 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 inforred from the consideration of the two
 following lists, as they include a considerable number
of species belonging to the same genera, some of which
are quite sterile and others quite fertile when protected
by a net from the access of inseets.

E

. List of Plants which, when Tnsects are cxcluded, are either
quite sterile, or produce, as far as I could judge, less
than half the number of Seeds produced by unpro-
\tected Plants.

Passiflora alata, racemosa, corulea, edulis, laurifolia, and some
individuals of P. quadrangularis (Passifioraces), are quite
sterilo under theso conditions: seo * Variation of Animals
and Plants under Domestication,’ chap. xvii. 2ud edit. vol. ii.

». 118,

B canine: (Violacem) —Perfect flowers quite sterile unless

fertilised by bees, or artificially fertilised.
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V. tricolor.—Sets very few and poor capsules.
Tonite whorele Bamihoms\e—Eiaos ndiyiduste quite sterile.
2. luea—Some indivduala produce very o and pooe caps

Am.lo. darwinii (Malvacew)— Quite sterile in Brazil: see
on self-sterile planta.

Nymphta (N (Nymphamaces)—Professor Caspary informs me that
some of the spacies are quite sterile if inscets are excluded.
Buryale amazonica (Nymphwacew).—Mr. J. Smith, of Kew, in-
forms me that capsules from flowers left to themselves, and
‘probably not visited by insects, contained from eight to fif-
foen seeds; those from flowers artificially fertilised with
pollen from other flowers on the same plant contained from

1o thirty seeds; and that two flowers fertilised with

pollen brought from another plant at Chatsworth contained

vi.

Delphinium consolida (Ranuneulacew).—Produces many capsules,
but these contain only about half the number of seeds com=
pared with enpsules from flowers naturally fertilised by
bees.

californica ( Brazilian plants quite

sterilo: Tnglish plants produce a few capsules.
I'upfmet vagum (Papaveraces).—In the carly part of the summer.
roduced vory fow capeules, and.theso contained very o

P alpumm —H. Hoffmann ( Speciesfrage,’ 1875, p. 47) states
that this species produced seeds eapable of germination only.
on one occasion.

Corilali cavs (Fumariacere)—Sterile: oo the previous diseus-
sion on self-sterile plants.

€. solida—1I hud a single plant in my garden (1863),-nd-v
many hive-bees sucking the flowers, but ot a single seed
was produced. I was much surprised at this fact, ns Pro-
fessor Hildebrand's discovery that C. cava is sterile with
own pollen had not then been made. He likewiso con
from the fow exporiments which he mado on the p
-pme- that it is self-sterile. The two foregoing cases

, because botanists formerly thought (see,
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instanco, Locoq,  De la Fécondation ot de PHybridation,
M p. 61, and undley, “Vegetablo Kingdom, 1853, p. m)
that all

~for self-fertilisation.

€. lutea.—A covered-up plant produced (1861) exactly half as
many capsules as an exposed plant of the same sizo grow=
ing close alongside. When humble-bees visit the flowers
(and T repeatedly saw them thus acting) the lower petals
suddenly spring downwards and the pistil upwards; this
is due to the elasticity of the parts, which takes effect, us
800n as the coherent edges of the hood are separated by tho
entrance of an inscet. Unless insects visit the flowers tho
parts do not move. Nevertheless, many of the flowers on
the plants which 1 had protected produced capsules, not-
‘withstanding that their petals and pmhl.u still rotuined their
original position; and I found to my surprise that these
capsules contained more seeds than those from flowers, the
petals of which had been artificially separated and allowed
to spring apart. Thus, nine capsules produced by undis-
turbed flowers contained fifty-three sceds; whilst nine cap-
sules from flowers, the petals of which had been artificially
separated, contained only thirty-two seeds. But wo should
remember that if boes had been permitted to visit theso
flowrs, they would have visited them at the best time for
fortilisation. The flowers, the petals of which had been
artificially separated, set their capsules before those which
ware loft undisturbed under the not. To show with what
certainty the flowers are visited by bees, T may add that
on one occasion all the flowers on some unprotected plants
were examined, and every singlo ono had its petals scpa-
rated ; and, on & second oceasion, forty-one out of forty-
threo flowers wero in this state. Hildobrand states (Pring.
Jabr. £, wiss. Botanik, B. vii., p. 450) that the mechanism
of the parts in this species is nearly the same as in €\ ochro-
~ leuca, which he has fully deseribed.
Hypeeoum ymvvllﬁoﬂlm (Fumariacess).—Highly self-sterile (Hil-
- debrand, ibid.
Kalnia latifolia (Ericacow).—Mr. W. J. Beal says (* Amrican
Naturalist, 1867) that flowers protected from insects wither
~ and drop off, with “ most of the anthers still remaining in
- the pockets.”
Pelurgonium zonale (Geraninces).—Almost sterile; one plant
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produced two fruits. Tt is probablo that difforent varieties
would differ in this respect, as some are only feebfy dicho-

gamous.
Dianthus_caryophyllus (&ryuphyllwu).—?mdu- very fow
seeds.

eighth of the full number of seeds: see my article in
“Gardeners’ Chronicle, 1857, p. 225, and 1858, p. 828; also
* Annals and Mag. of Natural History,’ 8rd series, vol. ii.
1858,p. 462, Dr. Ogle (* Pop. Seience 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-
inq fo Mr. Belt, the species is thero quite sterile: *The
Naf in Nicaragua, p.
m.,m-. (hgmm-}—&vmhm covered-up plants yielded
beans, whilst seventeen plants left unprotected and
mmwnmﬂwmbﬁm these latter
plants were, therefore, between three and four times more
fertile than the protected plants: see ¢ Gardeners’ Chronicle *
for fuller details, 1858, p. 828.
Erythrina (sp.7) (Leguminos).—Sir W. MacArthur informed
me that in New South Wales the flowers do not set, unless
the petals are moved in the same manner as is done by

inseots.

Lathyrus grandijlorus (Leguminosw).—Is in this country more or
less sterile. It never sets pods unless the flowers are visited
by humble-becs (and this happens only rarely), or unless
they aro artificially fertilised: see my articlo in * Gardeners’
Chronicle,’ 1858, p. §25.

seoparius (L s Exts sterile when
the flowers are neither visited hy bees, nor dum-b-d by
being beaten by the wind against the surrounding net.
muum nﬂmmlu (Leguminoss).— An unprotected plant visited
bees produced at least thirty times more seeds than &
mmu.d one.  On this latter plant many scores of racemes
8id not produce a single pod; several racomes produced
cach one o two pods; five produced threo; six produced
four; and one produced six pods. On the unprotected plant
aach of soveral racemes produced fifteen pods; nine pro-
duced between sixteen and twenty-two pods, and one
produced thirty pods.
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Zotus corniculatus (Leguminose).—Several covered-up plants
eodnesd culy bwo Gaaply pots, a2 aok » singie good med
' Tvifelim repens (Leguminosw).—Several plants were protected
ﬁmhm and the seeds from ten flower-heads on these
plants, and from ten heads on other plants growing ontside
the net (which T saw visited by bees), were counted ; and
the sceds from tho latter plants were very nearly ten times
s numerous as thoso from the protected plants. The ex-
periment was repeated on the following year; and twenty
protected heads now yielded only a singlo aborted seed,
B et Liods, o tho i ataide thomet (which T
saw visited by bees) yielded 2290 seeds, as caloulated by
weighing 8l e e, R couning the mumbor n » wight
of two grai

B Oce unised Sowerchoads on piants 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 scods weighed two
grains, the 100 heads must have yielded 2,720 soeds. I have
often watched this plant, and have nover seen hive-bees
sucking the flowers, except from the outside throngh holes
Bitten by humble-bees, or deep down between the flowers, as
if in search of some secretion from the calyx, almost in the
samo manner as described by Mr. Farrer, in the case of
Coronilla (‘Nature,” 1874, July 2, p. 169). I must, how-
ever, excopt one occasion, when an adjoining field of sainfoin
(Hedysarum onobrychis) had just boen cut down, and when
the bees scomed driven to desperation. On this occasion
ost of the flowers of the clover were somewhat withored,
and contained an extraordinary quantity of nectar, which
the bees were able to suck. An apiarian,
M. Miner, says that in the United States hive-bees never
suck the red clover; and Mr. R. Colgate informs me that
he has observed tho same fact in New Zealand after the
introduction of the hive-be into that island. On th other
hand, H. Miller (‘ Bofrachtung,” p. 224) has often seen hive-
Tees visiting this plant in Germany, for tho sake both of
pollen and nectar, which latter they obtained by breaking
apart the potals, Tt is at least cortain that humblo-bees are

 tho chiof furtilisers of the common red clover.
2, incarnatum.—The flower-heads containing ripe secds, on some
covered and uncovered plants, appeared equally fine, but
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this was a false appearance; 60 heads on tho latter yielded.
849 grains weight of seeds, whereas 60 on the covered-up
plants yielded only sam and many of the seeds in the
Intter lot were poor and aborted. Therefore the flowers
which were visited by becs produced between five and six
times s many scods us those which wero protected. The
overed-up pians nt baring been much extaasld by seed-
bearing, bore a second considerablo crop of flower-stems,
the exposed plants did not do so.
Cytisus laburnum (Legnminose)—Soven flowor-racemes ready to
wero enclosed in a largo bag mado of net, and they
did not secm in the least injured by this treatment. Only
threo of them produced any pods, each o single one; and
theso threo pods contained one, four, and five
Moﬂlylmgls;xxdﬁommm racemes included &
fair complement of secds.
Cuphea Lyt

on the same plant artifieially fertilised under the net yielded
seods.

Vinea major (Apocynacess)—Ts gencrally quito sterile, but some-
times sots scods when artificially cross-fertilised : see my
notieo, * Gardencrs’ Chronielo,” 1861, p. 552.
rosea.—Behaves in the sume mamner ns tho last species:
*Gardeners’ Chronicle,’ 1861, pp. 699, 736, 881

Tabernamontana echinata (Apocynacem).—Quite sterile.

Petunia. violacea (Solanacew).—Quito sterilo, ns far as T have

ol %

Solanum. tuberosum_(Solanacess)—Tinzmamn says (“Gardencrs’
Chroniclo,’ 1846, p. 183) that somo varieties are quite sterile
‘unless fertilised by pollen from another vari

Primuda seotica (Prinmulacess)—A non-dimorphic species, which
is fertile with its own pollen, but is extremely sterile if
insects are excluded. J. Scott, in “Journal Linn. Soe. Bot.”
vol. vii. 1864, p. 119,

Cortusa. matthioli (Primulacese)—Protected plants completely
sterilo; artificially self-fertilised flowers perfoctly fertile.
J. Seott, bid. p. 81.

Cyclamen persicum (Primulacess).—During ono season several

covered-up plants did not produco a singlo sced.
Borago offcinalis (Boraginacem).—Protectod plants produced
bont hulf as many sceds as the unproteoted.
Balvia tenori (Labiatie).—Quite sterilo; but two or threa flowers
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on the summits of threo of the spikes, which touched the
net when the wind blew, produced a fow seeds. This
sterility was ok dae to th injarious ebos of the e for T
five flowers with pollen from an adjoining plant,
and theso all yiclded fine sceds. I removed the net, whilst
one little branch still bore a fow not completely faded
flowers, and theso were visited by bees and yiclded sceds.

8. eoccinea.—Somo covered-up plants produced o good many
fruits, but not, I think, half as many as did the uncovered
plants ; twonty-eight of the fruits spontancously produced
by the protected plant contained on an average only 1445
soeds, whilst some artificially self-fertilised fruits on the
samo plant contained more than twice as many, viz., 88
sceds.

Bignonia (unnamed species) (Bignoniacer).—Quite sterile: sce
‘my account of self-sterile plants.

Digitalia. purpuren (Serophulariaces).—Extremely sterile, only &
few poor capsules being prod:

Linaria valgaris (Serophularinces)—Extremely sterilo,

Antirrkinun majus, red var. (Serophulariacem).—Fifty pods
gathered from a large plant under a net contained 98 grains
weight of seeds; but many (unfortunately not counted) of
the fifty pods contained no sceds. Fifty pods on a plant
fully exposed to the visits of humble-bees contained 231
grains weight of sced, that is, more than twico the weigm,
but in this case again, several of the fifty pods contained n
seeds.

4. majus (white var,, with & pink month to the corolls).—
Fifty pods, of which only 8 very fw wero empty, on a
covered-up plant eontained 20 grains weight of seed; so
that this variety secms to be much more self-ertile than
the previous one. With Dr. W. Uglo (Pop. Seience
Review, Jan. 170, p. 52) a Dant of thi gpcies vas much
more sterile when protected from inscets than with me, for
it produced ovly two small capsules. As showing the
efficiency of boes, | may add that Mr. Crooker castrated somo
young flowers and left them uncovered ; and these produced
s many seeds as the unmutilated flowers.

majus (pelorie var.)—This variety is quite fertilo when arti-
ficially fertilised with its own pollen, but is utterly g
when left to itself and uncovered, as humble-becs cauno

eravl into the narrow tubular flowers.

L
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Verba i ; i i
V. sigrem—Quitesterile . . . . (e
Campanula ca ¢ ito sterile.

L. fulgens.—This plant is nover visited in my garden by bees,
and is quite sterilo; but in a nursery-garden-at a Tow miles
distanee 1 saw humble-bees visiting the flowers, and. they
‘produced some capsules.

Tootoma (n white-flowered vat.) (Lobelincess)—Fivo plants left
unprotected in my groenhonse produced twenty-four fine
capsules, 51 120 Mtogshar 123 gratas welehh of 200
and thirteen other very poor capsules, which wero rejooted.
Five plants proteeted from insects, but otherwiso exposed
10 the same conditions as tho above plants, produced sixteen
fino capsules, and twenty other very poor and rejected ones.
o sixtaen e capelescontaned seods by weight in ey
proportion that fventy-four would have yiclded 4-66
gioa, 8o that the wpmlestod panta pruducod narly
thrico as many seeds by weight as tho protected plan

il uyaxpm-
‘ments on this plant, showing the necessity of insect aid,
are given in tho * Gardeners’ Chroniclo,” 1871, p. 1166
Senecio cruentus (Compositie) —Quite sterile: seo my account of
selt-sterilo plants.
mezicanum ite sterilo; but
this specics and the following members of the group pro-
duce plenty of seed when artificially self-fertilised.

Rlexia glandulosa (Melastomaces).—Set spontancously only two
or three capsules.

Centradenia floribunda (Melastomacess).—During some years pro-
duced spontancously two or throo capsules, sometimes

none.

Pleroma (unnamed species from Kew) (Melastomace),—During

somo years produced spontaneously two or throe capsules,
sometimes lmne

During some years pro-

dmd lponunoondy two or three capsules, sometimes

Huiydn’um (\mmmad specics) (Marantacew),—Almost sel-sterile.

omm—u immenso proportion of the species sterile, if
insocts aro excludod.
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List of Plants, which when protected from Insects are
either quite Fertile, or yield more than half the Number
of Seeds produced by unprotected. Plants.

Passiflora ymulu (Puslﬂvnwm) —Produces many fruits, but
than fruits from i
Bassica. leracea (Cruclfsm —Produces many capsules, but
theso generally not 5o rich in seed as those on uncovered
plant

ts,

nnpm.u sativus (Cruciform).—Half of  largo branching plant
was covered by o net, and was as thiokly covered with
capsules as the other and unprotected half; but twenty of
the capsules on the latter contained on an sverage 85
seeds, whilst twenty of the protected capsules contained only
1°85 secds, that is, only a little more than balf the number.
This plant might perhaps have been more properly included
in the former st

Tberis umbellata (Cruciferse).—Highly fertile.

1. amara.—Highly fertile.

Reseda odorata and lutea (Resedace).—Certain individuals com-
pletely solf-fertile.

Buryale feroz

Profe

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
mmxlnced in 1809, it must have been self-fortilised for the
Inst fifty-six generations; but Dr. Hooker assures me that to
his knowledge it has been repeatedly introduced, and that at
Kew the same plant both of the Earyale and of the Victoria
produce several flowers at the same time,

Nymphaa (Nympbazacese).—Some species, as T am informed by
Professor Caspary, are quite self-fertile when insects are
excluded.

Adonis astivalis (Ranunculaces)—Produces, sccording
fossor H. Hoffmann (‘Speciestrage,’ p. 11), plenty o{ -ad.
‘when protected from insects.

Rmumcuhu acris (Ranunculaces).—Produces plenty of sceds
under a net.

Papaver somniferum (Papaveracem).—Thirty capsules from nn-
covered 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 165 grains weight; so that the latter plants were
mare productive than the uncovered. Professor H. Hoffmann
(“ Speciesfrage,” 1875, p. 53) also found this species self-fertile
when protected from inscets.
P. vagum.—Produced late in the summer plenty of sceds, which
inated well.

P.argemonoides .. . Awonting o He
Gloudiom et t 13w ot B i . Soo
Argemans ochroleuca (Papaveraceie) | i by e mea s

Adiumia cirrioss (Fumariacers).—Sots an abundance of capsiles.
typecoum. procumbens (Fumariacew). Hildebrand s (idem),
with It protested flowers, that * cine guto Fracht-
bildung ein
C p and
plants apparently pmdnmd an eqlu-l number of capsules,
mmmnrmmmwmmqwu good.
T have often watched this plant, and so has Hildebrand,
we have nover scen an insect visit the fowers. . Maller
has likewiso boen struck with the rarity of the visits of insects
1o it, though he has sometimes seen hive-boes at work.
Tho flowers may perhaps bo visited by small moths, as is
probably the ease with the following specics.

. capreolata—Soveral large beds of this plaut growing wild
were watched by mo during many days, but the flowers
wero nover visited by any insoots, though a humble-bes
was onco scen closely to inspect them. Nevertheless, as
tho nectary contains much nectar, especially in the evening,
1 felt convinced that they were visited, probably by moth,
The petals do not naturally separate or open in the least;
but they had been opened by some means in & certain pro-
portion of the fowers, in the same mauner as follows il
@ thick bristle s pushed into the neotary; so that in this
respect they resemble the flowers of Corydalis lutes. Thirty-
four heads, each including many flowers, were
and twenty of them had from one to four flowers, whilst
fourteen had not a single flower thus opened. 1t is there-
fore clear that somo of the flowers had been visited by
insects, while the majority had not ; yet almost all produced

capsules,

L wailaisimun, (Linaco)—Appeurs {0 bo quite fertile
Hoffmann, * Bot. Zeitung, 1876, p, 566,
Impemw darbigera (Balsaminacem).—Tho flowers, though ex-
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cellently adapted for cross-fertilisation by the bees which
freely visit them, sct sbundantly under a net.
1. noli-me-tungere (Balmninacen).—This peces prodcs -

and some perfoct flowers, mukcd wl!.h threads, pmdlmed

number of seeds produced by perfect flowors exposed to the
isits of inseots, but I believe it is not greatly in cxcoss of
theabovoaverage. Mr. A. W. Bennett has carefully described
b the structure of the flowers of /. fulva in ‘ Journal Linn, Soc.”
| vol. xiii. Bot., 1872, p. 147. This latter species is said to
be sterilo with its own pollen (‘Gard. Chronicle,’ 1868, p.
| 1256), and if so, it presents a remarkable contrast with 7.
| Barbigerum and noli-me-tangere.
Limnanthes douglasii (Geraniaces).—Highly fertile.
Yicarieccuala (Caryophylaces)—Produccs plenty o capeules
with good seo
\ Stellaria. media (Curyoph)]hm).—covar«l -up and uncovered
i lani prodioad an equal e of apeule,and th soos
| in both appeared equally numerous and good.
Beta vulgaris (Chenopodiacese)—Highly selt-frtile.
Vicia sativa. (Legnminoss).—Protected and unprotected plants
produced an equal number of pods and equally fine sceds.
I there was any difference betsveen the two lots, the covered-
up plants wore the most productive.
rautt, — This spocies bears the smallest flowers of any
British leguminous plant. The result of covering up plants
was exactly the same as in the last species,
Pisum sativum (Leguminoss).—Fally fertle.
Lathyrus oloratus (Leguminosse) —Fully fertile.
L, nissolia.—Fully fertile.
u,a... luteus (Leguminoss)—Fairly productive.
L. pilosus—Produced plenty of pods.
Ononis minutissim (Leguminosw).—Twelve perfect flowers on a
rod:

pmdumd by flowers visited by iusects would probably have
‘contained on an averago 8-66 seeds, judging from tho eflects
of artificial cross-fertilisation.
 Phaseolus vulyaris (Leguminosm)—Quito fertile.
rifdium arvense (Leguminosss)—Tho excessively small flowers
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are incessantly visited by hive and humble-bees. When
insects were excluded the flower-heads seemed o produce as
many and as fine sceds as the exposed heads.

7. procumbens—On one occasion covered-up plants seemed to
yield as many seeds as the uncovered. On a second oceasion
sixty unsovered flower-heads yielded 9°1 grains weight of
seeds, whilst sixty heads on protected plants yielded no jess
than 17°7 grains; so that these lattor plants were muoh
more productive; but this result T suppose was accidental,
1 have often watched this plant, and have nover seen the
flowers visited by inseots; but T suspect that the flowers of
this species, and more especially of 7rifulium minus, are
b:q\unhdb:lm-llnoemrnll moths which, as 1 hear from.

Mr, Bond, haunt the smaller clovers.

Medicago lupulina (hgmmon}—()n account of the danger of

losing the

inequality would probably have been gnlhr if the maturo
seeds could have been all safely collooted and compared.
Tg. Urban (Keimung, Bluthen, &c., bei Medicago, 1873) has.
desoribed tho means of fertilisation n this genus, as has the
Rov. G. Henslow in the * Journal of Linn. Soc, Bot.’ vol. ix.
1866, pp. 827 and 855.

Nicatiana tabaeum (Solanacew).—Fully self-fertilo,

Ipomas purpurea (Convolvulacese).—Highly self-fertilo,

Leptosiphon” andrasaceus (Polemoniacese)—Plants nunder a net
produced a good many capsules.

Prlmula mollis (Primulaces).—A homomorphio specics, sclf-fer-

tile: J. Scott, in*Journal Linn. Soe. Bot. vol. v, 1864, p. 120,

Nolana prostrata. (Nolanacess)—Plants covered up in the groen-
house, yielded seeds by weight compared with uncovered
plants, the flowers of which were visited by many bees.
in the ratio of 100 to 61.

Ajuga reptans (Labiat).—Sot a good many seeds; but none of
the stems under a not produced so many as several un-

tems growing closely by.

Euphrasia offcinalis (Scrophularinces).—Covered-up plants pro-
duced plenty of seed; whether less than the exposed plants T
cannot say. I saw two small Diptarous insects (Dolichapos
wigripennis and Empis chioptera) repeatedly sucking the
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flowers; as they erawled into them, they rubbed against tho
bristles which project from the anthers, and became dusted
with pollen.

Ve C produced
R e T oty any insects
visit the flowers; but I have observed Syrphid repeatedly
covered with pollen visiting the flowers of V. Aederaolia and
chamadrys.

B e o Gemophalacincon).Highly it frlla

e ariety Highly self-

Vdrblucum thapsus (Scrophulariacer).—Highly self-fertile.
V. ki —Highly self-fortle.
Vandel i Perfect flowers

ytodn 2 good many capsules.

Bartsia odontites (Scrophulariaces).—Covered-up plants produced
2 good many seeds; but several of these wero shrivelled, nor
were they so numerous as those produced by unprotected
plants, which were incessantly visited by hive and humble-
bees.

Specularia_speculum (Lobeliaces). — Covered plants produced
almost as many capsules as the uncovered,

Lactuca sativa (Compositee).—Covered plants produced some
seeds, but the summer was wet and unfavourable.

Galium u,m'm (Rubiaces).—Covered plants produced quite as
many as the uncovered.

Apiun p»tmvnlmum (Umbellifers).—Covered plants apparently

luctive as the uncoves

P s (Gramines). — A single ‘plant in’ $h8 greenbonse
produced a good many grains,

(Gunna warscewios: (Marantacese).—Highly selffertile,
Orchidaceee, — In Europe Ophrys apifera is as regularly self-
fertilised as is any cleistogamic flower. In the United States,
South Africa, and Australia there are a few species which
are perfectly self-fertile. These several cases are given in
the 2nd edit. of my work on the Fertilisation of Orchids.

Allium cepa (blood red var.) (Liliacese).—Fonr flower-heads were
covered with a net, and they produced somewhat fewer and
smaller capsnles than those on the uncovered heads. The
capsules were counted on one uncovered head, and were 289
in number; whilst those on a fine head from under the net
were only 199.

2
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Each of these lists contains by a mere accident the
same number of genera, viz, forty-nine.* The genera
in the first list include sixty-five species, and those in
the second sixty species; the Orchidew in both being
excluded. If the genera in this latter order, as well as
in the Asclepiad and Apocynacere, had been included,
the number of species which are sterile if insects are
excluded would have been greatly increased ; but the
lists are confined to species which were actually expe-
rimented on. The results can be considered as only
approximately accurate, for fertility is so variable a
character, that each species ought to have been tried
many times. The above number of species, namely,
125, is as nothing to the host of living plants; but
the mere fact of more than half of them being sterile
within the specified degree, when insects are excluded,
is a striking one; for whenever pollen has to be carried
from the anthers to the stigma in order to ensure full
fertility, there is at least a good chance of cross-fertili-
sation. I do not, however, believe that if all known
plants were tried in the same manner, half would be
found to be sterile within the specified limits; for

> Tho plants in these bwo lists  anthers from tho Sorsts of il

tomoplilous, or adagted or  varioty of wheat, which poverthes
ferhll‘lhm insects, wi i the Joe produced a considerablo wum
exception of Zeaand Beta, which ber of grains, bein
ure anemophilons or fertlsed by the surounding plaata. I state’
L T ey dhemees bera fact,
m concludes from his
Y (‘hmrlwlnh Juhmh An o ta G
1671, pp. 192-288, and p. 10 lm). cle " 1874, March 21, p. 575) that.
(}?’mle if th wheat is invariabl -rm?lh-&
from other plants i p pn— and no_doubt it is s0
Vented ; hereas wheat and burley Dz, Wilson h‘}um that all

tious, Rimpan sates 1. ws)zm B ooty ot Pyl i
the difforent varieties of wheat be- m..:pu which it would

ave v
S pee A T “ait
removed at an early age all the
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many flowers were selected for experiment which pre-
sented some remarkable structure; and such flowers
often require insect-aid. Thus out of the forty-nine
genera in the first list, about thirty-two have flowers
which are asymmetrical or present some remarkable
peculiarity ; whilst in the second list, including species
which are fully or moderately fertile when insects were
axclnded only about tenty-one out of the forty-nine

ical or present any kabl per-ulumty.

E s of —The most

all the means by which pollen is casiiad fann the
anthers to the stigma of the same flower, or from flower
to flower, are insccts, belonging to the orders of
Hymenoptera, Lepidoptera, and Diptera ; and in some
s of the world, binds.* Next in importance, but

(Gould, ‘Introduction to the Tro-

* T wil hero give all the o
fertilisin

In South Brazil, lmm-
s sy e
are_sto

5-
?

obtuin the nectar in an illegitimate
the sume

uent the flowers of Impatiens :

Silhoot hets o ity Mither 5 may add
§Bot Zet? 170, pp. 2745, and  that T often saw in Chile a Mimus
B e« oo’ B v wich e besd yel.lo' with pollen
172, 249 Longbeaked hume as T belicve, & Cass F‘
ming-birds visit tie flowers of B m‘i‘m ekt tho
Brugmavsia, whilst some of the  Cape o Hope, Strelitzin is
short-bealk ften pene i
trate its large corolla in order to ]

of ?
New Zealand Tostilate; vol. i,
1870, p. 72.)

28
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in a quite subordinate degree, is the wind; and with.
some aquatic plants, aceording to Delpino,* currentsof
water. The simple fact of the necessity in many cases.
of extraneous aid for the transport of the pollen, and the
many contrivances for this purpose, render it highly
probable that some great benefit is thus gained ; and
this conclusion has now been firmly established by the
proved superiority in growth, vigour, and fertility of
plants of crossed parentage over those of self-fertilised.
parentage. But we should always keep in mind that
two somewhat opposed ends have to be gained; the.
first and more important one being the production
of seeds by any means, and the second, cross-ferti-
lisation.

The derived from ilisation throw
a flood of light on most of the chief characters of flowers..
We can thus understand their large size and bright
colours, and in some cases the bright tints of the
adjoining parts, such as the peduncles, bracte, even
true leaves, as with Poinsettia, &c. By this means
they aro 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 i
seeds freely disseminated. With some flowers con=
spicuousness is gained at the expense even of the
reproductive organs, as with the ray-florets of many
Composite, the exterior flowers of Hydrangea, and
terminal flowers of the Feather-hyacinth or M
There is also reason to believe, and this was the opini
of Sprengel, that flowers différ in colour in accor
with the kinds of insects which frequent them.

* See also Dr. Ascherson's interesting essay in *Bot.
1871, p. 444,
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Not only do the bright colours of flowers serve to
_attract insects, but dark-coloured streaks and marks
are often present, which Sprengel long ago maintained
served as guides to the nectary. These marks follow
the veins in the petals, or lie between them. They
may oceur on only one, or on all excepting one or
more of the upper or lower petals; or they may form
a dark ring round the tubular part of the corolla, or
be confined to the lips of an irregular flower. In the
white varieties of many flowers, such as of Digitalis
wrea, Antirrhinum majus, several species of Dian-
“thus, Phlox, Myosotis, Rhododendron, Pelargonium,
Primula, and Petunia, the marks generally persist,
whilst the rest of the corolla has become of a pure
white; but this may be due merely to their colour
being more intense and thus less readily obliterated.
Sprengel’s notion of the use of these marks as guides
to me for a long time fanciful ; for insects,

without such aid, readily discover the nectary and
bite holes through it from the outside. They also
discover the minute nectar-secreting glands on the
stipules and leaves of certain plants. Moreover, some
fow plants, such as certain poppies, which are not
nectariferous, have guiding marks; but we might
perhaps expect that some few plants would retain
traces of a former nectariferous condition. On the other
‘hand, these marks are much more common on asymme-
trical flowers, the entrance into which would be apt to
le insects, than on regular flowers.  Sir J. Lubbock
E‘.ﬂ 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 Tnsects,’ 1875, p. 4.
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that these marks have really been developed in corre-
lation with the nectary. The two upper petals of the
common Pelargonium are thus marked near their bases;
and T have repeatedly observed that when the flowers
vary so as to become peloric or regular, they lose their
nectaries and at the same time the dark marks,
‘When the nectary is only partially aborted, only one
of the upper petals loses its mark. Therefore the nee-
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 purposes
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 bo 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. Nigeli affixed artificial flowers to branche
scenting some with essential oils and leaving of
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 sig
and smell, for M. Plateaut found that excellent
made, but not scented, artificial flowers never decei
them. It will be shown in the next chapter that the
flowers of certain plants remain fnlly expanded for

7, ostlung, &, der Natur-  Asn. for the Advancement
it Ast? 186, p. 98 Soience, 187
+ ¥ Proceoting of the French
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days or weeks and donot attract any insects; and it is
probeblo that they are neglected from not having as
yet secreted any nectar or become odoriferous.  Nature
may be said occasionally to try on a large scale the
sume experiment as that by M. Plateau. Not a few
flowers are both conspicuous and odoriferous, Of all
eolours, white is the prevailing one; and of white
flowers a considerably larger proportion smell sweetly
than of any other colour, namely, 146 per cent.; of
_ red, only 82 per cent. are odoriferous.® The fact of
a larger proportion of white flowers smelling sweetly
may depend in part on those which are fertilised by
moths requiring the double aid of conspicuousness in
the dusk and of odour. Most flowers which are fer-
tilised by crepuscular or nocturnal insects emit their
adour 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 nectarin a protected place
is manifestly connected with the visits of insects. So
is the position which the stamens and pistils occupy,

' cither permanently or at the proper period through
their own movements ; for when mature they invariably
stand in the pathway leading to the mectary. The
shape of the nectary and of the adjoining parts are
likewise related to the particular kinds of insects which

* Tho colours and odours of T have not seen their original
e flowers of $200 species have  works, but a very full abstract
been tabulated by Landgrabe, is given in Loud ardeiers'
S by Sontbier "snd Kiblcs,  Mlag: vol.xit. 1837, p. 807
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habitually visit the flowers; this has been well shown
by H. Maller by his comparison of lowland species
which are chiefly visited by bees, with alpine species
belonging to the same genera which are visited by
butterflies.* Flowers may also be adapted to certain
kinds of insects, by secreting nectar particularly attrac-
tive to them, and unattractive to other kinds; of which:
fact Epipactis latifolia offers the most striking instance
known to me, as it is visited exclusively by was
Structures also exist, such as the hairs within the
corolla of the foxglove (Digitalis), which apparently
serve to exclude insects that are not well fitted to bring
pollen from one flower to another.t I need say nothing
here of the endless contrivances, such as the viscid
glands attached to the pollen-masses of the Orchidem
and Asclepiadw, or the viseid or roughened state of
the pollen-grains of many plants, o the irritability of
their stamens which move when touched by insects, &e.,
—as all these contrivances evidently favour or ensure
cross-fertilisation.

All ordinary flowers are so far open that insects can
force an entrance into them, notwithstanding that
some, like the Snapdragon (Antirthinum), various
Papilionnceous and Fumariaceous flowers, are in
appearance closed. It cannot be maintained that their
openness is necessary for fertility, as cleistogamic flowers
which are permanently closed yield a full complement
of seeds.

MEANS OF CROSS-FERTILISATION.  Cmar. X.

* *Nature, 1874, p. 110; 1575,
P- 190 1876, pp. 516, 380

+ Belt, ‘The Nnunhut in Ni-

i, p. 152, e

|.f-‘fhnwn in his admiral

o Bohmtamitil der” Hlmheu
fogen unborafono G, 1
that man; ‘z mn
lands, the position of i parts,

Pollen contains much nitrogen and phos-

&e.—protect the flowers from the
acoess
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~ phorus—the two most precious of all the elements for

the growth of plants—but in the case of most open
flowers, a large quantity of pollen is consumed by
pollen-devouring insects, and a large quantity is
destroyed during long-continued rain. With many
plants this latter evil is guarded against, as far as
is possible, by the authers opening only during dry
weather,"—by the position and form of some or all of
the petals,—by the presence of hairs, &c., and as Kerner
has shown in his interesting essay,t by the movements
of the petals or of the whole flower during cold and wet
weather. In order to compensate the loss of pollen in
50 many ways, the anthers produce a far larger amount
than is necessary for the fertilisation of the same flower.
1 know this from my own experiments on Ipomeea,
given in the Introduction; and it is still more plainly
shown by the astonishingly small quantity produced
by 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
suffices for the fertilisation of all their numerous seeds.
Mr. Hassall took pains in estimating the number of
pollen-grains produced by a flower of the Dandelion
(Leontodon), and found the number o be 243,600,
and in a Peony 3,654,000 A single plant of Typha
produced 144 grains by weight of pollen, and as this
plant is anemophilous with very small pollen-grains,

* Mr. Blackley bserved that
e ripe authers of rye did not

it kept under » bl
.1_ T p atmosphere,

whilst other anthers exposed
the samo temperature in the open
-buumdh-el . Healso found
lien adhering to
g dho widky Rk7 dides, which gere
T kites and sent high

1 n the atmosphers, during the
fine and dry days after wet
'I’\hem than at other times:
L imental R& hu on
H.-, Fover? 1575, p. |
Do Schutzaitel dew Pol-
1-:-, 1873,

1" Annals and
Hist." vol. viii. 1842

of Nat.
08,
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their number in the above weight must have been
prodigious. We may judge of this from the following
facts: Dr. Blackley ascertained® by an ingenious
method, that in the three following anemophilous plants,
a single grain-weight of the pollen of Lolium perenne
contained 6,032,000 grains; the same weight of the
pollen of Plantago lanceolata contained 10,124,000
grains; and that of Seirpus lacustris, 27,302,050 grains.
Again Mr. A. 8. Wilson estimated by micro-measure-
mentt that a single floret of rye yielded 60,000 pollen=
grains, whilst one of spring wheat yielded only 6864
grains. The editor of the  Botanical Register” counted
the ovules in the flowers of Wistaria sinensis, and care-
fully estimated the number of pollen-grains, and he
found thatforeach ovule there were 7000 grains.y With
Mirabilis, three or four of the very large pollen-grains.
are sufficient to fertilise an ovule; but I do not know
how many grains a flower produces. With Hibiscus,
Kolreuter found that sixty grains were necessary to fer-
tilise all the ovules of a flower, and he caleulated that
4863 grains were produced by a single flower, or eighty-
one times too many. With Geum wrbanum, however,
according to Girtner, the pollen is only ten times too
much§ As we thus see that the open state of all
ordinary flowers, and tha comcquent loss of mnch
pollen, the d di

excess of this precious substance, why, lt may be asked,
are flowers always left open? As many plants exist
throughout the vegetable kingdom which bear cleisto-
gamic flowers, there can hardly be a doubt that all

fow Obscrvations on Hay 1846, p. 771

! 1877, p. 14 § K(vlreumr.‘VMlluﬁz! Nach-

‘Gardenns’ Chironiele/ March  richt, 1761, 9. Giirtner, * Bele

1874, p. 876. trage zur Kenntuiss,” &e. p. 546,
 Quoted in * Gard. Chron
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open flowers might easily have been converted into
closed ones. The graduated steps by which this pro-
cess could have been effected may be seen at the
present time in Lathyrus nissolia, Biophytum sen-
sitivum, and several other plants. The answer to the
above question obviously is, that with permanently
closed flowers there could be no cross fertilisation.
[The frequency, almost regularity, with which pollen
is transported by insects from flower to flower, often
from a considerable distance, well deserves attention,*
This is best shown by the impossibility in many cases
.~ of rising two varieties of the same species pure, if they
grow at all near together; but to this subject 1 shail
presently return ; also by the many cases of hybrids
which have appeared spontaneously both in gardens and
astate of nature. With respect to the distance from
which pollen is often brought, no one who bas had any
experience would expect to obtain pure cabbage-seed,
 for instance, if a plant of another variety grew within
two or three hundred yards. An accurate observer, -
the late Mr. Masters of Canterbury, assured me that
he once had his whole stock of seeds « seriously affected
with purple bastards,” by some plants of purple kale
which flowered in a cottager’s garden at the distance of

* half a mile; no other plant of this variety growing any

* Au experiment made by Kol-  wards he counted the secds of
reater (Fortsetung,' &e.” 1763,  both lots: the flowers which he
69) affords good evidence on  had fertilised with suoh astonislie
Hibiscus vesicarius is  ing care produced 11,
| gaongly dichogunos, it pollen  whilst those Jef 1o the insets
L o gnia e Tovormod Totmn is, 0 loss
‘mature, Kolreuter marked 810  number by only 851; and this
flowers, and put pollen from  small inferiority s fully accountod
otier flowers on their stigmes for by the lisects ot having
duy, s0 that they were worked during some days, whei
W fertilised; and he left  the weather was cold with cous
same umber of other fowers  tinued raia.
1 the ugency of insects. After-
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nearer.* But the most striking case which has been re-
corded is that by M. Godron,t who shows by the nature
of the hybrids produced that Primula grandiflora must
have been crossed with pollen brought by bees from
P. fficinalis, growing at the distance of above two
Kilometres, or of about one English mile and a quarter.
All those who have long attended to hybridisation,
insist in the strongest terms on the linbility of castrated.
flowers to be fertilised by pollen brought from distant
plants of the same species. The following case shows
this in the clearest manner: Girtner, before he had
gained much experience, castrated and fertilised 520
flowers on various species with pollen of other genera
or other species, but left them unprotected ; for, as he
says, he thought it a langhable idea that pollen should
be brought from flowers of the same species, none of
which grew nearer than between 500 and 600 yards§
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-

° e, W. C. Marshll canglt  in his ‘Bastadersongung” 1849,
50 leasthan sven pecn . 670; aud *Kenntniss der Bex
S(‘wuﬂm «mbrnl(m) w“h ohtung,’ 1844, pp. 510, 578,

the pollnia of the botterily-orelis  Also Leasq, *De la Fécondations
(Habearia_chlorantia) Wicking & 1845, p. 27. Some statements
o thir cyon wnd, thereore, in  bave bect publiched during laie
extraordi ten-

pxnmn forfetiliing  years of the
b ey dency of hybrid plauts to revert
Dorwentvater, st the 1o thels parent forma; but aa 1 1

distance of half o mile from any not said how the flowers were

at! 1875, fertilised with pollen
P 331 from
£ See, for instance, the remarks  species.
§ * Kenntniss der Befruchtungy’

pp- 539, 550, 575, 576,

srotg Expressions on this subject
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fectly pure plants, so that these flowers must have
been fertilised by pollen brought by insects from a
distance of between 500 and 600 yards.* It is of
course possible that some of these 202 flowers might
have been fertilised by pollen left accidentally in
them when they were castrated; but to show how
improbable this is, I may add that Gartner, during the
next eighteen years, castrated no less than 8042 flowers
and hybridised them in a closed room ; and the seeds
from only seventy of these, that is considerably less
than 1 per cent, produced pure or unhybridised
offspring.t

From the various facts now given, it is evident that
most flowers are adapted in an admirable manner for
eross-fertilisation. Nevenhelas, the greater number
likewise present structures which are manifestly
adapted, though not in so striking a manner, for self-
fertilisation. The chief of these is their hermaphrodite
condition ; that is, their including within the same
corolla both the male and female reproductive organs.
These often stand close together and are mature at
the same time; so that pollen from the same flower
cannot fuil to be deposited at the proper period on the
stigma. There are also various details of structure
adapted for self-fertilisation.t Such structures are
best shown in those curious cases discovered by H.

Miiller, in which a species exists under two forms,—

one bearing conspicuous flowers fitted for eross-fertilisa-
tion, and the other smaller flowers fitted for self-fer-
. Benmhall experiments  two genera, w

d put on their
v, * Kenntaiss,  stigmas eithlor no;)ﬂllan or pollen
L 3, 57 m'). whioh aro worthios from distinet gmore, yeb oy all
in

rospocts, likewiso seeded,and nlllha secdlings raised
lhw hnw lugllly it g x n-  from them were of courso
ferorossed by insects.  He 1 Renntuiss’ b pp. s‘.\s. s1e
tried many flowers on thirty- _ § H. Miller,  Dio Bofruch
seven species, belonging to twenty-  &o. p. «s
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tilisation, with many parts in the latter slightly

modified for this special purpose.®
As two objects in most respects opposed, namely,
ilisation and self-fertilisation, have in many

cases to be gained, we can understand the co-existence
in so many flowers of structures which appear at first
sight unnecessarily complex and of an opposed nature,
‘We can thus understand the great contrast in structure
between cleistogamic flowers, which are adapted exclu-
sively for self-fertilisation, and ordinary flowers on the
same plant, which are adapted so as to allow of at least
oceasional cross-fertilisation.t The former are always
minute, completely closed, with their petals more or
less rudimentary and never brightly coloured ; they
never secrete nectar, never are odoriferous, have very
small anthers which produce only a few grains of pollen,
and their stigmas are but little developed. Bearing
in mind that some flowers are cross-fertilised by the
wind (ealled anemophilous by Delpino), and others.
by insccts (called entomophilous), we can further
understand, as was pointed out by me several years
ago} the great contrast in appearance between these
two elasses of flowers.  Anemophilous flowers resemble
inmany respects cleistogamic flowers, but differ widely
in not being closed, in producing an extraordinary
* Nature, 187 433 the old nest. full

R, i s
in_the animal kin (*Je-  winged, and individuals from dis-
naischo Zeitachr.’ B. iv. p. 431) tinet nests can bardly fail often
o ense curiously analogons to that  to intereross. In the aet of
of the plants which bear cleis-  swarming they are destroyed in.
togamio and perfoct Sowers. He  almost infiuite numbers by n host
finds fn the uests of Termites, in  of enemics, so that a queen may

, males and females with often fuil to enter an ol g
imperfect. wings, which do not  and then the imporfoctly deves
leave the nests and propagate the  loped males and fornles propagate
species in u cleistogumic mamer,  and kerp up the stock.
butonlyif a fully-developed queen 3 *Journal of Linn, Soe.’ vol.
after swarming docs not emter  vii. Bot. 1863, p. 77,
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~amount of pollen which is always incoherent, and
in the stigma often being largely developed or

We certainly owe the beauty and odour of
‘our flowers and the storage of a large supply of honey
to the existence of insects.

On the Relation letween the Structure and Conspicuous-
ness of Flowers, the Visits of Insects, and the Advan-
tages of Cross-fertilisation.

It has already been shown that there is no close
relation between the number of seeds produced by
flowers when crossed and self-fertilised, and the degree
to which their offspring are affected by the two pro-
cesses. I have also given reasons for believing that
the inefliciency of a plant’s own pollen is in most cases
an incidental result, or has not been specially acquired
fur the sake of preventing self-fertilisation. On the
other hand, there can hardly be a doubt that dichogamy,
which prevails according to Hildebrand® in the greater
number of species,—that the heterostyled condition of
certain plants,—and that many mechanical structures
—have all been acquired so as both to check self-
fertilisation and to favour cross-fertilisation. The
‘means for favouring cross-fertilisation must have been
acquired before those which prevent self-fertilisation ;
as it would manifestly be injurious to a plant that
its stigma should fail to receive its own pollen,
unless it had already become well adapted for receiv-
ng pollen from another individual. It should be
ed that many plants still possess a high power

Aa.l“em]uuuon, although their flowers are excel-
ently 1 for for instance,
of many papilionaceous species.

* ¢ Die Geselilechter Vertheilung,' &e. p. 82,
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It may be admitted as almost certain that some
structures, such as a narrow elongated nectary, or a
long tubular corolla, have been developed in order
that certain kinds of insects alone should obtain the
nectar. These insects would thus find a store of nectar
preserved from the attacks of other insects; and
they would thus be led to visit frequently such
flowers and to carry pollen from one to the other.*
It might perhaps have been expected that plants
having their flowers thus peculiarly constructed would
profit in a greater degree by being crossed, than
ordinary or simple flowers; but this does not seem.
to hold good. Thus Tropmolum minus has a long
nectary and an irregular corolla, whilst Limnanthes
douglasii has a regular flower and no proper nectary,
yet the crossed seedlings of both species aro to the
self-fertilised in height as 100 to 79. Salvia coccinea
has an irregular corolla, with a curious apparatus by
which insects depress the stamens, while the flowers
of Tpomwa are regular; and the crossed scedlings of
the former are in height to the self-fertilised as
100 to 76, whilst those of the Ipomaea are as 100 to
77. Fagopyrum is heterostyled and Anagallis collina
is homostyled, and the crossed seedlings of both are
in height to the self-fertilised as 100 to 69.

With all European plants, excepting the compara-
tively rare hi kinds, the ibility of
distinet individuals intercrossing depends on the
visits of insects; and H. Miller has proved by his
valuable observations, that large conspicuous flowers
are visited much more frequently and by many more:
kinds of insects, than are small inconspicuous flowers,
He further remarks that the flowers which are rarely

* Soo the interesting discussion on this subject by H. Miller,
* Die Befruchtung, &e. p. 431
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visited must be capable of self-fertilisation, otherwise
they would quickly become extinet.® There is, how-
ever, some liability to error in forming a judgment
on this head, from the extreme difficulty of ascertain-
ing whether flowers which are rarely or never visited
during the day (as in the above given case of Fumaria
capreolata) are not visited by small nocturnal Lepi-
doptera, which are so numerous and are known to be
strongly attracted by sugar.t The two lists given in
the early part of this chapter support Miller's con-
elusion that small and inconspicuous flowers are com-
pletely self-fertile ; for only eight or nine out of the
125 species in the two lists come under this head, and
all of these were proved to be highly fertile when in-
sects ere excluded. The singularly inconspicuous
flowers of the Fly Ophrys (0. muscifera), as I have
elsewhere shown, are rarely visited by insects; and it
is a strange instance of imperfection, in contradiction
1o the above rule, that these flowers are not self-fertile,
50 that a large proportion of them do not produce seeds.
The converse of the rule that plants bearing small
and inconspicuous flowers are self-fertile, namely, that
 plants with large and conspicuous flowers are self-
sterile, is far from true, as may be seen in our second
st of spontancously self-fertile species; for this list
includes such species as Ipomea purpurea, Adonis
astivalis, Verbaseum thapsus, Pisum sativum, Lathyrus
odoratus, some species of Papaver and of Nympheea,
and others.
The rarity of the visits of insects to small flowers,
* {Befruchtung; &, p. 426, eollector of Noctue, come very
B e
B o o Dotace: 1000, . 108,
o b ey
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does not depend on their i
but likewise on the absence of some sufficient. attraction 3
for the flowers of Trifolium arvense are extremely
small, yet are incessantly visited by hive and humble=
bees, as are the small and dingy flowers of the
asparagus,  The flowers of Linaria cymbalaria are
small and not very conspicuous, yet at the proper time.
they are freely visited by hive-bees. I may add that,
according to Mr. Bennett,* there is another and quite
duunet class of plants which cannot be much frequentec.

y insects, as they flower either exclusively or often
dlu'mg the winter, and these seem adapted for self=
fertilisation, as they shed their pollen before the flowers:
expand.

That many flowers have been rendered wnxymm
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 th
flowers through correlated growth, and this may possib
account for some cases; but the corolla, as I have else=
where shown (‘ Different 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 cam
hardly be doubted that if large and brightly-colous
flowers were advantageous to any species, these could be
acquired through natural selection within a mo
lapse of time. Papilionaceous flowers are man
constructed in relation to the visits of insects, an
seems improbable, from the usual character of

* *Nature,’ 1869, p. 11,
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group, that the progenitors of the genera Vicia and
Prifolium produced such minute and wunattractive
fiowers as those of V. hirsuta and T. procumbens. We
are thus led to infer that some plants either have not
“had their flowers increased in size, or have actually
had them reduced and purposely rendered incon-
spicuous, so that they are now but little visited by
insects. In either case they must also have acquired
ot retained a high degreo of self-fertility.

If it became from any cause advantageous to a spe-
gies to have its capacity for self-fertilisation increased,
shere is little difiiculty in believing that this could

dily be effected; for three cases of plants varying

such a manner as to be more fertile with their own

en than they originally were, occurred in the

8 of my few experiments, namely, with Mimulus,

omeen, and Nicotiana. Nor is there any reason to

bt that many kinds of planu are eap-l.»le under
ble

for very many generations by self-fertilisation. This
s the case with the varieties of Pisum sativum and of
all odoratus which are cultivated in Englnnd, and

h Oplrys apifers and some other plants in a state

e. Nevertheless, most or all of these plants

o structures in an efficient state which cannot be
least use except for cross-fertilisation. We have
seen reason to suspect that self-fertilisation is in
peculiar manner beneficial to certain plants;
jut if this be really the case, the benefit thus derived
r more than counterbalanced by a cross with a
sh stock or with a slightly different vacicty.

the several
nced, it scems to me highly improbable me
s bearing small and inconspicuous flowers have
or should continue to be subjected to seli-
202
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fertilisation for a long series of generations. I think
80, not from the evil which manifestly follows from
self-fertilisation, in many cases even in the first gene-
ration, as with Viola tricolor, Sarothamnus, Nemo-
phila, Cyclamen, &e. ; nor from the probability of the-
evil increasing after several generations, for on this
latter head I have not sufficient evidence, owing to the.
manner in which my experiments were conducted. But
if plants bearing small and inconspicuous flowers were
not oceasionally intercrossed, and did not profit by the
process, all their flowers would probably have been
rendered cleistogamic, as they would thus have largely.

of a species with all its flowers rendered permane
cleistogamic. Leersia makes the nearest approach
this state; but as already stated, it has been known
to produce perfect flowers in one part of Germany
Some other plants of the cleistogamie class, for instance
Aspicarpa, have failed to produce perfect flowers duri

several years in a hothouse; but it does not follow that
they would fail to do so in their native country,
morethan witha Vandellia and Viola, which with mepro
duced only cleistogamic flowers during certain years!
Plants belonging to this class commonly bear bo

kinds of flowers every season, and the perfect flo
of Viola canina vield fine capsules, but only.
visited by bees. We have also seen that the seed
of Ononis minutissima, raised from the perfect flo
fertilised with pollen from amother plant, were fi

* Those eases are given in ch. vili. ofmy * Different Forms of Flo
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than those from self-fertilised flowers; and this was
likewise the case to a certain extent with Vandellia.
 As therefore no species which at one time bore perfect
though small and inconspicuous flowers has had all its
~ flowers rendered ecleistogamic, I must believe that
plants now bearing small and inconspicuous flowers
profit by their still remaining open, so as to be occa«
sionally intercrossed by insects, It has been one of
the greatest oversights in my work that I did not
experimentise on such flowers, owing to the difficulty
of fertilising them, and to my not having seen the
importance of the subject.

1t should be remembered that in two of the cases in
which highly self-fertile varieties appeared amongst
my experimental plants, namely, with Mimulus and
Nicotiana, such varieties were greatly benefited by a
cross with a fresh stock or with a slightly different
variety; and this likewise was the case with the
cultivated varieties of Pisum sativum and Lathyrus
m, which have been long propagated by self-
tion. Therefore until the contrary is dmmctly

i‘ 0 ed, I must believe that as a ganeml rule small and
flowers are by
s; and that after long-continued self-fertilisation,

On the other hand, the flowers of

tho common potalo (S tuerovun

though they do not secrete nect

(Karr, ¢ Bleutung der Nelia-

rien, 1833, p. 40}, yet cannot bo

considered ‘us inconspicuons, and
visited b

m o same ity ot
il that from ane

Mo 1ot cndemio specics,  Othor varity.
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if they are crossed with pollen brought from a pl
growing under somewhat different conditions,
descended from one thus growing, their offsprin
would profit greatly. It cannot be admitted, under
our present state of knowledge, that self-fertlisation

d during many ions is ef
the most beneficial method of reproduction.

The Means which favour or ensure Flowers being
tilised with Pollen from a distinct Plant—We have
in four cases that seedlings raised from a cross betw
flowers on the same plant, even on plants app o
distinet from having been propagated by stolons or cu
tings, were not superior to seedlings from self-fertil
flowers; and in a fifth case (Digitalis) superior o
in a slight degree. Therefore we might expect
with plants growing in a state of nature a cross bet:
the flowers on distinet individuals, and not me
between the flowers on the same plant, wonld genes
or often be effected by some means, The fact of bees
and of some Diptera visiting the flowers of the sam
species as long as they can, instead of promiscuously:
visiting various species, favours the intercrossing ol
distinct plants. On the other hand, insects usually
search a large number of flowers on the same plant
before they fly to another, and this is opposed to crosss
fertilisation. The extraordinary number of flowers
which bees are able to search within a very short space
of time, as will be shown in a future chapter, increases
the chance of crossfertilisation; as does the faet
that they are not able to perceive without entering.
flower whether other bees have exhausted the ne
For instance, H. Miller found* that four-fifths of

* “Die Befruchtung, &c. p. 311
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ers of Lamium album which a humble-bee visited
d been already exhausted of their nectar. In order
distinct plants should be intercrossed, it is of course
dispensable that two or more individuals should grow
near one another ; and this is generally the case. Thus
A de Candolle remarks that in ascending a mountain
individuals of the same species do not commonly
pear near its upper limit quite gradually, but
er abruptly. This fact can hardly be explained
by the nature of the conditions, as these graduate away
an insensible manner, and it probably depends in

ge purt on vigorous seedlings being produced only
high up the mountain as many individuals can

st together.

With respect to diceeious plants, distinet individuals
always fertilise each other. With moncecious
uts, as pollen has to be carried from flower to flower,
will always be a good chance of its being carried
plant to plant. Delpino has also observed * the
us fact that certain individuals of the monacions

gynous, and these will reciprocally fertilise each

er. Soit is with the common nut (Corylus avellana),t
nd, what is more surprising, with some few her-
phrodite plants, as observed by H. Miller.y These
plants cannot fail to act on each other like
hic or trimorphic heterostyled species, in which
union of two individuals is necessary for full
nd normal fertility. With ordinary hermaphrodite
ies, the expansion of only a few flowers at the same
is one of the simplest means for favouring the
ng of distinet individuals; but this would

* LUl Omervazioni. &e., t ‘Die Befruchtung,’ &o. pp.
fuse i, p. 537, L *
tNaty
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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 panmfolm pro-
duces daily only a single flower. Mr. Cheeseman also
remarks,t that as certain Orchids in New Zealand
which require insect-aid for their fertilisation bear only
a single flower, distinet plants cannot fail to intercross.
So it is with the American species of Drosera,} and, as
) ¢ he.r from Professor Cns'pm'y, with water-lilies.

Dig which
the vegehhle hngdnm, much increases the chance of
distinet individ With p
species, which are far more common than pro-
terogynous, the young flowers are exclusively male,
in function, and the older ones exclusively female;
and as bees habitually alight low down on the spikes
of flowers in order to erawl upwards, they get dusted
with pollen from the upper flowers, which they carry
to the stigmas of the lower and older flowers on
the next spike which they visit. The degreo to which
distinet plants will thus be intercrossed depends on.
the number of spikes in full flower at the same time
on the same plant. With proterogynous flowers and
with depending racemes, the manner in which insects
visit the flowers ought to be reversed in order that
distinct plants should be intererossed. But this whole.
subject requires further investigation, as the
importance of crosses between distinct individs
instead of merely between distinct flowers, has hithe
been hardly recognised.

3 {Dlo Sclutamitil & . 38, work, in 'Am(rkmn Journal
 Zeland In- - 8ok, vol. 3, Fob. 1877,
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Tn some few cases the special movements of certain
organs almost ensure pollen being carried from plant
to plant. Thus with many orchids, the pollen-masses
after becoming attached to the head or proboscis of an
insect do not move into the proper position for striking
the stigma, until ample time has elapsed for the insect
to fly to another plant, With Spiranthes autumnalis,
the pollen-masses cannot be applied to the stigma until
the labellum, and rostellum have moved apart, and
this movement is very slow.* With Posoqueria fra-
grans (one of the Rubiacer) the sume end is gained by

- the movement of o specially constructed stumen, s

deseribed by Fritz Miiller.

We now come to a far more general and therefore
more important means by which the mutual fertilisation
of 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
present subjeet, i 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
aiter the interval of several hours, pollen from the same
species be placed on the stigma, the effects of the
former are wholly obliterated, excepting in some rare
‘cases. If two varieties are treated in the same manner,
the result is analogous, though of a directly opposite
‘nature ; for pollen from any other variety is often or
‘generally prepotent over that from the same flower. I
will give some instances: the pollen of Mimulus luteus
regularly falls on the stigma of its own flower, for the

* {The Various Contrivances Orchids are fertilised, Tst odit.
by which British and Foreign p. 128, Second edit. 1877, p. 110,
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plant is highly fertile when insects are excluded. Now
several flowers on a remarkably constant whitish variety
were fertilised without being castrated with pollen from
a yellowish variety ; and of the twenty-cight seedlings
thus raised, every one bore yellowish flowers, so that
the pollen of the yellow variety completely overwhelmed
that of the mother-plant. Again, Iberis umbellata is
spontaneously self-fertile, and I saw an abundance of
pollen from their own flowers on the stigmas ; neverthes
less, of thirty seedlings raised from non-castrated flowers
of a crimson variety crossed with pollen from a pink
variety, twenty-four bore pink flowers, like those of the
male or pollen-bearing parent.

Tn 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.

large number of flowers on the same stalk, and when
insects are excluded these set many capsules, moderately
rich in secds. I planted a white Kohl-rabi, a purple
Kohl-rabi, a Portsr outh broceoli, a Brussels sprout,
and a Sugar-loaf cabbage near together and left th

uncovered. Seeds collected from each kind were sown
in separate beds; and the majority of the seedlings in
all five beds were mongrelised in the most complicated
manner, some taking more after one variety, and some
after another. The effects of the Kohl-rabi
particularly plain in the enlarged stems of many of
seedlings.  Altogether 233 plants were raised, of which
155 were mongrelised in the plainest manner, and
the remaining 78 not half were absolutely pure. ]
repeated the experiment by planting near e
two varicties of cabbage with purple-green and whi
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gieen lacinated leaves; and of the 325 scedlings
mised from the purple-green variety, 165 had white-
green and 160 purple-green leaves. ~ Of the 466 seed-
lings raised from the white-green variety, 220 had
purple-green and 246 white-green leaves. These cases
show how largely pollen from a neighbouring variety
of the cabbage effaces the action of the plant’s own
pollen. We should bear in mind that pollen must be
carried by the bees from flower to flower on the same
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 dichogamonus,
those on the same stem would be of different ages, and
would thus be as ready for mutual fertilisation as the
flowers on distinet plants, were it not for the prepotency
of pollen from another variety.*

Several varieties of the radish (Raphanus sativus),
which is moderately self-fertile when insects are ex-
cluded, were in flower at the same time in my garden.
Seed was collected from one of them, and out of twenty-
two seedlings thus raised only twelve were true to their
kind.

. The onion produces a large number of flowers, all
aowded 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

o Awiter in llm Casteme 8 g w0 its Kind, and
Chronicl T e et o bled
that e pluut«nl " 15 of turaips § Duhame G
rapa) and of rape (B. ron, *De I'Espice, tom. i. p. 50
sapue) close | logether, und sowed  makes an_snalogous
seods of tho former. The with respect to this plant.
el was that searcely one seed-
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and seedlings were raised from each kind in four
separate beds. In all the beds mongrels of various
kinds were numerous, except amongst the ten seedlings
from the blood-red onion, which included only two.
Altogether forty-six seedlings were raised, of which
thirty-one had been plainly erossed.

A similar result is known to follow with the varieties
of many other plants, if allowed to flower near together :
I refer here only to species which are capuble 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

istinguish between the effects of variability and inter-
crossing ; but I have collected evidence on the natural
crossing of varicties of the tulip, hyacinth, anemone,
lus, strawberry, Leptosiphon and; 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 spontancously intercross.

Gardeners who raise seed for sale are compelled by
dearly bought experience to take extraordinary pre-
cautions against intercrossing. Thus Messrs. Sharp

* With respect to tulips and rhinum, the varieties of which are
somo_other flowers, see known 'to cross freely, because
*De 'Espiee,’ tom. i. p. 252. For  these plants are not always self-
G 1859, fortile. 1 know nothing about
98 For strawbarrics, sce Her.  the sitferilty of “Troline (Le-
in *Tran oo +Do Ia Fécondation.” 1568
vol.iv. p. 17. The sume observer p. 43), Mahonia, and Crinum, in
elsowhere speaks of the sponta-  which genern the speciesi
neous erossing of largely. With
Gallesio makes the same stato- it is now scarcaly possible to pro-
ment with respect to omnges. 1 ouro in, this country puro apecie

ive  mens of . agu ;
erossing io ocour with the common  and the various species of Crinum
rhubarb. For Leptosiphon, Verlot — sent by Horbert (‘Amaryllidactey
*Dea Variétés,’ 1865, 0. 20. Thave  p. 32) to Caloutta, crossed there
Dot included”in my list the 80 freely that pure seed could not
nation, Nemophila, or Antir be savod,
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“have land engaged in the growth of seed in no less
than eight parishes.” The mere fact of & vast number
of plants belonging to the same variety growing
together is a considerable protection, as the chances
arestrong in favour of plants of the same variety inter-
crossing ; and it is in chief part owing to this circum~
stance, that certain villages have become famous for
pure seed of particular varicties.® Only two trials
were made by me to ascertain after how long an interval
of time, pollen from a distinet variety would obliterate
more or less completely the action of a plant’s own
pollen. The stigmas in two lately expanded flowers on
a variety of cabbage, called Ragged Jack, were well
covered with pollen from the same plant. After an
interval of twenty-three hours, pollen from the Early
Barnes Cabbage growing at a distance was placed on
both stigmas; and as the plant was left uncovered,
pollen from other flowers on the Ragged Jack would
certainly have been left by the bees during the next
two or three days on the same two stigmas. Under
these circumstances it seemed very unlikely that the
pollen of the Barnes cabbage would produce any effect ;
Dut three out of the fifteen plants raised from the two
capsules thus produced were plainly mongrelised : and
I have no doubt that the twelve other plants were
affected, for they grew much more vigorously than the
self-fertilised seedlings from the Ragged Jack planted
at the same time and under the same conditions.
Secondly, I placed on several stigmas of a long-styled
cowslip (Primula veris) plenty of pollen from the samo
plant, and after twenty-four hours added some from a
short-styled dark-red Polyanthus, which is a variety of

* With respect to Messrs. Sharp,  p. 828. Lindley's ¢ Theory of Hor
100+ Gardencrs’ Ohronieley 1855, Houlture; p.830.
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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
own pollen, though placed on the stigmas twenty-
four hours previously, was quite destroyed by that of
the red variety. It should, however, be observed that
these plants are 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 distinet variety over
a plant’s own pollen,—both kinds of pollen being
placed on the same stigma. It is a much more re-
markable fact that pollen from another individual of
the same variety is prepotent over a plant’s own pollen,
as shown by the superiority of the seedlings raised
from a cross of this kind over seedlings from self-
fertilised flowers. Thus in Tables A, B, and O, there
are at least fifteen species which are self-fertile when
insects are excluded ; and this implies that their stigmas
must receive their own pollen;; nevertheless, most of
the seedlings which were raised by fertilising the non=
castrated flowers of these fifteen species with pollen
from another plant were greatly superior, in height,
weight, and fertility, to the self-fertilised offspring.*
For instance, with Ipomea purpurea every single inter-
crossed plant exceeded in height its self-fertilised
opponent until the sixth generation; and so it was
with Mimulus luteus until the fourth generation. Out
of six pairs of crossed and self-fertilised cabbages, every

* Theso ifteen i 1
ina Reveda odorata  Calceolaria, Verbaseum thay
and lutea, Limnanthes douglasi, Vandallia wummularifolia,
Papaver vagum, Viscaria oculata, tuca sativa, and Zea mays,
Beta vulgaris, Lupinue luteus,
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otie of the former was much heavier than the latter.
With Papaver vagum, out of fifteen pairs, all bu
' two of the crossed plants wero taller than their self-
 fertilised opponents. Of cight pairs of Lupinus luteus,
all but two of the crossed were taller ; of eight pairs
+ of Beta vulgaris all but one ; and of fifteen pairs of Zea
wmays all but two were taller. Of fifteen pairs of Lim-
 nantles douglasis, and of soven pairs of Lactuca sativa,
. every single crossed plant was taller than its self-fer-
tilised opponent. It should also be observed that in
[ these experiments no particular care was taken to cross-
fertiliso the flowers immediately after their expansion;
it is therefore almost certain that in many of these
eases some pollen from the sume flower will have
already fallen on and acted on the stigma.
There can hardly be a doubt that several other
species of which the erossed scodlings are moro
vigorous than tho self-fertilised, as shown in Tables A,
}. B, and O, 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 applicablo o them. Scarcely any result
my experiments has surprised me so much as this
of the prepotency of pollen from a distinet individual
over each plant’s own pollen, as proved by the greater
eonstitutional vigour of the crossed seedlings. The
evidence of prepotency is here deduced from the com-
parative growth of the two lots of seedlings; but we
have similar evidence in many cases from the much
greater fortility of the non-castrated flowers on the
mother-plant, when these reccived at the same time their
* own pollen and that from a distinet plant, in comparison
with the flowers which received only their own pollen.
From the various facts now given on the spontaneous
intercrossing of varieties growing near together, and on
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the effects of cross-fertilising flowers which are self-
fertile and have not been castrated, we may conclude
that pollen brought by insects or by the wind from.
a distinet plant will generally prevent the action of
pollen from the same flower, even though it may have
been applied some time before; and thus the inter
crossing of plants in a state of nature will be greatly
favoured or ensured.

The ease 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 bene-
ficial as a cross between flowers on distinct trees, as we
may infer from the inefficiency of pollen taken from.
plants which have been propagated from the same
stock, though growing on separate roots, The number
of bees which frequent certain kinds of trees when in
full flower is very great, and they may be seen flying
from tree to tree more frequently than might have
been expected. Nevertheless, if we consider how
numerous are the flowers on a great tree, an incom-
parably larger number must be fertilised by pollen
brought from other flowers on the same tree, than from
flowers on a distinet tree. But we should bear in mind
that with many species only a few flowers on the same:
peduncle produce a seed; and that these seeds are.
often the product of only one out of several ovules
within the same ovarium. Now we know from the.
experiments of Herbert and others® that if one flower

* *Variation under Domestication,’ ch. xvii. 2nd edit. vol. ii. p. 120.
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is fertilised with pollen which is more efficient than
that applied to the other flowers on the same peduncle,
the latter often drop off; and it is probable that this
would occur with many of the self-fertilised flowers
" on a large treo, if other and adjoining flowers were
- eross-fertilised. Of the flowers annually produced
by a great tree, it is almost certain that a large
- number would be self-fertilised; and if we assume
that the tree produced only 500 flowers, and that this
number of seeds were requisite to keep up the stock,
50 that at least one seedling should hereafter struggle
to maturity, then a large proportion of the seedlings
would ily be derived from self-fertilised seeds.
But if the tree annually produced 50,000 flowers, of
which the self-fertilised dropped off without yielding
seeds, then the cross-fertilised flowers might yield
seeds in sufficient number to keep up the stock, and
most of the seedlings would be vigorous from being
product of a cross between distinct individuals.
this manner the production of a vast number of
besides serving to entice numerous insects and
for the accidental d ion of many
by spring-frosts or otherwise, would be a very
advantage to the species; and when we behold
orchard-trees covered with a white sheet of bloom
n the spring, we should not falsely accuse nature of
. expenditure, though comparatively little fruit
produced in the autumn.

Anemophilous Plants—The nature and relations of
lants which are fertilised by the wind have been
jirably discussed by Delpino® and H. Miller; and

e o g e &
i luﬂ». L r, 0.
' and ¢ Bludll‘ﬂ PP 412, 442, Botbth:nl‘nlhm
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T have already made some remarks on the structure of
their flowers in contrast with those of entomophilous
species. There is good reason to believe that the first
plants which appeared on this earth were cryptogamic ;
and judging from what now oceurs, the male fertilising
element must either have possessed the power of spon-
tancous 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 Hildebrant

remarks,* at how early a period the sexes were separate
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 el
should be transported by some means lhmngh
air; and the wind is the simplest means of
There must also have been a period when
insects did not exmt,and plantswould not then hava b
rendered Even at a
period the more specialised orders of the Hymenop
Lepidoptera, and Diptera, which are now chiefly con:
cerned with the transport of pollen, did ot exist
Therefore the earliest terrestrial plants known to
namely, the Conifere and Cycadesw, no doubt were
mophilous, like the existing species of these su
groups. A vestige of this early state of things
likewise shown by some other groups of plants which
are anemophilous, as these on the whole stand
in the scale than entomophilous species.

romark that plants must have  came neotariferons and grad
been anemophilous before they  acquired their present
e enlomophilous, . Miller  through sucecsivo b
further e yie g

e e e * ¥ Dic Geschlochter-Vert
Nk Seitom it b e’ LA Dp. $4-90.
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There is no great difficulty in understanding how an
anemophilous plant might have been rendered entomo-
philous. Pollen is a nutritious substance, and would
soon have been discovered and devoured by insects;
and if any adhered to their bodies it would have been
carried from the anthers to the stigma of the same
Hlower, or from one flower to another. One of the chief
characteristics of the pollen of anemophilous plants
is its incoherence ; but pollen in this state can adhere
to.the huiry bodics of insects, as wo sco with some
i Ericacew, and Mel: ‘We have,
however, better evidence of the possibility of a tran-
sition of the above kind in certain plants being now
. fertilised partly by the wind and partly by insects.
The common rhubarb (Rhewn rhaponticum) is so far
in an intermediate condition, that I have seen many
Diptera sucking the flowers, with much pollen adhering
to their bodies; and yet the pollen is so incoherent,
that clouds of it are emitted if the plant be gently
shaken on a sunny day, some of which conld hardly
fail to fall on the large stigmas of the neighbouring
flowers.  According to Delpino and H. Miiller,* somo
species of Plantago are in a similar intermediate

Wlthough it is probablo that pollen was sboriginally
B ccton o iucts sl niib ol iy
plants now exist whose flowers are frequented exclu-
sively by pollen-devouring insects, yet the great
majority seerete nectar as the chief attraction. Many
years ago I suggested that primarily the saccharine
matter in nectar was excretedf as a waste product of
chemical changes in the sap; and that when the ex-

* DieBefruchtung,’ & p. 342, excretion, us stated by Martinct
' Nectar was regarded by in*Annal. desSe, Nat. 1873, tom.
De Candolle and Dunal us an  xiv. p. 211

2p2
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cretion happened to occur within the envelopes of a
flower, it was nuhsed for the important object of
much increased
in quantity and atmed in various ways. This view
is rendered probable by the leaves of some trees ex-
creting, under certain climatic conditions, without the.
aid of special glands, a saccharine fluid, often called
honey-dew. This is the case with the leaves of the
lime; for although some authors have disputed the.
fact, a most capable judge, Dr. Maxwell Masters,
informs me that, after having heard the discussions on
this subject before the Horticultural Society, he feels.
1o doubt on this head. Prof. H. Hoffmann has lately
(1876) described the case of the leaves of a young
camellia secreting profusely, without the possibility of
the intervention of aphides. The leaves, as well as
the cut stems, of the manna ash (Frawinus ornus)
secrete in a like manner saccharine matter.* According
to Treviranus, so do the upper surfaces of the leaves.
of Carduus arctioides during hot weather. Many ana-
logous facts could be given.t There are, however,
a considerable number of plants which bear small
glandst on their leaves, petioles, phyllodia, stipu

* {Gard. Chron" 1876, p. 242.  exeretion by many epiphytal
t Kurr, ‘Unh.'mllu iiber  chids and passion-flowers. fr
die Bodeutun Nektarien;  Rodgers hip seen Tuch

1838, p. 115, Bccret

3 A large num lower-peduncles of Vanilla,
e oy il e only examplo
ko Suirilogier’ Axm 7P
1874. To these ma him is externally at the base

-5 P
thoes given in my foxt, as well tho fowers of Chironia
45 the exeretion of saccharine  see *Reports on Botany

Taattor from the alyx of two cioty, 1846, p. 85,
Tris, and from the tant memoir on

© The Complete Work of Charles Darwin Online



Crae. K. - SECRETION OF NECTAR. 405

bractesw, or flower peduncles, or on the outside of their
calyx, and these glands seerete minute drops of a sweet
fluid, which is eagerly sought by sugar-loving insects,
such as ants, hive-bees, and wasps. In the case of
the glands on the stipules of Vicia sativa, the excre-
tion manifestly depends on changes in the sap, con-
sequent on the sun shining brightly ; for Irepeatedly
observed that as soon as the sun was hidden behind
clouds the secretion ceased, and the hive-bees left the
field ; but as soon' as the sun broke out again, they
returned to their feast.* Ihave observed an analogous
fact with the secretion of true nectar in the flowers of
Lobelia erinus.

Delpino, however, maintains that the power of
secreting a sweet fluid by any extra-floral organ has
been in every case specially gained, for the sake of
attracting ants and wasps as defenders of the plant
against their enemies; but I have never seen any
reason to believe that this is so with the three species
observed by me, namely, Prunus laurocerasus, Visia
sativa, and V. faba. No plant is so little attacked by
enemies of any kind in this country as the common
bracken-fern (Pteris aquilina); and yet, as my son

on tho leaves in the bud bear  (hara).
gitnds which soorsto only ats _* f publisbed o brlf mtice of
very early age, and which have this case in the * Gar: 3
the same morphological structure 1855, July 21, p. 457, an her
[ Cue nootar-sscrting plands, | wards mails Nbher cbeervations.
He further shows that the nectar.  Besides the hive-bee, auother
secreting glands on the petioles  specics of bee, a moth, ants, an
of Prunus_avium nre not deve- two kinds of flics sucked the

at o very early age, yet drops of fluid on the stipules.

away on the old leaves. The larger drops tasted s
Thz:m homologous with those  The hive-bees never even looked

sermtions of the blades of at tho flovers w

es, as shown at the same time; whilst two

B otes oo by transition-  species of humble-bées neglected
forms; for the lowest serrations the stipules and visited ouly the
o flowers.

secrete y stead of
e N T Charlos DarwinOnline
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Francis has discovered, the large glands at the bases
of the fronds, but only whilst young, excrete much
sweetish fluid, which is eagerly sought by innumerable
ants, chiefly belonging to Myrmica; and these ants
certainly do not here serve as a protection against any
enemy, In S. Brazil, however, ants attracted by the
secretion to this plant, defend it, according to Fritz
Miller,* against other leaf-devouring and highly de-
structive ants; so that, if this fern originated in tropical
8. America, the capacity of secretion may have been
acquired for this special purpose. Delpino argues
that sugar-secreting glands ought never to be con-
sidered as merely excretory, because if they were so,
they would be present in every species; but I cannot
see much force in this argument, as the leaves of some.
plants excrete sugar only during certain states of the
weather. That in some cases the secretion serves to
attract insects as defenders of the plant, and may have
been developed to a high degree for this special
purpose, T have not the least doubt, from the observa-
tions of Delpino, and more especially from those of
Mr. Belt on Acacia spherocephala, and on passions
flowers. This acacia likewise produces, as an additional
nt(mcnon to ants, small bodies containing much uil
s and anals bodies are devel,

by a Cecropia for the same purpose, as described by
Fritz Miller.t

The excretion of a sweet fluid by glands seated

* Soo a letterin Nature; June  Acacia. With respect to the.
1877, p. 100, by my son Francis,  cropia, see * Nature,” 1876, p.
i has descril

with! interesting extracts from « My son Frane bed
Totier by Fritz Miller, jeroscopical structure and
ot has lopment of theso wonderful

most
Inferesing sesount, (4The Nata- bodios in o paper read befoo t
rlit in Niearga, 187, 7. 218)  Linnean Society.  Bot, vol. =
it tmporance of p. 308,
s defendors of the above
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outside of a flower is rarely utilised as a means for
cross-fertilisation by the aid of inseets; but this is the
case with several species of Euphorbia and with the
bractem of the Marcgraviaces, as the late Dr. Criiger
informed me from actual observation in the West
Indies, and as Delpino inferred with much acuteness
from the relative position of the several parts of their
flowers.* Mr. Farrer has also shown t that the flowers
of Coronilla are curiously modified, so that bees may
fertilise them whilst sucking the fluid secreted from
the outside of the calyx. With one of Malpighiaceze,
bees gnaw the glands on the calyx, and in doing so
get their abdomens dusted with pollen, which they
carry to other flowers} It further appears probable
from the observations of Rev. W. A. Leighton, that the
fluid so abundantly secreted by glands on the phyllodia
of the Australian Acacia mag: , which stand near
the flowers, is connected with their fertilisation.§

The amount of pollen produced by anemophilous
plants, and the distance to which it is often trans-
ported by the wind, are both surprisingly great. Mr.
Hassall found, as before stated, that the weight of
pollen produced by a single plant of the bulrush

QUANTITY OF POLLEN,

me Quervaz. Dicogam

atibed by Fn(z)lﬁller
i Natages Now: 1877, p. 28
§/Anmals and Mag- of N .
vol.
ey le ‘l"orhlxslum F
Orehids, and i
mently “published in the * Annals
Mag of Nat. History! it has
B s ot ltiough oo
i of orchids o i,
el i actually secroted by
152 bt thot inscets penctrate the
inmer and suck the fluid

sl b 0% fobeedles
spaces. gested, in
the case of sor me n!her omhu‘h
which do not secro

pino_have now vt
other plants havo thickened pe-
o sucked or gnawed

1 their fextilsation being

s .m«l AL the known facts

pirt ii. fuse. ii. 1875, pp. 59-63.
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(Typha) was 144 grains. Bucketfuls of pollen, chiefly
of Coniferm and Graminew, have been swept off the
decks of vessels near the North American shore;
and Mr. Riley has seen the ground near St. Louis,
in Missouri, covered with pollen, as if sprinkled with
sulphur; and there was good reason to believe that
this had been transported from the pine-forests at
least 400 miles to the south. Kerner has seen the
snow-flelds on the higher Alps similarly dusted ; and
Mr. Blackley found numerous pollen-grains, in_one
instance 1200, adhering to sticky slides, which were
sent up to a height of from 500 to 1000 feet by means
of a kite, and then uncovered by a special mechanism,
It is remarkablo that in theso experiments there
were on an average nineteen times as many pollen-
grains in the atmosphere at the higher than at the
lower levels.* Considering these facts, it is not so
surprising as it at first appears that all, or nearly all
the stigmas of anemophilous plants should receive
pollen brought to them by mere chance by the wind,
During the early part of summer every object is thus
dusted with pollen; for instance, I examined for
another purpose the labella of a large number of
flowers of the Fly Ophrys (which is rarely visited by
insects), and found on all very many pollen-grains of
other plants, which had been caught by their velvety
surfaces.

The extraordinary quantity and lightness of

* For Mr. Hussall’

's observa- Kemer, ‘Do Schutzmittel des
ls and Mag. of P s

. e 1
tions see * Annal ‘ollens,’ 1878, p. 6. This author
Naut, Hist. vol. viii. 1842, p. 108.  has also seen & lake in the Tyral
In the ‘ North Ameri

o crican 50 covered with pollen, that the
of Science,! Jan, 1842, there isan  water no longer appeared

account of the pollen swept off  Mr. Blackloy, * Experimental
the decks of o vessel. Riley, searches on' Hay-fover, 1878,
{Fifh Report on tho Nosious pp. 182 11-152. 3
Insects of Missouri,’ 1873, p. 86.
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pollen of anemophilous plants are no doubt both
,as their pollen has generally to be carried
to the stigmas of other and often distant flowers ; for,
s we shall soon see, most anemophilous plants have
their sexes separated. The fertilisation of these plants
is generally aided by the stigmas being of large
size or plumose; and in the case of the Coniferm,
by the naked ovules secreting a drop of fluid, as
shown by Delpino. Although the number of ane-
mophilous species is small, as the author just quoted
remarks, the number of individuals is large in com-
parison with that of entomophilous species. This
holds good especially in cold and temperate regions,
where insects are not so numerous as under a warmer
elimate, and where consequently entomophilous plants
are less favourably situated. We see this in our
forests of Coniferw and other trees, such as oaks,
beeches, birches, ashes, &e.; and in the Graminesw,
Cyperaces, and Juncacew, which clothe our meadows
and swamps ; all these treesand plants being fertilised
by the wind.  As a large quantity of pollen is wasted
by anemophilous plants, it is surprising that so many
i pecies of this kind abounding with individual
should still exist in any part of the world; for if they
‘had been rendered entomophilous, their pollen would
have been transported by the aid of the senses and
appetites of insects with incomparably greater safety
than by the wind. That such a conversion is possible
can hardly be doubted, from the remarks lately made
on the 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 moro surprising fuct

* H. Miller, *Die Befruchtung, &c. p. 149.
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that plants, after having been once rendered entomo-
philous, should ever again have become anemophilous;
but this has occasionally though rarely occurred, for
instance, with the common Poterium sanguisorba, as may
be inferred from its belonging to the Rosacew. Such.
cases are, however, intelligible, as almost all plants
require to be occasionally intercrossed; and if any
entomophilous species ceased altogether to be visited.
by insects, it would probably perish unless it were
rendered anemophilous, or acquired a full capacity for.
self-fertilisation ; but in this latter case we may
suspect that it would be apt to suffer from the long-
continued want of cross-fertilisation. A plant would
be neglected by insects if nectar failed to be secreted,
unless indeed a large supplyof attractive pollen was pre-
sent; and from what we have seen of the excretion of
saccharine fluid from leaves and glands being largely
governed in several cases by climatic influences, and
from some few flowers which do not now secrete nee-
tar still retaining coloured guiding-marks, the failure
of the secretion cannot be considered as a very im=
probable event. The same result would follow to a
certainty, if winged insects ceased to exist in any.
district, or became very rare. Now there is only.
a single plant in the great oder of the Crucifers,
namely, Pringlea, which is anemophilous, and this
plant is an inhabitant of Kerguelen Land,* where
there are hardly any vrmged insects, owing ])mbthy,
us was suggested by me in the case of
to the risk which they run of being blown out to sea
and destroyed.

A remarkable fact with respect to anemophilons
plants s thatthey areoften diclinous that i, they aro

* The Rev. A. E.Mm‘Pme.RnynlEoe.'anliLlh.’S,p”l
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either monccious with their sexes separated on the
same plant, or diccious with their sexes on distinet
plants. In the class Monceeia of Linnwus, Delpino
shows* that the species of twenty-cight genera are
1 and of genera
In the class Dicecia, the species of ten genera are
anemophilous and of nineteen entomophilous. The
larger proportion of entomophilous genera in this
latter class is probably the indirect result of insects
having the power of carrying pollen to another and
sometimes distant plant much more securely than the
wind. In the above two classes taken together there
are thirty-cight anemophilous and thirty-six ento-
mophilous genera; whereas in the great mass of
dite plants the of

hilous genera is ly small. The
eause of this remarkablo difference may be attributed
to anemophilous plants having retained in a greater
degree than the entomophilous a primordial condi-
tion, in which the sexes were separated and their
mutual fertilisation effected by means of the wind.
That the earliest and lowest members of the vegetable
Kingdom had their sexes separated, as is still the case
to a large extent, is the opinion of a high authority,
Niigelif It is indeed difficult to avoid this con-
clusion, if we admit the view, which seems highl

probable, that the conjugation of the Algw and of
some of the simplest animals is the first step towards
sexual reproduction ; and if we further bear in mind
that @ greater and greater degree of differentiation
between the cells which conjugate can be traced,
thus leading apparently to the development of the

“Studi sopra un Lignagei + ¢ Entstehung und Begriff der
vl iy Composttey 1871, nadurhist. Arty 1663, p. 22,
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two sexual forms® We have also seen that as
plants became affixed to the ground and were more
highly developed so as to be rendered phanerogamie,
they would be compelled to be anemophilous in
order to intercross. Therefore all plants which have
not since been greatly modified, would tend still to
be both diclinous and anemophilous; and we can
thus understand the connexion between these two.
states, although they appear at first sight quite dis-
conneeted. If this view is correct, plants must have
been rendered hermaphrodites at a later though still
very early period, and entomophilous at a yet later
period, namely, after the development of wingod insects.
So that the relati betw and
fertilisation bymunsofmmuhkemwswmm
extent intelligible.

Why the descendants of plants which were originally
dicecious, and which therefore profited by always inter-
crossing with another individual, should have been
converted into hermaphrodites, may perhaps be ex-
plained by the risk which they ran, especially as long as
they were anemophilous, of not being always fertilised,
and consequently of not leaving offspring. This latter

» set the fnk'nlﬂn‘ diseus- Inlhn’h. vha.hv r'mlnm or
on_this whole subject by O. Intter cass

Mhnhll i his  Studien ber die mllatl by lnmmpuhmm) does not.
erston Entwickelungavorginge der development of trao
Eiaelle,” &c. 1876, pp. mzls mhnub.mm
Also, Dr. A. Dod-' ejuvenssoenco of the il
haar-Algo.”© ro scems to bo o closo

wisa. such o result with that

3 Also, En- in
gelmann, “ Ucber Entwickelung  follows from the wnion of the
von lnlnwrlen,’“l!u hol. Jubr-  male and femalo elements of dis-
buch,’ B, i, p. 578, An abstract tinct plants, for the seedlings thus
or this_important memoir has  raised may' bo said to show re

i ¥ Archives do Zoalog. _generation or rejuvencacence 1A%
ﬂy\frluwnml«.' Tom. v. 1876, p.  their greatly increased constitu=
xxili. ooneludes i

fat the oun;wﬂw of various
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evil, the greatest of all to any organism, would have
been much lessened by their becoming hermaphrodites,
'.hollgh wltb nhe contmgem disadvantage of frequent
By what steps an herma-

phrodite condition was acquired we do not know. But
we can see that if a lowly organised form, in which
the two sexes were represented by somewhat different
individuals, were to increase by budding either before
or after conjugation, the two incipient sexes would
be capable of appearing by buds on the same stock,
as oceasionally oceurs with various characters at the
present day. The organism would then be in a
moncecious condition, and this is probably the first
step towards hermaphroditism; for if very simple
male and female flowers on the same stock, each con-
sisting of a single stamen or pistil, were brought close
together and surrounded by a common envelope, in
nearly the same manner as with the florets of the
Composite, we should have an hermaphrodite flower.*
There seems to be no limit to the changes which
organisms undergo under changing conditions of life ;
and some hermaphrodite plants, descended as I am led
to believe from aboriginally diclinous plants, have had
their sexes again separated. That this has occurred,
wemay infer from the presence of rudimentary stamens
in the flowers of some individuals, and of rudimentary
pistils in the flowers of other individuals, for example
in Lychnis dioica. But a conversion of this kind will

ima much lower i the sale than
Mr. Dyer

* My . Thislion Dyerin g in

w of this worl
"iim..,v Feb, 1877, p.
saotly ;ppwm view,
R avons of th"belct fat il
ts were al

boriginally
maphrodites. T will only mmnrk
my mind

inella.
Aoy my notionof
simple male and fomalo flowers
being brougit together and sue-
rounded by & common envelope,
offers very considerablo morpl

logical difficulties.
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not have occurred unless cross-fertilisation was already
assured, generally by the agency of insects; but why.
the production of male and female flowers on distinet
plants should have been advantageous to the species,
cross-fertilisation having been previously assured, is
far from obvious. A plant might indeed produce twice
us many seeds as were necessary to keep up its numbers
under new or changed conditions of life ; and if it did.
not vary by bearing fewer flowers, and did vary in the
state of its reproductive organs (as often occurs under
cultivation), a wasteful expenditure of seeds and pollen
would be saved by the flowers becoming diclinous.

A related point is worth notice. 1 remarked in my
Origin of Species that in Britain a much larger pro-
portion of trees and bushes than of herbaceous plants
have their sexes separated ; and so it is, according to
Asa Gray and Hooker, in North America and New.
Zealand.* Tt is, however, doubtful how far this rule:
holds good generally, and it certainly does not do so
in Australia. But I have been assured that the flowers.
of the prevailing Australian trees, namely, the
Myrtaces, swarm with insects, and if they are dicho=

* Lind fo the ‘Tondom Cuta- g o thirty-fve familics. OF

Iogue of Britsh Plants! that thers trees, fifly-two, o

irty-two_indigenous trees mymm, balt v theis sexes

Snd ‘buubes in. Gioat. Betatn,  Taoreor lowsoperatod. Ofvasiell

classod undor nine fumilios but thoro. aro. 143, of whiol aixige
to arr on the safo side, T have  one have their sexes in tho satie

aoutked only six spocies of wil-  state; whilst of the  remuiaing!
lows. Of the thi plants ouly IE
bushes, nin more than or less than a

Balf, hiwve their sexes separated ;

sexes soparated. iy, Prof.
and this i s enormous propor-  Asa Gray informs mo that o the
HM: pnd-m. other nul.\ ive
plant w Zealand aboune trees (belonging to twonty-five
-m. Gt piats aal et Tl ot hk ninoty-five
caloulutos that  longing to seventeon " families)
out of about 706 lz.- erogunic  “have their sexes moro or less
rllntl lnhahﬁn; -
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gamous they would be practically diclinous.* As far
as anemophilous plants are concerned, we know that
they are apt to have their sexes separated, and we can
see that it would be an unfavourable circumstance for
them to bear their flowers very close to the ground, as
their pollen is liable to be blown high up in the air;t
but as the eulms of grasses give sufficient elevation,
we cannot thus account for so many trees and bushes
being diclinous. We may infer from our previous
discussion that a tree bearing numerous hermaphrodite
flowers would rarely intercross with another tree,
except by means of the pollen of a distinet individual
being prepotent over the plant’s own pollen. Now the
separation of th sexes, whether the plant wero anemo-
philons or would most bar
self-fertilisation, and this may be the cause of so many
trees and bushes being diclinous. Or to put the case
in another way, a plant would be better fitted for
development into a tree, if the sexes were separated,
than if it were hermaphrodite ; for in the former case
its numerous flowers would be less liable to continued
self-fertilisation. But it should also be observed that
the long life of a tree or bush permits of the separation
of the sexes, with much less risk of evil from impreg-
nation occasionally failing and seeds not being pro-
duced, than in the case of short-lived plants. Hence
it probably is, as Lecoq has remarked, that annual
plants are rarely disecious.

$ Fith espocttothe Protesct  is hald by the eumndh (e, one
of Australia, Mr. Bentham the stamens which

acks (- Joursal Linn. Soc. Bot?  afo from all pollution from her

'd.nh.ls’ll.pp.ﬂ,ﬂ)unm brother anthers, and is preserved

“which the  intact for any pollen that mey be

ap- it u.e several genera s inserted by insects and other
actic

- s e | -
mo?m the sume flower. For ernr, ¢ Schutzmittel des
Xy

i yaaphen “ihostigns  Pollaw 197, .
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Finally, we have scen reason to believe that the
higher plants are descended from extremely low forms
which conjugated, and that the conjugating indi-
viduals differed somewhat from one another,—the one:
representing the male and the other the female—so
that plants were aboriginally diecious. At a very
early period such lowly organised dicecious plants
probably gave rise by budding to monacious plants
with the two sexes borne by the same individual ; and
by a still closer union of the sexes to hemmphmdxh
plants, which are now much the commonest form.*
As soon as plants became affixed to the ground, their
pollen must have been carried by some means from
flower to flower, at first almost certainly by the wind,
then by pollen-devouring, and afterwards by nectar-
seeking insects. During subsequent ages some few
entomophilous plants have been again rendered anemo-
philous, and some hermaphrodite plants have had their
sexes again separated; and we can vaguely see the
advantages of such recurrent changes under certain
conditions,
Diwcious 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 in-
dividuals, moreover, namely, the males, produce no

There is o considerable  duals, which represented the two.
g Mg Inciplont sexcs, On ts iewsthe
higher animala aro tho descend- {u

animals may now
ants of hermaphroditcs ; and it is biatoral straoture, with: il
a ‘o or such  ther orgune double ut an easly
bermaphroditism may not bave mhryan o

been lunhammtmn or conjuga dcwopdm..m
of two slightly differen luals.
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seed, and this might possibly be a disadvantage.
Delpino remarks that dicecious plants cannot spread so
 easily as monaecious and hermaphrodite species, for &
single individual which happened to reach some new
site could not propagate its kind; but it may be
doubted whether this is a serious evil. Monwecious
anemophilous plants can hardly fail to be to a large
extent dicecious in function, owing to the lightness of
their pollen and to the wind blowing laterally, with
the great additional advantage of occasionally or often
producing some self-fertilised seeds. When they are
‘also dichogamous, they are necessarily diccious in
function. Lastly, hermaphrodite plants can generally
 produce at least some self-fertilised seeds, and they are
at the same time capable, through the various means
‘specified in this chapter, of cross-fertilisation. When
their structure absol prevents self-fertilisati
they are in the same relative position to one another
a8 monaecious or diccious plants, with what may be
an advantage, namely, that every flower is capable
of yielding sceds.

2x
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CHAPTER XI.

Tix Hams o Inskors 1¥ meramios 10 e FEnriusatios or
Frowens.

Insects visit the flowers of the same species as long as they can—Cn
of this habit—Means by which bees the.
‘secretion

Bers and various other insects must be directed
instinet to search flowers for neetar and pollen,
they act in this manner without instruction as
as they emerge from the pupa state. Their instin
however, are not of a specialised nature, for they
many exotic flowers as readily as the endemic ki
and they often search for nectar in flowers which
not secrete any ; and they may be seen attempting
suck it out of nectaries of such length that it cas
be reached by them.* All kinds of bees and certs
other insects usually visit the flowers of the same sp
as long as they can, before going to another
This fact was observed by Aristotle with respect to

itung,”
187¢ 119 for his
o B L o T
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than 2000 years ago, and was noticed

arden; not that the habit is invariably followed. Mr,
nnett watched for several hours® many plants of
album, L. purpureum, and another Labiate
nt, Nepeta glechoma, all growing mingled together
a bank near some hives; and he found that each
‘bee confined its visits to the same species. The pollen
of these three plants differs in colour, so that he was
able to test his observations by examining that which
lhered to the bodies of the captured bees, and he
pund one kind on each bee.

Humble and hive-bees are good botanists, for they
know that varieties may differ widely in the colour of
flowers and yet belong to the same species. I

we repeatedly seen humble-bees flying straight from
 plant of the ordinary red Dictamnus frazinella to a
white variety; from one to another very differently
ed variety of Delphinium consolida and of
Ja. veris ; from a dark purple to a bright yellow
iety of Viola tricolor; and with two species of

ver, from one variety to another which differed
nuch in colour; but in this latter case some of the
flew indifferently to either species, although pass-
by other genera, and thus acted as if the two spe-
ies were merely varieties. H. Miller also has seen
hive-bees flying from flower to flower of Ranuneulus

bosus and arvensis, and of Trifolium fragiferum
id repens; and even from blue hyacinths to blue
- Bome species of Diptem or flies keep to the flowers
® ¢ Nature,! 1874, Jume ith, t‘Bimen Zeitung,’ July 1876
P 183,

22

© The Complete Work of Charles Darwin Online



420 HABITS OF INSECTS

of the same species with almost as much regularity
do bees; and when captured they are found cover
with pollen. I have seen Rhingia rostrata acting
this manner with the flowers of Lychnis divica, Ajt
reptans, and Vicia sepium.  Volucella plumosa and Ex
cheiroptera flew straight from flower to flower of Myoso

with Stellaria holostea, Helianthemum vulgare, Bellis
perennis, Veronica hederafolia and chamadrys ; but son
Hlies visited indifferently the flowers of these two
species. Thave seen more than once a minute Th
with pollen adhering to its body, fly from one flower
another of the same kind; and one was observed
me crawling about within a convolvulus with
grains of pollen adhering to its head, which
deposited on the stigma.

Fabricius and Sprengel state that when flies ha
once entered the flowers of Aristolochia they ne
escape,—a statement which I could not believe, as
this case the insects would not aid in the cross-ferti
sation of the plant; and this statement has now
shown by Hildebrand to be erroneous. As the sp
of Arum maculatum are furnished with filaments
rently adapted to prevent the exit of insects,
resemble in this respect the flowers of Aristolochia:
on_examining several spathes, from thirty to
minute Diptera belonging to three species were fo
in some of them ; and many of these insects were I
dead at the bottom, as if they had been perman
entrapped. In order to discover whether the
ones could escape and carry pollen to another p
tied in the spring of 1842 a fine muslin bag
round a spathe; and on returning in an hour's tin
several little flies were crawling about on the it
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surface of the bag. I then gathered a spathe and
‘breathed hard into it; several flies soon erawled out,
and all without exception were dusted with arum pollen.
‘These flies quickly flew away, and I distinetly saw
three of them fly to another plant about a yard off;
they alighted on the inner or concave surface of the
spathe, and suddenly flew down into the flower. T then
~opened this flower, and although not a single anther
~ had burst, several grains of pollen were lying at the
bottom, which must have been brought from another
plant by one of these flies or by some other insect. In
‘another flower little flies were crawling about, and I
saw them leave pollen on the sti
1 do not know whether Lepidoptera generally keep
o the flowers of the same species; but I once observed
‘many minute moths (I believe Lampronia (Tinea)
calthella) apparently eating the pollen of Mercurialis
K a, 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
hree of these moths alight on the stigmas. Lepidoptera
e probably often induced to frequent the flowers of the
species, whenever these are provided with a long
d narrow nectary, as in this case other insects cannot
¢k the nectar, which will thus be preserved for those
wing an elongated proboscis. No doubt the Yucca
oth* visits only the flowers whence its name is de-
ed, for a most wonderful instinet guides this moth
place pollen on the stigma, so that the ovules may be
eloped on which the larve feed. With respect to
coptera, I have seen Meligethes covered with pollen
ying from flower to flower of the same species; and

 * Described by Mr. Riley in the * American Nuturalist,’ vol. vii.
Oct. 1878,
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this must often occur, as, according to M. Bris
“many of the species affect only one kind of plant.”
It must not be supposed from these several stateme
that insects strictly confine their visits to the
species. They often visit other species when only H
few plants of the same kind grow near together. Ina
flower-garden containing some plants of (Enothera, th
pollen of which can easily be recognised, I found
only single grains but masses of it within many f
of Mimulus, Digitalis, Antirrhinum, and Lin
Other kinds of pollen were likewise detected in th
same flowers. A large number of the stigmas of a plant
of Thyme, in which the anthers were completely abor
were examined; and these stigmas, though s
larger than a split needle, were covered not only
pollen of Thyme brought from other plants by the be
but with several other kinds of pollen.
That insects should visit the flowers of the
species as long as they can, is of great impo
to the plant, as it favours the cross-fertilisation o
distinet individuals of the same species; but no o
will suppose that insects act in this manner for the
of the plant. The cause probably lies in inseets
thus enabled to work quicker; they have just le
how tostand in the best position on the flower, and.
far and in what direction to insert their proboscide
They act on the same principle as does an art
who has to make half-a-dozen engines, and who sw
time by making consecutively each wheel and part
all of them. Insects, or at least bees, seem much
fluenced by habit in all their manifold operations;

o Abguintin  Aserionn Nk’ _oonclusion, with reapet 0

May )

oince T wero lon(nt.hayun(hu Wi
wrtton. 1 nd that 1 Siter as Bicnen Zelf
coumo 1 alumost exactly tho saue  July 1476, p. 182,
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we shall presently see that this holds good in their
felonious practice of biting holes through the corolla.
It is a curious question how bees recognise the flowers
of the same species. That the coloured corolla is the
chief guide cannot be doubted. On a fine day, when
hive-bees were incessantly visiting the little blue flowers
of Lobelia erinus, I cut off all the petals of some, and
only the lower striped petals of othau. and these flowers
were not once again sucked by the bees, although some
actually crawled over them. The removal of the two
little upper petals alone made no difference in their
yisits. Mr. J. Anderson likewise states that when he re-
moved the corollas of the Caleeolaria, bees never visited
the flowers.*  On the other hand, in some large masses of
Geranium phaum which had escaped out of a garden, T
observed the unusual fact of the flowers continuing to
secrete an abundance of nectar after all the petals had
fallen off ; and the flowers in this state were still 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 T watched for some time
humble-bees which were visiting exclusively plants of

* + Ganleners’ Chronicle,” 1858, would naturally produce seeds
834, Kurr cut off the nectares nﬂ.mrdnmrml
lhr‘lnnm flowers of am surprised that -

and found that i consaliday 28 we -
&

ielded sceds;
Y mef" il i i, skl
.ﬂllh"n their &ns thus i Dot ¥
hdd- (nia l.he holes yrrmthnmyu«“henmnlgr

i

ble number of fowers, inseots: * Bodoutung dor Nek-
S theso lkewise yiolded seeds. tarica 1859, pp. 120135,
Flowers which aro self-
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the white-flowered Spiranthes awtumnalis, growing on.
short turf at a considerable distance apart; and these
bees often flew within a few inches of several other
plants with white flowers, and then without further exe

amination passed onwards in search of the Spiranthes.

Again, many hive-bees which confined their visits to the
common ling (Calluna vulgaris), repeatedly flew towards

Erica tetraliz, evidently attracted by the nearly similar

tint of their flowers, and then instantly passed on in

search of the Calluna.

That the colour of the flower is not the sole guide, is
clearly shown by the six cases above given of bees
which repeatedly passed in a direct line from one
variety to another of the same species, although they:
bore very differently coloured flowers. T observed also
bees flying in a straight line from one clump of a yellow-
flowered (Enothera to every other clump of the same
plant in the garden, without turning an inch from
their course to plants of Eschscholtzia and others with
yellow flowers which lay only a foot or two on either.
side. TIn these cases the bees knew the position of each |
plant in the garden perfectly well, as we may infer by
the directness of their flight; so that they were guided
by experience and memory. But how did they discover
at first that the above varieties with differently coloured
flowers belonged to the same species? Improbable o
it may appear, they seem, at least sometimes, to
niso plants even from a distance by their general
aspect, in the sume manner as we should do. On three
oecasions 1 observed humble-bees flying in a perfectly
straight line from a tall larkspur (Delphinium) 'hwh
was in full flower to another plant of the same species.
at the distance of fifteen yards which had not as yet
single flower open, and on which the buds showed only
a faint tinge of blue. Here neither odour nor the
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memory of former visits could have come into play,
and the tinge of blue was so faint that it could hardly
have served as a guide.*
The conspicuousness of the corolla does not suffice
to induce repeated visits from insects, unless nectar is
“at the same time secreted, together perhaps with
some odour emitted, T watched for a fortnight many
 times daily a wall covered with Linaria cymbalaria
in full flower, and never saw a bee even looking at
one. There was then a very hot day, and suddenly
many bees were industriously at work on the flowers.
Ttappears that a certain degree of heat is necessary for
the secretion of nectar; for I observed with Lobelia
erinus that if the sun ceased to shine for only half an
hour, the visits of the bees slackened and soon ceased.
An analogous fact with respect to the sweet excretion
from the stipules of Vicia sativa has been already
given. As in the case of the Linaria, so with Pedicu-
laris sylvatica, Polygala vulgaris, Viola tricolor, and some
species of Trifolium, I have watched the flowers day
after day without seeing a bee at work, and then sud-
denly all the flowers were visited by many bees. Now
how did so many bees discover at once that the flowers
ing nectar ? I presume that i have been
by their odour; and that as soon as a few bees began
1o suck the flowers, others of the same and of different
Kinds observed the fict and profited by it. We shall
presently see, when we treat of the perforation of the
corolla, that bees are fully capable of profiting by the

* A fact mentioned flowers of th long-styled form, in
(“Dio mmmm.’ e, whioh the anthors arg seatod low
D e T e comia, Vet
o powers of xisin wud s the diffrenes in napret bebweon
on ; e ongatylod s, shrtatyl

‘datior m-.’?:uypud»,m
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labour of other species. Memory also comes into play,
for, us already remarked, bees know the position of
each clump of flowers in a garden. I have repeatedly
seen them passing round a corner, but otherwise in as
straight a line as possible, from one plant of Fraxinella
and of Linaria to another and distant one of the same.
species ; although, owing to the intervention of other
plants, the two were not in sight of each other.

It would appear that either the taste or the odour of
the nectar of certain flowers is unattractive to hive or to
humble-bees, or to both ; for there seems no other reason:
why certain open flowers which secrete nectar are not
visited by them. The small quantity of nectar secreted
by some of these flowers can hardly be the cause of
their neglect, as hive-bees search eagerly for the minute
drops on the glands on the leaves of the Prunus laure-
cerasus. Even the bees from different hives sometimes
visit different kinds of flowers, as is said to be the case
by Mr. Grant with respect to the Polyanthus and Viola
tricolor.* Thave known humble-bees to visit the flowers:
of Lobelia fulgens in one garden and not in another at
the distance of only a few miles. The cupful of nectar.
in the labellum of Epipactis latifolia is never touched
by hive- or humble-bees, although I have seen them:
flying close by; and yet the nectar has a pleasant
taste to us, and is habitually consumed by the common
wasp. As far as I have seen, wasps seek for nectar in
this country only from the flowers of this Ep:pwﬁs,
Serophularia aquatica, Hedera heliz, Sym
racemosa,t and Tritoma ; the three former plants bem‘
endemic, and the two lsmr exotic. As wasps are so

3 39ard. Clron 1844, p. 574, thmphnhnnsn_hnlrld

Nettarii
I'in Taly, rmj:}m n"rmmr:n
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fond of sugar and of any sweet fluid, and as they do
ot disdain the minute drops on the glands of Prunus
laurocerasus, it is a strange fact that they do not suck
the nectar of many open flowers, which they could do
without the aid of a proboscis. Hive-bees visit the
flowers of the Symphoricarpus and Tritoma, and this
makes it all the stranger that they do not visit the
flowers of the Epipactis, or, as far as I have seen, those
of the Serophularia aquatica ; although they do visit
the flowers of Scrophularia 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 distinet
plant. When the nectar is in any way hidden, bees
cannot tell without inserting their proboscides whether
it has lately been exhausted by other bees, and
this, as remarked in a former chapter, forces them to
visit many more flowers than they otherwise would.
But they endeavour to lose as little time as they can;
thus in flowers having several nectaries, if they find
one dry they do not try the others, but as I have often
observed, pass on to another flower. They work so in-
dustriously and effectually, that even in the case of
social plants, of which hundreds of thousands grow
together, as with the several kinds of heath, every
single flower is visited, of which evidence will presently
be given, They lose no time and fly very quickly
from plant to plant, but I do not know the rate at
which hive-bees fly. Humble-bees fly at the rate of
ten miles an hour, as I was able to ascertain in the case
of the males from their curious habit of calling at

* *Silliman's American Journal of Science,” Aug. 1871
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certain fixed points, which made it easy to measure the
time taken in passing from one place to another.

With respect to the number of flowers which bees
visit in a given time, I observed that in exactly one
minute a humble-bee visited twenty-four of the closed
flowers of the Linaria cymbalaria ; another bee visited
in the same time twenty-two flowers of the Symphori-
carpus racemosa ; and another seventeen flowers on two
plants of a Delphinium. In the course of fifteen
minutes a single flower on the summit of a plant of
(Enothera was visited eight times by several humble-
bees, and I followed the last of these bees, whilst
it visited in the course of a few additional minutes
every plant of the same species in a large flower-
garden. In nineteen minutes every flower on a small
plant of Nemophila insignis was visited twice. In one
minute six flowers of a Campanula were entered by
a pollen-collecting hive-bee; and bees when thus
employed work slower than when sucking nectar.
Lastly, seven flower-stalks on a plant of Distamnus
Jrawinella 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 cone
sideration how late in the evening humble-bees work,
each flower must have been visited at least thirty times
daily, and the same flower keeps open during several
days. The frequency of the visits of bees is also some=
times shown by the manner in which the petals are
scratehed by their hooked tarsi ; T have seen large beds
of Mimulus, Stachys, and Lathyrus with the beauty
of their flowers thus sadly defaced.

Perforation of the Corolla by Bees.—1 have already
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alluded to bees biting holes in flowers for the sake of
obtaining the nectar. They often act in this manner,
both with endemic and exotic species, in many parts of
Europe, in the United States, and in the Himalaya;
and therefore probably in all parts of the world. The
plants, the fertilisation of which actually depends on
insects entering the flowers, will fail to produce seed
when their nectar is thus stolen from the outside; and
even with those species which are capable of fertilising
themselves without any aid, there can be no cross-
fertilisation, and this, as we know, is a serious evil
in most cases. The extent to which humble-bees
carry on the practice of biting holes is surprising : a
remarkable case was observed by me near Bourne-
mouth, where there were formerly extensive heaths.
1 took a long walk, and every now and then gathered
8 twig of Erica tetraliz, and when I had got a hand-
ful examined all the flowers through a lens. This

was repeated many times; but though many
hundreds were examined, I did not succeed in finding
a single flover which had not been perforated.
Humble-bees were at the time sucking the flowers
through these perforations. On the following day a
large number of flowers were examined on another
heath with the same result, but here hive-bees were
sucking through the holes. This case is all the
more remarkable, as the innumerable holes had been
made within a fortnight, for before that time I saw the
bees everywhere sucking in the proper manner at the
mouths of the corolla. In an extensive flower-garden
some large beds of Salvia grahami, Stachys eoccinea,
and  Pentstemon argutus (?) had every flower per-
forated, and many scores were examined. I have seen
whole fields of red clover (Trifolium pratense) in the
same state. Dr, Ogle found that 90 per cent. of the
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flowers of Salvia glutinosa had been bitten. In the
United States Mr. Bailey says it is difficult to find a
blossom of the native Gerardia pedicwlaria without a
hole in it; and Mr. Gentry, in speaking of the intro-
duced Wutana sinensis, says “ that nearly every ﬂawer
had been perforated.”*

As far as T have seen, it is always humble-bees which
first bite the holes, and they are well fitted for the work
by possessing powerful mandibles; but hive-bees after-
wards profit by the holes thus made. Dr. H. Miller,
however, writes to me that hive-bees sometimes bite
holes through the flowers of Erica tetraliz. No insects
except bees, with the single exception of wasps in the
case of Tritoma, have sense enough, as far as I have
observed, to profit by the holes already made. Even
humble-bees do not always discover that it would be
advantageous to them to perforate certain flowers,
There is an abundant supply of nectar in the nectary
of Tropwolum 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 Tropeolum. In the United States
the common garden Tropwolum, as I hear from Mr.
Bailey, is often pierced. Maller has observed humble-

trying to suck at the mouths of the flowers
of Primula elatior and of an Aquilegia, and, failing
in their attempts, they made holes through the
corolla; but they often bite holes, although they could
with very little more trouble obtain the nectar in a
legitimate manner by the mouth of the corolla.

Dr. W. Ogle has communicated to me a curious case.

Dr. Ogle, *Pop. Science Re- ¢ American Nat.,' Nov 1878,
vu-, July 1869, p. 267. Bailey, Gentry, ibid. May 1873, p&n.
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He gathered in Switzerland 100 flower-stems of the

common blue variety of the monkshood (deonitum

napellus), and not a single flower was perforated; he

then gathered 100 stems of a white variety growing

close by, and o of the open flowers had been

in the state of
the flowers mny be attributed with much probability
10 the blue variety being distasteful to bees, from the
presence of the acrid matter which is so general in the
Ranunculacew, and to its absence in the white variety
in correlation with the loss of the blue tint. Accord-
ing to Sprengel,* this plant is strongly proterandrous ;
it would therefore be more or less sterile unless
carried pollen from the younger to the older flowers.
Consequently the white variety, the flowers of which
were always bitten instead of being properly entered
by the bees, would fail to yield the full number
of seeds and would be a comparatively rare plant,
as Dr. Ogle informs me was the case.

Bees show much skill in their manner of working,
for they always make their holes from the outside
close to the spot where the nectar lies hidden within
the corolla.  All the flowers in a large bed of Stachys
coccinea had either one or two slits made on the upper
side of the corolla near the base. The flowers of a
Mirabilis and of Salvia coccinea were perforated in the
same manner ; whilst those of Salvia grahami, in which
the calyx is much elongated, had both the calyx and the
corolla invariably perforated. The flowers of Pentstemon
argutus are broader than those of the plants just named,
and two holes alongside each other had here always
been made just above the calyx. In these several cases

“the perforations were on the upper side, but in Antir-

* “Das Entdecke; &. p. 278,
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rhinum majus one or two holes had been made on the
lower side, close to the little protuberance which re-
presents the nectary, and therefore directly in front of
and close to the spot where the nectar is secreted.

But the most remarkable case of skill and judgment.
Jnown to me, is that of the perforation of the flowers of
Lathyrus sylvestris, as described by my son Francis.®
The nectar in this plant is enclosed within a tube,
formed by the united stamens, which surround the
pistil so closely that a bee is forced to insert its
proboscis outside the tube; but two natural rounded
passages or orifices are left in the tube near the base,
in order that the nectar may be reached by the bees.
Now my son found in sixteen out of twenty-four flowers
on this plant, and in eleven out of sixteen of those on
the cultivated everlasting pea, which is cither a variety
of the same species or a closely allied one, that the.
left passage was larger than the right one, And here
comes th kable point,—the humble-bees bite holes
through the standard-petal, and they always operated
on the left side over the passage, which is
the larger of the two. My son remarl
to say how the bees’ could have acq
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 ont
the best situation by biting through the standard at
various points, and afterwards remembered its situation:
in visiting other flowers. But in either case they show a
remarkable power of making use of what they have
learnt by experience.” It seems probable that bees
owe their skill in biting holes through flowers of all

* ¢Nature,’ Jan.§, 1874, p. 189,
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kinds to their having long practised the instinet of
‘moulding cells and pots of wax, or of enlarging their
‘old cocoons with tubes of wax; for they are thus
“compelled to work on the inside and outside of the
same object.

In the early part of the summer of 1857 I was
led to observe during some weeks several rows of the
scarlet kidney-bean (Phaseolus multiflorus), whilst
attending to the fertilisation of this plant, and daily
~saw humble- and hive-bees sucking at the months
of the flowers. But one day I found several humble-
bees employed in cutting holes in flower after flower ;
and on the next day every single hive-bee, without
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 calys, and
sucked through the holes which had been made only
the day before by the humble-bees; and they con-
tinued this habit for many following days.* Mr. Belt
bas communicated to me (July 28th, 1874) a similar
‘case, with the sole difference that less than half of the
Mlowers had been perforated by the humble-bees;
ertheless, all the hive-bees gave up sucking at the
ouths of the flowers and visited exclusively the bitten
ones.  Now how did the hive-bees find out so quickly

holes had been made ? Instinet seems to be out
of the question, as the plant is an exotic. The holes

not be seen by bees whilst standing on the wing-
¢ where they had always previously alighted.
om the ease with which bees were deceived when the
of Lobelia erinus were cut off, it was clear that
this case they were not guided to the nectar by its
nell; and it may be doubted whether they were

* ¢Gard. Chron” 1857, p. 725,
2y
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attracted to the holes in the flowers of the Phaseo
by the odour emitted from them. Did they pere
the holes by the sense of touch in their probosci
whilst sucking the flowers in the proper manner, an
then reason that it would save them time to alight o
the outside of the lowers and uso the holes?

and it is more probable that they saw the humble-

at work, and understanding what they were about,
imitated them and took advantage of the shorter paf
to the nectar. Even with animals high in the
such as monkeys, we should be surprised at h
that all the individuals of one species within
space of twenty-four hours understood an act
formed by a distinct species, and profited by it.
I have repeatedly observed with various ki
of flowers that all the hive and humble-bees wh
were sucking through the perforations, flew to the
whether on the upper or under side of the corolli,
without the least hesitation; and this shows
quickly all the individuals within the district
acquired the same knowledge., Yet habit comes i
play to a certain extent,as in so many of the o
operations of bees. Dr. Ogle, Messrs. Farrer
Belt have observed in the case of Phaseolus multiflorus®
that certain individuals went exclusively to the p
forations, while others of the same species
only the mouths of the flowers. I noticed in
exactly the same fact with Trifolium pratense. So
sistent is the force of habit, that when a bee which
visiting perforated flowers comes to one which has
been bitten, it does not go to the mouth, but in

o Dr, Ofle Pop. Science Re-  His? 4thsericn, vol L. 1808
view, 167 Mr. 238, Mr. Belt in a loter to me
Furee, Runale d ag.of Nei ;
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away in search of another bitten flower. Never-
I once saw a humble-bee visiting the hybrid
E d and it entered the mouths
and cut holes into the others. Dr.
Miiller informs me that in the same district he has
some individuals of Bombus mastrucatus boring
gh the calyx and corolla of Rhinanthus alectero-
and others through the corolla alone. Different
es of bees may, however, sometimes be observed
differently at the same time on the same plant.
[ have seen hive-bees sucking at the mouths of the
rs of the common bean ; humble-bees of one kind
ng through holes bitten in the calyx, and humble-
of another kind sucking the little drops of fluid
ed by the stipules. Mr. Beal of Michigan
ns me that the flowers of the Missouri currant
awreum) abound with nectar, so that children
suck them; and he saw hive-bees sucking
h holes made by a bird, the oriole, and at the
time humble-bees sucking in the proper manner
t the mouths of the flowers.* This statement nbonc

corolla seems to be the saving of time, for they
e much time in climbing into and out of large
% and in foring their heads into closed cnes.

flowers of the Ribos are  through

womctimes perfrruted by  of thelr honey in & minute
and Mr. Bundy ¢ American Naturalist,
were - able to o8
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by alighting on the upper surface of the co

in the proper way.
it has had much practice, must lose some time
making each new perforation, especially when the p
foration has to be made through both calyx ax
corolla. This action therefore implies foresight, o
which faculty we have abundant evidence in their
building operations ; and my we not further beli

that some trace of their social instinet, that is,

working for the good of other members of the coms
munity, may here likewise play a part 4
lhnyy-nngolmmakmdnmfut that
hmbl&lnuungmnl perforate flowers onl

visited by bees, and yet not a single ﬂown
perforated. I found also a separate plant of th
Pentstemon, and saw bees entering the mouth of th
corolla, and not a single flower had been

the following year (1842) I visited the same gan

sucking the flowers of Stachys coccinea and 8§
grahami in the proper manner, and none of the coro
were perforated.  On the Tth of August all the flo

were perforated, even those on some few plants of

Salvia which grew at a little distance from the gre
bed. On the 21st of August only a few flowers on #
summits of the spikes of both species remainod fres

and not one of these was now bored. Again, in my
garden every plant in several rows of the common be
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had many flowers perforated ; but I found three plants
in separate parts of the garden which had sprung up
accidentally, and these had not a single flower per-
forated. General Strachey formerly saw many per-
forated flowers in a garden in the Himalaya, and he
wrote to the owner to inquire whether this relation
between the plants growing crowded and their per-
foration by the bees there held good, and was answered
in the affirmative. Mr. Bailey informs me that the
Gerardia pedioularia which is so largely perforated,
and Impatiens fulva, are both profuse flowerers. Hence
it follows that the red clover (Trifolium pratense) and
the common bean when cultivated in great masses in
fields,—that Erica tetraliz growing in large numbers
~on heaths,—rows of the scarlet kidney-bean in the
kitchen-garden,—and masses of any species in the
flower-garden,—are all eminently liable to be per-

The ion of this fact isnot difficult. Flowers
growing in large numbers afford a rich booty to the
bees, and are conspicuous from a distance. They are
consequently visited by crowds of these insects, and I
~once counted between twenty and thirty bees flying
about a bed of P They are thus sti
to work quickly by rivalry, and, what is much more
important, they find a large proportion of the flowers,
a8 suggested by my son,* with their nectaries sucked
dry. They thus waste much time in searching many
empty flowers, and are led to bite the holes, so as
to find out as quickly as possible whether there is any
nectar present, and if so, to obtain it.

- Flowers which are partially or wholly sterile unless
visited by insects in the proper manner, such as

* ¢ Nature, Jan. 8, 1574, p. 189,
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those of most species of Salvia, of Trifolium p
Plaseolus multifiorus, &e., will more or less compl
fail to produce seeds if the bees confine their
to the perforations. The perforated flowers of
species, which are eapable of fertilising themsel
will yield only self-fertilised sceds, and the seedli
will in consequence be less vigorous. Therefore
plants must suffer in some degree when bees obt
their nectar in a felonious manner by biting holes
through the corolla; and many species, it might
thought, would be thus exterminated. But here,
is so general throughout nature, there is a tend
towards a restored equilibrium. If o plant su
from being perforated, fewer individuals will
reared, and if its nectar is highly important to tl
bees, these in their turn will suffer and decrease
number ; but, what is much more effective, as soon
the plant becomes somewhat rare so s not to g
in erowded masses, the bees will no longer be stimn
lated to gnaw holes in the flowers, but will e
them in a legitimate manner. More seed will then

will tend to increase in number, to be again check
as soon as the plant again grows in crowded masses.
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CHAPTER XIL
Guszral Resvurs,

Cross-fertilisation proved to be beneflcial, and self-fertilisation ine
jurious—Allied species differ groatly in the means by which croes-
fertilisation is favoured and self-fertilisation avoided—The beneflts
and evilaof the two proccsscs depend on the degreo of differentiation
in he evil

morbid tendencie in the parents—Naturo of tho conditions to which
plants are subjected when growing near together in a state of nature
or under culturs, and the effects of such conditions—Theoretical

wexual
‘elements—Practical lossons—Genesis of the two lose corre-
between the effects dav‘-l'oﬁﬂl-&m and self-fertilisa-
tion, and of the legitimate and illegitimate unions of heterostyled
plants, in comparison with bybrid unions.

Tk first and most important of the conclusions which

and self-fertilisation often injurious, at least with the
ts on which I experimented. Whether long-
_continued self-fertilisation is injurious to all plants
mther -.nd difficult qneman. The mnh of '.I:e.e

Digitalis purpurea, &
the aid of insects almost indispensable o,
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their fertilisation; and bearing in mind the prepo-
teney of pollen from a distinet individual over that
from the same individual, such plants will almost cer-
tainly have been crossed during many or all previous
generations. So it must be, owing merely to the
prepotency of foreign pollen, with cabbages and various
other plants, the varieties of which almost invariably
intercross when grown together. The same inference.
may be drawn still more surely with respect to those
plants, such as of Reseda and Eschscholtzia, which
are sterile with their own pollen, but fertile with
that from any other individual. These several plants
must therefore have been crossed during a long series
of previous generations, and the artificial crosses in my
experiments cannot have increased the vigour of the
offspring beyond that of their progenitors. Therefore
the difference between the self-fertilised and crossed
plants raised by me cannot be attributed to the supe-
riority of the crossed, but to the inferiority of the
self-fertilised seedlings, due to the injurious effects of
self-fertilisation. 1

Notwithstanding the evil which many plants suffer
from self-fertilisation, they can be thus propagated
under fi bl ditions for many
shown by some of my experiments, and more especi
by the survival during at least half a century of
samo varieties of the common pea and sweet-pea. The.
same conelusion probably holds good with several other.
exotic plants, which are never or most rarely ero
fertilised in this country. But all these plants, as fi
as they have been tried, profit greatly by a cross witl
a fresh stock. Many species which bear small
inconspicuous flowers are never, or most rarely, visits
by insects during the day; and Hermann Mille
infers that they must be always, or almost always,
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self-fertilised. But the evidence appears to me in-
sufficient, until it can be shown that such flowers are
not visited during the night by any of the innumerable
kinds of small moths. From the simple fact of these
small flowers expanding, and from some of them
secreting nectar, it seems probable that they are at
least occasionally visited and intercrossed by nocturnal
insects. It is much to be desired that some one should
eross and self-fertilise such plants and compare the
growth, weight, and fertility of the offspring. The
Rev. G. Henslow* remarks that the plants which have
spread the most widely through the agency of man into
mew 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
to plants. He believes that “as long as a plant is
“self-fertilising, it remains in the same condition, and
“retains its average standard, but does not

“in any 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
“so0 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 lnihhhmi.md-:.
an elaborate nvhl-ﬂlhp:gmt SZM...s to make others oloater,

can by no means agreo witl
1877, also in Soience and Art} n-ny e have
&l*l!ﬁdtﬁ:hﬂl'ﬁﬂ' by an Il-ﬂ.lli{

journal the )(nuu * Kosmos,
taken. T have molified some Aprll 1677, p. 07,
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conditions; and this seems not improbable, judging
from the remarkable effects of changed conditions on
the reproductive system of Abutilon and Eschscholtzia.

Some few plants, owing to their structure, for in-
stance, Ophrys apifera, have almost certainly been
propagated in a state of nature for thousands of
generations without having been once intercrossed ;
and whether they would profit by a cross with a fresh.
stock is not known.  But such cases ought not to make.
us doubt that as a general rule crossing is beneficial
and self-fertilisation injurious, any more than the
existence of plants which, mnmteotmmm
propagated asexually, that is, exclusively by rhizom
stolons, &e.* (their flowers never producing seeds),
should make us doubt that seminal generation mu
have some great advantage, as it is the common plan
followed by nature. Whether any species has been
reproduced asexually from a very remote period cannot,
of course, be ascertained. Our sole means for form
any judgment on this head is the duration of
varieties of our fruit trees which have been long pro
pagated by grafts or buds. Andrew Knight formerly
maintained that under these circumstances they always
become weakly, but this conclusion has been
disputed by others. A recent and competent j
Prof. Asa Gray,t leans to the side of Andrew Knigh
which seems to me, from such evidence as I h
been able to collect, the more probable view, notwit
standing many opposed facts.

‘With respect to the ﬁm of the two proposit
at the head of this chapter, namely, that cross-ferti
tion is generally beneficial, we have excellent evidene

* L have given sorersl asen n ¢ + Darwiniana: Emays

my *Variation under Domestica-  Reviows pertaining foD
Hin." ch. xvill. 20d edit. vol. 1L 1876, p. 538
P 152,
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Plants of Ipomaa were intercrossed for nine successive
generations ; they were then again intercrossed, and
at the same time crossed with a plant of a fresh stock,
that is, one brought from another garden; and the
offspring of this latter cross were to the intercrossed
plants of the tenth generation in height as 100 to 78,
and in fertility as 100 to 51. An analogous experi-
ment with Eschscholtzia gave a similar result, as far
as fertility was concerned. In neither of these cases
were any of the plants the product of self-fertilisation.
Plants of Dianthus were self-fertilised for three genera-
tions, and this no doubt was injurious; but when
these plants were fertilised by a fresh stock and by
intercrossed plants of the same stock, there was a great
difference in fertility between the two sets of seedli
and some difference in their heighL 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 nbovetwo]zmponnom
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, Cyelamen
persioum, &c., which have been naturally cross-fertilised
for many or all previous generations, should suffer to
an extreme degree from a single act of self-fertilisation
is an astonishing fact. The evil does not depend in

1, 5o Veriation, wnder Domestication, ch. xix, 20d edit. vol. . p.
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any corresponding degree on the pollen of the self-
fertilised parents acting inefliciently on the stigmas of
the same flowers; for in the case of the Ipomaea,
Mimulus, Digitalis, Brassica, &c., the seli-fertilised
parents yielded an abundant supply of seeds; never-
theless the plants raised from these seeds were
markedly inferior in many ways to their cross-ferti-
lised brethren. Again with Reseda and Eschscholtzia
the more selfsterile individuals profited in a less
degree by eross-fertilisation than did the more self-
fertile individuals. With animals no manifest evil
has been observed to follow in the first few generations
from close interbreeding ; but then we must remember
that the closest possible interbreeding with animals,
that is, between brothers and sisters, cannot be con-
sidered as nearly so close a union as that between the
pollen and ovules of the same flower. Whether with
plants the evil from self-fertilisation goes on increas-
ing during successive generations is not as yet known ;
but we may infer from my experiments that the increase,
if any, is far ﬁvm rnpxd After plants have been lno-
pagated by ion for several
single cross mth a fresh stock restores their pmnu
vigour; and we have a strictly analogous result with
our domestic animals,* The good effects of cross-fer
tilisation are transmitted by plants to the next gene«
ration ; and judging from the varieties of the common:
pea, to many succeeding generations. But this may
merely be that crossed plants of the first generation:
are extremely vigorous, and transmit their vigour, like
any other character, to their successors.

Lhe means for favouring erossfertilisation and pre-
venting self- or for fa

y g

* ¢ Variation under Domestication,” ch. xix. 2nd edit. vol. ii. p. 159,
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self-fertilisation and preventing to a certain extent

fertilisation, are diversified ; and it
is remarkable that these differ widely in closely allied
plants,*—in the species of the same genus, and some-
times in the individuals of the same species. It is
not rare to find hermaphrodite plants and others
with separated sexes within the same genus; and it is
common to find some of the species dichogamous and
others maturing their sexnal elements simultaneously,
The dichogmmous genus Saxifraga contains proter-
androus and proterogynous species.t Several genera
include both heterostyled (dimorphic or trimorphic
forms) and homostyled species. Ophrys offers a
remarkable instance of one species having its structure
manifestly adapted for self-fertilisation, and other
species as manifestly adapted for cross-fertilisation.
Some con-generic species are quite sterile and others
quite fertile with their own pollen. From these several
causes we often find within the same genus species
which do not produce seeds, while others produce an
abundance, when insects are excluded, Some species
bear cleistogamic flowers which cannot be erossed, as
well as perfect flowers, whilst others in the same genus
never produce lei ic flowers. Some species exist
under two forms, the one bearing conspicuous flowers
adapted for cross-fertilisation, the other bearing in-
conspicuous flowers adapted for self-fertilisation, whilst
other species in the same genus present only a single
form. Even with the individuals of the same species,
the degree of self-sterility varies greatly, as in Reseda,
‘With polygamous plants, the distribution of the sexes

* Hildebrand has insisted  natsbericht K. Aknd. Berlin,’ Oct,
strongly to this effect in his 1872, p. 763,
valuable observations on the fer-  + Dr. Engler, * Bot. Zeitung,"
tilisation of the Graminew: ‘Mo~ 1808, p. 833,
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differs in the individuals of the same species. The rela-
tive period at which the sexual elements in the same
flower are mature, differs in the varieties of Pelar-
gonium; and Carridre gives several cases,® showing
that the period varies according to the temperature to
which the plants are ex

This extraordinary diversity in the means fur
favouring or pi ing cross- and self-
closely allied forms, probably depends on the mnlm
of both processes being highly beneficial to the species,
but in a directly opposed manner and dependent on.
variable conditions. Self-fertilisation assures the pro-
duction of a large supply of seeds; and the necessity
or advantage of this will be determined by the average
length of life of the plant, which largely depends on
the amount of destruction suffered by the seeds and
seedlings. This destruction follows from the most
various and variable causes, such as the presence of
animals of several kinds, and the growth of surround-
ing plants. The possibility of cross-fertilisation de-
pends mainly on the presence and number of certain
insects, often of insects belonging to special groups,
and on the degree to which they are attracted to the
flowers of any particular species in preference to
other flowers,—all circumstances likely to change.
Moreover, the advantages which follow from eross-
fertilisation differ much in different plants, so that it
is probable that allied plants would often profit in
different degrees by cross-| fenthtlom Under these

Iy complex and ft with

two somewhat opposed ends to be gained, namely, the
safe propagation of the species and the production of
cross-fertilised, vigorous nﬂhpung, it is not surprising

* ¢Des Varidtés,' 1865, p. 30,
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that allied forms should exhibit an extreme diversity
in the means which favour either end. If, as there is
reason at least to suspect, self-fertilisation is in some
respects beneficial, althongh more than counterbalanced
by the advantages derived from a cross with a fresh
stock, the problem becomes still more complicated.

As T only twice experimented on more than a single
species in a genus, I cannot say whether the crossed
offspring of the several species within the same genus
differ in their degree of superiority over their self-
fertilised brethren; but I should expect that this
would often prove to be the case from what was
observed with the two species of Lobelia and with the
individuals of the same species of Nicotiana. The
species belonging to distinet genera in the same family
certainly differ in this respect. The effects of cross-
and self-fertilisation may be confined either to the
growth or to the fertility of the offspring, but generally
extends to both qualities. There does not seem to
exist any close correspondence between the degree to
which the flowers of species are adapted for cross-
fertilisation, and the degree to which their offspring
profit by this process; but we may easily err on this
head, as there are two means for favouring cross-ferti-
lisation which are not externally perceptible, namely,

~ self-sterility and the prepotent fertilising influence of
pollen from another individual. Lastly, it has been
shown in a former chapter that the effect produced by
cross and self-fertilisation on the fertility of the parent-
plants does not always correspond with that produced
on the height, vigour, and fertility of their offspring.
The same remark applies to crossed and self-fertilised
seedlings when these are used as the parent-plants. This
want of correspondence probably depends, at least in
part, on the number of seeds produced being chiefly

© The Complete Work of Charles Darwin Online



48 GENERAL RESULTS, Cuar.

determined by the number of the pollen-tubes which
reach the ovules, and this will be governed by the

action between the pollen and the stigmatic secretion
or tissues; whereas the growth and constitutional vigour
of the offspring will be chiefly determined, not only by
the number of pollen-tubes reaching the ovules, but by
the nature of the reaction between the contents of the
pollen-grains and ovules. ‘

There are two other important conclusions which
may be deduced from my observations: firstly, that the
advantages of cross-fertilisation do not follow from
some mysterious virtue in the mere union of two
distinet individuals, but from such individuals having
been subjected during previous generations to dife
ferent conditions, or to their having varied in a manner
commonly called spontaneous, so that in either case
their sexual elements have been in some dogree differs
entiated. And secondly, that the injury from selfs
fertilisation follows from the want of such differentia=
tion in the sexual elements. These two propositions.
are fully established by my experiments, Thus, when
plants of the Ipomeea and of the Mimulus, which had
been self-fertilised for the seven previous generations
and had been kept all the time under tho same condie
tions, were intercrossed one with another, the offspring
did not profit in the least by the cross. Mimulus
offers another instructive case, showing that the
benefit of a cross depends on the previous treatment
of the progenitors: plants which had been solf-fer=
tilised for the eight previous generations were crossed
with plants which had been intercrossed for the same
number of generations, all having been kept under
the same conditions as far as possible; seedlings from
this cross were grown in competition with

© The Complete Work of Charles Darwin Online



Cuar. XIL. GENERAL RESULTS. 449

derived from the same self-fertilised mother-plant
crossed by a fresh stock ; and the latter seedlings were
to the former in height as 100 to 52, and in fertility
85 100 to 4. An exactly parallel experiment was
tried on Dianthus, with this difference, that the plants
had been self-fertilised only for the three previous gene-
zations, and the result was similar though not so strongly
marked. The foregoing two cases of the offspring of
Ipomeea and Eschscholtzia, derived from a cross with a
fresh stock, being as much superior to the intercrossed
plants of the old stock, as these latter were to the self-
. fertilised offspring, strongly support the same econclu-
sion. A cross with a fresh stock or with another variety
seems to be always highly beneficial, whether or
not the mother-plants have been intercrossed or seli-
fertilised for several previous generations. The fact
that & cross between two flowers on the same plant
does no good or very little good, is likewise  strong
corroboration of our conelusion; for the sexual
elements in the flowers on the same plant can rarely
have been differentiated, though this is possible, as
flower-buds are in one sense distinet individuals,
sometimes varying and differing from one another in
structure or constitution. Thus the proposition that
the benefit from cross-fertilisation depends on the
plants which are crossed having been subjected during
previous ions to hat different conditi

or to their having varied from some unknown cause as
if they had been thus subjected, is seourely fortified on
all sides.

Before proceeding any further, the view which has
been maintained by several physiologists must be
noticed, namely, that all the evils from breeding
animals too closely, and no doubt, as they would say,

26
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from the self-fertilisation of plants, is the result of the
increase of some morbid tendeney or weakness of consti-
tution common to the closely related parents, or to
the two sexes of hermaphrodite plants. Undoubtedly
injury has often thus resulted; but it is a vain
attempt to extend this view to 'the numerous cases
given in my Tables. Tt should be remembered that the
same mother-plant was both self-fertilised and crossed,
so that if she had been unhealthy she wouhl have
itted half her morbid tendencies to her crossed
offspring. But plants appearing perfectly healthy,
some of them growing wild, o the immediate offspring
of wild plants, or vigorous common garden-plants, were
selected for experiment. Considering the number of
species which were tried, it is nothing less than absurd
to suppose that in all these cases the mother-plants,
though not appearing in any way diseased, were weak
or unhealthy in so peculiar a manner that their self-
fertilised seedlings, many hundreds in number, were .
rendered inferior in height, weight, contitutiontl
vigour, and fertility to their crossed offspring. M
over, this belief cannot be extended to the strong
mn.rketl advantages which invariably follow, as fur
serves, from i the indis
dnds of the same variety or of distinet nnehs,
these have been subjected during some generations
different conditions.

It is obvious that the exposure of two sets of pl
during several generations to different conditions e
lead to no beneficial results, as far as crossing is
cerned, unless their sexual elenients are thus affe
That every organism is acted on to a certain extent
@ change in its environment, will not, I presume,
disputed. It is hardly necessary to advance evi
on this head ; we can perceive the difference e
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individual plants of the same species which have
grown in_somewhat more shady or sunny, dry or damp
places. Plants which have been propagated for some
generations under different climates or at different
seasons of the year transmit different constitutions to
their seedlings. Under such circumstances, the che-
mical constitution of their fluids and the nature of
their tissues are often modified.* Many other such
facts could be adduced. In short, every alteration in
the function of a part is probably connected with some
. corresponding, though often quite imperceptible change
in structure or composition.
Whatever affects an organism in any way, likewise
tends toact on its sexual elements. We see tkis in the

even from mutilations if followed by disease.t We
have abundant evidence how susceptible the repro-
ductive system is to changed conditions, in the many
instances of animals rendered sterile by confinement ;
80 that they will not unite, or if they unite do not
produce offspring, though the confinement may be far
from close ; and of plants rendered sterile by culti-
vation. But hardly any cases afford more striking
evidence how powerfully a change in the conditions of
life acts on the sexual elements, than those already
given, of plants which are completely self-sterile in
one country, and when brought to another, yield, even

* Numerous cases together with different organs of animals
fercuces are given in my  Vari-  aro exeited into different degroes
ation under ch. y

tod it vl i. p 2% e b
respect 1o Ir. tont to
idge has well shown + Variation under
tribution t the of xii. 20d edit. vol. i
! Edinburgl, 1860) P 466,
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in the first generation, a fair supply of self-fertilised
seeds,

But it may be said, i hanged conditi
act on the sexual elements, how can two or more
plants growing close together, either in their native
country or in a garden, be differently acted on, inasmuch
as they appear to be exposed to exactly the same
conditions? Although this question has been already
considered, it deserves further consideration from
several points of view. In my experiments with

igitalis purpurea, some flowers on a wild plant were
self-fertilised, and others were crossed with pollen
from another plant growing within two or three feet’s
distance. The crossed and self-fertilised plants raised
from the seeds thus obtained, produced flower-stems
in number as 100 to 47, and in average height as 100
to 70. Therefore the cross between these two plants.
was highly beneficial ; but how could their sexual
elements have been differentiated by exposure t
different conditions? If the progenitors of the
plants had lived on the same spot during the
score of generations, and had never been crossed
any plant beyond the distance of a few feet, in
probability their offspring would have been reduced
the same state as some of the plants in my experiments
—such as the intercrossed plants of the ninth gene
tion of Ipomaa,—or the self-fertilised plants of
cighth generation of Mimulus,—or the offspring f
flowers on the same plant,—and in this case a cross
between the two plants of Digitalis would have
no good. But seeds are often widely dispersed
natural means, and one of the above two plunts.
one of their ancestors may have come from a distan
from a more shady or sunny, dry or moist place, or
a different kind of soil containing other organic
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inorganic matter. We know from the admirable
researches of Messrs. Lawes and Gilbert* that different
plants require and consume very different amounts of
inorganic matter. But the amount in the soil would
probably not make so great a difference to the several
individuals of any particular species as might at first
be expected; for the surrounding species with
different requirements would tend, from existing in
greater or lesser numbers, to keep each species in a
sort of equilibrium, with respect to what it could obtain
from the soil. So it would be even with respect to
‘moisture during dry seasons ; and how powerful is the
influence of a little more or less moisture in the soil
on the presence and distribution of plants, s often
well shown in old pasture fields which still retain
traces of former ridges and furrows. ~Nevertheless, as
the proportional numbers of the ing plants in
two nelghbounng 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
probubly be affected by the mere cirenmstance of having

* «Journal of the Royal Agricultural Soc. of England,’ vol. xxiv,
parti.
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long lain dormant; for gardeners believe that the
production of double flowers and of fruit is thus in-
fluenced. Seeds, moreover, which were matured during
different seasons, will have been subjected during the
whole courso of their development to different degrees
of heat and moisture. 1

Tt was shown in the last chapter that pollen is often
carried by insects to a considerable distance from
plant to plant. Therefore one of the parents or
ancestors of our two plants of Digitalis may have been
crossed by a distant plant growing under somewhat |
different conditions. Plants thus crossed often pro-
duce an unusually large number of seeds; a striking
instance of this fact is afforded by the Bignonia, pre-
viously mentioned, which was fertilised by Frit Miller
with pollen from some adjoining plants and set hardly
any seed, but when fertilised with pollen from a dis-
tant plant, was highly fertile. Seedlings from a cross
of this kind grow with great vigour, and transmit their
vigour to their descendants. These, therefore, in the
struggle for life, will generally beat and exterminate
the seedlings from plants which have long grown near
together under the same conditions, and will thus tend
to spread.

When two varieties which present well-marked
differences are crossed, their descendants in the later
generations differ greatly from one another in ex-
ternal characters; and this is due to the augmentation
or obliteration of some of these characters, and to
the reappearance of former ones through reversion;
and so it will be, as we may feel almost sure, with any
slight differences in the constitution of their sexual
elements, Anyhow, my experiments indicate that
crossing plants which have been long subjected to-
almost though not quite the same conditions, is the
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most powerful of all the means for retaining some
degree of differentiation in the sexual elements, as
shown by the superiority in the later generations of the
intercrossed over the self-fertilised seedlings. Never-
theless, the continued intercrossing of plants thus
treated does tend to obliterate such differentiation, as
may be mlermd from the lessened benefit derived from
& such plants, in comparison with that from
& cross with a fresh stock. 1t scems probable, as T may
add, that seeds have acquired their endless curious
adaptations for wide dissemination,* not only that the
seedlings should thus be enabled to find new and fitting
homes, but that the individuals which have been long
subjected to the same conditions should occasionally
intercross with a fresh stock.
From the foregoing several considerations we may,
1 think, conclude that in the above case of the Dlgnulm,
and even in that of plants which have grown for
thousands of generations in the same district, as must
often have occurred with species having a much
restricted range, we are apt to over-estimate the
degree to which the individuals have been subjected
to absolutely the same conditions. There is at least
no difficulty in believing that such plants have been
subjected to sufficiently distinct conditions to differ-
entiate their sexual elements; for we know that a plant
propagated for some generations in another garden in
the same district serves as a fresh stock and has high
fertilising powers. The curious cases of plants which
can fertilise and be fertilised by any other individual
of the same species, but are altogether sterile with their
own pollen, become intelligible, if the view here pro-
pounded is correet, namely, that the individuals of the

* Seo Prof Hil ccellent treatise, ¢ der
Pilauzen,’ 1873,
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same species growing in a state of nature near together,
have not really been subjected during several previous
generations to quite the same conditions.

Some naturalists assume that there is an innate
tendency in all beings to vary and to advance in
organisation, independently of external agencies ; and
they would, I presume, thus explain the slight
i which distinguish all the individuals of the
same species both in external characters and in con-
stitution, as well as the greater differences in both
respects between nearly allied varieties. No two
individuals can be found quite alike; thus if we sow a.
number of seeds from the same capsule under as nearly
as possible the same conditions, they germinate at
different rates and grow more or less vigorously. They
resist cold and other ditions di Ly
They would in all probability, as we know to be the
case with animals of the same species, be somewhat
differently acted on by the same poison, or by the sume
disease. Thoy have different powers* of transmitting
their characters to their offspring ; and many analogous
facts could be given. Now, if it were true that
plants growing near together in a state of nature had
been subjected during many previous generations to
Flotaleh ditions. such diffe

as
just specified would be quite inexplicable; but they
are to a certain extent intelligible in accordance with
the views just advanced.

As most of the plants on which T experimented
were grown in my garden or in pots under glass, a fow
words must bo added on the conditions to which they
were exposed, as well as on the effects of cultivation..
When a species is first brought under culture, it may

* Vilmorin, as quoted by Verlot, * Des Variétés, pp. 82, 88, 30,
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or may not be subjected to a change of climate, but it
is always grown in ground broken up, and more or less
manured ; it is also saved from competition with other
plants. The paramount importance of this latter
circumstance is proved by the multitude of species
which flourish and multiply in a garden, but cannot
exist unless they are protected from other plants.
When thus saved from competition they are able to
get whatever they require from the soil, probably
often in excess; and they are thus subjected to a great
change of conditions. It is probably in chief part
owing to this cause that all plants with raro excep-
tions vary after being cultivated for some generations,
The individuals which have already begun to vary
will intercross one with another by the aid of insects ;
and this accounts for the extreme diversity of character
which many of our long cultivated plants exhibit.
But it should be observed that the result will be
largely determined by the degree of their variability
and by the frequency of the intercrosses ; forif a plant
varies very little, like most species in a state of nature,
froquent intercrosses tend to give uniformity of
character to it.

I have attempted to show that with plants growing
naturally in the same district, except in the unusual
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
eleared ground in the same garden. But if their
flowers are visited by insects, they will intercross ; and
this mll give to their sexual elemenu during a

ble number of g a
of differentiation for a “cross to be beneficial. More-
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over, seeds are frequently exchanged or procured from
other gardens having a different kind of soil ; and the
individuals of the same cultivated species will thus be
subjected to & 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
respect to the causes of the differentiation of the sexual
elements and of the variability of our garden plants,
by the results of my various experiments, and more
especially by the four cases in which extremely incon-
staut specics, after having been self-fertilised and
grown under closely similar conditions for several
generations, produced flowers of a uniform and constant
tint, These conditions were nearly the same as those
to which plants, growing in a garden clear of weeds,
are subjected, if they are propagated by self-fertilised
seeds on the same spot. The plants in pots were,
however, exposed to less severe fluctuations of climate
than those out of doors; but their conditions, though
closely uniform for all the indtviduals of the same

ion, differed hat in the ive gene-
rations. Now, under these circumstances, the sexual
elements of the plants which were intercrossed in each
generation retained sufficient differentiation during
several years for their offspring to be superior to
the self-fertilised, but this superiority gradually and
manifestly decreased, as was shown by the difference
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in the result between a cross with one of the inter-
crossed plants and with a fresh stock. These inter-
crossed plants tended also in a few cases to become
somewhat more uniform in some of their external cha-
racters than they were at first. With respect to the
plants which were self-fertilised in each generation,
their sexual elements apparently lost, after some years,
all differentiation, for a cross between them did no
more good than a cross between the flowers on the
same plant.  But it is a still more remarkable fact, that
although the seedlings of Mimulus, Ipomaea, Dianthus,
and Petunia which were first raised, varied excessively in
the colour of their flowers, their offspring, after being
self-fertilised and grown under uniform conditions for
some generations, bore flowers almost as uniform in
tint as those on a natural species. In one case also
the plants themselves became remarkably uniform in
height.

The conclusion that the advantages of a cross
depend altogether on the differentiation of the sexual
elements, harmonises perfectly with the fact that an
occasional and slight change in the conditions of life
is beneficial to all plants and animals.* But the
offspring from a cross between organisms which have
been exposed to different conditions, profit in un in-
comparably higher degree than do young or old beings
from a mere change in their conditions. In this
latter case we never see anything like the effect
which generally follows from a cross with another
individual, especially from a cross with a fresh stock.
This might, perhaps, have been expected, for the
blending together of the sexual elements of two dif-
ferentiated beings will affect the whole constitution at

* I have given sufficient evi- ation under Domestication,’ ch.
dence on this head in my  Vari-  xviil. vol. ii. 2ad edit. p. 127,
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a very early period of life, whilst the organisation is
highly flexible. We have, moreover, reason to believe
that changed eonditions generally act differently on
the several parts or organs of the same individual;®
and if wo may further believe that these now slightly
differentiated parts react on one another, the harm

between the beneficial effects on the individual due to
changed conditions, and those due to the interaction of
differentinted sexual elements, becomes still closer.

That wonderfully accurate observer, Sprengel, who

tion of distinct plants; and he knew nothing of the
benefits which the offspring thus receive in gro
vigour, and fertility. But the veil of secrecy is
yet far from lifted ; nor will it be, until we can
why it is beneficial that the sexual elements
be differentiated to a certain extent, and why, if ti
differentiation be earried still further, injury follo
It is an extraordinary fact that with many
even when growing under their natural condi
flowers fertilised with their own pollen are
absolutely or in some degree sterile; if fertilised wit
pollen from another flower on the same plant, they
sometimes, though rarely, a little more fertile;
fertilised with pollen from another individual or variety
of tho same species, they are fully fertile; but
with pollen from a distinct specics, they are st
in all possible degrees, until utter sterility is

Log300 for lnstance, Brackearide, *Thoary of Diatheis
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~ We thus have a long series with absolute sterility at
the two ends ;—at one end due to the sexual elements
not having been sufficiently difforentiated, and at the
other end to their having been differentiated in too

- great a degree, or in some peculiar manner.

The fertilisation of one of the higher plants depends,
in the first place, on the mutual action of the pollen-
grains and the stigmatic secretion or tissues, and after-
wards on the mutual action of the contents of the
pollen-grains and ovules. Both actions, judging from
the increased fertility of the parent-plants and from the
increased powers of growth in the offspring, are favoured
by some degree of differentiation in the elements
which interact and unite so as to form a new being.
Here we have some analogy with chemical affinity or
attraction, which comes into play only between atoms
or molecules of a different nature. As Prof. Miller
remarks: “ Generally speaking, the greater the dif-
ference in the properties of twobodies, the more intense
is their tendency to mutual chemical action. . . . But
between bodies of a similar character the tendency to
unite is feeble.* This latter proposition accords well
with the feeble effects of a plant’s own pollen on the
fertility of the mother-plant and on the growth of the
offspring ; and the former proposition accords well with
the powerful influence in both ways of pollen from an
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
adistinct species ; for although some substances which
are extremely dissimilar, for instance, carbon and

o ‘E]mn‘lﬂ{ahmﬁlﬂ.’ ﬂll views with respect to nlwmw
edit, 1867, part . affnity are genlly acoeptod
B b Dot B i Shamls:
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chlorine, have a very feeble affnity for each other,
yet it cannot be said that the weakness of the affinity
depends in such cases on the extent to which the
substances differ. It is not known why a certain
amount of differentiation is necessary or favourable
for the chemical affinity or union of two substances,
any more than for the fertilisation or union of two
organisms,

Mr. Herbert Spencer has discussed this whole subject
at great length, and after stating that all the forces
throughout nature tend towards an equilibrium,
remarks, “that the need of this union of sperm-
cell and germ-oell is the need for overthrowing this

i g active
change in the denched germ—a result which is
probably effected by mixing the slightly-different
physiological units of slightly different individuals.”*
But we must not allow this highly generalised view,
or the analogy of chemical affinity, to conceal from us
our ignorance. We do not know what is the nature or
degree of the differentiation in the sexual elements
which is favourable for union, and what is injurious for
union, as in the case of distinct species. We cannot
say why the individuals of certain species profit greatly,
and others very little by being crossed. There are some
few species which have been self-fertilised for a vast
number of generations, and yet are vigorous enough
to compete successfully with a host of surrounding
plants.  Highly self- femls varieties sometimes arise

4 ‘Prllw( e of

?voli.  changes fn tho conditions and
il my *Or

igin of  from crossing widely distinet forms-
1850, T (Lo speccs), as  serics o futs
:lmke g\nd effects from mected  togother by some
Ighﬁohxnguln thoconditonsof mmnmn but  unknown

case
e g iy i eeipie of
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among plants which have been self-fertilised and
grown under uniform conditions during several gene-
rations. We can form no conception why the
advantage from a cross is sometimes directed exclu-
sively to the vegetative system, and sometimes to the
reproductive system, but commonly to both. It is
equally i i why some individuals of the same
species should be sterile, whilst others are fully fertile
with their own pollen; whya change of climate should
either lessen or increase the sterility of self-sterile
species; and why the individuals of some species should
be even more fertile with pollen from a 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 and
horticulturists may learn something from the conclu-
sions at which we have arrived. Firstly, we see that
the injury from the close breeding of animals and
from the self-fertilisation of plants, does not necessarily
depend on any tendency to disease or weakness of con-
stitution common to the related parents, and only
indirectly on their relationship, in so far as they are
apt to resemble each other in all respeets, including
their sexual nature. And, secondly, that the advantages
of cross-fertilisation depend on the sexual elements of
the parents having become in some degree differentiated
by the exposure of their progenitors to different
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
stocks of the same animals at two or more distant and
differently situated farms. They have then coupled
the individuals from these farms with excellent results.*
This same plan is also unconsciously followed whenever
the males, reared in one place, are let out for propaga-
tion to breeders in other places. As some kinds of
plants suffer much more from self-fertilisation than do
others, 5o it probably is with animals from too close
interbreeding. The effects of close interl ing on
animals, judging again from plants, would be dete-
rioration in general vigour, including fertility, with no
n loss of excellence of form; and this seems:
to be the usual result. ¥
It is a common practice with horticulturists to
obtain seeds from another place having a very dif-
ferent soil, 50 as o avoid raising plants for a long
succession of generations under the same conditions;
but with all the species which freely intercross by the
aid of insects or the wind, it would be an incomparably
better plan to obtain seeds of the required variety,
which had been raised for some generations under as
different conditions as possible, and sow them in
alternate rows with seeds matured in the old garden.
The two stocks would then intercross, with a thorough
blending of their whole organisations, and with no
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
offspring profited in height, weight, hardiness, and for=-
tility, by crosses of this kind, For instance, plants of
Ipomaa thus crossed were to the intercrossed
of the saume stock, with which they grew in competiti

* * Variation of Animals and Plants under Domestication,’ ch.
20d cdit. vol. ii. pp. 98, 105.
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s 100 to 78 in height, and as 100 to 51 in fertility ;
and plants of Eschscholtzia similarly compared were
s 100 to 45 in fertility. In comparison with
fertilised plants the results are still more striking;
thus cabbages derived from a cross with a fresh stock
were to the self-fertilised as 100 to 22 in weight.
Florists may learn from the four cases which have
been fully described, that they have the power of fixing
each flecting variety of colour, if they will fertilise the
flowers of the desired kind with their own pollen for
half-a-dozen generations, and grow the seedlings under
the same conditions. But a cross with any other in-
dividual of the same variety must be carefully pre-
vented, as each has its own peculiar constitution, After
a dozen generations of self-fertilisation, it is probable
that the new variety would remain constant even if
grown under somewhat different conditions ; and there
would no longer be any necessity to guard against inter-
crosses between the individuals of the same variety.
With respect to mankind, my son George has ene
deavoured to discover by a statistical investigation *
whether the marriages of first cousins are at all in-
jurious, although this is a degree of relationship
which would not be objected to in our domestic
animals; and he has come to the conclusion from his
own rescarches and those of Dr. Mitchell that the
evidence as to any evil thus caused is conflicting, but
on the whole points to its being very small. From the
facts given in this volume we may infer that with
mankind the marriages of nearly related persons, some
of whose parents and ancestors had lived under very
different conditions, would be much less injurious than
that of persons who had always lived in the same
. 0 § o
Jn:_u;-_l' o Statiatcal Soc. Jume 1875, p. 183; m; Fortalghtly
"
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place and followed the same habits of life. Nor can I
see reason to doubt that the widely different habits of
life of men and women in civilised nations, especially
amongst the upper classes, would tend to counter-
balance any evil from marriages between healthy and
somewhat closely related persons,

Under a theoretical point of view it is some glm o 8
science to know that numberless structures in her-
maphrodite plants, and probably in hermaphrodite
animals, are special adaptations for securing an ocea-
sional cross between two individuals; and that the
advantages from such a cross depend altogether on the
beings which are united, or their progenitors, having
had their sexual elements somewhat differentiated, so
that the embryo is benefited in the same manner as is
a mature plant or animal by a slight change in its
conditions of life, although in a much higher degree,

Another and more important result may be deduced
from my observations. Eggs and seeds are highly
serviceable as a means of dissemination, but we now
know that fertile eggs can be produced without the
aid of the mnle. There are also many other mevM B
by which can be p
Why then have the two sexes been developed, and
why do males exist which cannot themselves produce.
offspring? The answer lies, as I can hardly doubt, in
the great good which is derived from the fusion of two
somewhat differentiated individuals; and with the
exception of the lowest organisms this is possible only
by means of the sexual elements, these consisting of
cells separated from the body, containing the germs of
every pm and capable of being fused completely.

together,
Tt has been shown in the present volume that the
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offspring from the union of two distinet individuals,
especially if their progenitors have been subjected to
very different conditions, have an immense advan

in height, weight, constitutional vigour and fertility
over the self-fertilised offspring from one of the same
parents, And this fact is amply sufficient to account
for the development of the sexual elements, that is, for
the genesis of the two sexes.

It is a different question why the two sexes are
sometimes combined in the same individual and are
sometimes scparated. As with many of the lowest
plants and animals the conjugation of two individuals
which are cither quite similar or in some degree dif-
ferent, is a_common phenomenon, it seems probable,
as remarked in the lust chapter, that the sexes were
primordially separate. The individual which receives
the contents of the other, may be called the female;
and the other, which is often smaller and more loco-
motive, may be called the male; though these sexual
names ought hardly to be upphed as long as the
whole contents of the two forms are blended into one,
The object gained by the tro sexes united
in the sumo hermaphrodite form probably is to allow
of I or frequent sel 50 a8 to
ensure the propagation of the species, more especially
in the case of organisms affixed for life to the same
spot.  There does not seem to be any great difficulty
in understanding how an orglmm, formed by the

of two individuals which the
two lnclpmm sexes, might give rise by bnddmg ﬁm
and then to an h
nnd in the case of animals even without Imddmg to
an hermaphrodite form, for the bilateral structure of
animals perhaps indicates that they were aboriginally
formed by the fusion of two individuals,

22
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It is a more difficult problem why some plants and
apparently all the higher animals, after becoming her-
maphrodites, have since had their sexes re-separated.
This separation has been attributed by some naturals
ists to the advantages which follow from a division of
physiological labour. The principle is intelligible
when the same organ has to perform at the same time
diverse functions; but it is not obvious why the male
and female glands when placed in different parts of
the same compound or simple individual, should not
perform their functions equally well as when placed in
two distinet individuals, In some instances the sexes
may have been m—.epmted {nr the sake of preventing
too frequent ion; but this
does not seem probable, as du same end might have

male and female reproductive elements and the
matumtion of the ovules was too great a strain and.
expenditure of vital force for a single individual to
withstand, if endowed with a highly complex organi=
sation; and that at the same time there was no
for all the individuals to produce young, and
quently that no injury, on the contrary, good resulted
from half of them, or the males, failing to produce
offspring,

There is another subject on which some light is
thrown by the facts given in this volume, namely,
hybridisation. It is notorious that when
species of plants are crossed, they produce with
rarest exceptions fewer seeds than the normal m
This unproductiveness varies in different species up.
sterility so complete that not even an empty
is formed ; and all experimentalists have found
it is much influenced by the conditions to which
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crossed species are subjected. A plant’s own pollen
is strongly prepotent over that of any other species,
5o that if it is placed on the stigma some time after
foreign pollen has been applied to it, any effect from
the latter is quite obliterated. It is also motorious
that not ouly the parent species, but the hybrids
raised from them are more or less sterile; and that
their pollen is often in a more or less aborted con-
dition. The degree of sterility of various hybrids
does not always strictly correspond with the degree of
difficulty in uniting the parent forms. When hybrids
are capable of breeding inter se, their descendants are
more or less sterile, and they often become still more
sterile in the later generations; but then close inter-
breeding has hitherto been practised in all such cases,
The more sterile hybrids are sometimes much dwarfed
in stature, and have a feeble constitution. Other
facts could be given, but these will suffice for us.
Naturalists formerly attributed all these results to
the difference between species being fundamentally
distinet from that between the varieties of the same
species; and this is still the verdict of some naturalists,

The results of my experiments in self-fertilising and
cross-fertilising the individuals or the varieties of the
same species, are strikingly analogous with those just
given, though in a reversed manner. With the majority
of species flowers fertilised with their own pollen yield
fewer sometimes much fewer seeds, than those ferti-
lised with pollen from another individual or variety.
Some self-fertilised flowers are absolutely sterile ; but
the degree of their sterility is largely determined by
the conditions to which the parent plants have been
exposed, as was well exemplified in the case of Esch-
scholtzia and Abutilon. The effects of pollen from the
same plant are 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
hours afterwards. The offspring from self-fertilised
flowers are themselyes more or less sterile, sometimes
highly sterile, and their pollen is sometimes in an
imperfect condition; but T have not met with any case.
of complete sterility in self-fertilised seedlings, as is
s0 common with hybrids. The degree of their sterility
does not correspond with that of the parent-plants when
first self-fertilised. The offspring of self-fertilised
plants suffer in stature, weight, and constitutional
vigour more frequently and in a greater degree than
do the hybrid offspring of the greater number of
crossed species. Decreased height is transmitted to
the next generation, but I did not ascertain whether

this applies to decreased fertility.
1 have elsewhere shown * that by uniting in various
ways dimorphic or trimorphic h plants,

which belong to the same undoubted species, we get.
another series of results exactly parallel with those
from crossing distinet species. Plants illegitimately
fertilised with pollen from a distinet plant belonging
to the same form, yield fewer, often much fewer seeds,
than they do when legitimately fertilised with pollen
froma plant belonging to a distinet form. They some-
times yield no seed, not even an empty capsule, like
a species fertilised with pollen from a distinet genus.
Tho degree of sterility is much affected by the condi-
tions to which the plants have been subjected. The:
pollen from a distinet form is strongly prepotent over
that from the same form, although the former may
have been placed on the stigma many hours afterwards.

* ¢ The Different Forms of Flowers on Plants of the same sposies”
1877, p. 240.
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Tho offspring from a union between plants of the same
form are more or less sterile, like hybrids, and have
their pollen in a more or less aborted condition ; and
some of the seedlings are as barren and us dwarfed as
the most barren hybrid. They also resemble hybrids in
several other respects, which need not here be specified
in detail,—such as their sterility not corresponding
in degree with that of the parent plants,—the unequal
sterility of the latter, when reciprocally united,—
and the varying sterility of the seedlings raised from
the same seed-capsule,

We thus have two grand classes of cases giving results
which correspond in the most striking manner with
those which follow from the crossing of so-called true
and distinet species. With respect to the difference
between seedlings raised from cross and self fertilised
flowers, there is good evidence that this depends alto-
gether on whether the sexual elements of the parents
have been sufficiently differentiated, by exposure to
different conditions or by spontancous variation. The
manner in which plants have been rendered hetero-
styled is an obscure subjeet, but it is probable that the
two o three forms first became adapted for mutual

that is for lisation, through the
variation of their stamens and pistils in length, and
that afterwards their pollen and ovules became co-
adapted ; the greater or less sterility of any one form
with pollen from the same form being an incidental
result.* Anyhow, the two or three forms of hetero-
styled species belong to the same species as certainly
as do the two sexes of any ome species. We have
therefore no right to maintain that the sterility of
species when first crossed and of their hybrid offspring,

* This subject has been discussed in my *Different Forms o
Flowers &, pp. 260-268.
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is ined by some cause fund: lly different
from that which determines the sterility of the indi-
viduals both of ordinary and of heterostyled plants
when united in various ways. Nevertheless, I am
aware that it will take many years to remove this
prejudice.

There is hardly anything more wonderful in nature
than the sensitiveness of the sexual elements to external
influences, and the delicacy of their affinities. We see
this in slight changes in the conditions of life being
favourable to the fertility and vigour of the parents,
while certain other and ot great changes cause them
10 be quite sterile without any apparent injury to their
health. We see how sensitive the sexual elements of
those plants must be, which are completely sterile with
their own pollen, but are fertile with that of any other
individual of the same species. Such plants become
cither more or less self-sterile if subjected to changed
conditions, although the change may be far from great.
The ovules of a heterostyled trimorphic plant are
affected very differently by pollen from the three sets
of stamens belonging to the same species. With ordi-
nary plants the pollen of another variety or merely of
another individual of the same variety is often strongly.
prepotent over its own pollen, when both are placed
at the same time on the same stigma. In those great
families of plants containing many thousand allied
species, the stigma of each distinguishes with unerr-
ing cemuncy its own pollen from that of every
other species.

There can be no doubt that the sterility of dis-
tinet species when first crossed, and of their hybrid
offspring, depends exclusively on the nature or affie
nities of their sexual elements. We see this in the
want of any close correspondence between the degree
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of sterility and the amount of external difference in the
species which are crossed ; and still more clearly in the
wide difference in the results of crossing reciprocally
the same two species;—that is, when species A is
crossed with pollen from B, and then B is crossed with
. pollen from A. Bearing in mind what has just been
said on the extreme sensitiveness and delicate affinities
of the reproductive system, why should we feel any
surprise at the sexual elements of those forms, which
we call species, having been differentiated in such a
manner that they are incapable or only feebly capable
of acting on one another? We know that species have
generally lived under the same conditions, and have
retained their own proper characters, for a much longer
period than varieties. Long-continued domestication
eliminates, as I have shown in my ‘Variation under
Domestication,’ the mutual sterility which distinct
species lately taken from a state of nature almost always
exhibit when intercrossed; and we can thus understand
the fact that the most different domestic races of animals
are not mutually sterile. But whether this holds good
with cultivated varieties of plants is not known, though
some facts indicate that it does. The elimination of
sterility through long-continued domestication may
probably be attributed to the varying conditions to
which our domestic animals have been subjected ; and
1o doubt it is qwing to this same cause that they with-
stand great and sudden changes in their conditions of
life with far less loss of fertility than do natural species.
From these several considerations it appears probable
that the difference in the affinities of the sexual
elements of distinet species, on which their mutual
incapacity for breeding together depends, is caused by
their having been habituated for a very long period
each to its own conditions, and to the sexual elements
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