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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, m many cases, by meclnunml contrivances of

d uty, p g the ion of the
flowers by their own pollen. There i is o small class of
plants, which I have called dimorphic and trimorphie,
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 inscets 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

@ The Camplete Work of Charles Darwin Online




Cmar. L INTRODUCTORY REMARKS. 3

 few plants seem to be invariably self-fertilised; yet
‘even these retain traces of having been formerly
adapted for These excep need
‘make us doubt the truth of the above rule, any
 than the existence of some few plants which pro-
ﬂm and yet never set seed, should make us
that flowers are adapted for the production of
d 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
st 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
plants. Yet it is as unmistakably plain that innu-
merable flowers are adapted for cross-fertilisation, as
it the teeth and talons of a carnivorous animal are
for catching prey ; or that the plumes, wings,
‘hooks of a seed are adapted for its dissemination.
er are constructed so as to gain two
ects which are, to a certain extent, nn'.ngonimic, and
explains many apparent anomalies in their struc-
ture. The close proximity of the anthers to the'stigma
a mnlhtudcaf species favours, and often leads, to
b ertilisation ; but this end could have been gained
far more safely if the flowers had been completely
d, for then the pollen would not have been injured
ﬂm rain or devoured by insects, as often happens.
er, in this case, a very small quantity of pollen
have been sufficient for fertilisation, instead of
of grains being produced. But the openness
the flower and the production of a great and ap-
wasteful amount of pollen are necessary for
sation. These remarks are well illustrated
plants called cleistogene, which bear on the

e Comblete Wark of Charles Darwin Online



4 INTRODUCTORY REMARKS. Cmar. L

same stock two kinds of flowers. The flowers of the one
kind are minute and completely closed, so that they
cannot possibly be crossed; but they are abundantly
fertile, although producing an extremely small
quantity of pollen. The flowers of the other kind
produce much pollen and are open; and these can be,
and often are, cross-fertilised. Hermann Miiller has
also made the remarkable discovery that there are
some plants which exist under two forms; that is,
produce on distinet stocks two kinds of hermaphrodite
flowers. The one form bears small flowers constructed
for self-fertilisation ; whilst the other bears larger and
much more conspicuous flowers plainly constructed
for 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.
1t seemed to me a better plan to work out one group
of plants as carefully as I could, rather than to pub-
lish many miscellaneous and imperfect observations.
My present work is the complement of that on
Orchids, in which it was shown how admirably these
plants are constructed so as to permit of, or to favour,
or to necessitate cross-fertilisation. The adaptations

* * Ganleners’ Chronicle; 1857, Annals and Mug. of Nat. Hist!
p. 725, and 1838, pp, 824 und 843, 3rd scries, vol. ii, 1858, p. 462.
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for eross-fertilisation are perhaps more obvious in the
Orchides than in any other group of plants, but it is
‘an error to speak of them, as some authors have done,
88 an exceptional case. The lever-like action of the
stamens of Salvia (described by Hildebrand, Dr. W.
Ogle, and others), by which the anthers are depressed
~and rubbed on the backs of bees, shows as perfect a
rm as can be found in any orchid. Papilion-
flowers, as described by various authors—for
Mr. T. H. Farrer—offer innumerable
curious ldlputlonl for cross-fertilisation, The case of
Jragrans (one of the Rubiacew), is as won-
as that of the most wonderful orchid. The
stamens, according to Fritz Miiller,* are irritable, so
that as soon as & moth visits a flower, the anthers ex-
plode and cover the insect with pollen; one of the
filaments which is broader than the others then moves
and closes the flower for about twelve hours, after
which time it resumes its original position. Thus the
stigma cannot be fertilised by pollen from the same
flower, but only by that brought by a moth from some
other flower. Endless other beautiful contrivances for
this same purpose could be specified,
- Long before I had attended to the fertilisation of
flowers, a remarkable book appeared in 1793 in Ger-
many, ‘Das Entdeckte Geheimniss der Natur,’ by
€. K. Sprengel, in which he clearly proved by innumer-
able observations, how essential a part inscets play in
¢ fertilisation of many plants, But he was in ad-
‘yance of his age, and his discoveries were for a long
time neglected. Since the appearance of my book on
Orchids, many excellent works on the fertilisation of
flowers, such as those by Hildebrand, Delpino, Axell,

i * ' Botanischo Zeitung? 1865, p. 129,

3l A The Camplete Wark of Charles Darwin Online



6 INTRODUCTORY REMARKS. Cuar. 1.
and Hermann Miiller,* and numerous shorter papers,
have been published. A list would oceupy several
pages, and this is not the proper place to give their
titles, as we are not here concerned with the means,
but with the results of cross-fertilisation. No one
who feels interest in the mechanism by which nature
effects her ends, can read these books and memoirs
without the most lively interest.

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

* Bir Johm I.uMmd hu mwn
an interesting
rholnwbkcl lnhil Bnﬂ.i: \MM
ers considered in relation to
luem 1875.  Hermann Milller's
wark *Dio Befruchtung der Blu-
men dnmhx:.‘nwkﬁm. 157;‘0.’&:!1-

an
urlghul obervations d_gene-
morcove
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i ot
{2, the v of certain
Im«h. but thet the 1
(hz-mlnnmuxnullenﬂyuhpwd
forprocurin or
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u-; Howers uro .d...
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Cuar. L. INTRODUCTORY REMARKS, T

8ee its full importance, as may be perceived by any-
who will read his observations carefully ; and he
consequently mistook the meaning of various struc-
tares. But his discoveries are so numerous and his
work 8o excellent, that he can well afford to bear a
mall amount of blame. A most capable judge, H.
e, likewise says :* « It is remarkable in how very
“casos Sprengel rightly perceived that pollen is
ily transported to the stigmas of other flowers
f the same species by the insects which visit them,
id yet did not imagme that this transportation was
any service to the plants themselves,”
Andrew Knight saw the truth much more clearly,
he remarks,t “ Nature intended that a sexual in-
tercourse should take place between neighbouring
plants of the same species” After alluding to the
] means by which pollen is transported from
to flower, s far as was then imperfectly known,
dds, “ Nature has something more in view than that
males should fecundate each blossom.”

3 Kilrouter, v
de St Petersbourg,” tom. iii. 1809
(published 1811), p. 197, After
siowing how well the Malvaces
pto for eras-fortilisation,
lie sk, An id aliquid in recessu
guod hujucanod. fores
nuBquiR proprio suo puivere, s
o _"’“3‘ L% o
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8 INTRODUCTORY REMARKS, Cnar. L.

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

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

lf-evident proposition that the propagation of the
species, whether by self-fertilisation or by cross-fertili-
sation, orasexually by buds, stolons, &e. is of paramount
importance, Hermann 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-
eross plants during several successive generations, in
order to arrive at any result. I ought to have re-
flected that such elaborate provisions favouring cross-
fertilisation, as we see in innumerable plants, would
not have been acquired for the sake of gaining a
distant and slight advantage, or of avoiding a distant
and slight evil, Moreover, the fertilisation of a flower
by its own pollen corresponds to a closer form of inter-
breeding than is possible with ordinary bi-sexual
animals; so that an earlier result might have been

expected,
I was at last led to make the experiments recorded
in the present volume from the following cireumstance,

@ The Combplete Wark of Charles Darwin Online



Cur. L INTRODUCTORY REMARKS, 9

For the sake of determining certain points with respect
to inheritance, and withont any thought of the effects
of close interbreeding, I rised close together two
Inrge beds of self-fertilised and crossed seedlings from
_h same plant of Linaria vulgaris. To my surprise,
| mdplmm when fully grown were plainly taller
and more vigorous than the self-fertilised ones. Bees
Mﬂy visit the flowers of this Linaria and carry

from one to the other; and if insects are ex-
cluded, the flowers produce extremely few seeds; so
that the wild plants from which my seedlings were
maised must have been intercrossed d\lnng all previous
E i It seemed th dible that
the difference between the two beds of seedlings could
have been due to a single act of seli-fertilisation ; and
T attributed the result to the self-fertilised seeds not
having been well ripened, improbable as it was that all
should have been in this state, or to some other
accidental and inexplicable canse, During the next
year, I raised for the same purpose as before two large
beds close together of self-fertilised and crossed seed-
Tings from the carnation, Dianthus caryophyllus. This
plant, like the Linaria, is almost sterile if insects are
exeluded; and we may draw the same inference as
‘before, namely, that the parent-plants must have been
umlcmusd dnnng evety'.or almost every prevmus

1

the self-fertili

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

B B arblate Work of Chares Darwin Onlina



10 INTRODUCTORY REMARKS, Cuar. L

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

It should be observed that I have spoken for the
sake of brevity, and shall continue to do so, of crossed
and self-fertilised seeds, seedlings, or plants; these
terms implying that they are the product of 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 po].lon

My experiments were tried in the following manner.
A single plant, if it produced a sufficiency of flowers, or
two or three plants were placed under a net stretched
on a frame, and large enough to cover the plant
(together with the pot, when one was used) without
touching it. This latter point is important, for if
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the flowers touch the net they may be cross-fertilised
by bees, us 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
ineh in diameter; and this I found by experience
‘effectunlly excluded all insects excepting Thrips, which
o net will exclude. On the plants thus protected
several flowers were marked, and were fertilised with
their own pollen ; and an equal number on the same
plants, marked in a different manner, were at the same
time crossed with pollen from a distinct plant. The
crossed flowers were never castrated, in order to make
‘the experiments as like as possible to what occurs
under nature with plants fertilised by the aid of
‘insects. Therefore, some of the flowers which were
M may have failed to be thus fertilised, and
ds have been self-fertilised. But this and
some other sources of error will presently be discussed.
In some few cases of spontaneously self-fertile species,
flowers were allowed to fertilise themselves under
. net; and in still fewer cases uncovered plants were
“allowed to be freely crossed by the insects which in-
ntly visited them. There are some great advan-
tages and some disadvantages in my having occasion-
varied my method of proceeding ; but when there
any difference in the treatment, it is always so
under the head of each species.
Care was faken that the seeds were thoroughly
ened before being gathered.  Afterwards the crossed
d self-fertilised sceds were in most cases placed on
sand on opposite sides of a glass tumbler covered
glass plate, with a partition between the two lots ;
and the glass was placed on the chimney-piece in a
warm zoom. T could thus observe the germination of
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the seeds, S imes a few would il on one.
side before any on the other, and these were thrown
away. But as often as a pair germinated at the same.
time, they were planted on opposite sides of a pot, with
a superficial partition between the two; and T thus
proceeded until from half-a-dozen to a score or more
seedlings of exactly the same age were planted on
the opposite sides of several pots. If one of the young
seedlings became sickly or was in any way injured,
it was pulled up and thrown away, as well as its
antagonist on the opposite side of the same pot.

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

On other oceasions, from the want of time, the seeds,
instead of being allowed to germinate on damp sand,
were sown on the opposite sides of pots, and the fully
grown plants measured. But this plan is less accurate,
as the seeds sometimes germinated more quickly on
one side than on the other. It was however necessary
to act in this manner with some few species, as certain
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ds of seeds would not germinate well when exposed
 the light ; though the glasses containing them were
pt on the chimney-piece on one side of a room,
L ,l.. way from the two windows which faced

d sown, was well mixed, so as to
Inﬂnn in composition. The plants on the two
les were always watered at the same time and as
lly as possible; and even if this had not been
the water would have spread almost equally to
h sides, as the pots were not large. The crossed
ﬂf-h'hhlnd plants were separated by a super-
which was always kept directed towards
chief source of the light, so that the plants on both
were equally illuminated. I do not believe it
ble that two sets of plants could have been sub-
to more closely similar conditions, than were
un-.dnnd self-fertilised scedlings, as grown in

above described manner,
In comparing the two sets, the eye alone was never

d, Generally the height of every plant on both
es was carefully measured, often more than once,
whilst young, sometimes again when older, and
lly when fully or almost fully grown. But in
o cases, which are always specified, owing to the
vant of time, only one or two of the tallest plants on
side were measured. This plan, which is not a
one, was never followed (except with the crowded

inated on the bare

were placed in pots, and
Govered with 8 fhin Iayos of sand
they germinated imuediately in
Inrge numbers,
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plants raised from the seeds remaining after the pairs
had been planted) unless the tallest plants on each
side seemed fairly to represent the average difference
between those on both sides. It has, however, some
great advantages, as sickly or accidentally injured
plants, or the ofispring of ill-ripened seeds, are thus
eliminated. When the tallest plants alone on each side
were measured, their average height of course exceeds
that of all the plants on the same side taken together.
But in the case of the much crowded plants raised
from the remaining seeds, the average height of the
tallest plants was less than that of the plants in pairs,
owing to the unfavourable conditions to which they
were subjected from being greatly crowded. For our

, however, of the comparison of the crossed and
self famlwed plants, their absolute height signifies
little.

As the plants were measured by an ordinary English
standard divided into inches and eighths of an inch, I
have not thought it worth while to change the frac-
tions into decimals. The average or mean heights
were caleulated in the ordinary rough method by
adding up the measurements of all, and dividing the
product by the number of plants measured ; the result
being here given in inches and decimals. As the
different species grow to various heights, I have always
for the sake of easy comparison given in addition the
average height of the crossed plants of each species
taken as 100, and have calculated the average height
of the self-fertilised plant in relation to this standard.
With respect to the crowded plants raised from the
seeds remuining after the pairs had been planted,
and of which only some of the tallest on each side
were measured, I have not thought it worth while to
complicate the results by giving separate averages
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and for the pairs, but have added up all
ghts, and thus obtained a single average.
doubted whether it was worth while to give
ts of each separate plant, but have
o so, in order that it may be scen that the
‘of the crossed plants over the self-fertilised,
only depend on the presence of two or
xtra fine plants on the one side, or of a few
plants on the other side. Although several
have insisted in general terms on the off-
varieties being superior to
10 precise measurements have been

¢ 80 msh time—mjne lmvuzg been
eleven yenl—t.hat they are not

my hﬂu of measurements, seven in number,
those of Ipomeea, Digitalis, Reseda lutea,
nanthes, Petunia, and Zea. I may premise
hok by chance a dozen or score of men
two nations and measured them, it would
be very rash to form any judgment from
numbers on their average heights. But
is somewhat different with my crossed and
ed plants, as they were of exactly the same

> l these .-b. :: Ph:lt; ;;I:Iur “T;lmlmk;:honi.
n X1 t., 1875, vol
Ro . o
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age, were subjected from first to last to the same
conditions, and were descended from the same parents.
‘When only from two to six pairs of plants were
measured, the results are manifestly of little or no
value, except in so far as they confirm and are con-
firmed by experiments made on a larger scale with
other species. I will now give the report on the seven
tables of measurements, which Mr, Galton has had the
great kindness to draw up for me.

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

Zew mays (young plants).

ARRANGED 1 ORpER OF MAGNITUDE,

As reconded by Mr, Darwin,

Tn Separate Pots, In a Single Serjes,

ColumnL| 1L | uL

vi | v | van
Cromed, | Seltfert, Crossed, | Selfert, Difference
Tnches, Toches, | Inches. | Inches.
254 2 203 | =3}
Potl, | 12
|
Pot IL,
Pot 1L,
|
Pot IV,
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s I received them areshown in columns IT.

here they certainly have o primd ficis appearance of
£ a8 soon as we arrange them in the order of
,a8in colmmns IV. and V., the case is materially

soe, with few exceptions, that the largest

d side in each pot exceeds the largest plant

gide, that the second exceeds the second,

d, and 80 on. Out of the fifteen cases in the
only two exceptions to this rule. We may

d afirm that a crossed series will always
‘exoeed u self-fertilised series, within the range of
under which the present experiment has been

Pt | Cromed. | Selttert. | Difference)
|

it 18 | 13 | 4o
iy 203 19 =13
. B 87 [ -4
v wg | 16 | -3y

a8 regands the numerical estimate of this excess. The
of the several groups are so discordant, as is shown
just

into a single series, that ndu would be statistically
he experiment is tried in columns VIL and VIIL,
is abundantly clear, and justifies us in

mean as pnﬁcﬂy reliable. I have protractell

the usual way, by

2 (]
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that in the seven kinds of plants, whose measurements T hat
examined, the ratio between the heights of the crossed and of
tho self-fortilised ranges in five cascs within very narrow limits,
In Zea mays it is as 100 to 84, and in the others it range
Detween 100 to 76 and 100 to 86.”

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

“Those groups of cases in which measurements have been
made of a few of the tallest plants that grew in rows, each of}
which contained a multitude of plants, show very clearly that!
the crossed plants exceed the self-fertilised in height, but they
do not tell by inference anything about their respective mean
values. If it should happen that a series is known to follo
the law of error or any other law, and if the number of indj
viduals in the series is known, it would be always possible
reconstruct the whole serics when a fragment of it has be
But I find no such method to be applicable in
present case. The doubt as to the number of plants in each ro
i% of minor importance; the real difficulty lies in onr ignorance
of the precise law followed by the series. The experience o
the plants in pots does not help us to determino that law,
Decause the obscrvations of such plants are too few to enably
us 1o lay down more than the middle terms of the series
which they belong with any sort of accuracy, whercas the case
we are now considering refer to one of its extremities.
are other special difficulties which need not be gone into, as th
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 curyes
He appends the words “ very good ” ta those of Zeaa
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He also calculated the average height
and self-fertilised plants in the seven
re correct method than that followed
by including the heights, as estimated
with statistical rales, of a few plants
before they were measured ; whereas I
L up the heights of the survivors, and
um by their number. The difference in
way highly satisfactory, for
of dm seli-fertilised plants, as

is less than mine in all the
i'n which our averages are

is shows that I have by no means
superiority of the crossed over the

of the crossed and self-fertilised
they were sometimes eut down
, and an equal number of both
of oompnnwn gives very
T wish that it had been oftener
record was often kept of any
ce in the rate of germination of the
ertilised seeds,—of the relative periods
ﬂﬂnphnh raised from them,—and of
that is, of the number of seed-
they produced and of the average
which each capsule contained.

‘my experiments I did not intend to
d lelf-fnrﬁlisod plants for more than a
5 but as soon as the plants of the
-uu in flower 1 thought that T would
generation, and acted in the following
ral flowers on one or more of the self-
 were again self-fertilised ; and several
c2
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flowers on one or more of the crossed plants were ferti-
lised with pollen from another crossed plant of the
same lot. Having thus once begun, the sume 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 nh'eﬂdy
deseribed. The seli-fertilised plants, whether originally:
descended from one or two mother-plants, were thus in
each generation as closely interbred us was possible 3
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 an
then necessarily followed, than if T 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 successiv
generations were almost always inter-related. Wher
the flowers on an hermaphrodite plant are c
with pollen taken from a distinet plant, the
thus raised may be considered as hermaphrodite brothe:
or sisters ; those raised from the same capsule being
close as twins or animals of the same litter. But i
one sense the flowers on the same plant are distinet
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d as several flowers on the mother-plant
d by pollen taken from several flowers on
er-plant such seedlings would be in one sense
or sisters, but more closely related than
rs and sisters of ordinary animals,
on the mother-planf were, however, com-
by pollen taken from two or more dis-
~and in these cases the seedlings might
jed with more truth half-brothers or sisters.
o three mother-plants were crossed, as often
pollen taken from two or three father-
seeds being all intermingled), some of the
the first generation would be in no way
‘many others would be whole or half-
In the seeond generation a large
would be what may be called
mmglod with whole and

come more and more inextricably complex
generations ; with most of the plants in
d many of them elosely related.
‘one other point to notice, but this is one
importance; namely, that the crossed
were subjected in the same
nearly similar and uniform eonditions as
the successive generations they were

ots all were treated alike, being grown
same artificially prepared soil, being
the same time, lnd kept close together

greenhouse or hothouse. They were
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therefore not exposed during successive years to such
great vicissitudes of climate as are plants growing out
of doors.

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

As it is impossible to exclude such minute pollen-
carrying insects as Thrips, flowers which it was intended
to fertilise with their own pollen may sometimes have.
been afterwards crossed with pollen brought by these
insects from another flower on the same plant; but as
we shall hereafter see, a cross of this kind does not
produce any effect, or at most only a slight one. When
two or more plants were placed near one another
under the same net, as was often done, there is some
real though not great danger of the flowers which
were believed to be self-fertilised being afterwards
erossed 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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@ same net. If, however, the flowers which

resumably self-fertilised by me were in any
crossed by Thrips with pollen brought
plant, erossed seedlings would have
amongst the self-fertilised ; but it should
observed that this oceurrence would tend
‘and not to increase any superiority in
fertility, &e., of the crossed over the

plants.
Mlowers which were crossed were never cas-
&hﬂe or even almost certain that T
to cross-fertilise them effectually, and
afterwards spontaneously self-fertilised.
hm‘ likely to ocenr with dicho-

much care it is not easy to
stigmas are ready to be fer-

w in the former case, not to exaggerate
il ‘nytmgn superiority of the erossed

as some of the seeds not having
care was taken to

error—the i injury
glnh;—'i]]luvnbeentoulargo extent
d, in those eases 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 haying been allowed to
germinate on bare damp sand, and being planted in
pairs; for it is not likely that ill-matured and well-
matured, or diseased and healthy seeds, would germi-
nate at exactly the same time. The same result will
have been gained in the several cases in which only a
few of the tallest, finest, and healthiest plants on each
side of the pots were measured.

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

* ‘Kenntniss der Befruch- tom.
tung 1844, p. 845 Naudin, t° o Philosophical
“Nouvelles Archives du Muséum;  Soc? 1853, pp, 253-258,
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e side of the large stigma in sixty-four
and a great mass of pollen

 whole surface of the stigma in sixty-four other
corder to vary the experiment, half the
lots were on plants produced from self-
and the other half on plants from
The sixty-four flowers with an excess
sixty-one capsules; and excluding

es, each of which contained only a single

, the remainder contained on an average 5-07
ale. The sixty-four flowers with only a
placed on one side of the stigma yielded
capsules, and excluding one from the same
e, the remainder contained on an average

. 8o that the flowers fertilised with little
er more eapsules and seeds than did
| an excess; but the difference is

of any significance, On the other
produced by the flowers with an excess
re o little heavier of the two; for 170 of
, W’G’l grains, whilst 170 sceds from the

difference in their rate of germination.
 eonclude that my experiments were
bymy slight difference in the amount of
having been employed in

i in which our subject will be treated in
volume is as follows. A long series of ex-
s will first be given in Chapters I to VL

1 afterwards be appended, showing in a con-
the relative heights, weights, and fertility
g 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 e
with plants kept all the time under closely simila
conditions, with pollen taken from plants of a distine
stock and which had been exposed to different con:
ditions. In the concluding chapters various related
points and questions of general interest will
discussod.

Anyone not specially interested in the subject need
not attempt to read all the details; though the
possess, I think, some value, and cannot be all sum
marised.  But I would suggest to the reader to tak
as an example the experiments on Ipomcea in Chay
1IL; to which may be added those on Digitalis, Ori
num, Viola, or the common cabbage, as in all the
cases the crossed plants are superior to the self:
fertilised in a marked degree, but not in quite
same manner. As instances of self-fertilised plant
being equal or superior to the crossed, the experiments
on Bartonia, Canna, and the common pea ought to be
read; but in the last case, and probably in that o
Canna, the want of any superiority in the erossed
plants can be explained.

Species were selected for experiment belonging to
widely distinet families, inhabiting various countrie
In some few cases several genera belonging to
same family were tried, and these are grouped
Q.her but the families themselveﬂ have boen arrang

most convenient for my purpose. The experiments
have been fully given, as the results appear to me
sufficient value to justify the details. Plants bearing
hermaphrodite flowers can be interbred more close

than is possible with bisexual animals, and are the:
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to dﬂo'\ight on the nature and extent
effects of crossing, and on the evil effects
2 or self-fertilisation. The most
at which I have arrived is that
erossing by itself does no good. The
the individuals which are erossed
in constitution, owing to their pro-
subjected during several genera-
different conditions, or to what we
ignorance spontaneous variation. This

, a5 we shall hereafter see, is closely con-
important physiological problems,
derived from slight changes in the
this stands in the closest con-

throws light on the origin of
r separation or union in the
lastly on the whole subject of
e of the greatest obstacles to the
progress of the great principle

of the same ies. And that
m!hll seedling, nrrp::d means one
ge, that is, one derived from
pollen from the same flower,
when thus stated, from another flower

‘plant.
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CHAPTER II.
CoNVOLYULACER. 4

Tpomea purpurea, comparison of the height, and fertility of the

colour of the flowers produced by the self-fertilised plants—The
advantage froma cross between two distinet plants depends on theie:
differing in constitution. 4

A PLANT of Ipomwa purpurea, or as it is often called i
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 eros
with pollen from a distinct plant. The fertilisation o
the flowers with their own pollen was superfluous,
this convolvulus is highly self-fertile; but T acted
this manner to make the experiments correspond in
respeets.  Whilst the flowers are young the stig
projects beyond the anthers; and it might have !
thought that it could not be fertilised without the aid
of humble-bees, which often visit the flowers: but
the flower grows older the stamens increase in leng
and their anthers brush against the stigma, which th

@& The Complete Waork of Charles Darwin Online



CROSSED AND SELF-FERTILISED PLANTS. 29

ives some pollen. The number of seeds produced
erossed and self-fertilised flowers differed very

and self-fertilised seeds obtained in the above

ited at the same time they wero planted in the
in the Introduction, on the opposite sides of
pairs were thus planted ; and all the remaining
or not in a state of germination, were planted on
sides of a third pot, so that the young plants on
re here greatly crowded and exposed to very

on. Rods of iron or wood of equal diameter

Il the plants to twine up; and as soon as one of

| the summit both were measured. A single

on each side of the crowded pot, No. IIL, and

Tasie L (Kirst Generation.)

ht of the six crossed plants is here 86 inches,
self-fertilised plants is only 65°66 inches,
nt mhmldlhrﬁhwdinhexght as
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at the final measuring. But it is an interesting fact, of which I
have seen several other instances, that one of the selt-fertilise
plants, when nearly & foot in height, was half an inch taller 1
tho crossed plant; and again, when two foet high, it was 13 of
an inch teller, but during the ten sulsequent days the cros
plant began to gain on its antagonist, and ever afterward asse
its supremacy, until it excoeded its self-fertilised opponent by
16 inches.

The five crossed plants in Pots L. and IL were covered with &
net, and produced 121 capsules; the five solf-fertilised plan
produced eighty-four capsules, so that the numbers of ea
were us 100 to 69, OF the 121 eapsules on the crossed pl
ixty-five wero the product of flowers crossod with pollen from
distinet plant, and theso contained on an average 523
capsule; the nmnmmg fifty-six capsules were spontancon

self-fertilised. Of the cighty-four eapsules on the self-fertilise

seeds per capsule. Therefore the cross-fertilised capsules, con

with the self-fertilised capsules, yielded seeds in
proportion of 100 to 98. The erossed sceds were relati
heavier than the self-fertilised seeds. Combining the abo
data (i.c., number of eapsules and average number of cont
sceds), the crossed plants, compared with the self-ferti
yielded seeds in the ratio of 100 to 64.

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

In Pot 111, on the opposite sides of which a large number @
crossed and self-fertilised sceds had been sown and the se
lings allowed to struggle together, the crossed plants had
first no great advantage. At one time the tallest crossed w
254 inches high, and the tallest self-fertilised plants 213. B
the difference afterwards became much greater. The plants of
Doth sides, from being so crowded, were poor specimens, i
flowers were allowed to fertilise themselves spontaneously unde

a net; the crossed plants produced thirty-seven capsules, #
self- fLmhslxl plants only eighteen, or as 100 to 47. The forme
contained on an average 3-62 seeds per capsule; and the latt
338 seeds, or as 100 to 93. Combining these data (i.c., numl
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number of seeds), the crowded crossed
uds compared with the self-fertilised as 100
r, were decidedly heavier, a

us due hmhmmpummnm byt.he
been better nourished. We thus see
 this the first generation, when grown
and when grown under unfavour-

‘per capsule, the self-fertilised plants.
ised Plants of the Second. Generation. —
od plants of the Iast generation (Table 1.)
distinct plants of the suo genera-

505
single erossed plant is taller than its anta-
plant in Pot I, which ultimately
‘Hm:imhu. was for a long time
‘erossed plant, though at last beaten by
‘the six erossed plants is 84+ 16 inches,
mﬁﬂ-ﬂ plants is 66-33 inches, or

lised Plants of the Third Generution —Seeds
of the last generation (Table 11.) again
*

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

Tapwk IIL (Zhird Generation.)

No. of Put. ‘ Crossed Plants, Self-fertilised Plants,
Toches, Inches,
4 56
72 51
73§ 54
82 59
81 80
82 66
Total inches. J 46405 817:0

Again all the crossed plants are higher than their antagonists :
their average height is 77-41 inches, whereas that of the self-
fertilised is 5283 inches, or as 100 to 68.

I attended closely to the fertility of the plants of this third
generation, Thirty flowers on the crossed plants were crossed
with pollen from other crossed plants of the same generation,
and the twenty-six capsules thus produced contained, on an
average, 473 sceds; whilst thirty flowers on the self-fertilised
plants, fertilised with the pollen from the same flower, produced
twenty-three capsules, each containing 443 seeds. Thus the
average number of seeds in the crossed capsules was to that in
the self-fertilised capsules as 100 to 94. A hundred of the
crossed seeds weighed 4327 grains, whilst a hundred of the self-
fertilised seeds weighed only 5763 grains. Many of these lighter
self-fertilised seeds placed on damp sand germinated before the
erossed; thus thirty-six of the former germinated whilst only
thirteen of the latter or crossed seeds germinated. In PotI.
the three crossed plants produced spontaneously under the net
(besides.tho tenty-six_artificially cross-fertilisod capsules)

paoled i,

on an average
141 seeds; whilst the three self-fertilised plants produced
spontancously (besides the twenty-three artficiallysclf- femhxed
capsules) only twent; fertilised capsules,

an average 4'14 seeds. Therefore the average number of il
in the two lots of spontancously self-fertilised capsules was as
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)to94. Taking into consideration the number of capsules
with the average number of seeds, the crossed plants
ontancosly self-fertilised) prodnced seeds in comparison with
self-fertilised plants (spontaneously* self-fertilised) in the
rtion of 100 to 85. By whatever method the fertility of
phnhhmm[nmd the crossed are more fertile than the

Pl

m in leveml ways the comparative vigour and powers of
h of the and self-fertilised plants of this third
Thus, four self-fertilised seeds which had just
were planted on one side of a pot, and after an in-
of forty-eight hours, four crossed seeds in the same state
o tion were planted on the opposite side; and the pot
kept in the hothouse, I thought that the advantage thus
to the self-fertilised seedlings would have been so great
they would never have been beaten by the crossed ones.
were not beaten until all had grown to a height of 18
; and the degree to which they were finally beaten is
in the following table (No, IV.). We here see that the
height of the four crossed plauts is 76°62, and of the
t self-fortilised plants 65-87 inches, or as 100 to 86; there~

less than when both sides started fai

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

No, of Fot.

ourable conditions, and a single stick was given o each
plants to twine np. Tho two lots were sufficiently

crossed plants were found to be 24+5and 22°5 inches,
Y
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whilst the two tallest self-fertilised plants were only 15 and
12:5 inches in height, or as 100 to 59.

1 likewise sowed at the same time two lots of the same seeds
in a part of the garden which was shady and covered with
woeds, The erossed seedlings from the first looked the most
Loalthy, but they twined up a stick only to a height of T} inches;
whilst the self-fertilised were not able to twine at all; and the
tallest of them was only 8) inches in height.

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

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

Tavte V. (Fourth Generation.)

xoarne |
L '
|

. |

Total inches. 4885 4210

Here the average height of the seven erossed plants is 69°78
inches, and that of the soven self-fertilised plants 60-14; or us
100 to 86 This smaller difference relatively to that in the
former generations, may be attributed to the plants having been
raised during the depth of winter, and consequently to their not
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grown vigorously, as was shown by their general ap-
ce and from soveral of them never reaching the summits
rods. In Pot IL., one of the self-fertilised plants was for
time faller by two inches than its opponent, but was
tely beaten by it, so that all the crossed plants exceeded
opponents in height. OF twenty-eight capsules produced
erossed plants fertilised by pollen from o distinct plant,
contained on an average 475 seeds; of twenty-seven self-
d eapsules on the self-fertilised plants, each contained
average 4°47 scods; o that the proportion of seeds in the
and self-fertilised capsules was as 100 to 94.
of the same seeds, from which the plants in the lst
blo V. had been raised, were planted, after they had germi-
dump sand, in a square tub, in which a large Brug-
a il long boen growing. ‘The soil was extremely poor

i These
d in the same manner as before, and when measured
following results:—

Taste V1. (Fifth Generation.)

Nowof Pot. Crossed Plants. Self-fertilised Plants.
Tnces, Inches
¥ 95 78
86 ki
69 2
1 84 51
84 84
6} 59
 Total inches. 495°13 874-00

o height of the six crossed plants is 82- 54 inches,
D2
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and that of the six self-fertilised plants 62:38 inches, or as 100

injured whilst young by a blow, mdvulm-mmbntenhy

its opponent, but ultimately recovered the usual

The crossed plants produced spontaneously a vast number mm

capsules than did the self-fertilised plants; and the capsules of

the former contained on an average 8'87 seeds, whilst those of

tlwhtweonmmd only 8°0 per eapsule, or as 100 to 89, But
fertilised

sules were tho more fertile of the two, and of thia unusual fact
T can offer 1o explanation,

Crosed and sif-fertilised Plants of the Sizth Generation.—
These were raised in the usual manner, with the following result.
1 should state that there were originally eight plants on each
side; but as two of the self-fertilised became extremely nn-
healthy and never grew to near their full height, these as well
as their opponents have been struck out of the list, 1f they had
been rotained, they would have made the average height of the
crossed plants unfuirly greater than that of the solf-fertilised.
1 have acted in the ssme manner in a few other instances, when
ono of & pair plainly became very unbealthy.

Tanie VIL (Sizth Generation.)

No, of Put. Crossed Plants, Selffortilised Plants.
Inches. Tnche.
L 83 503
0 6
L 9 5
. 86} 87
88 62
L. 87§ T
Total fnches, 525 319

The average height of the six crossed plants is here 875, and

of the six self-fertilised plants 63°16,0ra8100 to 72 This large

difference was chiefly due to most of tho plants, especially the
v
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1
self-fortilised ones, having become unhealthy towards the close
of their growth, and they were severely attacked by aphides,

this cause nothing can be inferred with respect to their
relative fertility. In this generation we have the first instance
of & self-fertilised plant in Pot 1L exceeding (though only by
half an iuch) its crossed opponent, This victory was fairly won
o long struggle. At first the self-fertilised plant was several
taller than its opponent, but when the latter was 43
‘high it had grown equal; it then grew a little taller than
self-fortilised plant, but was ultimately beaten by it to the
tent of half an inch, as shown in the table, I was so much
at this case that I saved the self-fertilised sceds of
s plant, which T will call the “ Hero,” and experimented on

8 descendants, as will hereafter be deseribed.

Besides the plants included in Table VIL, nine erossed and
solf-fertilised plants of the same lot were raised in two
pots, IV. and V. These pots had boen kept in the hot-
but from want of room were, whilst the plants were
suddenly moved during very cold weather into the
part of the grecnhouse. They all suffered greatly, and
i quite recovered. After a fortnight only two of the nine

lised seedlings were alive, whilst seven of the crossed
The tallest of these latter plants when measured was
in height, whilst the tallest of the two surviving self-
plants was only 32 inches, Here again we see how much
vigorous the crossed plants are than the solf-fertilis
and selffertilised Plants of the Seventh Generation—
s0 were raised as herotofore with the following resnlt :—

TaBLE VIIL (Seventh Generation.)

| No.orrou Crosed Plants, | Selfforilised Plants.
Taches. Tches.
i 84, | 74§
841 84
76 | 554
I 844 85
90 513
823 80
| o
| 60§
| 751
Total inches. | 61425
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Each of these nine crossed plants is higher than its opponent,
thongh in_one ease only by threo-quarters of an inch. Their
average height is 88-04 inches, and that of the self-fertilised
plants 6825, or as 100 o 81, These plants, after growing to
their full height, became very unhealthy and infested with
aphides, just when the seeds were setting, o that many of the
capsules failed, and nothing ean be said on their relative

fertility.

Chossed and self-fertilised Plants of the Eighth Generation.—As
just stated, the plants of the last generution, from which the
present ones were raised, were very unhealthy and their seeds
of unusually small size; and this probably accounts for the two
lots behaving d!ﬂ'mtly to what they did in sny of thc pm-
violu or Many of the self ferti

secds germinated before the crossed ones, and these were of
course rejected. When the crossed seedlings in Table IX. had
grown to a height of between 1 and 2 feet, they were all, or
almost all, shorter than their self-fertilised opponents, but were
not then measured. When they had acquired an average height
of 82°28 inches, that of the self-fertilised plants was 4068, or
s 100 to 122, Morcover, every one of the self-fertilised plants,
with a single exception, exceeded its crossed opponent. When,
however, the crossed plants had grown to an average height of
77-56 inches, they just exceeded (viz., by *7 of an inch) the
average height of the self-fertilised plants; but two of the latter
were still taller than their crossed oppouents. 1 was so much
astonished at this whole case, that I tied string to the summits

had now almost regained their
e seen in Table IX.

The average height of the cight crossed plants is here 11325
inches, and that of the self-fertilised plants 96-65, or as 100 to
85, Nevertheloss two of the self-fertiliscd plants, as may beseen

set any capsules, and their anthers contained only a
amount of pollen; but to this subject I shall return, Nev

B Tha Camnlite Wark: af Chaflos Pt fialicas



Cusr. Il OROSSED AND SELF-FERTILISED PLANTS, 39
capsules produced by two other self-fertilised plants of the

Tavis IX. (Eighth Generation.)

No. of Fot. * Crossed Plants. Self-fertilised Plants.

T Inches. iy _lnrhrq
L 111§ 9
127 54

130§ | 3
1L 97§ 04

89§ 125§
. 109, | s
100 | 841
147 | 109

“Total Inches. 90825 [ 77825

 Orossed and self-fertilised Plants of the Ninth Generation,—
o plants of this generation were raisod in the same manner
‘before, with the result shown in Table X i—
fourteen crossed plants average in height 81°39 inches
the fourteon self-fertilised plants 64-07, or as 100 to 79,
self-fertilised plant in Pot IIL. exceeded, and one in Pot IV.
alled in height, its opponent. The self-fertilised plants
d no sign of inheriting the precocious growth of their
; this having been due, as it would appear, to the
nal state of the sceds from the unhealthiness of their
The fourteen self-fertilised plants yielded only forty
ously self-fortilised capsules, to which must be added
the product of ten flowers artificially self-fertilised. On
i other hand, the fourteen crossed plants yielded 152 spon-
self-fortilised capsules; but thirty-six flowers on these
were crossed (yielding thirty-three capsules), and. these
s would probably have produced about thirty sponta-
self-fortilised capsules. Therefore an equal number
erossedd and self-fertilised plants would have produced
in the Froportion ¢ nr.bm 182 mn.oruloomas

Delieve had occuned previously to a uhght extent ;
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namely, that most of the flowers on the self-fertilised plants
were somewhat The monstrosity consisted in the

and firmly coherent to the corolla. T observod this monstrosity
in only one flower on the crossed plants. The self-fertilised

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

Tasix X. (Ninth Generation.)

No. of Pot. Crossed Plants. | Self-fertilised Plants.
Inches. Inches,
L 83, o
85, 7
83, 48]
I | 83 45
| 64 439
| o4 381
. | 79 I3
88} b
61 804
82 82
| il
V. 89, 5177
Crowded plants, | 2] 744
1 22 70
Total inches, 11895 8970

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

* S0 on this bjeet - Variation - Domestontion; xvil,
of Animals and Plats under muonuum
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Tasie XL (Tenth Generation.)

No.of Pot. Crossed Plants. | Seliferutlised Plants.

Toches. Tnes.
1 921 ]
s 343
I 87 54y
89§ 49§
105 66§

4 26200

101 capsules, and the six self-fertilised plants 8,

produced by one of the plants. But as
 diseased plant, which yielded hardly any seed, is here included,
o ratio of 101 to 88 does not fairly give the relative fertility of

finer than those of the six self-fertilised plants, that after
capsules had l»een gathered and most of the leaves had fallen

} grains, whilst those of the self-fortilised plants weighed
178 grains, or as 100 to 44; but as the diseased and
crossed plant is here included, the superiority of the

in weight was really greater,

Effects on the Offspring of erossing different Flowers

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

B The Complete Work of Charles Darwin Online:



42 IPOM(EA PURPUREA. Cuar. IL

over the offspring from flowers fertilised with their
own pollen. I procured some fresh seed and raised
two plants, which were covered with a net; and several
of their flowers were ecrossed with pollen from a dis-
tinet flower on the same plant. Twenty-nine capsules
thus produced contained on an average 4°86 seeds per
capsule ; and 100 of these seeds weighed 36-77 grains.
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 4261 grains. So that a eross of this
kind appears to have increased slightly the number of
seeds per eapsule, in the ratio of 100 to 91; but these
crossed seeds were lighter than the self-fertilised in the
ratio of 86 to 100, I doubt, however, from other
observations, whether these results are fully trust-
worthy. The two lots of seeds, after germinating on
sand, were planted in pairs on the opposite sides of nine
pots, and were treated in every respect like the plants
in the previous experiments. The remaining seeds,
some in a state of germination and some not so, were
sown on the opposite sides of a large pot (No. X.);
and the four tallest plants on each side of this pot
were measured. The result is shown in the following
table :—

The average height of the thirty-one crossed plants is
7323 inches, and that of the thirty-one self-fertilised
plants 77-41 inches; or as 100 to 106. Looking to
each pair, it may be seen that only thirteen of the
crossed plants, whilst eighteen of the self-fertilised
plants exceed their opponents. A record was kept with.
respect to the plant which flowered first in each pot;
and only two of the crossed flowered before one of the.
self-fertilised in the same pot; whilst eight of the self-
fertilised flowered first. It thus appears that the
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Tasie XIL
No. of Pot. ‘ Crossed Plants, Self-fertilised Plants.
Inches, Inches.
L .82 774
75 87
64
76 874
1. 784 84
43 86,
634 %
L 613 86
8 | 694
89 [ 874
Iv. 8 \ 804
734 884
7 i
. 8 s
¢ 7
57 81
VL 704
79 82
98 55
VL. % 77
B4y 83,
9 73|
Vill. 13 764
67 82
8 504
IX, 734 78
78 67
X, 34 82
Crowied plants. 52 96
e 814 ao!
7 5§
[ Total inches. 2270025 | 200975
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crossed plants are slightly inferior in height and in
earliness of flowering to the self-fertilised. But the
inferiority in height is so small, namely as 100 to 106,
that I should have felt very doubtful on this head,
had I not eut down all the plants (except those
in the crowded pot No. X.) elose to the ground and
weighed them. The twenty-seven crossed plants
weighed 16} ounces, and the twenty-seven self-fer-
tilised plants 204 ounces; and this gives a ratio of
100 to 124.

A self-fertilised plant of the same parentageas those
in Table XII had been raised in a separate pot for a
distinet purpose ; and it proved partially sterile, the
anthers containing very little pollen. Several flowers
on this plant were crossed with the little pollen which
could be obtained from the other flowers on the same
plant; and other flowers were self-fertilised. From the
seeds thus produced four crossed and four self-fertilised
plants were raised, which were planted in the usual
manner on the opposite sides of two pots. All these
four crossed plants were inferior in height to their
opponents ; they averaged 7818 inches, whilst the
four self fertilised plants averaged 84°8 inches ; or as
100 to 108.* This case, therefore, confirms the last.
Taking all the evidence together, we must conclude
that these strictly self-fertilised plants grew a little
taller, were heavier, and generally flowered before
those derived from a cross between two flowers on the
same plant. These latter plants thus present a won-
derful contrast with those derived from a cross between
two distinet individuals.

* From one of these self-ferti- an average only 3-2 seeds per
ol P gty i — Soe o TR ot ey
fertiised, 1 guthered twenty-four  apparenily inberited some of e
capsules, and they contained on  sterility of its parent,
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- The Effects on the Offspring of a Cross with a distinet
" or firesh Stock belonging o the same Variety—From the
~ two foregoing series of experiments we see, firstly, the
good effects during several successive generations of
“u cross between distinet plants, although these were
in some degree inter-related and had been grown
‘under nearly the same conditions ; and, secondly, the
absence of all such gool effects from a cross between
flowers on the same plant; the comparison in both
cases being made with the offspring of flowers fertilised
with their own pollen. The experiments now to be
given show how powerfully and beneficially plants,
‘which have been intercrossed during many successive
generations, having been kept all the time under
‘nearly uniform conditions, are affected by a cross with
‘another plant belonging to the same variety, but to a
distinet family or stock, which had grown under dif-
ferent conditions.

‘Several flowers on tho crossed plants of the ninth generation

in Table X., were crossed with pollen from another crossed plant
the same lot. The seedlings thus raised formed the tenth
ererossed generation, and T will call them the * intererossed
s Several other flowers on the same crossed plants of
minth generation were fertilised (not having been castrated)
ith pollen taken from plants of the same variety, ut belonging.
distinet family, which had been grown in o distant garden
Colehester, and therefore under somewhat different conditions.
capsules produced by this cross contained, to my surprise,
and lighter seeds than did the capsules of the intercrossed

i st have been accidental. The secd-

the * Colchester-crowsed.” The

germinating on sand, were planted in

he usual manner on the opposite sides of five pots, and the
g sceds, whether or not in a state of germination,
sown on the opposite sides of a very large pot,
VI, in Table XIIL Tn three of the six pots, after the
plants had twined & short way up their sticks, one of the
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Colchester-crossed plants was much taller than any one of
the intercrossed plants on the opposite side of the same pot;
and in the three other pots somewhat taller. I should state
that two of the Colchester-crossed plants in Pot IV., when
about two-thirds grown, became much diseased, and were,
together with their intercrossed opponents, rejected. The
remaining nineteen plants, when almost fully grown, were

ineasured, with the following result:—
Tasue XITL
Colchister-rosed Inercrossed P
ookt P | Tent e
X -y Inches. 7“!“.’ -
1 5 78
5 o
8, 9%,
m 93
8 871
90,
. 84 70,
92 81
8 857
. 54 65y
Y. 90 85|
| u! o'
84 62§
VI | 904 43
Crowded plants in a 75 39
very large pot. n 301
sig 86
83 53
% i8g
Total inches. 1508-50 124075

In sixteen out of these nineteen pairs, the Colchester-crossed
plant exceeded in height its intercrossed opponent. The average.
height of the Colchester-crossed is 8408 inches, and that of
the intercrossed 65°78 inches; or as 100 to 78, With respect
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ph fertility of the two lots, it was too troublesome to collect
and count the capsules on all the plants; so I selected two of
the best pots, V. and VL, and in these the Colchester-crossed
269 mature and half-mature capsules, whilst an equal
nmmber of the intercrossed plants produced only 154 capsules;
oras 100 to 57. By weight the capsules from the Co]cheater-
erossed plants were to those from the intercrossed pla
100 to 51; so that the former probably contained a mmowlut
average number of sceds.

We learn from this important experiment that
plants in some degree related, which had been inter-
! ed during the nine previous generations, when they
were fertilised with pollen from o fresh stock, yielded
seedlings as superior to the seedlings of the tenth
ercrossed generation, s these latter were to the self-
plants of the corresponding generation. For

we look to the plants of the ninth generation in
o X. (and these offer in most respects the fairest
d of comparison) we find that the intercrossed
nts were in height to the self-fertilised as 100 to 79,
in fertility as 100 to 26; whilst the Colchester-
ed plants are in height to the intercrossed as 100
T8, and in fertility as 100 to 51,

Descendunts of the self-fertilised Plant, named Hero, which
i the Sixth self-fertilised Generation.—In the five genera-
before the sixth, the crossed plant of cach pair was taller

an its self-fortilised opponent; but in the sixth generation
VIL, Pot I1.) the Hero appeared, which after a long and

thus raised were put into competition with self-fer-
plants of the
lots of seedlings thus all belong to the seventh genera-
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tion, Their relative heights are shown in the two following
tables:—

Tasue XIV.
Seltferilined Plants
Self-fertlimd Plants
No.ofBot, | Ofthe Soventh Gend- | of the Seventh Gene- |
- Faien, Ghlrom of g
ey
T 7% 804
80 61
551 4
. ” 82
9 5
4 8
Total inches. 12 87550

verago height of the six self-fertilised children dnm
i.14-u henu,vhmmum ordinary self-fertilised

of the corresponding generation is only 62°38 inches, or as 100
to 84,

Tavue XV,

Seltferilined Plants |, o
NaotPee. | %theNeveath Gune- | e Soveath Gomn |

b A
i e b

L. | 02 9§
w. l17 N 8 Bl

bl 864

Total inches. 268°75 252:50

Hero the average height of the threo self-fertilised children of
Hero is 88°91 inches, whilst that of the intercrossed plants is
84°16; or as 100 to 95. We thus see that the self-fertilised
children of Hero certainly inherit the powers of growth of their
parents; for they greatly exceed in height the self-fertilised
offspring of the other self-fertilised plants, and even exceed
by a trifie the intercrossed plants,—all of the corresponding
generation,
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Several flowers on tho self-fertilised children of Hero in Table
V. were fortilised with pollen from the same flower; and from
seeds thus produced, self-fertilised plants of the eighth
neration (grand-children of Hero) were raised. Several other

1The result of the competition between these two sets of seedlings
' (namely self-fertilised and the offspring of brothersand sisters)
8 given in the following table:—

Tasie XVL

‘ Self-f ln\m-d ﬂvlnﬂa Iﬂrlnil‘.hlld \I:ﬂ"
o of Pat. mur«unw mum Chiren of
s i h Gen
ration.
| e |
' | 85§ | 95§
90} 5]
6
774 9
L 73 61
66 82
| 844 0}
.
. | 88} 66
I B4 15,
367 38
" 74 78y
V. | ey 82
| 90} 83
973°16

bo the fuirest plan, the average height of tho crossed
ts exceeds only by u fraction of an inch that of the self-forti-
1 E
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lised plants, Tt is therefore clear that  cross between the self-
fertilised children of Hero did not produce any beneficial effect
worth notice; and it is very doubtful whether this negative result
can be attributed merely to the fuct of brothers and sisters having
been united, for the ordinary intercrossed plants of the several
successive generations must often have been derived from the
union of brothers and sisters (as shown in Chap. 1), and yet all
of them were greatly superior to the self-fertilised plants. We
are therefore driven to the suspicion, which we shall soon see
strengthened, that Hero transmitted to its offspring o peculiar
ion adapted for

It would appear that the self-fertilised descendants of Hero
have not only inherited from Hero a power of growth equal to
that of the ordinary intercrossed plants, but have become moro
fertile when self-fertilised than is usual with the plants of the
present species. The flowers on the self-fertilised grandehildren
of Hero in Table XVI. (the cighth generation of self-fertilised
plants) were fertilised with their own pollen and produced plenty
of eapsules, ten of which (though this is too few a number for a
safo average) contained 52 seeds per capsule,— higher average
than was observed in any other caso with the self-fertilised plants.
The anthers produced by these self-fertilised grandchildren were
also as well developed and contained s much pollen as- t.hmo on
the i ‘plants of th
this was not the case with the ordinary self-fertilised phnm of
the lnter gencrations.. Nevertheless some fow of the flowers
produced by the of Hero were slightly
like those of the ordinary solf-fartilised plants of the lnter genera-
tions. In order not to recur to the subject of fertility, I may add
that twenty-one self-fertilised capsules, spontanconsly produced
by the great-grandehildren of Hero (forming the ninth generation
of self-fertilised plants), contained on an average 4-47 seeds; and
this s as high an average as the sclf-fertilised flowers of any
generation usually yielded,

Soveral flowers on tho self-fortilised grandchildren of Hero in
Table XVL. were fertilised with pollen from the same flower; and
the scedlings raised from them (great-grandchildren of Hero)
formed the ninth self-fortilised generation. Several other flowers
were crossed with pollen from another grandchild, so that they
‘may be considered as the offspring of brothers and sisters, and the
seedlings thus raised may be called the infercrossed great-grand-
children, And lastly, other flowers were fertilised with pollen
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from a distinct stock, and the scedlings thus raised may be
‘called the Colchester-crossed great-grandchildren. In my anxi
10 5ee what the result would be, T unfortunately planted tho
‘throe lots of seeds (after they had germinated on sand) in the
hothonse in the middle of winter, and in consequence of this the
seedlings (twenty in mumber of cach kind) became very unhealthy,
. some growing only a fow inches in height, and very fow to their
proper height. The result, therefore, cannot be fully trusted ;
and it would bo useless to give tho measurements in detail. In
onder to strike as fair an average as possible, I first excluded all
tho plants under 50 inches in height, thus rejecting all the most
nnhealthy plants. The six self-fertilised thus left were on an
averago G6°86 inches high; tho eight intercrossed plants 63-2
high; and the seven Colchester-crossed 6587 high; so that
thero was not much difference botween the three sets, the self-
fertilised plants having a slight advantage. Nor was there any
great differcnce when only the plants under 3 inches in height
wero exeluded. Nor again when all the plants, however much
dwarfed and unhealthy, were included. In this latter case the
M-ur—emed gave the lowest average of all; and if these
been in any marked manner superior fo the other

dehildren of Hero, any more than when two of the children
re crossed. It appears therefore that Hero and its descendants

varied from the common type, not only in acquiring great

i of growth, and increased fertility when subjected to self-
but in not profiting from a cross with a distinet
; and this latter fuot, if trustworthy, is a unique case, as
1 have observed in all my experiments.

S y on the Growth, Vigour, and Fertility of the
 successive Generations of the crossed and self-fertlised
lants of Ipomaa purpurea, together with some niiscel-
the following table, No. X VIL, we see the average
mean heights* of the ten successive generations of
intercrossed and self-fertilised plants, grown in
E2
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competition with each other; and in the right-hand
column we have the ratios of the one to the other, the
height of the intercrossed plants being taken at 100.
In the bottom line the mean height of the seventy-
three intercrossed plants is shown to be 8584 inches,
and that of the seventy-three self-fertilised plants
602 inches, or as 100 to 77.
Tasie XVIL
Tpomaa purpurea.  Summary of Measurements (in Tnches) of
the Ten Generations,

Number | Averag L.I-M Average | Ratlo betweon

i L et of Rt Helght of :"""u
Plants. | Planta, | lteed ised
' Plants, | Plaste.

Number of the Generation.
Cronsed snd
Belf-teriilined
| Plast,
Fintgenerstion . . .| 6 |86-00 | 6 |65:08 as100t0 76
Table l |
d generation . .| 6 |84°16| 6 | 0633 fas 100 to 70
Table I1. l .
Third generation. . .| 6 |7741| 6 | 52'83 s 100 to 68
Table 111, |
gemerstion . .| 7 |6978| 7 | 6014 as100 to 86
Table V. |
Fifth generation . . .| 6 | 8254 | 0 | 6283 as 100 to 74
Table VI, L | ‘ |
Sisth generation. . . | 6 |87:50 | 6 | 0316 w100 to 72
Table V1L, | | |
th dou . . [ 9 [ 8304 [ 0 | 68°25 as 100 w0 81
able V1L, | }
Eighth dion . .| 8 [113:35 | B | 06°65 ax 100 to B3
Fable 1. | |
Niuth generation . . | 14 | 8190 | 14 | 64°07 as 100 to 79
Table X.
Tenth generation . .| 5 | 9370 | 5 | 5040 s 100 to 54
Table X1, ‘ |
”:“k";m"‘“"'}‘ 7 | 858e ‘ ™ \ 6602 a8 100 10 77,
S {

@ The Complete Work of Charles Darwin Online



Cuav, IT. SUMMARY OF OBSERVATIONS, 53

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

o
- e 7 g

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

fertilised plants will perhaps be best appreciated
an illustration : If all the men in a country were
on an average 6 feet high, and there were some families
had been long and closely interbred, these
be almost dwarfs, their average height during
generations being only 4 feet 8} inches,
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1t should be especially observed that the average dif-
ference between the crossed and self-fertilised -plants
is not due to a few of the former having grown to an
extraordinary height, or to a few of the self-fertilised
being extremely short, but to all the crossed plants
having surpassed their self-fertilised opy with
the few following exceptions. The first occurred in
the sixth generation, in which the plant named “ Hero™
appeared ; two in the eighth generation, but the self-
fertilised plants in this generation were in an anomalous
condition, as they grew at first at an unusual rate and
conquered for a time the opposed crossed plants ; and
two exceptions in the ninth generation, though one
of these plants only equalled its crossed opponent.
Therefore, of the seventy-three crossed plants, sixty-
eight grew to a greater height than the self-fertilised
plants, to which they were opposed.

In the right-hand column of figures, the difference
in height between the crossed and self-fertilised plants
in the successive generations is seen to fluctuate much,
2s might indeed have been expected from the small
number of plants measured in each generation being
insufficient to give a fair average. It should be
remembered that the absolute height of the plants
goes for nothing, as each pair was measured as
soon as one of them had twined up to the summit
of its rod. The great difference in the tenth genera-
tion, viz, 100 to 54, no doubt was partly accidental,
though, when these plants were weighed, the differ-
ence was even greater, viz, 100 to 44. The smallest
amount of difference occurred in the fourth and the
cighth generations, and this was apparently due to
both the erossed 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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B b

i but my experi were
not thue vitiated, as both lots of plants were exposed
o the same conditions, whether favourable or un-
favourable,

_ There is reason to believe that the flowers of this
Epmma, when growing out of doors, are habitually
crossed by insects, so that the first seedlings which T
aised from purchased sceds were probably the offspring
of a cross. I infer that this is the case, firstly from
humble-bees often visiting the flowers, and from the
quantity of pollen left by them on the stigmas of such
flowers ; and, secondly, from the plants raised from the
lot of seed varying greatly in the colour of their
for as we shall hereafter sce, this indicates
intercrossing.* It is, therefore, remarkable
the plants raised by me from flowers which were,
all probability, self-fertilised for the first time after
ny generations of crossing, should have been so
kedly inferior in height to the intercrossed plants
ey were, namely, as 76 to 100. As the plants
h were self-fertilised in each suceeeding generation

ily became much more closely interbred in
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-
reasing ; but, so far is this from being the case, that

difference between the two sets of plants in the
nth, eighth, and ninth generations taken together
than in the first and second generations together.
n, however, we remember that the self-fertilised
crossed plants are all descended from the same

erlot says (‘Sur Ia Produc- color, cannot be kept pure unless
des Variités, 1565, grown at u distance from all other

. 66)
variotics of a closciy  vari
plant, the Convoleulus 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. Tt is, on the contrary, an astonishing fact,
that the crossed plants should have been victorious,
even to a slight degree, over the self-fertilised plants
of the later generations.

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

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

First Generation of mme:l and sif feriised Flants

growing in with one

capsules produced from ﬂawm on five crossed mms

fertilised by pollen from a distinet plant, and my-ﬂve

capsules produced from flowers on five self-fertilised

plants fertilised by their own pollen, contained seeds

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

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

neously self-fortilised eapsules on the above five self-

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

57

ielded seeds in the proportion of . 100 to 64
Other plants of this first generation grown under
conditions and self-forti-

lised, yielded sceds in the proportion of . 100 to 45
Lhird Generation of rmued: d self-fertilised Plants,
—Crossed eapsules compared with self-fertilisod cap-

sules contained seeds in the ratio of . 100 to 94

An equal number of crossed and self-fertlised
plants, both spontancously self-fertilised, produced
eapsules in the ratio of . 100 to 38
mmmup-ulummmmmmonuoof 100 to 94
the

these dat of
erossed to the self- lemused plants, both spontane-
* ously self-fortilised, was as
Fourth Generation of cromed and self-fertilised Plunts,
) from flowers on the crossed plants ferti-
lised by pollen from another plant, and capsules from
flowers on the self-fertilised plants fertilised with their
own pollen, contained seeds in the proportion of . 100 to 94
* Fifth Generation of crossed and self-fertilised Plants.,
—The crossed plants produced spontaneously a vast
‘mumber more pods (not actually counted) than the
self-fertilised, and these contained sceds in the pro-

100 to 35

portionof . . . . .. 1004089
Ninth Generation q/emmdud
—Fourteen crossed plants, spontancously self-ferti-
lised, and fourteen self-fertilised plants spontaveously
, yielded capsules (the average number
of seeds pnupmhmchvmg bauuo-hmod)[ll
“the proportion of 100 to 26
- Plants dorived from a cross with & frosh Stock com

e .+ 100 to 51
‘We see in this table that tho crossed plants are
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always in some degree more productive than the self-
fertilised plants, by whatever standard they are com-
pared. The degree differs greatly; but this depends
chiefly on whether an average was taken of the seeds
alone, or of the capsules alone, or of both combined.
The relative superiority of the crossed plants is chiefly
due to their producing a much greater number of cap-
sules, and not to each capsule containing a larger
average number of seeds. For instance, in the third
generation the crossed and self-fertilised plants pro-
duced capsules in the ratio of 100 to 38, whilst the
seeds in the capsules on the crossed plants were to
those on the self-fertilised plants only as 100 to 94.
In the eighth generation the capsules on two self-
fertilised plants (not included in the above table),
grown in separate pots and thus not subjected to any
competition, yielded the large average of 5-1 seeds.
"he smaller number of capsules produced by the self-
fertilised plants may be in part, but not altogether,
attributed to their lessened size or height ; this being
chiefly due to their lessened constitutional vigour, so
that they were not able to compete with the crossed
plants growing in the same pots. - The- seeds produced
by the crossed flowers on the erossed plants were not
always heavier than the self-fertilised seeds on the
self-fertilised plants. The lighter seeds, whether pro-
duced from crossed or self-fertilised flowers, generally
germinated before the heavier seeds. 1 may add that
the crossed plants, with very few exceptions, flowered
before their self-fertilised opponents, as might have
been expected from their greater height and vigour.
The impaired fertility of the self-fertilised plants was.
shown in another way, namely, by their anthers being
smaller than those in the flowers on the crossed plants,
This was first observed in the seventh generation, but
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may have occurred earlier. Several anthers from flowers
on the crossed and self-fertilised phn!- of the eighth

ion were d under the pe; and
those from the former were generally longer and plainly
broader than the anthers of the self-fertilised plants.
The quantity of pollen contained in one of the latter
was, as far as could be judged by the eye, about half
of that contained in one from a crossed plant. The
impaired fertility of the self-fertilised plants of the
eighth generation was also shown in another manner,
which may often be observed in hybrids—namely, by the
first-formed flowers being sterile. For instance, the
fifteen first flowers on a self-fertilised plant of one of the
later generations were carefully fertilised with their
_own pollen, and eight of them dropped off; at the same
time fifteen flowers on a crossed plant growing in the
same pot were self-fertilised, and only one dropped off.
- On two other crossed plants of the same generation,
several of the earliest flowers were observed to fertilise
themselves and to produce capsules. In the plants of
ninth, and I believe of some previous generations,
many of the flowers, as already stated, were
htly monstrous; and this probably was connected
b their lessened femht

and I believe of one or two previous generations,
ced flowers of exactly the same tint, namely, of a
dark purp]e So did all the plants, without any
puon, in the three succeeding generations of self-

attention was first called to this fact by my
remarking that there was no occasion to label

If-fertilised plants, as they could always be known
’ﬁurooluur The flowers were as uniform in tint
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as those of a wild species growing in a state of nature ;
whether the same tint occurred, as is probable, in the
earlier generations, neither my gardener nor self could
recollect.. The flowers on the plants which were first
raised from purchased seed, as well as during the first
few generations, varied much in the depth of the
purple tint; many were more or less pink, and occa-
sionally a white variety appeared. The crossed plants
continued to the tenth generation to vary in the same
manner as before, but to a much less degree, owing,
probably, to their having become more or less closely
inter-related. We must therefore attribute the extra-
ordinary uniformity of colour in the flowers on the
plants of the seventh and succeeding self-fertilised
generations, to inheritance not having been interfered
with by erosses during several preceding generations,
in combination with the conditions of life having been
very uniform.
A plant appeared in the sixth self-fertilised generas
tion, named the Hero, which exceeded by a lmle n
height its crossed ist, and which

its powers of growth and increased self-fertility to its
children and gmndchxldxen. A cross between the
children of Hero did not give to the g'mndelnl ¢
any advantage over the self-fertilised grandehi
raised from the self-fertilised children. And as far
my obnermmnn can be trusted, which weso made
very unh y plants, the great dehild

from mwrcmasmg the gnmdohlldun had no advan
over the seedlings from the grandchildren the produet
of continued self-fertilisation; and what is far

Xable, the great dohildren raised by

the gmndehxldxen with a fresh stock, had no ad:
over either the intercrossed or self-fertilised
grandchildren. It thus appears that Hero and
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d dants differed in itution in an i
manner from ordinary plants of the present species.
Although the plants raised during ten successive
generations from crosses between distinct yet inter-
related plants almost invariably exceeded in height,
constitutional vigour, and fertility their self-fertilised
opponents, it has been proved that seedlings raised
by intercrossing flowers on the same plant are by no
means superior, on the contrary are somewhat inferior
in height and weight, to seediings raised from flowers
fertilised with their own pollen, This is a remarkable
fact, which seems to indicate that self-fertilisation is
in some manner more advantageous than crossing,
‘unless the cross brings with it, as is generally the case,
some decided and preponderant advantage; but to this
subject I shall recur in a future chapter.
The benefits which so generally follow from a
eross between two ph)nts apparently depend on the
o differing in
s is shown by the seedlings from tlw mmrcmssed
plants of the ninth generation, when ecrossed with
pollen from a fresh stock, being as superior in
ight and almost as superior in fertility to the again
ossed plants, as these latter were to seedlings
self-fertilised plants of the corresponding gen-
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
ts belonging to different stocks or families, and
h have been subjected to somewhat different con-
We may attribute the good derived from
ecrossing of the intercrossed plants during the
i 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
SCROPHULARIACEE, GESNERIACEX, LABIATE, ETC.

Mimulns Tutous; height, vigour, and fortility of the erossod and self-
fertilised plants of the st four mmmm—AW <s
new, tall, and bighly self-fertile varioty—

Betwoen aclf-tovtilincd plaate—Tifoots of % cross with s e
—Effocts of crossing flowers on the same plant—Summary on

Mimulus Intous—Digitalis purpures, superiority of flo ool

plants—Effeets of erossing flowers on the same plant—Cal

leistogene fowers—Gesneria. pendulina—Salvia coccinea—
Origamum valgare, great increase of the crossed plants by stolons
—Thunbergia alata.

Iy the family of the Scrophulariacem I experimented
on species in the six following genera: Mimulus,
italis, Caleeolaria, Linaria, Verbascum, and Van-

I1I. SCROPHULARTACEZE —MmULUS LUTEUS.
The plants which I raised from purchased sced varied greatly
1 the colour of their flowers, so that hardly two individuals
fers quite alike; the corolla’ being of all shades ofyauaw,
the most. dlvemﬂud blotches of purple, erimson,

coppery brown. But these plants Aot & T s
The flowers are evidently well adapted for fertilisa-

by the agency of insects; and in the case of a closely allied

ies, M. rosea, I have watched bees entering the flowers, thus
their backs well dusted with pollen; and when they
another flower the pollen was licked off their backs by

flowers with much red have
named by horticulturists s
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the two-lipped stigma, the lips of which are irritable and close
like a forceps on the pollen-grains. If no pollen is enclosed
Detween the lips, theso open again after a time. Mr. Kitchener
has ingeniously explained * the use of these movements, namely,
to prevent the self-fertilisation of the flower. If a bee with
no pollen on its back enters a flower it touches the stigma,
which quickly closes, and when the bee retires dusted with
pollen, it can leave none on the stigma of the sume flower.
But as soon as it enters any other flower, plenty nlpollen is
left on the stigma, which will be thus cross-fertilised. N
theless, if insects are excluded, the flowers fertilise tlumnlm
perfectly and produce plenty of seed; but T did not ascertain
whether this is effected by the stamens increasing in length
with advaneing age, or by the bending down of the pistil. The
chief interest in my experiments on the present species, lies in
the appearance in the fourth self-fertilised generation of a
variety which bore large pecnliarly<oloured flowers, and grew
to a greater height than the other varieties; it likewise became
more highly sel-fertile, so that this variety resembles the
plant named Hero, which appeared in the sixth self-fertilised
generation of Tpomaea.

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

Ovossed and self-fertilised Plants of the First GGeneration—Having
ascertained, by leaving crossed and self-fertilised seed on damp
sand, that they germinated simultancously, both kinds were

the first on which I experimented. When the crossed seedlings.

* “A Year's Botany,’ 1874, p. 118
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w'

i

© wero on an average half an inch high, the self-fortilised ones
were only u quarter of an inch high. When grown to their full
height under the above unfavourable conditions, the four tallest
erossed plants averaged 762, and the four tallest self-fertilised

587 inches in height; oras 100t077. Ten flowers on the crossed
plants were fully expanded before one on the solf-fertilised
plants. A fow of theso plants of both lots were transplanted
into u large pot with plenty of good carth, and the self-fertilised
plants, not now being subjected to severe competition, grew
during the following year s tall as the crossed plants; but
from  case which foilows it is doubtful whether they would
have long continued equal. Somo flowers on the crossed plants
wero crossed with pollen from another plant, and the capsules
thus produced contained arather greator weight of seed than
those on the self-fertilised plants again self-fertilisod.
Crossed and seif-fertilised Plants of the Second Generation.—Seeds
from the foregoing plants, fertilised in the manner just stated,
were sown on the opposite sides of & small pot (L.) and came up
“erowded. The four tallest crossed seedlings, at the timo of
flowering, averaged 8 inches in height, whilst the four tallest
solf-fertilised plants averaged only 4 inches. Orossed seeds
were sown by themselves in a second small pot, and self-

looked equally vigorous, but the crossed plants flowered carlicr
and more profusely than the self-fertilised. Tn Pot L, in which
*the twolots competed with each other, the crossed plants flowered

-uuau-adm-mudmmnmmhymmm

hpllnhrm both sides of Pot L, after they had seedéd,

and transplanted into a large pot with plenty of

.ru: nmlon the following spring, when they had grown

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

“occurred in a similar experiment in the last generation.

after some weeks the crossed plants exceeded the self-
r
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fertilised ones on the opposite side of the same pot, thongh not
nearly 1o so great a degree as before, when they were subjected
to very severe competition.

Crowed and self-fertilised Plauts of the Third Gmw-lmn—

thickly on opposite sides of a small pot, No. 1. The two tallest

plants on each side were measured after they had flowered, and

the two crossed ones were 12 and 74 inches, and the two self-

W_Bmdﬂimh-inu!hk that is, in the ratio of
Twenty the

cm-rl and produced twenty
133 grain weight of seeds. ’.I.‘Mnyﬂawmonthamlfhrﬁlud
plants were again solf-fertilised and produced twenty-six
eapsules; ten of the best of which (many being very poor) con-
tained only *87 grain weight of seeds; that is, in the ratio of
lao 0 65 by weight.

of the crossed over the self-fertilised plants
I'lnpn'!dmvuwn-w:. Self-fertilised seeds were sown ou
one side of a pot, and two days afterwards crossed seeds on the
opposite side. The two lots of seedlings were equal until they
were above half an inch high; but when fully grown the two
tallest erossed plants attained o height of 12} and 81 inches,
whilst the two tallest self-fertilised plants were only 8 and 5}
inehes high.

Ina third pot, crossed seeds were sown four days after the
self-fertilised, and the scedlings from the latter had at first, as
might have been expected, an advantage; but when the two
lots were between 5 and 6 inches in height, they were equal,
and ultimately the three tallest erossed plants wero 11, 10, and
8 inches, whilst the three tallest self-fertilised were 12, 8, and
74 inches in bheight. So that there was not much difference.

advantage
of only the third of an inch. The plants were cut down, and
without being disturbed wers trausplanted into o larger pot:
‘Thus the two lots started fair on the following spring, and now
the crossed plants showed their inberent superiority, for the two
tallest were 13 inches, whilst the two tallest self-fertilised plants
were only 11 and 8} inches in height; or as 100 to 75. The,
two lots were allowed to fertilise themselves spontancously : the
crossed plants produced a large number of eapsules, whilst
self-fertilised produced very few and poor ones. The
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from eight of the capsules on the crossed plants weighed 65
grain, whilst those from cight of the capsules on the self-fer-
tilised plants weighed only *22 grain; or s 100 to 34.

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

TLastly, soods of both lots were sown on opposite sides of a
large pot in which a Fuchsia had long been growing, so that the
earth was full of roots. Both lots grew miserably; but the
erossed seedlings had an advantage at all times, and ultimately
attained to o height of 8} inches, whilst the self-fertilised seed-
lings never exceeded lineh. The several foregoing experiments
prove in a decisive manner the superiority in constitutional
vigour of the crossed over the self-fertilised plants.

In the three generations now deseribed and taken together, the
average height of the ten tallest crossed plants was 8-19 inches,
and that of the ten tallest self-fertilised plants 5-39 inches (the
plants having been grown in small pots), or as 100 to 65.

In the next or fourth self-fertilised generation, several plants
of & new and tall variety appeared, which increased in the
later self-fertilised generations, owing to its great self-fertility,
to the complote exclusion of the original kinds. The same
variety also appeared amongst the crossed plants, but as it was
ot at first regarded with any particular attention, T know
ot how far it was used for rising the inforcrossed plants ; and
“in the later crossed generations it was rarely present. Owing to
the appearance of this tall variety, the comparison of the crossed
and self-fertilised plants of the fifth and succeeding generations
‘was rendered unfair, as all the self-fertilised and only a few or
‘none of the crossed plants consisted of it. Nevertheless, the
yesults of the later experiments are in somo respects well worth
giving.

* Crossed and selffertilised Plants of the Fourth Generation.—Seeds
of the two kinds, produced in the nsual wWay from the two setsof
plants of the third generation, were sown on opposite sides of
two pots (L and IL); but the seodlings were mot thinned
‘enough and did not grow well. Many of the self-fertilised

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

wariety. 1 believe that it first appeared amongst both the
b r2
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crossed and self-fertilised plants of the last generation; bnt

plants, more probably through reversion to a formerly existing
variety.

In Pot L the tallest crossod plant was 8} inches, and the
tallest

and produced fiftoen capsules, all appearing poor; and the seids
from ten of them weighed ouly *68 grain, so that from an
oqual number of capsules the crossed seeds wero to the self-
fertilised in weight as 100 to 40,

Crossed and self-fertilised Plants of the Fifth Generation—Seeds
from both lots of the fourth generation, fertilised in the usual
manuer, were sown on opposite sides of three pots. When the
seedlings flowered, most of the self-fertilised plants were found
1o consist of the tall white variety. Several of the crossed plants
in Pot L likewise belonged to this varicty, as did a very fow in

in Pots 1L and 1L the tallest crossed were 44 and 54, and the
tallest solf-fertilised 7 and 6§ inches in height; so that the
average height of the tallest plants in the two lots was as 100
for the crossed to 126 for the self-fertilised ; and thus we have
awmphhmndnfwhtmmﬂinﬂmfmpmvim gene-

the solf-fertilised plants.
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Crossed and self-fertilised Plants of the Sizth Generation,—Seeds
from plants of the fifth gencration crossed and self-fertilised in
the usual manner were sown on opposite sides of several pots.
On the self-fertilised side every single plant belonged to the tall
white variety. On the crossed side some plants belonged to this
variety, but the greater number approached in character to the
old and shorter kinds with smaller yellowish flowers blotched
with coppery brown, When the plants on both sides were from 2
to 3 inches in height they were equal, but when fally grown
the self-fertilised were decidedly the fallest and finest plants, but,
from want of time, they were not actually measured, In half
the pots the first plant which flowered was a self-fertilised one,
and in tho other half a crossed one. And now another remark-
able change was clearly perceived, namely, that the self-fertilised
plants had become more self-fertile than the crossed. The
pots were all put under & net to exclude insects, and the crossed
plants produced spontanconsly only fifty-five capsules, whilst
the self-fertilised plants produced eighty-one capsules, or as 100
10 147. The seeds from nine capsules of both lots were placed
in separate watch-gl for and the self-fertilised
appeared rather the more mumerous, Besides these sponta-
neously self-fertilised capsules, twenty flowers on the crossed
plants again crossed yielded sixteen capsules; twenty-five
flowers on the self-fertilised plants ngain self-fertilised yielded
seventeen capsules, and this s a larger proportional mumber of

ipsules than was produced by the self-fertilised flowers on the
self-fertilised plants in the previous generations. The contents
of ten capsules of hoth these lots were compared in separate
watch-glasses, and the seeds from the self-fertilised appeared
deeidedly more numerous than those from the crossed plants.

Crossed and self-fertilised Plants of the Seventh Generation.—
Crossed and self-fertilised seeds from the crossed and self-ferti-
lised plants of the sixth generation were sown in the usual
‘manner on opposite sides of three pots, aud the scedlings were
well and equally thined. Every one of the self-fertilised plants
(and many were raised) in this, as well as in the eighth and ninth
generations, belonged to the tall white variety. Their uniformity
of character, in comparison with the scedlings first raised from
the purchased seed, was quite remarkable. On the other hand,
the crossed plants differed much in the tints of their flowers,
but not, I think, to so great a degree ns those first raised.
I determined this time to measuro the plants on both sides
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carefully. The self-fertilised seodlings came up rather beforo the
crossed, but both lots were for  time of equal height. When first
‘measured, the average height of the six tallest crossed plants in
the threo pots was 702, and that of the six tallest self-fertilised
plants 8:97 inches, or as 100 to 198 When fully grown the
same plants were again measured, with the result shown in the
following table:—
Tasix XVIIL (Seventh Generation.)

Noot | Gumet Pt | sostotie s
ncbes. | Inchen
: 194
18
183
14§

I

1. 12¢
1

|
|
{
Total inches. | | 9588

The average height of the six crossed is here 1143, and that
of the six self-fertilised 1564, or as 100 to 137.

As it was now evident that the tall white varicty transmitted
its characters faithfully, and as the self-fertilised plants consisted
exclusively of this varicty, it was manifest that they would
always exceed in height the crossed plants which belonged
chiefly to the original shorter variotics. This line of experiment
was therefore discontinued, and I tried whether mcercrmmg
two self-fertilised plants of the sixth generation, growing in
tinet pots, would give their offspring any advantage over the
offspring of flowers on one of the same plants fertilised with their
own pollen. These latter scedlings 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 intereross in the
last generation. The sceds were allowed to germinate on sand,
and were planted in pairs on opposite sides of four pots, all the
remaining sceds being sown crowded on opposite sidos of Pot
V. in Table XIX.; the three tallest on each side in this Intter pot
Deing alone measured. All the plants were twice measured—the
first time whilst young,and theaverage height of the erossed plants
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tothat of tho self-fertilised was then as 100 to 122, When fully
grown they were again measured, as in the following table :—

Tasie XIX.
e ants | Seltfertilised Plants
No, of Pot.. S of the Seventh
s ‘ Plantsof the Sixth | - “Gogaration.
Her {\ Inches, Inches.

L | 12§ 15
104 1

0 1

14§ 1

1L 10 ‘ 1

7 1

12, | 8

7 | 14

1 B

. | 13 10

| 12 [ 1
v, 7 | 144

§ 7

7 | §

V. L | 10,
Crowded. 9 | 9
8 | 9]

Total in faches. 150-38 175:50

verage height ef the sixteen intercrossed plants is here
o-umm,mmmmmmmmmummow«
85 100 t0 110; 50 that the intercrossed plants, the progenitors of
had been self-fertilised for the six previous generations,
and had been exposed during the whole time to remarkably uni-
form conditions, were somewhat inferior in height to the plants
of the soventh solf-fertilised generation. But as we shall pre-
sently sce that a similar experiment made after two additional
generations of self-fertilisat

produced 1o less than nineteen very fine capsules |
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The effects of a Cross with a distinet Stock.—Some flowers on the
self-fertilised plants in Pot IV. in Tablo XIX. were fertilised
with their own pollen, and plants of tho cighth self-fertilised
generation were thus raised, merely o serve ns parents in the fol-
lowing experiment. Several flowers on these plants were allowed
to fertilise themselves spontancously (insects being of course
excluded), and the plants raised from these sceds formed the
ninth self-fertilised generation; they consisted wholly of the tall
white variety with crimson blotches. Other flowers on the
same plants of the eighth self-fertilised generation were crossed
with pollen taken from another plant of the same lot; so that
the seedlings thus raised were the offspring of eight previous
generations of self-fertilisation with an intercross in the lst
generation; these I will call the infercrassed plants. Lastly,
other flowers on the same plants of the eighth self-fertilised
generation wero crossed with pollen taken from plants which had
Deen raised from seed procured from a garden at Chelsea. The
Chelsea plants bore yellow flowers blotched with red, but differed
in no other respect. They had been grown out of doors, whilst
mine had been cultivated in pots in the greenhouse for the
last eight generations, and in @ different kind of soil. - The
scedlings raised from this cross with a wholly different stock
may be called the “ Chelsea-crossed.” Tho three lots of seeds
thus obtained were allowed to germinate on bare sand; and
whenever a seed in all three lots, or in only two, germinated at
the same time, they were planted in pots superficially divided
into three or two compartments. The remaining sceds,
whether or not in a state of germination, were thickly sown in
three divisions ina large pot, X., in Table XX. When the plants
had grown to their full height they were measured, as shown in
the following table; but only the three tallest plants in each of
the three divisions in Pot X. were measured.

In this table the average height of the twenty-eight Chelsea-
crossed plants is 2162 inches; that of the twenty-seven inter-
crossed plants 12-2; and that of the nineteen self-fertilised 10°44.
But with respect to the lutter it will be the fairest plan to strike out
two dwarfed ones (ouly 4 inches in height), so as not to exaggerate
the inferiority of the self-fertilised plants; and this will raise the
average height of the seventeen remaining self-fertilised plants
t011°2 inches. Thereforo the Chelsea-crossed are fo the inter-
crossed in height as 100 to 56; the Chelsea-crossed to the self-
fertilised as 100 to 52; and the intercrossed to the self-fertilised
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Total inches,

20 11 11
2] 12 m=
5 9
L. 28 i
24, 114
251 6
A 22§ e
22 18
17 1
' 22 9 4
19 11 13
23 2 134
VL 283 18¢ 12
2 7 16}
I3 12 .
VIL 12 15
24 124 X
20, g -
26§ 15§ o
VviIL 17 13 o)
22 14 -
7 14 .
Ix. P 1 y
i h
20§ 14
b3 18 9
Crowded Plants. 168 8]
17§ 10
505+38 320°50
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as 1000 92 We thus sce how immensely superior in height
the Chelsen-crossed are to the intercrossed and to the sclf-
fertilised plants. They began to show their superiority when
only one inch high. They were also, when fully grown, much
more branched with larger leaves and somewhat larger flowers
than the plants of the other two lots, so that if they had been
weighed, the ratio would certainly have been much higher than
that of 100 to 56 and 52

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

With respect to_fertility, the twenty-cight Chelsea-crossod
plants produced 272 capsnles; the twenty-seven intercrossed
plants produced 24; and the seventeen self-fertilised plants 17
capsules. All the plants were left uncovered soas to be naturally
fertilised, and empty eapsules were rejected.

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

w20 Intercrossed plants = v, 000
» 20 Self-fertilised plants 0 2 2000
Grains,

The seeds contained in 8 capsules from the Chelsea- } 11
crossed plants weighed .

The seds contained in § capsules from the Tntererossed bt
plants weighed

The sceds contained in 8 upnleﬁ from the Self-fertilised } 088
plants weighed .

1f we combine the number ofc-psnlea pmd\wed mgmhexwm
the average weight of contained sceds, we get the following

extrordinary ratios:
Weight of seed produced by the same number

of Chelsea-crossed and interorossed plants . } w100 v
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Weight of seed produced by the same number | miows
of Chelsea-crossed and self-fertilised plants
Weight of seeds produced by the same number

of intercrossed and self-fertilised plants . } 100675

It is also a fact that the Chels d plants
exeeoded the two other lots in hardiness, as greatly as they did
in height, luxuriance, and fertility. In the early sutumn most of
the pots were bedded out in the open ground; and this always
injures plants which have been long kept in a warm greenhouse.
All three lots consequently suffered greatly, but the Chelsea~
crossed plants much less than the other two lots. On the 8rd of
October the Chelsen-crossed plants began to flower again, and
continued to do so for some time ; whilst not a single flower was
produced by the plants of the other two lots, the stems of which
were cut almost down to the ground and scemed half dead.
Early in December there was a sharp frost, and the stems of
Chelsea-crossed were now cut down ; but on the 23rd of December
they begau to shoot up again from the roots, whilst all the plants
of the other two lots were quite dead.

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

As already stated, the flowers of the plants originally raised
from the Chelsea seeds were yellow; and it deserves notice that
every one of the twenty-cight scedlings raised from the tall
white varicty fertilised, without being eastrated, with pollen

the Chelsea plants, produced yellow flowers; and this
m how prepotent this colour, which is the natural one of
, is over the white colour.

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

Tasie XXL
Mo e i | Flomes ot
No.of Pot | gt Fiowers on the|  with thelr own
‘e Viank. Polies.,
Inches. ™
L 17 17
9 8}
1. 19}
16,
18§ 2
L. | 4 159
| 2 10
. 23 §
‘ 13, 7
‘ 7 134
Ve | 181 |
‘ 1 2
VIL 21 154
Crowdel. | 1y 1
12} 1y
"Total inches. 210°88 14075
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The fifteen crossed plants here average 1405, and the fifteen
self-fertilised plants 9-38 in height, or as 100 to 67. But if
all the plants under ten inches in height are struck out, the ratio
of the eleven crossed plants to the eight self-fertilised plants
is a5 100 to 82,

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

Tanue XXIL
Plants. nhd from &
Cros between dife- | ants ras
No. of Pot ‘ i i s e ! ,:,}v‘,;,-;;;:lm
L l-;'l 194
‘ 10} 12§
T 16, 1z
13 19
20, 1
L 18] 124
15 15§
13} 17
v, ‘ 19 163 i
| 19} 213
3 v. [ 259 223
VL | 15 194
203
b 21§ 1
- ViL 78 71
14 8
134 7
VL 183 20,
Crowded. 13 17
18] 15
18§ 15
Total in faches. 370+88 85863
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Tero the average height of the twenty-two crossed plants is
16°85, and that of the twenty-two self-fertilised plants 16-07 ; or
s 100 to 95. But if four of the plants in Pot VIL, which are
much shorter than any of the others, are struck out (and this
would be the fairest plan), the twenty-one crossed are to the
nineteen self-fertilisod plants in height as 100 to 100+ 6—that is,
are oqual.  All the plants, except the crowded ones in Pot VIIL,
after being measured were cut down, and the eighteen crossed
plants weighed 10 oz, whilst the same number of seli-fertilised
plants weighed 104 oz, or as 100 to 102:5; but if the dwarfed
plants in Pot VIL had been excluded, the self-fertilised would
have exceeded the erossed in weight in a higher ratio. Tn all
the previous experiments in which seedlings were raised from a
cross between distinct plants, and were put into competition
with self-fertilised plants, the former generally flowered first ;
but in the present case, in seven out of the eight pots a
self-fertilised plant flowered before a crossed one on the
opposite side. ~ Considering all the evidence with respect to
the plants in Table XXIL, a cross between two flowers on the
same plant seems to give no advantage to the offspring thus
produced, the self-fertilised plants being in weight superior. But
this conclusion cammot be absolutely trusted, owing to the
measurements given in Table XXI,, thongh these latter, from
the cause already assigned, are very much less trustworthy than
the present ones.

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

This variety itted its chy o faithfull
to all the succeeding self-fertilised generations, up to
the last or nunh that nll the many phnh wluuh were
raised a
thus uﬂ‘enng a renmrhble contrast with the needhng-
raised from the purchased seeds. Yet this variety
retained to the last a latent tendency to produce
yellow flowers; for when a plant of the eighth self-
fertilised generation was crossed with pollen from a
yellow-flowered plant of the Chelsea stock, every
single scedling bore yellow flowers, A similar variety,
at least in the colour of its flowers, also appeared
amongst the crossed plants of the third generation.
No attention was at first paid to it, and I know not
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how far it was at first used either for crossing or self-
fertilisation. In the fifth generation most of the
self-fertilised plants, and in the sixth and all the
suceeeding generations every single plant consisted of
this variety ; and this no doubt was partly due to its
great and increasing self-fertility. On the other
hand, it disappeared from amongst the crossed plants
in the later generations; and this was probably
due to the continued intercrossing of the several
plants. From the tallness of this variety, the self-
femllsel.l plants exceeded the crossed plants in height
in all the generations from the fifth to the seventh
mclumve and no doubt would have done so in the
later generations, had they been grown in competition
with one another. In the fifth generation the crossed
plants were in height to the self-fertilised, as 100 to
126; in the sixth, as 100 to 147; and in the seventh
generation, as 100 to 137. This excess of height may
be attributed not only to this variety naturally growing
taller than the other plants, but to its possessing a
peculiar constitution, so that it did not suffer from
continued self-fertilisation.

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

Some of the seli-fertilised plants of the sixth gene-
ration were intercrossed, as were some in the eighth
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generation ; and the seedlings from these crosses were
grown in competition with self-fertilised plants of the
two corresponding generations. In the first trial the
intercrossed plants were less fertile than the seli-
fertilised, and less tall in the ratio of 100 to 110.
In the second trial, the intercrossed plants were more
fertile than the self-fertilised in the ratio of 100 to
73, and taller in the ratio of 100 to 92. Notwith-
standing that the self-fertilised plants in the second
trial were the product of two additional generations

of self- I cannot und 1 this discor-
dance in the results of the two analogous experiments.
The most imp of all the experi

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

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

Dierranis purroREs.

The flowers of the common Fosglove are proterandrous; that
is, the pollen is mature and mostly shed before the stigma of
the same lower i§ ready for fertilisation. This is effected by

G

YO Tha Comblate Work of Chadas Darwin Online:



82 DIGITALIS FURPUREA. Cuar, L

the larger humble-bees, which, whilst in search of nectar, carry
pollen from flower to flower. The two upper and longer
stamens shed their pollen before the two lower and shorter
ones, The meaning of this fact probably is, as Dr. Ogle re-
marks,” that the anthers of the longer stamens stand near to
the stigma, so that they would be the most likely to fertilise it;
and as it is an advantege to avoid self-fertilisation, they shed
their pollen fivst, thus lessening the chance. There is, however,
but little danger of self-fertilisation until the bifid stigma
opens; for Hildebrand 1 found that pollen placed on the stigma
before it had opened produced no eficet. The anthers, which
are large, stand at first transversely with respeet to the tubular
corolla, and if they were to dehisee in this position they would,
a8 Dr. Ogle also remarks, smear with pollen the whole back and
sides of an entering humble-bee in a useless manner; but the
anthers twist round and place themselves longitudinally before
they dehisce. The lower and inner side of the mouth of the
corolla is thickly clothed with hairs, and these collect so much
of the fallen pollen that I have seen the under surface of a
humble-bee thickly dusted with it; but this can never be ap-
plied to the stigma, as the bees in retreating do not turn their
under surfaces upwards. I was therefore puzzled whether these
hairs were of any use; but Mr, Belt has, I think, explained
their use: the smaller kinds of bees are not fitted to fertilise
the flowers, and if they were allowed to enter easily they would
steal much nectar, and fewer large bees would haunt the
flowers. THumble-bees can crawl into the dependent flowers
with the greatest case, using the “hairs as footholds while
sucking the honey; but the smaller bees are impeded by
them, and when, having at length struggled through them, they
reach the slippery precipice above, they are completely
haffled.” Mr. Belt says that he watched many flowers during
a whole season in North Wales, and “only once saw a small
boe reach the nectary, though many were seen trying in vain to
do k04

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

* *Popular Science Review," lr& 132. But if

dan. lsgpo'l 0. fu' e r(‘Dkllefme. 'm

i 'Bwhlu:htzr \crﬂlrﬂrmg der Bl\mm\. 1873, p. 285, that
In-( den Pflanzen, P. 20. small fnseets sometimes suecerd

i *The hullln.lhl ln Nicara in entering the flowers.
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and six others with pollen from a distinet plant growing within
the distance of a few feet. The covered plant was occasionally
shaken with violence, 50 as to imitate the effects of a gale of
wind, and thus to facilitate as far as possible self-fertilisation.
1t bore ninety-two flowers (besides the dozen artificially ferti-
lised), and of these only twenty-four produced capsules; whereas
almost all the flowers on the surrounding uncovered plants were
fruitful. Of the twenty-four spontaneously solf-fertilised cap-
sules, only two contained their full complement of seed; six
contained & woderate supply; and the remaining sixteen ex-
tremely few seeds. A little pollen adhering to the anthers after
they had dehisced, and accidentally falling on the stigma when
mature, must have been the means by which the above twenty-
four flowers were partially self-fertilised ; for the margins of the
corolla in withering do not eurl inwards, nor do the flowers in
dropping off turn round on their axss, 80 as to bring the pollen-
wovered hairs, with which the lower surface is clothed, into con-
tat with the stigma—Dby cither of which means self-fertilisation
might be effected.

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

 average, those of the sclf-fertilised plants by *4 of an inch.

In the following smnmer the tallest flower-stem on each plant,
when fally grown, was measured, There wero seventeen crossed
plants; but one did not produce a flower-stem. There were also,
originally, seventeen sell-fertilised plants, but these had such
poor eonstitations that no less than nine died in the course of
the winter and spring, leaving only eight to be measared, a5 in
the following table :—
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Tasue XXITL
The tallest Flower-stem on each Plant measured : 0 means that
the Plant died before a Flower-stem was produced.

No. of Pot. ‘ Crossed Plants, | Self-ertilisad Plants.
Inches. Thes Inches,
b % 599 ! 27,
74 | 55
| 51§ | 0
65 o
1. 343 39
59, | 32
| 63 | 21
I, | 574 | 534
53, o
50/ o
873 0
. 644 34
87§ 23
. ()
0
o
0
Total fn inches, | 82125 287:00

The average height of the flower-stems of the sixteen crossed
plants is here 51°33 inches; and that of the eight self-fortilised
plants, 85°87; or as 100 to 70. But this difference in height does.
ot give b all a fair idea of the vast superiority of the crossed
plants. These latter produced altogether sixty-four flower-stems,
each plant producing, on an average, exactly four flower-stems;
whereas the eight self-fertilised plants produced only fifteen
flower-stems, each producing an average only of 187 stems, and
these had & less luxuriant appearance. We may put the result in
another way : the number of flower-stems on the crossed plants was
to those on an equal number of self-fertilised plants as 100 to 48,

Threa crossed sceds in a state of germination were also planted
in three separate pots; and three seli-fertilised seeds in the
same state in three other pots, These plants were therefors
at first exposed to no competition with one another, and when
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turued out of their pots into the open ground they were planted
st & moderate distance apart, so that they were exposed to much
loss severe competition than in the last case, The longest leaves
on the three crossed plants, when turned out, exceeded those on
the self-ertilised plants by a mere trifle, viz., on an average by
‘17 of an inch. When fully grown the three crossed plants
produced twenty-six flower-stems; the two tallest of which on
each plant were on an averago 5404 inches in height. The
throo self-fertilised plants produced twenty-three flower-stems,
~ the two tallest of which on each plant had an average height of
~ 46°18 inches. So that the difference botween these two lots,
which hardly competed together, is much less than in the lst
case when thero was moderately severe competition, namely, as
100 to 85, instead of as 100 to 70.
The Lffects on the Offspring of intercrossing different Flowers on
the sme Plant, instead of crosing distinet Individuals—A fino

another flower on the same plant, and six others were fertilised
with their own pollen. Al produced good capsules. The seeds
from each were placed in separate watch-glasses, and no difference
could be perceived by the eye between the two lots of seeds;
and when they were weighed there was no difference of any sig-
nificance, as the seeds from the self-fertilised capsules weighed
765 grains, whilst those from theunmdumlum!wd
77 graine. Therefore the sterility of the present species, when
insects are excluded, is not due to the jmpotence of pollen
on the stigma of the same flower, Both lots of sceds and seed-
lings were treated in exactly the same mnnarnhthapmimu
ubu(xxm ), excepting that after the pairs of germinating seeds

had been planted on the uppoulu sides of cight pots, all Lhe

sides of Pots

w0 X. in Tablo XXIV. Tho young ‘plants during the roummg
spring were tarned out of their pots, without being distarbed,
and planted in the open ground in two rows, not very close
together, so that they ware subjected to only moderately severe
competition with one another. Very differently to what occurred
in the first experiment, when tho plants were subjected to
somewhat severe mutual competition, an equal number on each
side cither died or did not produce flower-stems. The tallest
flower-stems on the surviving plants wero measured, s shown in
the followlng table :—
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Tasue XXIV.
N.B. O signifies that the Plant died, or did mot produce a Flower-
. aem,
Flantarbed rom . | 1,
Fours | Oomimwendc Virmes it
L Plowsrs o e | o ir own Pollen]
Inches. Inchen.
L B i
@ 5
i o
" 38,
4, e
0 32
n. sy P
w. %l 2
a7 sv!
v, 40 4,
40, i
43 )
R n &
0 18
TR ) P
i w0j
viL %] sy
Ix. 30
Crowded Plants. 50, 15
i 5
01, u
o 3
e 0 o
Crowded Plants. | 85, K)
‘ & 0
1 4
Total inches, | 107800 [ oo
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The average height of the flower-stems on the twenty-five
erossed plants in all the pots taken together is 43-12 inches, and
that of the twenty-five self-fertilised plants 39°52, or as 100 to
92, T order to fest this result, the plants plantéd in pairs in
Pots L. to VIIL were considered by themselves, and the average
height of the sixteen crossed plants is here 44°9, and that of the
sixteen self-fortilised plants 42-03, or as 100 to 94. Again, the
plants raised from the thickly sown seed in Pots IX. and X,
which wera suljected to very severe mutnal competition, were
taken by themselves, and the average height of the nine crossed
plantsis 3)°86,and that of the nine self-fertilised plants 35°88, or
a5 100 to 90. The plants in these two lutter pots (IX. and X.),
after being measured, were cut down elose to the ground and
weighed : the nine crossed plants weighed 5766 ounces, and
the nine self-fortilised plants 45°25 ounces, or as 100 to 78. On
the whole we may conclude, especially from the evidence of
weight, that scedlings from a cross between flowers on the same
plant have o decided, though not great, advantage over those
from flowers fertilised with their own pollen, more especially
in the case of the plants subjected to severe mutual competition.
But the advantage is much less than that exhibited by the
crossed offspring of distinct plants, for these exceeded the self-
fortilised plants in height as 100 o 70, and in the number of
flower-stems as 100 to 48. Digitalis thus differs from Tpomea,
and almost certainly from Mimulus, as with these two species
a cross Between flowers on the same plant did no good.

CATCEOLARIA.

A bushy greenhouse variety, with yellow flowers blotehed with purple.

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

* Hildebrand, as quoted by  + ‘Gardencrs’ Clronicle; 1853,
. Miller, *Dio Befruohtung p. 534,
der Bltmen,” 1873, p. 277.
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after a time the crossed seedlings slightly exceeded the self-
fertilised in height. When a little further grown, the longest
leaves on the former were very nearly 8 inches in length,
whilst those' on the self-fertilised plants were only 2 inches.
Owing to au accident, and to the pot being too small, only one
plant on each side grew up and flowered; the crossed plant was
19} inches in height, and the self-fertilised one 15 inches; or as
100 0 77.

LINARIA VULGARIS.

Tt has been mentioned in the introductory chapter that two
large beds of this plant were raised by me many years ago from
crossed and self-fertilised seeds, and that there was a conspicu=
ous difference in height and general appearance between the
two lots. The trial was afterwards repeated with more care;
but as this was one of the first plants experimented on, my
nsual method was not followed. Seeds were taken from wild
plants growing in this neighbourhood and sown in poor soil in
my garden. Five plants were covered with a net, the others
Teing left exposed to the bees, which incessantly visit the flowers
of this species, and which, according to H. Miiller, are the
exclusive fertilisers. This excellent observer remarks * that, a8
the stigma lies between the anthers and is mature at the same
time with them, self-fertilisation is possible. But so few seeds:
are produced by protected plants, that the pollen and stigma of
the same flower seem to haye little power of mutual interaction.
The exposed plants bore numerous capsules forming solid
spikes, Five of these capsules were examined and appeared to
contain an equal number of seeds; and these being counted in
one capsule, were found to be 166. The five protected plants pro-
duced altogether only twenty-five capsules, of which five were
much finer than all the others, and these contained an average of
23+6 seeds, with a maximum in one eapsule of fifty-five, So that
thenumber of seeds in the capsules on the exposed plants to
the ayerage number in the finest capsules on the pmtomd
plants was as 100 to 14.

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

e Befruchtung,’ &e. p, 279,
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l'n Tots of seedlings were not subjected to any mutual competi-

Three of the crossed plants when in full flower were
-uml but no care was taken to select the tallest plants
their heights were 73, 72, and 6} inches; averaging 7:08 in
theight, The three tallest of all the self-fertilised plants were
then carefully selected, and their heights were 63, 5, and 53,
wyeraging 575 in height, So that the naturally crossed plants
were fo the spontaneously self-ferilised plants in height, at
Teast as much as 100 to 81.

Cuar. 1L VERBASCUM THAPSUS,

'VERBASCUM THAFSUS.

The flowers of this plant are froquented by various insects,
chiefly by bees, for the sake of the pollm H. Miller, however,
s shown (‘Die Befruchtung,’ &e. p. 27) that V. migrum
secretes minute drops of nectar. The arrangement of the repro-
ductive organs, though not at all complex, favours cross-fer-
Ailisation; and even distinet species

a5 the surrounding uncovered plants. Ferbascum
itis is rather less self-fertile, for some protected plants did
ield quite 50 many capsuls us the adjoining uncovered

it T was ablo to save only six pairs of equal age, These when
in full flower were measured, as in the following table (XXY.).
hero seo that two of the self-fertilised plants exceed in
efght their crossed opponents.  Nevertheless the average height
the six crossed plants is 6534 inches, and that of the six
ed plants 565 inches; or as 100 to 86.
* 1 hwve given a striking caso  found growing wild : *Journal of
rgs oomber of such bybrids  Liu. So. ot/ vl. .- 401
n ¥, thapsus and lychnitis
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Tapne XXV,
Sel-tilised Plante
No.of Po. Crossed Plants. | f the Second Géne-
Taches. Tnches.
L 76 534
1L | 5 6
L. 62
60§
WV 73
664
Total in inches. i 39213

VANDELLIA NUMMULARIFOLIA.

Seeds were sent to me by Mr. J. Seott from Caleutta of this
sacall Indian weed, which bears perfeet and cleistogene * flowers.
The latter are extremely small, imperfectly developed, and never
oxpand, yot yield plenty of seeds. The perfect and open
flowers are also small, of a white colonr with purple marks ; they
generally produce seed, although the contrary has been
asserted ; and they do so even if protected from insects. They
have a rather complicated structure, and appear to be adapted
for cross-fertilisation, but were not carefully examined by me.
They are not easy to fertilise artificially, and it is possible that.
some of the flowers which T thought that I had suceeeded in
crossing were afterwards spontaneonsly self-fertilised under the
net. Sixteen capsules from the crossed perfect flowers contained
on an average ninety-three seeds (with a maximum in one
capsulo of 137), and thirteen capsules from the self-fertilised
perfect flowers contained sixty-two seeds (with a maximum in
one capsule of 135); or as 100 to 67. But I suspect that this
considerable excess was aceidental, as on one oceasion nine
crossed capsules were compared with seven self-fertilised cap-
sules (both included in the above number), and they contained
almost exactly the same average mumber of sced. 1 may add

* The convenicnt term of clefs-  an rticle on the present geuus in
togene was proposed by Kubn in *Bot, Zeitung,’ 1567, p. 3.
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that fifteen capsules from self-fertilised cleistogene flowers con-
tained on an average sixty-four seeds, with a maximum in one
of eighty-seven.

Crossed and self-fertilised seeds from the perfect flowers, and
other seeds from the self-fertilised cleistogene flowers, were sown
in five pots, each divided superficially into three compartments.
The scedlings were thinned at an early age, so that twenty
plants were left in each of the three divisions. The crossed plants
when in full flower averaged 43 inches, and the self-fertilised
plants from the perfect ﬂmrm 4:97 inches in height; or as 100
to 99. The lants from the flowers
averaged 406 inchmlnlmght 80 that the crossed were in
height to these latter plants as 100 to 94.

1 determined to compare again the growth of plants raised
from crossed and self-fertilised perfect flowers, and obtained two
fresh lots of sceds. These were sown on opposite sides of five
pots, but they were not sufficiently thinned, so that they grew
rather crowded. When fally grown, all those above 2 inches
in height were selected, all below this standard being rejected ;
the former consisted of forty-seven crossed and forty-one self-
fertilised plants; thus a greater number of the crossed than of
the self-fertilised plants grew to a height of above 2 inches. Of
the crossed plants, the twenty-four {allest were on an average
86 inches in height; whilst the twenty-four tallest self-
fortilised plants wero 3-38 inches in average height; or as 100
094, All these plants were then cut down close to the ground,
and the forty-seven crossed plants weighed 1090°3 grains, and
the forty-ono self-fertilised plants weighed 8574 grains, There-
fore an equal number of crossed and self-fertilised would have
been to each other in weight as 100 to 97. From these several
facts we may conclude that the crossed plauts had some real,

h very slight, advantage in height and weight over the
solf-fertilisod plants, when grown in competition with one
another.

The crossed plants were, however, inferior in fertility to the
self-fertilised. Six of the finest plants were selected out of the
forty-seven crossed plants, and six out of the forty-one self-
fertilised plants; and the former produced 598 capsules, whilst
the Iatter or self-fertilised plants produced 752 capsules. All
these capsules were the product of cleistogene flowers, for the
plants did not bear during the whole of this season any perfect
flowers. The seeds were counted in ten cleistogene capsules
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produced by the crossed plants, and their averago number was
46°4 per capsule; whilst the number in ten capsules
produced by the self-fertilised plants was 49°4 ; or us 100 to 106.

L. CEE—Gi

In Gesnerin the several parts of the flower are arranged on
nearly the same plan as in Digitalis,* and most or all of the
species are dichogamous. Plants were raised from seed sent me

Germinating
and when fully grown measured to the tips of their leaves.

Tasue XXVL
No. of Pot. ‘ Crossed Plants. | Self-fertilised Plants,
‘ Inches, Inchos,
L 42 9
| % | bt}
1L | 83 | 301
| o 19
L | 53 81
| 20 | 28
v, | 304 204
| st |
Total inches, | 25650 ‘ 23313

The average height of the eight crossed plants is 8206 inches,
and that of the eight self-fertilised plants 29-14; or as 100
to 90,

* Dr. Ogle, * Popular Science Review,’ Jan. 1870, p. 51.
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IV. LABTATAE.—SALVIA COCCINEA.*

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

Soads of both kinds were sown rather thickly on opposite sides
of three pots. When the scedlings were about 3 inches in
height, the erossed showed a slight advantage over the self-
fortilised. When two-thirds grown, the two tallest plants on
each sido of each pot were measured ; the crossed averaged 16-37
inches, and the self-fertilised 1175 in height;; or as 100 to 71.
When the plants were fully grown and had done flowering, the
two tallest plants on_each sido were again measured, with the
results shown in the following table:—

Tapis XXVIL
No. of Pot, ‘\ Crossed Plants. | Self-fertilised Plants,
L ety Seniie PEREEE
1L a2 25
| 20 | 18§
A 82 I
Rs | 19=
il =
L, 29, 25
' | 18
Tolisches, | 16718 | 1
* Tho admirsble Jitdebran, el
T this e ot B, i Ogle and G

adaptations
Lve s B i ""’l'
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It may be here seen that each of the six tallest crossed plants
exceeds in height its self-fertilised opponent; the former
averaged 27+85 inches, whilst the six tallest self-fertilised plants
averaged 21°16 inches; or as 100 to 76. In all three pots the
first plant which flowered was a crossed one. All the crossed
plants together produced 409 flowers, whilst all the self-fertilised
together produced only 232 flowers ; or as 100 to 57. So that
the crossed plants in this respect were far more productive than
the self-fertilised.

ORIGANUM VULGARE.

Thhplmtaﬁm.lmoﬁ!mg mn.mmu wnder two forms;
and strongl; so that it is
nlmm certain to be ferhliled by pollen from another flower;
the other form is exclusively female, has a smaller corolla, and
must of course be fertilised by pollen from a distinet plant
in order to yield any seeds. The plants on which I experi-
mented were hermaphrodites; they had been cultivated for o
long period as a pot-herb in my kitchen garden, and were, like
v long-cultivated plants, extremely sterile, As I felt
doubtful ahout the specific name T sent specimens to Kew, and
was assured that the species was 0. vidgare. My plants formed
one great clump, and had evidently spread from a single root
by stolons.  In a strict sense, therefore, they all belonged to the
same individual. My object in experimenting on them was,
firstly, to ascertain whether crossing flowers borne by plants
having distinet roots, but all derived asexually from the same
individual, would be in any respect more advantageons 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, were small and rnhcnd)
were obtained from th
The remainder of the plants were left uncovered and were in-
cessantly visited by bees, so that they were doubtless erossed
Dy them. Theso exposed plants yielded rather more and finer
seed (but still very fow) than did the covered plants. The two
lots of seeds thus obtained were sown on opposite sides of two
pots ; the seedlings were carefully observed from their first
growth to maturity, but they did not differ at any period in
height or in vigour, the importance of which latter observation
we shall presently see. When “ully grown, the tallest crossed
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plant in one pot was a very little taller thun the fallest self-

plant on the opposite side, and in the other pot
exactly the reverse occurred. So that the two lots were in fact
equal ; and a eross of this kind did no more good than crossing
two flowers on the same plant of Ipomeea or Mimulus.

The plants were turned out of the two pots withont being
disturbed and planted in the open ground, in order that they
wight grow wore vigorously. In the following summer all the

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

Tasre XXVIIL
Sefrtitised Plants
Crossed Plants (two |
No. of Pot. b repiperg g | o alemt ok
o Inchen. [
L 28 2%
2 | a1
i 17
16 | 11§
Total inches. | 8040 685
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The average height of the erossed plants is here 20 inches, and
that of the self-fertilised 17-12; or as 100 to 86. But this excess
of height by no means gives a fair idea of the vast superiority in
vigonrof the crossed over the self-fertilised plants. The crossed
flowered first and produced thirty flower-stems, whilst the self-
fertilised produced only fiftecn, or half the number. The
were then bedded out, and the roots probably came out of the
holes at the bottom and thus aided their growth. Early in the
following summer the superiority of the erossed plants, owing
to their increase by stolons, over the self-fertilised plants was
truly wonderful. In Pot L, and it should be remembered that
very lrge pots had been nsed, the oval clumyp 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 2} inches
across, with the tallest young stem 4 inches in height. In Pot
IL, the clump of crossed plants was 18 by 9 inches across, with
the tallest young stem 8} inches in height; whilst the clump of
self-fertilised plants on the opposite side of the same pot was 12
by 44 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
being left freely exposed to the visits of bees, manifestly produced
much more sced than their grand-parents,—the plants of the
original clump still growing close by in the same garden, and
equally left to the action of the bees.

V. ACANTHACEE.—THUNBERGIA ALATA.

It appears from Hildebrand’s deseription (* Bot. Zeitung,’ 1867,
. 285) that the conspicuons flowers of this plant are adapted
for eross-fertilisation. Seedlings were twice mised from pur-
chased seed; but during the early summer, when first expe-
rimented on, they were extremely sterile, many of the anthers
containing hardly any pollen. Nevertheless, during the autumn
these same plants spontaneously produced a good many seeds,
Twenty-six flowers during the two years were crossed with
pollen from a distinct plant, but they yielded only eleven
capsules; and these contained very few seeds! Twenty-eight
flowers were fertilised with pollen from the flower, and
these yielded only ten capsules, which, however, contained
rather more seed than the crossed capsules, Eight pairs of
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germinating seeds were planted on opposite sides of five pots;
and exactly half the crossed and half the self-fertilised plants

plant verage
height of the crossed plants was 60 inches, and that of the self-
fertilised plants 65 inches, or as 100 to 108. A cross, therefore,
between distinet individuals here appears to do no good; but
this result deduced from so few plants in a very sterile condition
and growing very unequally, obviously cannot be trusted.
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CHAPTER 1V.

Chearznx, PArAVERACEE, RESEDACEE, £TC.

crossed and self-fertilised plants—Great effect of a
le w fresh stock on the 'M‘htd‘the nﬁpﬂng—lbﬂb
wver

— Viscarin oculuta, crossed plants hardly taller, but more fertile than
crossed and

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

VI. CRUCIFERZE.—BRASSICA OLERACEA.
Var, Cattel's Early Barues Cablage.
Tug flowers of the common cabbage are adapted, as shown by
H. Miiller,* for cross-fertilisation, and should this fuil, for self-
fertilisation. 1t is well known that the varicties ure crossed g0
urgely by insects, that it is impossible to raise pure kinds in the

A single plant of the above variety was covered with a
just before flowering, and was crossed with pollen from

plant of the same variety growing close by; and the seven
sules thus produced contained on an average 163 seeds, with 4

* *Die Bofruchtung,’ &, p. 139,
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of these latter capsules contained on an average 4°1 seeds, with
A maximum in one of ten sceds; so that the seeds in the crossed
eapsules were in number to those in the self-fertilised capsules as
100 to 25, The self-fertilised sceds, fifty-eight of whioh weighed
888 grains, were, however, a little finer than those from the
crossed capsules, fifty-eight of which weighed 876 grains. When
few seeds are produced, these seem often to be better nourished
and to be heavier than when many are produced.

The two lots of seeds in an equal state of germination were
planted, some on opposite sides of a single pot, and some in the
open ground. The young crossed plants in the pot at first ex-
oeeded by a little in height the self-fertilised ; th«.noqndldlbm
were then beaten; and lastly were again victorious. The plants,
without being disturbed, were turned out of the pot, and planted
in the open ground; and after growing for some time, the
erossed plants, which were all of nearly the same height, exceeded
the self-fortilised ones by 2 inches. When they Imlured the

flower-stems of the tallest crossed plant exceeded that of the
tallest self-fertilised plant by 6 inches, The other seedlings
which were planted in the open ground stood separate, so that
“they did not compete with one another ; nevertheless the crossed
- plants certainly grew toa rather greater height than the self-fer-
tilised; but no mensurements were made. The crossed plants
which had been raised in the pot, and those planted in the open
ground, all flowered a little before the self-fertilised plants.

Crossed and self-fertilised Plants of the Second Generation.—Some
flowers on the crossed plants of the last generation were again
erossed with pollen from another crossed plant, and produced
In! uplnlm. The ﬂowm an ﬁu self-fertilised plants of the

ndnr anet, und they pmimd some remarknbly fine capsules.
Tho two lots of sceds thus produced germinated on sand, and
elght pairs were planted on opposite sides of four pots. These

the erossed were @ little inferior in height,
100 to 101°5. By the 5th of June of the following year thcse
"2
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plants had grown much bulkier, and had begun to form

crossed had now acquired a marked superiority
in general appearance, and averaged 8:02 inches in height,
whilst the self-fertilised averaged 7-31 inches; or as 100 to 91.
The plants were then turned out of their pots and planted
undisturbed in the open ground. By the 5th of August their
Theads were fully formed, but several had grown so crooked that
their heights could hardly be measured with accuracy. The
crossed plants, however, were on the whole considerably taller
than the self-fertilised. Inthe following year they flowered ; the
crossed plants flowering before the self-fertilised in three of the
pots, and at the same time in Pot IL The flower-stems were
now measured, as shown in Table XXIX.

TapLe XXIX.
Measured to tops of Flower-stems ; O signifies that a Flower-stem
was not formed.,
No. of Por. } Crosed Plants. | Sl Pans,
i tnchen. V‘ Inches,
1 40f a4
| 504 | 4
1. [ g | 38
38§ 354
1L | 4 | 51
40 41
| 42 { 46}
. 43§ | 203
37§ 33§
o | o
Total in inches. | 360°75 | s

The nine flower-stems on the crossed plants here average41-08
inches, and the nine on the self-fertilised plants 89 inches in
height, or as 100 to 95. But this small difference, which, more-
over, depended almost wholly on one of the self-fertilised plants
being only 20 inches high, does not in the least show the vast
superiority of the crossed over the self-fertilised plants, Both
lots, including the two plants in Pot IV., which did mot
flower, were now cut down close to the ground and weighed, but
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those in Pot I1. were excluded, for they had been accidentally
injured by a fall during transplantation, and one was almost
killed. The cight crossed plants weighed 219 ounces, whilst the
cight self-fertilised plants weighed only 82 onnces, or as 100037 ;
50 that the superiority of the former over the ltter'in weight was

great.

The Effects of « Cross with a fresh Stock—Some flowers on &
erossed plant of the last or recond gemeration were fertilised,
without being castrated, by pollen taken from a plant of the
same variety, but not related to my plants, and brought from a
nursery garden (whenee my seeds originally came) having a dif-
ferent soil and aspect, The flowers on the self-fertilised plants
of the last or second generation (Table XXIX.) were allowed to
fertilise themselves spontaneously under a net, and yielded
plenty of sceds. These latter and the crossed seeds, after germi-
nating on sand, were planted in pairs on the opposite sides
of six large pots, which were kept at first in a cool greenhouse.
Early in January their heights were measured to the tips of their
leaves, The thirteen crossed plants averaged 13°16 inches in
height, and the twelve (for one had died) self-fertilised plants
averaged 137 inches, or as 100 to 104; so that the self-fertilised
plants exceeded by a little the crossed plants.

Taste XXX.
Weight of Plants fter they had formed Heas.

Seltdelad Tlante
Nool . . bl

‘ Ounces. | Ounces.
A 130 181
L 7 | 34

v, | 14

i, S e 1
VL T 1y 48

Total in ounces. 649-00 142425
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Early in the spring the plants were gradually hardened, and
turned out of their pots into the open ground without being
disturbed. By the end of August the greater number had
formed fine heads, but several grew extremely crooked, from
having been drawn up to the light whilst in the greenhouse.
As it was scarcely possible to measure their heights, the finest
plat on each side of each pot was cut down close to the ground
and weighed. In the preceding table we havo the result.

The six finest crossed plants average 108°16 ounces, whilst
the six finest self-fertilised plants average only 23-7 ounces, or
5100 to 22. This difference shows in the elearest manner the
enormous benefit which these plants derived from a cross with
another plant belonging to the same sub-varioty, but to a fresh
stock, and grown during at least the three provious generations
under somewhat different conditions.

Tle Offspring from « cut-leaved, curled, and variegated white-
green Cabbage crossed with a cut-leaved, curled, and variegated
crimson-green Cabbage, compared with the self-fertilised Offspring
Jfrom the two Varicties—These trials were made, not for the
‘sake of comparing the growth of the crossed and self-fertilised
seedlings, but because I had seen it stated that these varicties
wonld not naturally intercross when growing uncovered and
ncar one another. This statement proved quite erroneous; but
the white-green variety was in some degreo sterile in my garden,
producing little pollen and fow seeds. 1t was therefore no
wonder raised from flowers of this
varicty were greatly excecded in height by seedlings from u cross
between it and the more vigorous erimson-green variety ; and
nothing more noed be said about this experiment.

The seedlings from the reciprocal cross, that is, from the crim-
son-green variety fertilised with pollen from tho white-groen
varioty, offer a somewhat more curious case. A fow 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 fact that o
much larger number of the self-fertilised scedlings from the
crimson-green varicty than of the crossed seedlings thus reverted ;
and a5 o consequence the self-fertilised seedlings grew taller by
2} inches on an average than the crossed seedlings, with which
they were put into competition. At first, however, the crossed
scedlings exceeded the self-fertilised by an average of a quarter
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of an inch. 'We thus seo that reversion to & more natural con-
dition acted more powerfully in favouring the ultimate growth
of these plants than did a cross; but it should be remembered
that the cross was with o semi-sterilo variety having a feeble
constitution,

IBERIS UMBELLATA.
Var. Kermesiana.

This variety produced pleuty of spontancously self-fertilised
seed under a net. Other plants in pots in the greenhouse were
left uncovered, and as I saw small flies visiting the flowers, it
seemed probable that they would be intererossed. Consequently
seeds supposed to have been thus erossed and spontancously self-
fertilised seeds were sown on opposite sides of a pot. The
self-fertilised seedlings grew from the first quicker than the
supposed crossed seedlings, and when both lots were in full
flower the former were from 5 to 6 inches higher than the crossed !

record in my notes that the self-fertilised sceds from which
theso self-fertilised plants were raised were not so well Hpemxl
as' the crossed; and this may possibly have caused. the grea
difference in their growth, in a somewhat analogous mnnnu-
as ocourred with the self-fertilised plants of the eighth generation
of Ipomcea raised from unhealthy parents. It is a curious
circumstance, that two other lots of the above seeds were
sown in pure sand mixed with burnt earth, and therefore with-
out any organic matter; and here the supposed crossed
seedlings grew to double the height of the self-fertilised, before
both lots died, as necessarily occurred at an early period. We
shall hereafter meet with another case apparently analogous
to this of Iberis in the third generation of Petunia.

The above self-fertilised plants were allowed to fertilise them-
selves again under a net, yielding self-fertilised plants of the
second generation, and the supposed crossed plants were erossed
by pollen of a distinet plant; but from want of time this was done
in a careless manner, namely, by smearing one head of expanded
flowers over another. I should have thought that this would
have succeeded, and perhaps it did so; but the fact of 108
of the self-fertilised seeds weighing 487 grains, whilst the same
number of the supposed erossed seeds weighed only 357 grains,
does not look like it. Five seedlings from each lot of seeds were
mised, and the self-fertilised plants, when fully grown, exceeded
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in averago height by a trifle (viz. *4 of an inch) the five probably
crossed plants. 1 have thought it right to give this case and the
Iust, because had the supposed crossed plants proved superior
to the self-fertilised in height, I should have assumed without
doubt that the former had really been crossed. ~As itis, T do not
Tnow what to conclude.

Being much surprised at the two foregoing trials, T deter-
mined to make another, in which there should be no doubt about
the crossing. 1 therefore fertilised with great care (but as
usual without castration) twenty-four flowers on the supposed
erossed plants of tho lust gouuruhon with polhm from distinet
plants, and thus obtai
plants of the last gnnemhon were allowed to farhl)sc themselves

in under a net, and the seedlings reared from these seeds
formed the third self-fertilised generation. Both lots of seeds,
after germinating on bare sand, were planted in pairs on
the opposite sides of two pots. All the remaining secds were
sown crowded on opposite sides of a third pot; but as all the
self-fertilised seedlings in this Itter pot died before they grew
to any considerable height, they were not measured. The
plants in Pots L and IL were measured when between 7 and
8 inches in height, and the crossed exceeded the self-fertilised
in average height by 1-57 inches. When fully grown they were
again measured to the summits of their flower-heads, with the
following result :—

Tass XXXL
Sorotmn. | ot P, | S1Etrtd Pt

D[ duce

L 18 19

21 ( 21
| 184 | 194
1. | 19 16§
18 74
17 14§
21} 16§

Total in inches, 133+88 114-75

The average height of the seven crossed plants is here 19+12
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inches, and that of the seven self-fertilised plants 16-39, or as
100 to86. But as the plants on the self-fertilised side grow

greenhouse; but from being too much crowded they were not
very productive. The seeds from all soven plants of both lots
were counted; the erossed produced 206, and the self-fertilised
154; or as 100 o 75.

Oross by a fresh Stock—From the doubts caused by the two
first trials, in which it was not known with certainty that the
plants had been crossed; and from the crossod plants in the
Inst experiment having been put into competition with plants
self-fertilised for threo generations, which moreover grew very
unequally, T resolved to repeat the trial on a larger scale, and
in a rather different manner. T obtained seeds of the same
erimson variety of J. wmbellata from another nursery garden,
and raised plants from them. Some of these plants were allowed
to fertilise themselves spontancously nnder & net; others were
crossed by pollen taken from plants raised from sced sent me by
Dr. Durando from Algiers, where the parent-plants had heen cul-
tivated for These latter differed in hav-
ing pale pink instead of crimson flowers, but in no other respect.
That the cross had been effective (though the flowers on the crim-
son mother-plant had not been castrated) was well shown when the

for twenty-f them produced

pale pink flowers, exactly like those of their father; the six others

having erimson flowers exactly like those of their mother

and like those of all the self-fertilised seedlings. This case

offers a good instance of a result which not mrely follows

rmm cmmuu varieties having differently eoloured ﬂ:ﬂm,
blend,

mumur tho father or mother plant, The seods of oth lots,
after germinating on sand, were planted on opposite sides of
cight pots. When fully grovn, the plauts vero monsured to

ts of the flower-heads, as shown in the following
tablo i
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Tapre XXXIL
Tberis umbellata : O significs that the Plant died.
=t Pants from Spon-
No.of Pot, Foaes Gom A Chws taseously Selfferti-
Inches, Inches,
L 1 18] 17
17, 18]
17 13,
‘ 20, | 154
. | 2 0
15 16§
17 16¢
L. 19 134
18 14]
| 15, | 1
. | e B 164
18- s 14§
17 | 16
15} 15|
[ 14 Nx
| 18} 164
14 161
16 14
134 14
12§ 16
W 18 164
18§ 15
17 153
VIL ( 18 169
164 144
18§ 15§
Vi, 20 15¢
17, 16,
13, 20
- 19§ |
Total in inches. 520-38 449°88

average eight of the thirty crossed plants is here
s, 34, and that of the twenty-nine self-fertilised plants (one
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having died) 15-51, or as 100 to 89, T am surprised that the
difforence did not prove somewhat greater, considering that in
the last experiment it was as 100 to 86; but this latter ratio, as
before explained, was probably too great. In should, however,
bo observed that in the last experiment (Tablo XXXL), the
crossed plants competed with plants of the third self-fertilised
generation; whilst in the present case, plants derived from a
crows with a frosh stock competed with self-fertilisod plants of
the first generation.

The crossed plants in the present case, as in the last, were
more fortile than the self-fertilised, both lots being left un-
coverad in the greenhouse. The thirty erossed plants produced
108 seed-bearing flower-heads, as well as somo heads which
yielded no seeds; whereas the twenty-nine self-fertilised plants
produced only 81 seed-hearing heads; thercfore thirty such
plants would have produced 37 heads. We thus get the
Fatio of 100 to 81, for the number of seed-bearing flower-heads

number of seed-bearing heads from the crossed plants, com-
pared with the same number from the self- l‘urﬁuwd, yleldad
soads by weight, in the ratio of 100 to 92. Combining theso
two elements, vz, the number of seed-bearing heads and the
weight of seeds in each head, the productiveness of the crossed
to the self-fertilised plants was as 100 to 75.

The crossed and self-fertilised seeds, which remained after
the above pairs had been planted, (some in a state of germina-
tion and some not so), were sown early in the year out of doors
in two rows. Many of the self-fertilised seedlings mm-d
greatly, and mnch larger number of them perished than
the crossed. In the autumn the surviving self-fertilised phnu;
were plainly less well-grown than the crossed plants.

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

The poppy does not secrete nectar, but the flowers are highly
conspicuous and aro visited by many pollen-collecting bees,
flies aud beetles. The anthers shed their pollen very early, and
in. the caso of P. rhaus, it falls on the circnmforonce of the
rdinting stigmas, so that this species must often be self-forti-
lised; but with P. dubium the same result docs not follow
(according to IL. Miiller, “ Die Befruchtung,’ p. 198), owing to
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the shortness of the stamens, unless the flower happens to stand
inclined. The present species, therefore, does not seem so well
fitted for self-fertilisation a8 most of the others. Nevertheless
1. vagum produced plenty of capsules in my garden when insects
were uuludld, but cnlylm in the leuon T may here add that
P produces self-
fertilised capsules, as Pmlm H. Hnﬁmmn likewise found to
be the case.* Some species of Papaver cross frecly when growing
in the same garden, as I have known to be the ease with P.
bracteatum and orientale.

Plants of Papaver vagum were raised from seeds sent me from
Antibes through the kindness of Dr. Bornet. Some little time
Iftcr the flowers had expanded, several were fertilised with

their own pollen, and others (not castrated) with pollen from a
distinet individual; but I have reason to believe, from observa-
tions subsequently made, that these flowers had been already
fertilised by their own pollen,as this process seems to take place
soon after their expansion.t 1 raised, however,  few seedlings
of both lots, and the self-fertilised rather exceeded the crossed
plants in height.

Barly 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 eounting the
seeds in a medium-sized one, 1 estimated that the average
number in each was at least 120,  Four out of twelve capsules,
spontaneously self-fertilised at the same time, were found to
contain no good seeds; and the remaining eight contained on
an average 66 seeds per capsule. But it should be observed
that later in the season the same plants produced nnder a net
plenty of very fine spontaneously self-fertilised capsules.

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

* +Zur Speciesfrage, 1875, p. 53.  dome “on the second day, or even
')l.v.JBwtthnml(lxpm. a few hours after the ex
on the Bx, | Culture of of the flower on the first day, a
the Opium oppy‘C-lwwb, 1erd, m-x fertilisation had alread:
P A7) n therate of Faparer effected, and a few
Riferm, that if ho aut away the seeds pers almost inve
stigmatic e et Prores st how caly
flower had expunded, no seeds perlndfvrﬂuuﬂnn takes place.
were produced; but if this was
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no difference. When fully grown, the flower-stalks were
measured to the summits of the seed capsules, with the follow-
ing result :—

Tasie XXXIIL
Papaver vagum.
No.ofPot. | Crossed Planta. i St lsed Plants.

Incles, Toches,
L 24§ a1

30 26§
184 16
I 144 15
2 2
19 14

164
uL 204 19
20, 13,
18

w. 25| 21
24 28

v. 20 184
g o

19 a1y

Total in inches, 32875 29813

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

ESCHSCHOLTZIA CALIFORNICA.

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

Tywelve flowers on some plants in my flower-garden were
fertilised with pollen from istinet plants, and produced twelyc
capsules; but one of these contained no good seed. The seeds
of the eleven good capsules weighed 174 grains. Eighteen
flowers on the same plants were fertilised with their own pollen
and produced twelve good capsules, which contained 13°61
grains woight of seed. Therefore an equal number of crossed
and self-fertilised capsules would have yielded secd by weight
5100 to TL* If we take into account the fact that s much
wreater proportion of flowers produced capsules when crossed
than when self-fertilised, the relative fertility of the crossed to
the self-fertilised flowers wus as 100 fo 52. Nevertheless thesc
plants, whilst still protected by the net, spontancously produced
a considerable number of self-fertilised capsules.

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

TapLe XXXIV,
Eschscholtzia ealifornica.

-

Tnches. Inches,
25

* Prof. Hildebrand experi-
mented on plants in Germauy on
o larger soale than I did, and
found them much more self-sterile.
Eighteen capeules, produced by
cross-fertilisution, coutained on ab  Botanik.’ B, vil. p. 467.
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the cases which follow that this result was accidental, owing to
ouly a few plants having been measured, and to one of the
self-fertilised plants having grown only to a height of 15 inches.
The plants had been kept in the greenhouse, and from being
drawn up to the light had to be tied to sticks in this and the
following trials, They were measured {o the summits of their
flower-stoms,

The four erossed plants here average 20°68 inches, and the
four self-fortilised 2556 in height; or as 100 to 86. The
remaining seeds were sown in a large pot in which o Cineraria
had long been growing; wnd in this case again the two crossed
plants on the one side greatly exceeded in height the two self-
fertilised plants on the opposite side. The plants in the above
four pots from having been kept in the greenhouse did not
produce on this or any other similar oceusion many capsules;
but the flowers on the erossed plants when again crossed were
much more productive than the flowers on the self-fertilised
plants when again self-fertilised. Theso plants after seding
were cut down and kept in the greenhouse; and in the
following year, when grown again, their relative heights were
reversed, as the self-fertilised plants in three out of the four
pots were now taller than and flowered before the crossed
plants.

Croswd and salf-fertilis-d Plants of the Second Generation—The
fct just given with respect to the growth of the cut-down
plants made me doubtful about my first trinl, so I determined
to make another on a larger scale with crossed and self-fertilised
seedlings raised from the crossed and self-fertilised plants of
the last generation. Eleven pairs were raised and grown in
competition in the usual manner; and now the result was
different, for the two lots were nearly equal during their whole
growth. 1t would therefore be superfluous to give n table of
their heights. When fully grown and measured, the crossed
averaged 82:47, and the slf-fertilised 8281 inches in height;
orus 100 to 101, There was no great differenca in the number
of flowers and capsules produced by the two lots, when both
were loft freely exposed to the visits of insects,

Plants raised from Brazilian Seed.—Fritz Milller sent me from
Sonth Brazil secds of plants which were there absolutely
sterile when fertilised with pollen from the same plant, but
were perfectly fertile when fertilised with pollen from any
other plant, The plants raised by me in England from these
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seeds were examined by Professor Asa Gray, aud prononnced
to belong to E. californica, with which they were identieal in
general_appearance. Two of these plants were covered by a
net, and were found not to be so completely self-sterile as in
Brazil. But I shall recur fo this subject in another part of
this work. Here it will suffice to state that eight flowers on
these two plants, fortilised with pollen from another plant
under the net, produced eight fine capsules, each containing on
an average about eighty sceds. Eight flowers on these same
plants, fertilised with their own pollen, produced seven capsules,
which contained on an average only twelve sceds, with a maxi-
mum in one of sixteen sceds. Thereforo the eross-fertilised
capsules, compared with the self-fertilised, yiolded seeds in the
ratio of about 100 to 15, These plants of Brazilian parentage
differed also in a marked manner from the English plants in
producing extremely few spontaneously self-fertilised capsules
under a net.

Cm-uilndmltlmﬁlimdseeda from the above plants, after

on bare sand, were planted in pairs on the opposite

T e R e s
grandehildren of the plants which grew in Brazil; the parents
having been grown in England. As the grandparents in
Brazil absolutely require cross-fertilisation in order to yield
any seeds, T expected that self-fertilisation would have proved
very injurious to these scedlings, and that the crossed ones
would have been greatly superior in height and vigour to
those raised from self-fertilised flowers. But the result showed
that my anticipation was erroneous; for as in the lst experi-
ment with plants of the English stock, so in the present one,
the self-fertilised plants exceeded the crossed by a little in
height. It will bo sufficient to state that the fourteen crossed
plants averaged 44°64, and the fourteen self-fertilised 45-12
inches in height; or as 100 to 101

Tie Effects of a Cross with a fresh Stock—Inow tried a different
experiment.  Eight flowers on the self-fertilised plants of the
Inst experiment (i.e., grandchildren of the plants which grew in
Brazil) were again fertilised with pollen from the same plant,
and produced five capsules, containing on an average 274
seeds, with a maimun i one of forts-two scods. The seedlings
raised from th ds formed the second self-fertil
of the Brazilian stock.

Bight flowers on ono of the crossed. plants of the last experi-
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experiment woro fertilised with pollen from a plant of the
English stock, growing in my garden, and which mnst have
boon exposed during many previons generations to very different
conditions from those to which the Brazilian progenitors of the
mother-plant had been subjected. These eight flowers produced
only four capsules, containing on an average 63-2 seels, with a
waximum in one of ninety. . The plants raised from these seeds
wuny be called the Englii-crossed.  As far as tho above averages
«can be trusted from so fow capsules, the English-crossed eapsules
contained twico as many seeds as the intercrossed, and rather
mare than twice as many as the self-fertilised capsules. The
plants which yielded these capsules were grown in pots in the
greenhouse, 5o that their absolute productivencss must not be
compared with that of plants growing out of doors.

The above thres lots of seeds, viz, the self fertilised, inter-
crossed, and English-crossed, wero planted in an equal state of
germination (having been as usaal sown on bare sand) in nine
large pots, each divided into threo parts by saperficial partitions.
Many of the self-fortilised seeds germinated before thoss of the
two crossed lots, and these wero of course rejected. The

‘hildren

in height, the three lots were oqual. Thoy were measared when
four-Afths grown, and sgain when fully grown, and as their
rolative hoights wero almost exactly the same at these two

that of the cighteen intercrossed plants (for one died), 43 .-m
and that of the nineteen self- ferrﬂlmd plants, 50°8 inches. So
that we have the following ratios in height :—
Tbc Euglish-crossed to (hc ul! fortilised plants, as 100 to 109
The English-crossed to the intercrossed plants, as 100 to 94
The intercrossed to the -allfarﬂupllnh s 100 to 116
After tho seed-capsules had pud all these plants
were cut down close to the ground and wej The nineteen
English crossed plants weighed 1825 ounces; \ba intererossed
1
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plunts (with their weight calenlated as if there had been nine-
toen) weighed 182 ounces; and the nineteen self-fertilised
plants, 21°5 ounces. Wo have therefore for tho weights of the
three lots of plants the following rati

The English-crossed to tho self-fertilised plants, as 100 to 118
The English-crossed fo the intercrossed plants, as 100 to 100
The intercrossed to the selffertilised plants, as 100 to 118
We thus see that in weight, as in height, the self-fertilised

plants had a decided advantage over the English-crossed and

intererossed plants,

Tho romaining seeds of the three kinds, whether or not in &
state of germination, were sown in threo long parallel rows in
the open ground; and hero again the self-fertilised scedlings
exceeded in_ height by between 2 and 8 inches the seedlings
in the two other rows, which were of nearly equal heights. The
three rows were left unprotected throughout the winter, and all
the plants were killed, with tbe cxception of two of the self-
fertilised ; 50 that as far as this little bit of evidence goes, some
of the self-fertilised plants were more hardy than any of the
crossed plants of either lot,

We thus seo that the self-fertilised plants which were grown
in the nine pots wero superior in height (as 116 to 100), and in
weight (as 118 to 100), and apparently in hardiness, to the inter-
crossed plants derived from a cross between tho grandchildren
of the Brazilian stock. The superiority is here much more
strongly marked than in the second trial with the plants of the
English stock, in which tho self-fertilised were to the crossed in
height as 101 to 100. It is & far more remarkable fact—if we
bear in mind the ffects of crossing plants with pollen from a
fresh stock in the cases of Ipomeea, Mimulus, Brassica, and

Toeris—that the solf-fertilised plants exceeded in height @ ms
to 100), and in weight (as 118 to 100), the
Brazilian stock crossed by the English stock; the two noch
having been long subjected to widely different conditions.

If we now turn fo the fertlity of the three lots of plants we
find o very different result. 1 may premise that in five out of
the nine pots the first plant which flowered was one of the English-
crossed ; in four of the pots it was a self-fertilisod plant; and in
not one did an intercrossed plant flower first; so that these
lntter plants wero beaten in this respect, s in so many other
ways. The three closely adjoining rows of plants growing in
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the open ground flowered profusely, and the flowers were inces-
santly visited by bees, and cerlnnly thus intercrossed. The
manner in which several plants in the previous experiments
continued to be almost sterile as long as they were covered by &
net, but set o multitude of capsules immediately that they were
uncovered, proves how effectually the bees carry pollen from
plant to plant. My gardener gathered, at three successive
times, an cqual number of ripe capsules from the plants of the
three lots, until he had collected forty-five from each Jot. Itis
not possible to judge from external appearance whether or not a
capsule contains any good seeds; o that I opened all the cap-
sules. Of the forty-five from the English-crossed plants, four
were emply; of those from the intercrossed, five were empty ;
and of thoso from the self-fertilised, nine were empty. The
sceds wero counted in twenty-one capsules taken by chance out
of each lot, and the average number of seeds in the eapsules
from the English-crossed plants was 67 ; from the intercrossed,
56; and from the self-fertilised, 48°52. It therefore follows that
Seeds.
The forty-five capsules (the four empfy on
cluded) from the English-crossed plants. oonhinad 747
The forty-five capsules (the five empty ones in-
cluded) from the intercrossed plants contained . 2240
The forty-five capsules (the nive empty ones in-
cluded) from the self-fertilised plants contained . 1746-7

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

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

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

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

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

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

12
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three long rows, however, were not of quite equal lengths, and
the plants were much crowded, so that it would have been ex-
tremely difficult to have ascertained how many capsules were
produced by them, even if T had been willing to undertake so
laborions a task as to collect and count all the capsules. But
this was feasible with the plants grown in pots in the green-
house; and althongh these were much less fertile than those
growing out of doors, their relative fertility appeared, after care-
fully observing them, to be the same. The nineteen plants of
the English-crossed stock in the pots prodnced altogether 240
capsules; the intercrossed plants (caleulated as nineteen) pro-
duced 187-22 capsules; and the nineteen self-fertilised plants,
152 capsules.  Now, knowing the number of seeds eontained in
forty-five capsules of each lot, it is easy o calculate the relative
numbers of sceds produced by an equal number of the plants of
the three lots.

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

Seeds,
Plants of English-crossed and  self-fertilised

parentage . 28100 to 40
Plants of the Enghsh crowed and mtcrtrosmnl

‘parentage 23100 to 45
Plants of tha mtercm»n«l mul le ferhllseﬂ

parentage. . . . as100to89

The plants
(that is, the produd of & R Heta the gmndehlklren of the
plants which grew in Brazil) over the self-fortilised, small as it s,
is wholly due to the larger average number of seeds contained in
the capsules; for the intercrossed plants produced fower cap-
mxles in the pl‘eenlmnm than did the self-fortilised plants. Tho

of the English d over
fhe 1 aelf fartlised plnnls is shown by the lurger mumber of
capsules produced, the larger average numberof contained seeds,
and the smaller number of cmpty capsules. As the English-
crossed and intercrossed plants were the offspring of crosses in
every previous generation (as must have been the case from the
flowers being sterile vmh their own pollen), wemay concluds that
the great of the Engli
over the interorossed p Bla\bd et lon ke two ‘parents of ths
former Laving been long subjected to different conditions.
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The English-crossed plants, though so superior in productive-
ness, were, as we have seen, decidedly inferior in height and
weight to the self-fertilised, and only equal to, or hardly superior
to, the intercrossed plants. Therefore, the whole advantage of &
cross with a distinet stock is here confined to productiveness, and
T have met with no similar case.

VIII. RESEDACE.

E.—RESEDA LUTEA.

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

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

‘The average height of the twenty-four crossed plants is here
17-17 inches, and that of the same number of self-fertilised plants
14613 or as 100 to 85. Of the crossed plants all but five
flowered, whilst several of the self-fortilised did not doso. Tho
above pairs, whilst still in flower, but with some capsules already
formed, were afterwards cut down and weighed. The crossed
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weighed 90+5 ounces; and an equal number of the self-fortilised
only 19 ounces, or as 100 to 21; and this is an astonishing
difference,

Tapte XXXV.
Reseda lutea, in pots,
No. of Pot. “ Crossed Plants, | Self-fertilised Plants.
T inches, Inches.
1 a2 12
143 15
191 | 11
TPl A
154 19}
1L 204 124
174 16¢
287 16§
17 13§
20 13§
L. 15 144
17 194
167 207
10 7
10 | ey
v. 2 9
19 114
187 1
16 | 16
19 164
v 253 144
22 16
8¢ 143
14§
Total in inches. | 850°86
|

Sceds of the same two lots were also sown in two adjoining
rows in the open ground. There were twenty crossed plants in
the one row and thirty-two self-fertilised plants in the other
row, 8o that the experiment was not quite fair; but not so un-
fair ns it at first appears, for the plants in the same row were not
crowded so much as seriously to interfere with each other's
growth, and the ground was bare on the outside of both rows.
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These plants were better nourished than those in the pots and
grew to a greater height. The eight tallest plants in each row
wero measured in the same manner as before, with the following
result;i—
Tapze XXXVL
Resoda lutea, growing in the open ground,

Crossed Plants. | Self-fortilised Plants,

The average height of the crossed plants, whilst in full flower,
was here 280, and that of the self-fertilised 2314 inches; oras
100 to 82. Tt is a singular fact that the tallest plant in the two
rows, was one of the self-fertilised. The self-fertilised plants had
smaller and paler green leaves than the crossed. All the plants
in the two rows were afterwards cut down and weighed. The
twenty crossed plants weighed 65 ounces, and twenty self-ferti-
Tised (by calculation from the actual weight of the thirty-two self-
fertilised plants) weighed 2625 ounces; or as100to 40. There-
fore the crossed plants did not exceed in weight the self-fertilised
plants in nearly so great a degreo as those growing in the
pots, owing probably'to the latter having been subjected to more
severe mutual competition. On the other hand, they exceeded
the self-fertilised in height in a slightly greater degree.

RESEDA ODORATA.

Plants of the common mignonette were raised from purchased
seed, and several of them were placed under separate nets. Of
these some became loaded with spontaneously self-fertilised cap-
sules; others produced.a fow, and others not a single one. It
must not be supposed that these latter plants produced no seed
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hecanse their stigmas did not receive any pollen, fur they were
repeatedly fertilised with pollen from the same plant with 1o
wffect; bat they were perfectly fertile with pollen from any other
plaut. Spontaneously self-fertilised secds were saved from one
of the highly self-fertile plants, and othor sceds were collected
from the plants growing outside the nets, which had been
crossed by the bees. These seeds after germinating on sand
were plauted in pairs on the opposite sides of five pots. The
plants were trained up nlm. and mwmrod to the summits of
their leafy stems—th We here
have the result :—

Tape XXXVIL
Reseda odorata (seedlings from a highly Sef-fertile Plant).

T I e—

m |

7|

Total in inche

The average height of the mineteén crossed plants is here
97-48, and thatof the ninetcen self-fertilised 9255 inches ; or as
100082, All these plants were cut down in the early autumn
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and weighed : the crossed woighed 11'5 ounces, and the self-
fertilised 775 ounces, or as 100 to (7. Theso two lots having
been left freely exposed to the visits of insects, did not present
any difference to the eye in the number of sced-capsules which
they produced.

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

Tapue XXXVIIT,

Resedt odorata, growing in the open ground.

Crossed Plants. | Self-fertilised Plants,

Inches.
4

The average Teight of the eight crossed plants is 25° 76, and
that of the eight fertilised 27093 or as 100 to 105.

We here have the anomalous result of the self-fertilised plants
being a little taller than the crossed ; of which fact I can offer
1o explanation. It is of course possible, but not probable, that
the labels may have been interchanged by accident.

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

Tapre XXXIX,
Reseda odorata (seedlings from a semi-self-sterile Plant),
o of Pot, Crossd Plants. | Slferilised Plnt.
T ™
L 334 a1
801 28
29 184
20 32
1. | 2
| 834 263
81 254
| 32{ 30§
1L, 504 17
s2f 2
st 24
2§ 34
v, 19, 208
30/ 824
24 81
501 86
e 84 24
»7} !
513 a2g
33 o1}
Total in inches, | sy 554°25

The average height of the twenty crossed plants is here 2098,
and that of the twenty self-fertilised 2771 inches; or as 100 to
92. These plants were then cut down and weighed; and the
crossed in this case exceeded the self-fertilised in weight by a mero
trifle, viz., in the ratio of 100 to 99. The two lots, left freely
exposed to insects, scemed to be equally fertile,

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

Tasie XL.
Reseda odorata (seedlings from a semi-self-sterile Plant, planted
inthe open ground).

Crossed Plants, | Solf-fortilised Plants.

oo | .
281 233
22 2]
2 23
23, 21
29 22
2 7,
22 27{
T 19§

Toslindo07-38 L 18838

The average height of the eight erossed plants is here 25°92,
and that of the eight self-fertilised plants 2854 inches; or as
100 to 90.

IX. VIOLACEZE.—VIOLA TRICOLOR.

‘Whilst the flowers of the common cultivated heartsease are
young, the anthers shed their pollen into a little semi-cylin-
drical passage, formed by the basal portion of the lower petal,
and surrounded by papille. The pollen thus colleoted lies
close beneath the stigma, but can seldom gnin access into its
uvlty, except by the aid of insects, which pass their proboscides

this passage info the nectary.® Consequently when I
oovnul up o large plant of a cultivated variety, it set only
ecighteen capsules, and most of these contained very fow good
seeds—soveral from only one to threo; wherens an cqually fine

* The flowers of this plant Bounett, in *Naturo! May 15,
bave been fully described by 1878, b 90; and some remarks
Delpino, ﬂ.llr Llwbelwr llrhl. p 143,
Illl.lal. Tlmhllulnlhr the
m m np a pllnl.

Tt xn i Eefrachiun of V. tricolor have been g
Plaimen snd fn * Natares Nov. by Sir . Lubbock in i e

! and
!ﬁ,lmp»ﬂ. Beealso Mr. A, W,

Flowers, &e. p. 62,
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uncovered plant of the same variety, growing close by, produced
105 fine capsules. The few flowers which produce capsules when
insects are excluded, are perhaps fortilised by the cnrling inwards
of the petals as they wither, for by this means pollen-grains
adhering to the papille might be inserted into the cavity of tho
stigma. But it is more probable that their fertilisation is effected,
as Mr. Bennett suggests, by Thrips and certain minute beetles
which haunt the flowers, and which cannot be excluded by any
net. Humble-bees are the usual fertilisers; but I have more than
onee seen flies (Rhinyin rostratz) at work, with the under sides of
their bodies, heads and legs dusted with pollen; and having
marked the flowers which they visited, I found them after a few
duys fertilised.* Tt is curious for how long a time the flowers of
the heartscase and of some other plants may be watched without
an insect being seen to visit them. During the summer of 1841, 1
observed many times daily for more than ‘a fortnight some large
clumps of heartsease growing in my garden, before Isaw a single
humble-beeat work. During another summer I did the same, but
at last saw some dark-coloured humble-bees visiting on three snc-
cessive days almost every flower in several clumps; and almost
all these flowers quickly withered and produced fine capsules.
1 presume that a certain state of the atmosphere is necessary
for the secretion of nectar, and that as soon as this occurs the
insects discover the fact by the odour emitted, and immediately
frequent the flowers,

As the flowers require the aid of inseets for their complete

* 1 should add that this fly
sppatently did pot suck the nec-
tar, but was attracted by the pu-
glin = which surround the stigma.
iller also saw a small bee, an
Andrens, which could not reach

(Blosia} m»q“enuy visits_the
flowers of the pansy. Hive-bees
do not ordinarily visit t)mm. but
& case lins been recorded (*Gar-

deners' Chronicle,” 1844, p. 374)

/

f thesobees dofng o, I. Miller
Tuns also seen the live-
but ouly on the wild ‘small:
form. ~ He gives a list
(* Nature, 1873, ms} of all the
seen visiting
both the llrge and amall-lowered
forms.  From his nccount, T sus-
pect that the flowers of plants in
a state of nature are visited more
ey, by inseots than those
he cultivated vorieties. He
hn scen several butterflies suck-
ers of wild planis,
and this 1 Haxe nover obeerv
fardens, thoogh T have waiched
the flowers during many years,
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fertilisation, and as they are not visited by insects nearly so often
as most other nectar-seeroting flowers, we ean understand the
remarkable fact discovered by H. Miiller and deseribed by him
in ¢ Nature,’ namely, that this species exists under two forms.
One of these bears conspicuous flowers, which, as we have seen,
require the aid of insects, and are adapted to bo crossfer-
tilised by them ; whilst the other form has mueh smaller and
less conspienously coloured flowers, which are constructed on a
slightly different plan, favouring self-fertilisation, and are thus
adapted to ensure the propagation of the species. The self-
fertile form, however, is oceasionally visited, and may b crossed
by insects, though this is rather doubtful.

Tnmy first experiments on Viola tricolor T was unsuccessful in
raising seedlings, and obtained only one full-grown crossed and
self-fertilised plant. The former was 12} inches and the latter §
inches in height. On the following year several flowers on a
fresh plant were crossed with pollen from another plant, which
was known to be a distinct seedling; and to this point it is im-
portant to attend. Several other flowers on the same plant
were fortilised with their own pollen. The average number
of seeds in the ten crossed capsules was 18°7, and in the twelve
self-fortilised capsules 1283 or as 100 to 69, Theso seeds,
after germinating on bare sand, were planted in pairs on the
opposite sides of five pots. They were first mensured when
about a third of their full size, and tho crossed plants then
averaged §'87 inches, and the self-fortilised only 2:00 inches in
height; or as 100 to 52. They were kept in the greenhouse, and
did not grow vigorously. Whilst in flower they were aguin
measured to the summits of their stems (seo Table XLL), with
the following resnlt:—

The average height of the fourteen crossed plants is here 558
inches, aud that of the fourteen self-fertilised 2-87; or as 100 to
42, Tn four out of the five pots, @ crossed plant flowered before
any one of the self-fertilised ; as likewise oceurred with the pair
raised during the previous year. These plants without being
disturbed were now turned out of their pots and planted in the
open ground, so as to form five separate clumps. Early in the
following summer (1869) they flowered profusely, and being
visited by humble-bees set many capsules, which were carefully
collected from all the plants on both sides. The crossed plants
produced 167 capsules, and the self-fertilised only 17; or as
1000 10, So that the crossed plants were more than twice the
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height of the self-fertilised, generally flowered ﬁm, and produced
ten times as many naturally fertilised capsules.

Tapre XLIL
Viola tricolor,
1
Sooffo. | Cromed Plants, | Sltseriied Plast,

Tocbes. Tuches,

1 83 0F
74 34

5 1i

1. 5 6

4 4

4 3§

L. 94 3}

| 33 13

81 of

. 41 2
43 1

4 2

| 6 3

| 3 1

Total in inches, | 78418 83:25

By the early part of the summer of 1870 the crossed plants in
all the five clumps had grown and spread so much more than
the self-fertilised, that any comparison between them was
superfluous. The crossed plants were covered with a sheet of
‘bloom, whilst only a single self-fertilised plant, which was much
finer than any of its brethren, flowered. The crossed and self-
fertilised plants had now grown all matted together on the
respective sides of the superficial partitions still separating them ;
and in the clump which ineluded the finest lolf—{ertllmd pll.nt
1 estimated that the surface covered by the crossed plant
about nine times as large as that covered by the self-fertil.isud
plants, The extraordinary superiority of the crossed over the
self-fertilised plants in all five clumps, was no doubt due to
the crossed plants at fiest having had a decided advantage over
the self-fertilised, aud then robbing them more and more of their
food during the succeeding seasons. But we should remember
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that the same result would follow in a state of nature even to a
greater degree; for my plants grew in ground kept clear of
weeds, so that the self-fertilised had to compete ouly with the
crossed plants; whereas the whole surface of the ground is
naturally covered with various kinds of plants, all of which
hm to struggle together for existence.

The ensuing winter was very severe, and in the following
spring (1571) the plants were again examined, All the self-
fertilised were now dead, with the exception of a single branch on
one plant, which bore on its summit a minute rosette of leaves
about as large as a pea. On the other hand, all the crossed
plants without exception were growing vigorously, So that the
self-fertilised plants, besides their inferiority in other respects,
were more tender,

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

Tapue XLIL
Vidla tricalor: seedlings from cross.d and self-fertilised Plants, the
parents of both sets aving been left to be naturally fertilised.

| Nuturally crossed  Naturally crossed
No. of Pot. | E‘I-m.- from lrﬂll— Plants from self-
ly crossed Plas fertilised Plants.
Inches. | lnkbrl.
L 124 |
1§ s
L. 13§ | T
10 | 1
1. ‘ 144 1}
13§ 11
Total in inches. | 7538 | 61°88 .
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derived from the erossed plints flowered in all three pots before
the naturally crossed secdlings derived from the self-fertilised
plants. When both lots were in full flower, the two tallest
plants on each side of each ])ui were measured, and the result
is shown in the preceding tal

"The average height of m.e six fallest plants derived from the
crossed plants is 1256 inches; and that of the six tallest plants
derived from the self-fertilised plants is 10°51 inches; or as
100 to 82. We here seo a considerablo difference in height
Detween the two sefs, 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
Intter sct of plants having inherited a weak constitution from
their parents, the offspring of self-fertilised flowers ; notwith-
standing that the parents themselves had been frecly inter-
erossed with other plants by the aid of insects.

X. RANUNOULACE/E.—ADONIS ZSTIVALIS.

‘The results of my experiments on this plant are havdly worth
giving, as T remark in my notes made at the time, “scodlings,
from some unknown eause, all miserably unhealthy.” Nor did they
ever become healthy; yet T feel bound to give the present case,
us it i opposed to the general results at which T have arrived.
Fifteen flowers were erossed and all produced fruit, confaining
on an average 32°5 seeds; nincteen flowers were fertilised with
their own pollen, and they likewise all yielded fruit, containing
« rather larger average of 34°5 sceds; or as 100 to 106. Seedlings

ere mised from these seeds. Tn one of the pots all the self-
fertilised plants died whilst quite young; in the two others, the
‘meas rements were as follows :

Tasue XLIIL
Adonis astivalis.

No of Pot, Crossed Vants, | Selffentlised Plants.
Inches,
L
134
L. 163
‘ 13§
Total in inches. ‘ 57:00
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Tho average height of the four crossed plants is 1425, and
that of the four self-fertilised plants 14-31; or as 100 to 100°4;
50 that they were in fuct of equal height.  According to Professor
. Hoffmann,* this plant is proterandrous ; nevertheless it yields
plenty of seeds when protected from insects.

DELIHINIUM CONSOLIDA.

1t has been said in the case of this plant, as of so many
others, that the flowers are fertilised in the bud, and that
distinet plants or varieties can never naturally intercross.t But
this is an error, as we may infer, firstly from the flowers being
,—the mature stamens bending up, one after the
., into the passage which leads to the nectary, and afterwards
the mature pistils bending in the same direction; secondly, from
the number of humble-bees which visit the flowers $ ; and thirdly,
from the greater fertility of the flowers when crossed with pollen
from a distinet plant than when spontaneously solf-fertilised. In
the year 1863 I enclosed a large branch in o net, and crossed five
Howers with pollen from a distinet plant; these yielded capsules
containing on an average 85°2 very fine seeds, with a maximum of
forty-two in one eapsule. Thirty-two other flowers on the same
branch produced twenty-eight spontancously self-fertilised cap-
sules, containing on an average 17-2 seeds, with a maximum in
one of thirty-six seeds. But six of these capsules were very poor,
yiolding only from one to five sceds; if these are excluded, the
mininsmnty ~bwo capsules give an average of 209 sceds,
though many of these seeds were small. The fairest ratio,
therefore, for the number of sceds produced by a cross and by
spontaneous self-fertilisation is as 100 to 59. These sceds were
ot sown, 18 I had too many other experiments in progress.
Tn the summer of 1867, which was a very unfavourable one,

T again crossed several flowers under a net with pollen from a

distinet plant, und fertilised other flowers on the same plant with
their own pollen. The former yiclded a much larger proportion
of capsules than the latter; and many of the seeds in the
fertilised capsules, though numerous, were so poor that an equal
number of seeds from the crossed and eelf-fertilised capsules

® iZur Speciesfrge’ 1575, 3 Their structuro is dese
pIL by H. Miiller, * Befruchtung,
Dectime, - Compter-tendun 1. 122
'lﬂﬁl’
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were in weight as 100 to 45. The two lots were allowed to
zerminate on sand, and pairs were planted on the opposite sides
of four pots. When nearly two-thirds grown they were
measured, as shown in the foliowing table :—

Tapre XLIV.
Delphinium consolida.
Tnches. Tnches,
1 11 11
1L | 19 | 163
| 167 114
| |
L 1 26 ‘ 22
v,
Total in inches,

The six crossed plants hiere average 14:95, and the six self-
fertilised 12750 inches in height; or as 100 to 84. When fally
grown they were again measured, but from want of time ovly a
single plant on each side was measured ; so that I have thought
it best to give the earlier measurements. At the later period
the three tallest crossed plants still exceeded considerably in
height the three tallest self-fertilised, but not in quite so great
u degree as before. The pots were left uncovered in the green-
house, but whether the flowers were infercrossed by bees o sel
fortilised I do not know. The six crossed plants produced 252
mature and immature L.L[vmles, whilst the six self-fertilised
plants produced only 159 or as 100 to 56. So that the crossed
plants were very much more ]u'o\lllchve than the self-fertilised.

XI. CARYOPHYLLACEZ.—VISCARIA OCULATA.

Tyelve flowers were crossed with pollen from another plant,
and yielded ten capsules, containing by weight 5-77 grains of
seeds. Tighteen flowers were fertilised with their own pollen
and yielded twelve capsules, containing by weight 2°63 grains.
Therefore the sceds from an equal pumber of crossed and self-
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flowers would have been in weight as 100 to 38. Thad
selected a medinm-sized capsule from each lot, and
counted the seeds in both; the crossed one contained 284, and
the self-fertilised one 126 seeds; or as 100 to 44. These seeds
‘were sown on opposite sides of three pots, and several seedlings
raised ; but only the tallest flower-stemn of one plant on each
side was mensured, . The three on the crossed side averaged 32°5
inches, and the three on the self-fertilised side 34 inches in
; oras 100 to 104, But this trial was on much too small
# soale to be trusted; the plants also grew so unequally that
one of the three flower-stems on the crossed plants was very
nearly twice as tall as that on one of the others; and one of
the three flower-stems on the selffertilised plauts exceeded in
an equal degree one of the others.

In the following year the experiment was repeated on a larger
flowers were crossed on a new set of plants and
capsules containing by weight 6°54 grius of seed.
spontaneously self-fertilised capsules were guthered,
contained no seed ; the other sixteen contained by
grains of seed. Therefore the weight of seed from
of erossed and spontaneously self-fertilised
of artificially fertilised as in the previons case)

i

i

i

after g on sand were planted in pairs on
the opposite sidesof four pots, with all the remaining seeds sown
crowded in the opposite sides of a fifth pot; in this latier pot
only the fallest plant on each side was measured. Until the
W had grown abont 5 inches in height no difference

The fifteen crossed plants here average 345, and the fifteen
self-fertilised 83°55 inches in height; or as 100 to 97. So that
theexcess of height of the crossed plantsis quite insignificant,  In
productiveness, however, the difference was much more plainly
marked. All the capenles were gathered from both lots of plants
sept from the crowded and unproductive ones in Pot V.), and
it the close of the season the few remaining flowers were added
in. The fourteen crossed plants produced 381, whilst the fours
‘teen self-fertilised plants produced only 203 capsules and flowers ;
or s 100 to 77.

P

K2
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Tasue XLV,
Viscaria oculuta,
T L e—
Incbes, | Incbes
1. 19 32§
33
41
41
L. a7y 6
564 82
88 | 3
1L 4y | 36
303 201
39
v 507 6
31 39
33} | 29
24 | 884
50¢ 4
ches. | 503:36

DIANTHUS CARYOPHYLLUS.

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

* *Ganleners’ Chronicle,” 1847, p. 268.
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Several single-flowered carnations were planted in good soil,
and were all covered with a net. Eight flowers were crossed
with pollen from a distinet plant and yielded six capsules,

ining on an average 88-6 seeds, with a maximum in one of
112 seeds. Eight other flowers were self-fertilised in the
manner ahove deseribed, and yielded seven capsules containing
on an average 82 seeds, with a maximum in one of 112 seeds.
So that there was very little difference in the number of seeds
prodoced by cross-fertilisation and self-fertilisation,
100 t0 92. As these plants were covered by a net, they pro-
duced spontaneously only a fow capsules containing any seeds,
and theso few may perbaps be attributed to the action of
Thrips and other minute insects which haunt the flowers. A
largo majority of the spontancously self-fertilised capsules pro-

than any of the others. On another oceasion a single covered-ups
plant spontancously eighteen capsules, but only two of

many seeds obtained from the above crossed and artificially
self-fertilised flowers were sown out of doors, and two large beds
ofndlhﬂ,eknlyldinhmgmnm thus raised. This

then formed any regular scheme of operation. When the two
lots wero in full flower, T measured roughly a large number of
plants but record only that the crossed were on an average
fully 4 inches taller than the self-fertilised. Judging from
uent measurements, we may assume that the crossed
, were about 28 inches, and the self-fertilised about
inehes in height; and this will give us a ratio of 100 to
86, Out of & Jarge number of plants, four of the crossed ones
flowered beforo any one of the self-fertilised plants.

“Thirty flowers on these crossed plants of the first generation
were again crossed with pollen from a distinct plant of the same
lot, and yielded twenty-nine capsules, containing on an averaze
55°(2 seeds, with & maximum in one of 110 sceds.

flowers on the self-fertilised plants were ngmu self-
fertilised ; eight of them with pollen from the same flower, and
the remainder with pollen from another flower on the same

!'g-i
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plant; and these produced twenty-two capsules, containing on an
average 85°95 seeds, with a maximum in one of 61 seeds. We
thus sec, judging by the mumber of secds per eapsuls, that the
crossed plants again crossed were more productive than the
self-fortilised again self-fertilised, in the ratio of 100 to 6.
Both the crossed and self-fertilised plants, from having grown
much erowded in the two beds,<produced less fine capsules and
fewer seeds than did their parents.

Crossed and selffertlised Planis o the Second Generation
crossed and self-fertilised seeds from th d and self-ferti
plants of the last generation were sown on opposite mdes of two
pots; but the seedlings were not thinned enough,so that both los
grow very v, and most of the self-fertilised plants after
a time died from being smothered. My measurements were,
therefore, very incomplote. From the first the crossed seedlings
appeared the finest, and when they were on an average, by esti-

wtion, 5 inches high, the self-fertilised plants wero only 4
inches. In both pots the crossed plants flowered first. The two
tallest flower-stems on the crossed plants in the two pots were
37 and 164 inches i height; and the two tallest flower-stems
on the self-ertilised plants 10} and 9 inches; so that their
Teights were as 100 to 58. But this ratio, deduced from only
two pairs, obviously s not in the least trustworthy, and would
ot have been given had it not been otherwise supported. I
stato in my notes that the crossed plants were very much more
Tuxuriant than their opponents, and seemed to be twice as
Dulky. This latter estimate may be believed from the ascertained
weights of the two lots in the next generation. Some flowers
on these crossed plants wero again crossed with pollen from
another plant of the tame lot, and some flowers on the self-
fertilised plants again self-fertilised; and from the seeds thus
obtained the plants of the next generation were raised.

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

The
d
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Tasie XLVL
Dianthus caryophyllus (Third Generation).

No, of Pt Crossed Plants, | Self-ferullset Plauts,

| Incles. Inches,
80

The average Mgm of the eight erossed plants is here 25°3Y
inches, and of the eight self-fertilised 28-21; or as 100 to 9.
So M there was 1o differenco in height worth speaking of;

These plants were all kept under & net, so thut the capsules

which they produced must have been all spontancously self-
fertilised, The eight crossed plants produced twenty-one such
capsules, of which only twelve contained any seed, averaging
85 por capsule. On the other hand, the eight self-fertilised
plants produced no less than thirty-six capsules, of which 1
examined twenty-five, and, with the exception of three, all
contained seeds, averaging 10°63 seeds per capsule. Thus the
proportional number of seeds per capsule produced by the plants
of crossed origin o those produced by the plants of self-fertilised
origin (both lots being spontaneously self-fertilised) was as 100
10 125. This anomalous result is probably due to some of the
selffertilised plants having varied so as to mature their pollen
and stigmas more nearly at the same time than is proper to
the species ; and we have already seen that some plants in the
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first experiment differed from the others in being slightly more
self-fertile.

e Effects of @ Crass with a fresh Stock.—Twenty flowers on the
self-fertilised plants of the last orthird generation, in Table XLVL.,
wero fertilised with their own pollen, but taken from other
flowers on the same plants. These produced fifteen capsules,
which contained (omitting two with only three and six seeds)
on an average 4723 seeds, with a maximum of seventy in one.
The sel{-fertilised capsules from the self-fertilised plants of the
first generation yielded the much lower average of 35°95 seeds;
but as these latter plants grow extremely crowded, nothing ean
be inferred with respect to this difference in their self-fertility.
The seedlings raised from the above seeds constitute the plants
of the fourth self-fertilised generation in the following table
(XLVIL).

Twelye flowers on the same plants of the third self-fertilised
generation, in Table XLVI., wero crossed with pollen from the
crossed plants in the same table. These crossed plants had been
intercrossed for the three previous generations; and many of
them, no doubt, were more or less elosely inter-related, but not
50 closely as in some of the experiments with other species; for
several carnation plants had been raised and crossed in the
earlier generations. They were not related, or only in a distant
degree, to the self-fertilised plants. The parents of both the
self-fertilised and crossed plants had been subjected to as nearly
as possible the same conditions during the three previous genera-
tions.The above twelve flowers produced ten capsules, contain-
ing on an average 4866 seeds, with a maximum in one of
seventy-two sceds. The plants raised from these seeds may be
called the intercrossed.

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

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

Tasse XLVIL.
Dianthus exryophyilus.

Neorbor, | Lmonomscd iurcromos piania)  S15fertileed
d T b | duches ]
: 2 39 25}
wl 21f
I 3
ul
. 287 803
+ 23}
. 83, 85§ 30
28 8 243
e 2 54 5
0 24§ ¥
Vi 824 247 301
a 2 244
ViL
ViIL ‘
IX.

Totalin fnches.|
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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 one of the three columns
in Table XLVIL An 0 in the table signifies that the seedling
died before it was measured; and a + signifies that the plant
did not produce a flower-stem, and therefore was not

It deserves notice that 10 less than eight out of the eighteen self-
fertilised plants either died or did not flower; whereas only
three out of the eightoen intercrossed, and four out of the twenty
London-crossed plants, wero in this predicament. The self-
fertilised plants had a decidedly less vigorous appearance
than the plants of the other two lots, their leaves being
smaller and narrower. In only one pot did a self-fertilised plant
flower before one of the two kinds of erossed pisnts, between
which there was no marked difference in the period of flowering.
The plants were measured to the base of the calyx, after they
had completed their growth, late in the autumn.

The average height of the sixteen London-crossed plants in
the preceding table is 32°82 inches; that of the fifteen inter-
em«ed plants, 28 inches; and that of the ten self-fertilised
plan

ts, 2
So Mmt in height we have the following ratios: —

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

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

Tho sixteen London-crossed plants actually produced 286
capsules; therefore twenty such plants would have produced
8575 capsules; and from the actual weight of the seeds, the
twenty plants would have yiclded 462 grains weight of seeds.
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The fifteen intercrossed plants actually produced 157 capsules;
thereforo twenty of them would haye produced 209°3 capsules,
and the seeds would have weighed 208" 48 grains.

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

From these data wo get the following ratios: —

Number of capsules produced by an equal number of plants of
the three lots.
Number of Capaules.
The London-crossed to the self-fertilised, as 100 to 89
The London-crossed to the intercrossed, as 100 to 45
The intererossed to the self-fertilised, as 100 to 67

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

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

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

Colour of the Flowers.—The flowers produced by the self-fertilised
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plants of the last or fourth generation were ns wniform in tint
as those of a wild species, being of a pale pink or rose colonr.
Analogous cases with Mimulus and Ipomeea, after soveral
generations of self-fertilisation, have been: nlready given. The
flowers of the intererossed plants of the fourth generation were
likewise nearly tmiform in colour. On the other hand, the flowers
of the London-crossed plants, or those raised from & eross with
the fresh stock which bore dark erimson flowers, varied extremely
in colour, as might have been cxpected, and as is the general
rule with seedling carnations. It deserves notice that only two
or three of the London-crossed plants produced dark crimson
flowers like those of their fathers, and only a very few of & pale
pink like those of their mothers. The great majority had their
petals longitudinally and variously striped with the two colours,
—the gronndwork tint being, however, in some cases darker
than that of the mother-plants.

XII. MALVACEE.—HIBISCUS AFRICANUS.

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

Tasie XLVIIL
Hibiseus africanus.
O T prr—
L 'xn?ﬁ
* 1L 14 o 14
A Wl | -
v, 14
Total in inches. 55:00
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e 1325, and the four self-

ﬂi,l-inh-gm or as 100 to 109. Here we have
cﬂt—htﬂindp ts exceeding the erossed

four pairs were measured, and these did not
-Idﬂmimpuﬂhahrﬁlﬂyoﬁ.hotw
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CHAPTER V.
GERANIACES, LEGUMINOSE, ONAGRACES, KTC.
Pelar zomale,  cross between plants propagated by cuttings

does no gmd—'l‘mpanlnm winus—Limnanthes duugll!ll»anxn\u
luteus and pilosns—Phascolus multifiorns and vulgaris—Lat
odoratus, variceties of, never aatoally ntersot fn l;ngl-nd~hmm
sativum, varieties of, rarely in u cross between them
highly beneficial—Sarothamnus scoparius, wonderful effects of a
cross—Ononis minutissima, cleistogene flowers of—Summary on
the Leguminosss—Clarkia. elegans—Bartonia. auren — Passifiora
gmeilis—Apium petroselinum — Scabiosa. afropurpurea — Lactuca
“tin_Specuiars spoculun—Lobelia ranon, sdrinisges of &
eross du Tobelia ful phila insignis,
ront Adeartages of & crom—Borago offcinalln—Nolkha prostrata.

XIII. GERANIACEZE.—PELARGONIUM ZONALE,

Tins plant, as a general rule, is strovgly proterandrous,* and
i therefore adapted for cross-fertilisation by the aid of insects.
Some flowers on a common scarlet variety were self-fertilised,
and other flowers were crossed with pollen from another plant;
but 10 sooner had I done so, than I remembered that these
plants had been propagated by cuttings from the suane stock,
and were therefore parts in o strict sense of the same individual.
Nevertheless, having made the cross 1 resolved to savo the seeds,
Which, after germinating on sund, were planted on the opposite

* 3r. 3. Denny, u great muier  whicl alo the pisil i requently
of new varieties of pelargoniums, - short, o when it expands it is
S catig thas Sin ppocion 1y | e it were by_ the

proterandrous, adds (* The Florist
and Pomologist,” Jun. 1872, p. 11)
“ihere nre some varieties, espe-
clally those with petuls of  piuk

colour, or which possess n weakl;

constitution, where the pistil ex-
pands as soun as or even before
the pollen-bag bursts, and in

example of this fuct,”

ere an interesting case of va-
siubility in an important fane-
tioual point,
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sides of three pots. In one pot the qnasi-crossed plant was very
soon and ever afterwards taller and finer than the self-fertilised.
In the two other pots the scedlings on both sides were for a time
exactly equal; but when the self-fertilised plants were about
10 inches in height, they surpassed their antagonists by a little,
und ever afterwards showed a more decided and increasing
advantage; so that the self-fertilised plants, taken altogether,
were somewhat superior to the quasi-crossed plants. In this
case, as in that of the Origanum, if individuals which bhave been
asexually propagated from the same stock, and which have been
long subjected to the same conditions, are erossed, no advantage
whatever is gained.

Several flowers on another plant of the same varicty were
fertilised with pollen from the younger flowers on the same plant,
%0 us to avoid using the old and long-shed pollen from the same
Alower, as T thought that this Iatter might be less efficient than

rather
iuy were planted on the oypodh sides of four poh
TApiE XLIX.

Pulirgonim: sonals.
No. of Put. Crossed Plants. Iihll-hﬁllld Plants,
Tiches, ! Tnchos,
1 m‘ 25§
19 { 124
L. 1% 19§
123 2af
1L 30 ‘ 19f
184 | 74
-
v, 38 | 9}
| ¥
Total fn taches. 16690 | 1608

‘When the two lots of seedlings were hetween 4 and 5 inches in
Teight they were equal, excepting in Pot 1V., in which the crossed
plant was much the tallest. When between 11 and 14 inches
in height, they were meusured to the tips of their uppermost
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leaves; the crossed averaged 13+46, and the self-fertilised 11°07
inches in height, or as 100 to 82. Five montas later they were
again measured in the same manner, and the results are given
in the preceding table.

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

As T wished to ascertain how these plants would behave
during a second growth, they were cut down close to the ground
whilst growing freely. The crossed plants now showed their
superiority in another way, for only one out of tho seven was
killed by the operation, whilst threo of the self-fertilised plants
never recovered. There was, therefore, o use in keeping any of
the plants excepting thosa in Pots 1. and IIL; and in the
following year the erossed plants in these two pots showed during
their second growth nearly the same relative superiority over
the self-fertilised plants as before,

THOFAEOLUM MINUS.

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

Seeds in an equal state of germination were planted on the
opposite sides of four pots, but only the two tallest plants on
each side of each pot were measured {o the tops of their stems.
“The pots were placed in the greenhouse, and the plants trained
up sticks, so that they ascended to an unusual height. In three
of the pots the crossed plants flowered first, but in the fourth
at the same time with the self-fertilised. When the seedlings
were between 6 and 7 inches in height, the crossed began to
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a advantage over their opponents. When grown to
height the cight tallest crossed plants averaged
the eight tallest self-fertilised plants 37-34 inches,
00 to 84, When their growth was completed they were
sured, as shown in the following table:—

3680

now averaged 5843, and the
,E'." 46 inches in height, or as 100

also wmhhhﬂmydﬂmhm
left uncovered in the greenhouse. On the 17th
‘the capsules from all the plants were gathered,
s counted. The crossed plants yielded 243, whilst
'““dn!!-f&ﬁhedpmﬂslddonly 155 seeds,

3 _LINNANTHES DOUGLASIL
| flowers were erossed and self-fertilised in the usual
ut there was no marked difference in the number of
yielded. A vast number of spontaneously self-
nles were also produced under the net. Seedlings
n five pots from the above seeds, and when the
ﬂlluiﬂindﬂmhmghtthﬂynhowed a slight
 the self-fertilised. Whendnubleamhugm the
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sisteen crossed and sixteen self-fertilised plants were measured
to the tips of their leaves; the former averaged 7°8 inches, and
the self-fertilised 607 inches in height, or as 100 to 83, In
all the pots, excepting IV., a erossed plant flowered before any
one of the self-fertilised plants. The plants, when fully grown,
were again measured to the summits of their ripe capsules, with
the following result:—

Tasre LI
Limnanthes douglasii.

Xo. of Pot.
L
1L
L.
w,
¥
14§ | 12
Total in inches. | 27950 i 20775

The sixteen crossed plants now averaged 17+46, and the
fitteen (for one had died) self-fertilised plants 1385 inches in
height, or as 100 to79. Mr. Galton considers that a higher ratio
would be fairer, viz., 100 to76. He made a graphical representa-
tion of the above measurements, and adds the words “very
#00d” to the cnrvature thus formed. Both lots of plants pro-
duced an abundance of seed-capsules, and, as far as could be
judged by the eye, there was no difference in their fertility.
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XIV. LEGUMINOS.E.
this family I experimented on the following six
Lupinus, Phaseolus, Lathyrus, Pisum, Saro-
and Ononis.

gga'

LuriNus LoTEvs.*
flowers were erossed with pollen from a distinet plant,
to the unfavourable season only two crossed seeds
produced. Nine seeds were saved from flowers spon-
taneously solf-fertilised under a net, on the same plant which
yielded the mmm Ounl' these crossed needswm\

£
i§§

the latter came up between two and three days before the crossed
seed. The second crossed seed was sown in like manner with
T, e i {hoes

dl,hbmlha_dm In both pots, therefore,
from germinating later, were at first com-

hlln by the self-fertilised; nevertheless, this state of
Te) The seeds

ﬂ{s

lﬂn'nuil completely
ﬁomtwnn.ndthpat,whluhwmmnch too
mﬂ.'—hqlh gmmhouu The plants in consequence
grew badly, and the self-fertilised ummd mn-tmbumpm.
The two d plants

were 9 inches in height; waolﬁwnl”crﬁlindpllnhm

fertilised podsunder a net, and seeds from these were used in the
I t.
Crossed and self-fertilised Plants of the Second Generation.— The

(‘Noture,' 1872, p. 499) that
*there is a cavity at Iho back and
base of the vexillum, in which 1
hisve not been able to find nectar.
But the bees, which constantly
visit. these flowers, certainly go fo
this eavity for what they want,
d not to the staminal tube.”

L2
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thnwnsly self-fertilised soeds just mentioned, and crossed

btained by intererossing the two erossed phnh of the last.
mmm after germinating on sand, were planted in pairs on
the opposite sides of three large pots. When the seedlings were
only 4 inches in height, the crossed had a slight advantage
aver their opponents, When grown to their full height, every
one of the erossed plants exceeded its opponent in height.
Nevertheless the self-fertilised plants in all three pots flowered
before the crossed! The measurements are given in the
following table :—

TapLe LIT
Lupinus luteus.
No.ofPot. | Crowed Plants,  Selbfertilised Plants.
| |._.77 o e
L 833 244
30, 18
MI 1
1L 204 2
30 25
. 304 2
31 27
813 24
Total in inches, | 246-25 20175

The eight crossed plants here averago 80°78, and the eight
salf-fertilised 25°21 inches in height; oras 100 to 2. These
plants were left uncovered in the greenhouse to set their pods,
but they produced very few good ones, perhaps in part owing o
fow boes visiting them. The erossed plants produced nine pods,
containing on an average 34 seeds, and the self-fertilised plants
seven pods, containing on an average 3 seeds, so that the seeds
from an equal number of plants were as 100 fo 88,

Two other crossed scodlings, each with two self-fertilised
seedlings on the opposite sides of the samo 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 compatition with one another, in com-
parison with the plants in the above three pots. In the autumn

@ The Camplete Work of Charles Darwin Online



Cuar. V. *  LUPINUS PILOSUS. 149

the two crossed plants were about 3 inches taller than the four
self-fertilised plants; they looked also more vigorous and pro-
duced many more pods.

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

LUPINUS PILOSUS.

From a series of accidents T was again unfortunate in obtaining
a sufficient number of crossed seedlings; and the following
vesults would not be worth giving, did they not strictly accord
with those just given with respect to L. lufeus. 1 raised at first
only a single crossed scedling, which was placed in competition
with two self-fertilised ones on the opposite side of the same
pot. These plants, without being disturbed, were soon after-
wards turned into the open ground. By the autumn the erossed
plant had grown to so large a size that it almost smothered
the two self-fertilised plants, which were mere dwarfs; and
the latter died withont maturing a single pod. Several self-
fertilised sceds had been planted at the same time separately
in the open ground ; and the two fallest of these were 33 and
82 inches, whereas the one crossed plant was 38 inches in height.
This latter plant also produced many more pods than did any
one of the self-fortilised plants, although growing separately. A
few flowers on the one crossed plant were crossed with pollen
from one of the self-fertilised plants, for T had no other crossed
plant from which to obtain pollen. One of the self-fertilised
plants having been covered by a net produced plenty of spon-
taneously self-fertilised pods.

Crossed and self-fertilised Plants of the Second Generation—From
erossed and self-fertilised seeds obtained in the mamner just
described, T succeeded in raising to maturity only a pair of
plants, which were kept in a pot in the greenhouse. The crossed
plant grew to a height of 33 inches, and the self-fertilised to
that of 26} inches, The former produced, whilst still kept in
the greenhonse, eight pods, containing on an average 2°77 seeds;
and the latter only two pods, containing on an average 2'5
seeds. The average height of the two erossed plants of the two
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generations taken together was 855, and that of the three self-
fertilised plants of the same two generations 80°5; or as 100
to 86.*

PHASEOLUS MULTIFLORUS.

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

in the * Annals and Mag. of Nat

i (th seris) Oct.
My oo Francia

ey uplmn«l (« uhlrs. Jun.

when insects are excluded ; bnl
Mr. Swale, of Christelurch, in

osu

s e nanly,

a ume vertieal projection on thie
single freo stam

il seems placed v i to guard

ito the two nectar-

holes in the staminal sheath.

He shows that this projection pre-

venta the bees reaching the uectar,

unless they go to the left side of

froely than any other e
leguminung plant, with the escep-
tion of red clover. He a

have, for amusement, duriog tho
sunior, released o staruent with

a pin, and a pod of seed has always  the flower, and it is absolutely
rewarded me for my trouble, the  mecessart for fertilisation
adjoining flowers 1ot s served  that they should alight on the
having ull proved blind.” 1 do
nok dbow 1o what species thia g +Gusdeness’ Chronicle? 1657,
statement refers. P,120: and mors capecialy ibid,
¥ The flowers have been de- 1836, p. Al * Annals and

seribed by Delpino, and in an
admirable manner by Mr. Farrer

Mag, o Not, it oot scries,
vol. i, 1853. p. 462,
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fine pods. When the net was taken off, the flowers were imme-
dintely visited by bees, and it was interesting to observe how
quickly the plants became covered with young pods. As the
flowers are much frequented by Thrips, the self-fertilisation of
most of the flowers under the netmay have been due to the action
of these minute inseots. Dr. Ogle likewise covered up a large
portion of a plant, and “out of a vast number of blossoms thus
protected not asingle one produced a pod, while the unprotected
blossoms were for the most part fruitfal” Mr. Belt gives a
‘more curious caso; this plant grows well and flowers in Nicaragua;
but as none of the native bees visit the flowers, not a single pod
is ever produced.*

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

PHASEOLUS MULTIFLORUS.

* Dr. Ogle, * Pop. Science Re-
view, 1870, p. 168, Mr. Belt,
The Naturalist in Nicaragun,
L p 0. Tho ater uther

case (¢ Nature) 1875,

5.26) af & e orop of P mul
[Rorud. noar Londou, which »was
B o 1 e

cuttin, ley frequently
o, holos st (5 Din e imers
entering them in the

proper manner.

§ Téoondation ohes les Vege-
tans,” 1859, pp. 3440, He adds
that M. Villiers has described a
spontancous hybrid, which he
calls P. cocineus hybridus, in the
+ Annales do ln Soc, . de Horti-
culture; June 184

1 ¢ Bostimmung _des Werthes
von Specles und Variett” 1865,
pp. 47T
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ncous variability. But the above distance would be very far from
sufficient to prevent intercrossing: cabbages have been known to
cross at several times this distance; and the careful Giirtner*
gives many instances of plants growing at from 600 to 800 yards
apart fertilising one another. Professor Hoffmann even maintains
that the flowers of the kidney-bean are specially adapted for
self-fertilisation. He enclosed several flowers in bags; and as
the buds often dropped off, he attributes the partial sterility of
these flowers to the injurious effects of tho bags, and not to the
exclusion of inseets. But the only safe method of experimenting
i8 to cover up a wholo plant, which then never suffers.

Self-fertilised secds were obtained by moving up and down in
{hie same mauner as bees do the wing-petals of flowers protected
by a net; and crossed seeds were obtained by crossing w0 of the
plants under thesame net. The seeds after germinating on sand
were planted on the opposite sides of two large pots, and equal-
sized sticks were given them to twine up. When 8 inches
in height, the plants on the two sides were equal. The erossed
plants flowered before the sclf-fertilised in both pots. As soon
a3 one of each pair had grown to the summit of its stick both
were measured.

Tasie LIIL
Phaseolus modtiflorus,
No. of Pot. y Crossed Plants. | Self-fertilised Plants.
v | Inches. Anches. )
L | 87 844
| 88 8
I 824 76
. \ % 76,
824 &
Total in inches. | 43000 175

The average height of the five crossed plants is 86 inches, and
that of the five self-fertilised plants 82+35; oras 100 fo 96. The
pots were kept in the greenhouse, and thero was littlo or no
difference in the fertility of the two lots. Therefore as far as
these few observations serve, the advantage gained by a cross is
very small.

* “Kenntuiss der Befrachtung,” 1844, pp. 578, 577.
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PHASEOLUS VULGARIS.
With respect to this specios, T merely ascertained that the
flowers were highly fertile when insects were excluded, as indeed
must bo the case, for the plants are often forced during the
winter when 1o insects are present. Some plants of two varieties
(viz, Canterbury and Fulmer's Forcing Bean) were covered with
anet, and they seemed to produce as many pods, containing as
many beans, as some uncovered plants growing alongside; but
nether the pods nor the beans were actually counted. This
difference in self-fertility between P. vulgaris and multiflorus is
remarkable, as these two species are so closely related that
Linngeus thought that they formed one.  When tho varicties of 2.
wulgaris grow near one another in the open ground, they some-
times cross largely, notwithstanding their capacity for self-
fortilisation. Mr. Coe has given me 8 remarkable instance of
this fact with respect to the negro and & white-seeded and
& brown-sceded varicty, which were all grown together. The
diversity of character in the seedlings of the second generation
raised by me from his plants was wonderful. I conld add other
analogous cases, and the fact is well known to gardeners.*

LATHYRUS ODORATUS.

Almost everyone who has studied the structure of papi-
lionaceous flowers has been convinced that they are specially
adapted for cross-fertilisation, although many of the species are
likewise capable of self-fertilisation. The case therefore of
Zathyrus odoratus or the sweet-pea is curious, for in this
country it seems invariably to fertilise itself, I conclude that
this is 80, as five varieties, differing greatly in the colour of their
flowers but in no other respeet, are commonly sold and come
true; yet on inquiry from two great raisers of sced for sale, T
find that they take no precautions to insure purity—the five
‘varieties being habitually grown close together.t I have myself
purposely made similar trials with the same result. Although
the varioties always come true, yet, as we shall presently see, one

o e siven Mz, Cods case  turo 1872 pr 212, 1o the same
the * Gardencrs’ Chronicle)  effect, Ho ance, however, sww
tu& s $20. Seoalso for another  bocs visiing tho flowers, and sup-
ni.r posed that on this occasion ﬂny

B #8053 W, Bartey 1o 30 ouid Bave boen
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of the five well-known varieties occasionally gives birth to another,
which exhibits all its usual characters. Owing to this curious
fact, and to the darker-coloured varieties being the most pro-
ductive, these incrense, to the exclusion of the others, as T was
informed by the late Mr. Masters, if there be no selection.

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

As no variability of this kind_ can be detected in plants raised
from seeds, the purents of which have grown during many sue-
cessive generations in close proximity, wermay infer that they
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cannot have intercrossed.  What does occasionally occur is that

in & row of plants raised from seeds of one variety, another

variety true of its kind appears ; for instance, in a long row of

Scarlets (the seeds of which had been carefully gathered from

| Searlots for the sake of this experiment) two Purples and one
Painted Lady appeared. Sceds from these three aberrant plants
were saved and sown in separate beds. The seedlings from both
the Purples were chiefly Purples, but with some Painted Ladies
and some Scarlets, The seedlings from the aberrant Painted
TLady were chiefly Painted Ladies with some Scarlets. Each
variety, whatever its parentage may have been, retained all its
characters perfect, and there was 1o streaking or blotching of
the colours, as in the foregoing plants of crossed origin. Another
variety, however, is often sold, which is striped and blotched
with dark purple; and this is probably of crossed origin, for I
found, as well as Mr. Masters, that it did not transmit its
characters at all truly.

From the evidenco now given, we may conclude that the
varieties of the sweet-pen rarely or never intercross in this
country; and this isa highly remarkable fact, considering, firstly,
the general stracture of the flowers; sccondly, the large quantity
of pollen produced, far more than is requisite for self-fertilisation ;
and thirdly, the occasional visits of insects. That insects should
sometimes fail to eross-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
4 to expose the anthers and stigma; they were therefore quite
inefficient for fertilising the flowers. One of these bees, namely,
Bombus lapidarius, stood on one side at the buse of the standard
and inserted its proboscis beneath the single separate stamen, as
1 afterwards ascertained by opening the flower and finding this
stamen prised up. Bees are forced to act in this manner from
the slit in the staminal tube being closely covered by the broad
membranous margin of the single stamen, and from the tube
not being perforated by nectar-passages. On the other hand,
in the three British species of Lathyrus which I have examined,
and in the allied genus Vicia, two nectar-passages are present.
Therefore British bees might well be puzzled how to act in
the case of the sweet-pea. I may add that the staminal tube
of another exotic species, Lathyrus grandiflorus, is not per-
forated by nectar-passages, and this species has rarely sot any
pods in my garden, unless the wing-petals were moyed up and
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down, in the same manner as bees ought to do; and then pods
were generally formed, but from some cause often dropped off
afterwards. One of my sons canght an elephant sphinx-moth
‘whilst visiting the flowers of the sweet-pea, but this insect would
ot depress the wing-petals and keel. On the other hand, T have
seen on one oceasion hive-bees, and two o three occasions the
Megachile. willughbiella in the act of depressing the keel; and
these bees had the under sides of their bodies thickly covered
with pollen, and could not thus fail to carry pollen from one
flower to the stigma of another. Why then do not the varicties
lly intercross, though this would not often happen, as
insects so rarely act in an efficient manner? The fact cannot, as
it appears, bo explained by the flowers being self-fertilised at a
very early ago; for although nectar s sometimes secreted and
polien adheres to the viscid stigma before the flowers are fully
expanded, yet in five young flowers which were examined
by me the pollen-tubes were not exserted. Whatever the cause
may be, we may conclude, that in England the varieties never or
very rarely intercross. Bat it does not follow from this, that
they would not be crossed by the aid of other and larger insects
in their native country, which in botanical works is said to be
the south of Europeand the East Indies. Accordingly T wrote
to Professor Delpino, in Florence, and he informs me “ that it is
the fixed opinion of gardencrs there that the varieties do inter-
cross, and that they cannot be preserved pure unless they are
SOWN se) o
1t follows also from the foregoing facts that the several varieties
of the sweet-pen must have propagated themselves in England
by self-fertilisation for very many generations, since the time
when each new varioty first appeared. From the analogy of the
plants of Mimulus and 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
exoss of this kind was therefore not tried, which I now regret.
But some flowers of the Painted Lady, castrated at an early
age, were fertilised with pollen from the Purple sweet-pea; and
it should be remembered that these varieties differ in nothing
except in the colour of their flowers. The cross was manifestly
effectual (though only two seeds were obtained), as was shown
by the two seedlings, when they flowered, closely resembling
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their father, the Purple pea, excepting that they were a little
lighter coloured, with their keels slightly streaked with pale
purple. Seeds from flowers spontaneously self-fertilised under a
net were at the same time saved from the same mother-plant, the
Painted Lady. These sceds unfortunately did not germinate on
sand at the same time with the crossed sceds, so that they conld
not be planted simultaneously.  One of the two crossed seeds in
a state of germination was planted in a pot (No. L) in which a
self-fertilised seed in the sawe state had been planted four days
before, go that this latter seedling had a great advantage over

the crossed one. In Pot I1. the other crossed sced was planted
two days before a self-fertilised one; so that here the crossed
soedling had a considerable advantage over the self-fertilised one.
But this crossed seedling had its summit gnawed off by a slug,
and was in consequence for a time quite beaten by the self-
fertilised plant. Nevertheless I allowed it to remain, and so
great was its constitutional vigour that it ultimately beat its un-
injured self-fertilised rival. When all four plants were almost
fally grown they were measured, as here shown :—

Tapue LIV.
Lathyrus odoratus.
No.at ot. Crossed Plants, | Slfertilised Plants.
Inches, Inches.
L %0 [
I 784 3
Total in inches. ves | 1205

The two crossed plants here average 79°25, and the two self-
fertilised 63-75 inches in height, or as 100 to 80 Six flowers on
theso two crossed plants wero reciprocally crossed with pollen
from the other plant, and the six pods thus produced contained
on an average six peas, with o maximum in one of seven, Eigh-
teen spontancously self-fertilised pods from the Painted Lady,
which, as already stated, had no doubt been self-fertilised for
many previous generations, contained on an average only 3-93
peas, with a maximum in one of five peas; so that the number
of peas in the crossed and self-fertilised pods was as 100 to 65.
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The self-fertilised peas were, however, quite as heavy as those
from the crossed pods. From these two lots of seeds, the plants
of the next generation were raised.

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

Tasie LV.
Lathyrus odoratus (Second Generation).
[}
| Scelings from Plants Seedlnga from Plants
NoofPot, | crossed during tho | it .mm..u during
Nos w0 previon Givers [
-~ [T fnches.
L 574
71 67
| 523 56
IL | 814 06
45§ 88
4
Total n faches. | 377-50 ! 351°86

The average height of the six crossed plants is here 621, and
that of the six self-fertilised 55°31 inches; orns100to8§. There
was not much difference in the fertility of the two lots; the
crossed plants having produced in the greenhouse thirty-five
pods, and the self-fertilised thirty-two pods.

Seeds were saved from the self-fertilised flowers on these two
Tots of plants, for the sake of ascertaining whether the seedlings
thus raised would imherit any difference in growth or vigour.
1t must therefore be understood that both lots in the following
trial are plants of self-fertilised parentage; but that in the one
lot the plants were the children of plants which had been crossed
during two previons generations, having been before that self-
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fertilised for many generations; and that in the other lot they
were the children of plants which had not been crossed for very
many previous generations. The seeds germinated on sand and
were planted in pairs on the opposite sides of four pots. They
were measured, when fally grown, with the following resalt:—

Tape LVI
Lathyrus odoratus,

i Self-fertilind Plants
Seltfettino Plants
{rum Croned Plaun, | 0 St

No. of Pot.

Total in inches. | 501 \ wl

The average height of the seven self-fertilised plants, the off-
spring of crossed plants, is 7157, and that of the seven self-fer-
tilised plants, the offspring of self-fertilised plants, is 64-

85100 to 90. The self-fertilised plants from the self-fertilised
produced rather more pods—viz., thirty-six—than the seli-fer-
tilised plants from the crossed, for these produced only thirty-one

pods.

A few seeds of the same two lots were sown in the opposite
corners of a large box in which a Brugmansin had long been
growing, and in which the soil was so exhausted that seeds of
Tpomaa purpurea would hardly vegetate; yet the two plants of
the sweet-pea which were raised flourished well. For a long
time the self-fertilised plaut from the self-fertilised beat the sel-
fertilised plant from the crossed plant ; the former flowered first,
and was at one time 77} inches, whilst the latter was only 68} in
ieight; but ultimately the plant from the provious cross showed
its superiority and attained a height of 108} inches, whilst the
other was only 95 inches. T also sowed some of the same two
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Iwor-nd-inpm-oﬂiumd”ﬂmin. shrubbery. Here
i

for a long
nmnmdnimuﬂ-:ﬂthghtﬁnn from the previously
crossed ; and this may probably be attributed, in the

in Tespect flowers,
considerably in height the offspring from self-fertilised plants,
both in the first and second generations. The crossed plants
also transmit their superiority in height and vigour to their
self- offspring.

Prsux saTivo,

The common pea is perfectly fertile when its flowers are pro-
teotod from the visits of insects; I ascertained this with two or
threo different varieties, as did Dr. Ogle with another. But the
flowers are likewise adapted for cross-fertilisation; Mr. Farrer
specifies * the following points, namely : “ The open blossom dis-
playing itself in the most attractive and convenient position for
insects; the conspicuous vexillum ; the wings forming an alight-

the staminal tube enclosing noctar, and affording by means of its
partially lmmmwnh-pmmonmhnhd its base an
open passage to an insect secking the neetar; the moist and
nhlqpnuauplmdjun where it will be swept out of the apex
of the keel against the entering insect; tho stiff elastic style so
placed that on a pressure being applied to the keel it will be
pushed upwards out of the keel; the hairs on the style placed
on that side of the style only on which there is space for the
pollen, aud in such o direction as to sweep it out; and the
stigma so placed as to meet an entering insect,—all these
become correlated parts of one elaborate mechanism, if we

* (Nature! Oct.10, 1 doseri flowers, *Be-
5, 1 Mllr give ah lesorbs  fehiag? bt p 2t
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suppose that the fertilisation of these flowers is effected by the
earriage of pollen from one to the other.” Notwithstanding these

provisions for eross-fertilisation, varieties which have
‘been cultivated for very many successive generations in close
proximity, although flowering at the same time, remain pure. I
have elsowhere * given evidence on this head, and if required
could give more. There can hardly be a doubt that some of
Knight's varioties, which were originally produced by an artificial
ceross and were very vigorous, lasted for at least sixty years, and
during all these years were self-fertilised ; for had it been other-
‘wise, they would not have kept true, as the several varieties
are generally grown near together. Most of the varieties, how-
ever, enduro for a shorter period; and this may be in part doe
to their weakness of constitution from long-continued self-
fertilisation.

It is remarkable, considering that the flowers secrete much
nectar and aford much polien, how seldom they are visited by
insects cither in England or, as H. Miiller remarks, in North

. Thave observed the flowers for the last thirty years,
andinall this time have only thrice seen bees of the proper kind at
work (one of them being Bombus muscorum), such a8 were sui-
ficiently powerful to depress the keel, 8o as to got the undersides of
their bodies dusted with pollen. These bees visited several flowers,
and conld hardly have failed to cross-fertilise them. Hive-bees
and other small kinds sometimes colleet pollen from old and
already fertilised flowers, but this is of no account. The rarity
of the visits of efficient bees to this exotic plant is, T believe, the
chief cause of the varieties so seldom intercrossing. That a
eross does occasionally take place, as might be expected from what
‘has just been stated, is certain, from the recorded cases of the direct
action of the pollen of one variety on the seed-coats of another.
The late Mr. Masters, who particularly attended to the raising of
new varieties of peas, was convinced that some of them had
originated from accidental crosses, But as such crosses are
zare, the old varieties would not often be thus deteriorated, more
especially as plants departing from the proper typo are generally
rejected by those who collect seed for sale. There is another
canse which probably tends to render cross-fertilisation rare,

* ¢ Variation of Animals and 4 *Var. undor Domestication,’
Plants under  Domestication,!  chap. xi. 2nd edit, vol. i. p. 428
ehap. ix. 2ud edit. vol. i. p. $45.

M

@ The Comblete Work of Charles Darwin Onlime:



162 PISUM SATIVUM. Ciar. V.

namely, the early age at which the pollen-tubes are exserted;
uglltlamnotlnﬂyuplnidmnnmiud,mdlnmm of
these the pollen-tubes were in this state; but they had not as
yet penetrated the stigma. Although so few inseots visit the
flowers of the pea in this country or in North Germany, and
although the anthers seem here to open abnormally soon, it does
not follow that the specics in its native country would be thus
wil
Owing to the varieties Laving been self-fertilised for many

generations, and to their having been subjected in each genera-
tion to nearly the same conditions (as will be explained in a
future ehapter), I did not expeot that a cross between two such
plants would benefit the offspring ; and so it proved on trial. In
1867 I covered up several plants of the Barly Emperor pea, which
was 1ot then a very new variety, so that it must already have
Teen propagated by self-fertilisation for at least a dozen

tions. Some flowers were crossed with pollen from a distinct

« plant growing in the same row, and others were allowed to
fertilise themsalves under a net. The two lots of seeds thus
obtained were sown on opposite sides of two large pots, but only
four pairs came up at the same time. The pots were kept in tho
groenhouse, The seedlings of both lots when between 6 and 7
inches in height were equal. When nearly full-grown they
were measured, as in the following table :—

Tarue LVIL
Pisum sativum,
o.of Pot. ! Cromed Plants. | Seltfrtilisnd Plaotn.
e P
L 35 20§
L BT 51
35 4
87 38
Total in lnches, 138:50 158:76

Tho average height of the four crossed plants s here 34°62,
and that of the four self-fertilised plants 39°68, or us 100 to 115,
So that the crossed plants, far from beating the self-fertilised,
were completely beaten by them.
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There can be no doubt that the result would have been
widely different, if any two vmahm out of the numberless ones
which exist had been crossed. Notwithstanding that both had
been solf-fertilised for many 'pnrnonl generations, each would
almost certainly have possessed its own peculiar constitution;
and this degree of differentiation would have been sufficient to
make n cross highly beneficial, 1 have spoken thus confidently
of the benefit which would have been derived from crossing any
two varieties of the pea from the following facts: Andrew
Kuight in speaking of the results of crossing reciprocally very
tall and short varicties, says,* “I had in this experiment a
striking instanco of the stimulative effects of crossing the breeds ;
for the smallest variety, whose height rarely exceeded 2 Eeel,
‘was increased to 6 feet; whilst the height of the large and
luxuriant kind was very little diminished.” Recently Mr. Laxton
hlmndanumemuummdeveqomhubumumnuhed at

the vigour and luxuriance of the new varieties which he has thus
raised and afterwards fixed by selection. He gave me seed-peas
produced from crosses between four distinet kinds; and '.hu
plants thus raised were extraordinarily vigorous, being in each
case from 1 to 2 or even 3 feet taller than the parent-forms,
which were raised at the same time close alongside. But as
Tdid not measure their actual height I cannot give the exact
ratio, but it must have been at least as 100 to 75, A similar
trial was subsequently made with two other peas from a different
cross,and the result was nearly the same. For instance, a crossed
seedling between the Maple and Purple-podded pea was planted
inpwr soil and grew to the extraordinary height of 116 inches:
whereas the tallest plaut of either parent variety, namely, a
‘Purple-podded pea, was only 70inches in height; oras 100 to 60.

SAROTHAMNUS SCOPARIUS.

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

* ¢ Philosophical Transactions,” 1799, p. 200.
N2
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with the much elongated enrved pistil, spring forth with violence.
The flattened, spoou-like extremity of the pistil rests for a time
on the back of the bee, and leaves on it the load of pollen with
which it is charged. As soon as the bee flies away, the pistil
instantly curls round, so that the stigmatic surface is now up-
turned and occupies a position, in which it would be rubbed
against the abdomen of another bee visiting the same flower.
Thus, when the pistil first escapes from the keel, the stigma
is rubbed against the back of the bee, dusted with pollen
from the longer stamens, either of the same or another flower;
and afterwards against the lower surfaco of the bee dusted
with pollen from the shorter stamens, which is often shed a
day or two before that from the longer stamens.* By this
mechanism cross-fertilisation is rendered almost inevitable, and
we shall immediately sce that pollen from a distinct plant is
more effective than that from the same flower. I need only add
that, according to H. Miiller, the flowers do not secrete nectar,
and he thinks that bees insert their proboscides only in the hope
of finding nectar; but they act in this manner %o frequently and
for 50 long a time that T cannot avoid the belief that they
obtain something palatable within the flowers.

1f the visits of bees are prevented, and if the flowers are
not dashed by the wind against any object, the keel never
opens, 5o that the stamens and pistil remain enclosed. Plants
thus protected yield very fow pods in comparison with those
produced by neighbouring uncovered bushes, and sometimes
mone at all. I fertilised a few flowers on a plant growing
almost in a state of nature with pollen from another plant
close alongside, and the four crossed capsules contained on
an average 9°2 seeds, This large number no doubt was due
to the bush being covered up, and thus not exhausted by
producing many pods; for fifty pods gathered from an adjoining
plant, the flowers of which had been fertilised by the bees,
contained an average of only 7°14 seeds. Ninety-three pods
spontanconsly self-fertilised on a large bush which had been
covered up, but had been much agitated by the wind, contained
an average of 2:93 sceds. Ten of the finest of these ninety-

* These observations have been i 358, H. Miiller has
uoted in an abbreviated form by  since pnlnrnlxml @ full and excel-

Rev. G. Henslow, in the lent account of the flower in his

“Journal of Linn. Soc. Bot’ vol. *Befruchtung, &o. p. 240.
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three capsules yielded an average of 480 seeds, that is less than
half the average number in the four artificially crossed capsules.
The ratio of 7°14 to 293, or as 100 to 41, is probably the
fairest for the number of seeds per pod, yielded by naturally-
erossed and spontaneously self-fertilised flowers. The crossed
soeds compared with an equal number of the spontaneously self-
fertilised seeds were he«vler, in the ratio of 100 to 88. \Va thul
see that besides the
the flowers are much more productive with pollen from a
distinct plant than with their own pollen.
Eight pairs of the above crossed and self-fertilised seeds, after
had gorminated on sand, were planted (1S67) on the
apposite sides of two large pots. When several of the seedlings
‘were an inch and & half in height, there was no marked difference
between the two lots. But even at this early age the leaves of
the self-fertilised seedlings were smaller and of not so bright &
mu those of the crossed seedlings. The pots were kept in
the greenhouse, and as the plants on the following spring (1868)
looked unhealthy and had grown but little, they were plunged,
still in their pots, into the open ground. The plants all suffered
much from the sudden change, especially tho self-fertilised, and
two of the latter died. The remninder were measured, and I
give the measurements in the following table, because I have
ot seen in any other specics so great a difference between the
crossed and self-fertilised seedlings at so early an age.

Taste LVIIL
Sarothammus scoparius (very young plants).

I |
o, of Pot. Crossed Plants, | Selfertilised Flans,
. Inches. Inches.
L 44 2 ’
1

1

1L 2 | 14
F 1
of ot

Total in inches. |

ws | 80

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

Tn the spring of the succeeding year (1869) the three crossed
plants in Pot I had all grown tonearly a foot in height, and they
Tiad smothered the three littlo self-fertilised plants so complotely
that two were dead; and the third,only an inch and a half
in height, was dying. It should be remembered that these
plants had been bedded out in their pots, so that they were
subjocted to very severe competition. This pot was now thrown
a

way.

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

Tapte LIX.
Pot TL—Sarothamnus scoparius,

Crosmed Plants, | Self-fertflised Planta.

The same plants were agnin measured in the antumn of the
following year, 1870,
Tanie LX.
Pot 1L—Surothamnus scoparius.

Cromsed Plants, | Self-fertlised Plants,

Incher, Toches.
267 143
164 1
14 9
56:75. 85:50
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The three crossed plants now averaged 18°91, and the three
self-fertilised 11°83 inches in height; or as 100 to 63. The three
erossed plants in Pot 1., as already shown, had beaten the three

ilised plants so that any ison between
them was superfluons.

The winter of 1870-1871 was severe. In the spring the three
crossed plants in Pot I1. had not even the tips of their shoots in
the least injured, whereas all three self-fertilised piants were
Killed half-way down to the ground ; and this shows how much
more tender they were, In consequence not one of these latter
plants bore a single flower during the ensuing summer of 1871,
whilst all thres crossed plants flowered.

ONONIS MINUTISSINA,

This plant, of which seeds were sent mo from North Ttaly, pro
duces, besides the ordinary papilionaceous flowers, minute, imper-
feot, closed or cleistogene flowers, which can never be eross-ferti-
lised, but are highly self-fertile. Some of the perfect flowers were
erossed with pollen from a distinet plant, and six capsules thus
produced yielded on an average 366 seeds, with a maximum
of five in one. Twelve perfect flowers were marked and allowed
fo fertilise themselves spontancously under a net, and they
yielded eight capsules, containing on an average 2-38 seeds, with
& maximum of three seeds in one. So that the crossed and self-
fertilised capsules from the perfect flowers yielded seeds in the
‘proportion of 100 to 65. Fifty-three capsules produced by the

flowers contained on an average 4-1 seeds, so that
these were the most productive of all; and the sceds them-
selves looked finer even than those from the erossed perfect

The seeds from the crossed perfect flowers and from the self-
fertilised cleistogene flowers were allowed to germinate on sand ;
but unfortanately only two pairs germinated at the same time.
These were planted on the opposite sides of the same pot, which
was kept in the greenhouse. In the summer of the same year,
‘when the seedlings were about 43 inches in height, the two lots
were equal. In the autumn of the following year (1868) the two
erossed plants were of exactly the same height, viz., 11¢ inches,
and the two self-fertilised plants 12¢ and 72 inchies; so that one
of the self-fortilised exceeded considerably in height all the others.

By the autumn of 1869 the two crossed plants had acquired the

A Tha Camnlate Work of Charles Darwin Online.



168 SUMMARY ON THE LEGUMINOSE.  Cumar. V.

supremacy ; their height being 164 and 15}, whilst that of the
two sclf-fertilised plants was 143 and 113 inches,
By the autumn of 1870, the heights were s follows :—

Tase LXL
Ouonis minutissima,

Crossed Plants, ‘S‘"-Drullw-rl Plants.

Inches. ‘ Tnches.
20§ 174
19§ | i

39-63 ‘ 475

8o that the mean height of the two crossed plants was 1981,
and that of the two self-fertilised 17-57 inches; or as 100 to 88,
Tt should be remembered that the two lots were at first equal in
height; that one of the self-fertilised plants then had the advan-
tage, the two crossed plants being at last vietorious,

Summary on the Leguminosie.—Six genera in this
family were experimented on, and the results are in
some respects remarkable.  The erossed plants of the
two species of Lupinus were conspicuously superior to
the self-fertilised plants in height and fertility ; and
when grown under very unfavourable conditions, in
vigour. The scarlet er (Phaseolus multiflorus) is
partially sterile if the visits of bees are prevented, and
there is reason to believe that varieties growing near
one another intercross. The five crossed plants, how-
ever, exceeded in height the five self-fertilised only
by a little. Phaseolus vulgaris is perfectly self-fertile ;
nevertheless, varieties growing in the same garden
sometimes intercross largely. The varieties of Lathyrus
odoratus, on the other hand, appear never to intercross
in this country ; and though the flowers are not often
visited by efficient insects, I cannot account for this
faet, more especially as the varieties are believed to
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intercross in North Italy. Plants raised from a cross
between two varieties, differing only in the colour of
their flowers, grew much taller and were under un-
favourable conditions more vigorous than the self-ferti-
lised plants ; they also transmitted, when self-fertilised,
their superiority to their offspring. The many varieties
of the common Pea (Pisum safivum), though growing in
close proximity, very seldom intercross ; and this seems
due to the rarity in this country of the visits of bees
sufficiently powerful to effect cross-fertilisation. A
eross between the self-fertilised individuals of the same
variety does no good whatever to the offspring ; whilst
a cross between distinet varieties, though closely allied,
does great good, of which we have excellent evidence.
The flowers of the Broom (Sarothamnus) are almost
sterile if they are not disturbed and if insects are ex-
cluded. The pollen from a distinet plant is more
effective than that from the same flower in producing
seeds. The crossed seedlings have an enormous adyani-
tage over the self-fertilised when grown together in
close competition. Lastly, only four plants of the
Ononis minutissima were raised; but as these were
observed during their whole growth, the advantage of
the crossed over the self-fertilised plants may, T think,
be fully trusted.

XV. ONAGRACEZ.—CLARKIA ELEGANS.

Owing to the season being very unfavourablo (1867), few of
the flowers which T fertilised formed capsnles; twelvo cros
flowers produced only four, and eighteen self-fertilised flowers
yielded only one capsule. The seeds after germinating on sand
‘were planted in three pots, but all the self-fertilised plants died
in one of them. When the two lots were between 4 and 5
inches in hoight, the crossed began to show a slight superiority
over the solf-fertilised. When in fall flower they were measured,
with the following result:—
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Tapie LXIL
Clarkia degans.
S g ——
l;lut. ‘ Inches, |
L 10} 33
35 | 2
| 2 23
I 8 [ o
Total in inches. ‘ 184:0 1106

The average height of the four crossed plants is 33+5, and
that of the four self-fertilised plants 27-62 inches, or as 100 to
82 The crossed plants altogether produced 105 and the self-
fertilised plants 63 capsules; or as 100 to 60. In both pots a
self-fertilised plant Sowered before any oze of the crossed plants,

XVL LOASACEE.—BARTONIA AUREA.

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

Tasre LXIIL
Bartonia anrea.
No. of Pot, Cromed Plants, | Selffertilisod Plante.
T uhen Tncbes.
X 31 ‘ 37
I 184 ‘ 204
S o | I
jUIN \91 | 40}
Iv. 2 35
36 154
V. 81 l 18
1 | 114
VL. e 24
Total in inches. 19740 2105
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only two pairs, the results are given together, On both oceasions
the crossed capsules contained slightly more seeds than the self-
fertilised. During the first year, when the plants were about
7 inches in height, the self-fertilised were the tallest, and in the
second year the crossed were the tallest.  When the two lots were
in fall flower they were measured, as in the preceding table.

Tho average height of the eight crossed plants is 24-62, and that
of the eight self-fertilised 2681 inches; or as 100 to 107, So that
the self-fertilised had a decided advantage over the crossed. But
the plants from some cause never grew well, and finally became
50 unhealthy that only three crossed and three self-fertilised
plants survived to set any capsules, and these were few in number,
The two lots seemed to be about equally unproductive.

XVIL PASSIFLORACE/E.—PASSIFLORA GRACILIS.

This annual species produces spontaneously numerous fraits
when insects are excluded, and behaves in this respect very
differently from most of the other species in the genus, which
are extromely sterile unless fortilised with pollen from a distinet
plant.*  Fourteen fruits from crossed flowers contained on an
wverago 2414 seods, Fourteen fruits (two poor ones being
zejected), spontaneously self-fertilised under  net, contained on
an average 20-58 seeds per fruit; or as 100 to 85. These seeds
‘were sown on the opposite sides of three pots, but only two pairs
came up at the same time ; and therefore a fair judgment cannot
bo formed.

Tasue LXIV.
Passiflora gracilis,

St | Cromei i | it |
3 ‘ b h:?
11, 7‘7 42 o o4

Total ininches, | 98 | 08 |

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

* ¢ Variation of Animals and ohap. xvil. 20d edit. vol. ii. p.
Plants  under Domestication,” 118,
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XVIIL UMBELLIFERZE—AFIUM PETROSELINUM.
The Umbellifers are proterandrous, and can hardly fail to be
cross-fertilised by the many flies and small Hymenoptera which
visit the flowers.” A plant of the common parsley was covered
by o net, and it apparently produced as many and as fine
spontancously self-fertilisod fruits or secds as the adjoining
uncovered plants. The flowers on the latter were visited by so
many insccts that they must have reccived pollen from one
another. Some of thesetwo lots of seeds were left on sand, but
neanly all the selt-fertilised sceds germinated bofore the others,
5o that I was forced to throw all avay. The remaining sceds
were then sown on the opposite sides of four pots. At first the
self-fortilised scodlings were a little taller in most of the pots
than the naturally crossed sedlings, and this no doubt was due
to the self-frtilised sceds having germinated first. But in
the autumn all the plants wero so equal that it did not seem
worth while to measure them. Tn two of the pots they were
absolutely equal; in a third, if there was any difference, it was
in fuvour of the crossed plants, and in a somewhat plainer
‘manner in the fourth pot. But neither side had any substantial
advantage over the other; so that in height they may be said
to be as 100 to 100.

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

Tapie LXYV.
Seabiosa atro-purpurea.

No.of Pot. Crossed Plants. | Sel fertilivd Plants.
T ke, Inches.
L 14 20
1. 15 14
. 2 14
18 1
Total in inchs, 085 615

* H. Miller, ‘Befruchtung, &, pbee, tom. iL.p. 58, 1859), varieties
Pp. 96.  According to M. Mustel  of the carrob growing near cack
(as sfatcd by Godron, *De UEs-  other readily interoross,

@ The Complete Work of Charles Darwin Qnline




Cuar. V. LACTUCA SATIVA. 178

the unfavourable season of 1867, so that I gob fow seeds,
especinlly from the self-fertilised heads, which were extremely
sterile. The crossed and self-fertilised plants raised from these
seeds were measured before they were in full flower, as in the
‘preceding table.

The four erossed plants averaged 17-12, and the four self-fer-
tilised 15-37 inchos in height; or as 100 fo 90. One of the self-
fertilised plants in Pot TII was killed by an accident, and its
fellow pulled up; o that when they were againt measured to the
summits of their flowers, there were only threo on each side;
the crossed now averaged in height 32-83, and the self-fertilised
8016 inches; or es 100 to 92.

XX. COMPOSIT—LACTUOA SATIVA.
‘Three plants of Lettuce® (Great London Cos var.) grew closo
fogether in my garden; one was covered hy a net, and produced
self-fertilised seods, the other two were allowed fo be naturally
crossed by insects; but the season (1867) was unfavourable, and
1 did not obtain many seeds. Only one crossed and one self-
fertilised plant were raised in Pot T, and their measurements are
given in the following table (LXVL). The flowers on this one
self-fertilised plant were again self-fertilised under  net, not
‘with pollen from the same floret, but frem other florets on the
same head. The flowers on the two crossed plants were left to
e crossed by insects, but the process was aided by some pollen
being occasionally trausported by me from plant to plant. These
two lots of seeds, after germinating on sand, were plunted in
pairs on the opposite sides of Pots IT. and 1T, which were at
st kept in the greenhouse and then turned out of doors. The
‘plants were measured when in full flower. The following fable,
therefore, includes plants belonging o two generations. When
the seedlings of the two lots were only 5 or 6 inches in height
they were equal. In Pot IIL one of the self-fertilised plants
died before flowering, as has ocenrred in o many other cases.

* The Compositw are well- It s very improbablo that all the
ldlpted lor um&-fem!uahnn, but  varieties which were thus culti-
on whom I can  vated near together flowered at
)dy ml me tlml he had been in  different times; \mt two which T
the hubit of sowing several kinds  selected by hazard wnd sowed
of lettuee near together for the  near ench other did not flower at
sake of .sm nml Tiad never ob-  the samo time; and my
served th crossed. failed.
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174 SPECULARIA SPECULUM. Cuar. V.

Tamiz LXVL
Lactuca sativa.
No.of Fut. Coond Plast, | Sel-frlioed P,
Tncbes,
% I 214
First %
planted in open
o
L. | i | u
Second generati 1 10
Hmolivem’| 13} i
round.
. | n | 0
Second generation, 104 o
kept in the pot.
Total in inches. 13 | %

The average height of the seven crossed plants is 19-43, and
that of the six self-fertilised plants 16 inches; or as 100 to 82,

XXI. CAMPANULACEE.—SPECULARIA SPEOULUM.

In the closely allied genus, Campasula, in which Specularia
was formerly included, the anthers shed at an early period their
pollen, and this adheres to the collecting hairs which surround
the pistil beneath the stigma; so that without some mechanical
aid the flowers cannot be fertilised. For instance, I covered up
& plant of Campanula carpathics, and it did not pmdnue a singlo
capsule, whilst the surrounding uncovered ts seeded pro-
fusely. On the other hand, mepl—ntlpamocf Specularia

to set almost as many capsules when covered up, as
‘when left to the visits of the Diptera, which, as far as I have
seen, are the only insects that frequent the flowers* I did not
ascertain

comparison of artificially crossed and self-fertilised flowers,

o8 ban oy bnom known that - lastoguoe us well. 1o porbl
another specias of the genus, flowsrs wnd fhe former ‘re
Specularia.” perfoliats, producos  ooares sllferilo
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Ciar. V. SPECULARIA SPECULUM. 175

showed that the former were probubly the most productive. Tt
appears that this plant s capuble of producing o large number
of self-fertilised capsules owing to the petals closing at night, as
well as during cold wenther. In the act of closing, the margins
of the petals become roflexed, and their inwardly projecting
midribs then pass between the clefts of the stigma, and in doing
50 push the pollen from the outside of the pistil on to the
stigmatio surfaces.*

Twenty flowers were fertilised by me with their own pollen,
but owing to the bad season, only six capsules were produced ;
they contained on an average 217 seeds, with a maximum of
forty-eight in one. Fourteen flowers were crossed with pollen
from another plant, and these produced twelve capsnles, contain-
ing on an average 30 soeds, with @ maximum in one of fifty-
soven seeds; so that the crossed seeds were to the self-fertilised
from an equal number of capsules as 100 to 72. The former
‘were also beavier than an equal number of self-fertilised sceds,
in the ratioof 100 to 86, Thus, whether we judge by the number
of capsules produced from an equal number of flowers, or by the
average number of the contained seeds, or the maximum number
in any one capsule, or by their weight, crossing does great good
in comparison with self-fertilisation. The two lots of sceds were

Tasre LXVIL
Specularia speculum.
No. of Pot. Tm : Mlﬂbui

L
i 19

. 18

Iv. | 20 | 28

Total i inches. 7713 ' 75:75

* Mr. Moehian bas lntely shown  fonia virginica and Ranunculus bul-
‘Acad. Nat. Se. Philadel- bomd\mnx e night couss thcir
phin,’ May 16, 1876, p. 84) that  self-fertilisat
tho closiuig of the flowers of Clay-

¥
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176 LOBELIA RAMOSA. Cuar. V.

sown on the opposite sides of four pots; but the scedlivgs were
not suffciontly thinned. ~Only the tallest plaat on cach side was
The

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

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

LOBELIA RAMOSA.*
Var. Suow-flake.

The well-adapted means by which eross-fertilisation s en-
sured in this genus have been described by several authors.t
The pistil as it slowly increases in length pushes the pollen
out of the conjoined anthers, by the aid of  ring of bristles; the
two lobes of the stigma being at this time closed and incapable
of fertilisation. The extrusion of the pollen is also nided by
insects, which rub against the little bristles that project from
the anthers. ‘The pollen thus pushed out s carried by insects
fo the older flowers, in which the stigma of the now frecly
projecting pistil is open and ready to be fertilised. I proved
the importance of the gaily-coloured corolla, by cutting off the
large lower petal of several flowers of Lobelia crinns; and theso
flowers were neglected by the hive-bees which were incessantly
visiting the other flowers.

A capsule was obtained by crossing a flower of L. ramos

adopted_tho Mag, of Nat. Hist! vol. ii. (4th
5( a i hin Pt in e *Gare  serics) 1808, p. 210, To the abied
joners’ Chroniclo,’ 1866, Prof.  genus Isotoma, the curious
T, Dyer, however, informs mo  which projects rectangularly from
k1t pibably fo 4 wile ity tho_anthers, and which when

of L. tews shaken eauses the pollen to fall
8 _:nl on the back of an entering inseet,
1 Bee -nrhol'ﬂﬂnlabnnd nem 1o have I-en developed
ud Delplnn. Mr. Farrer also  bristle, like one «f those

8 ronaskably clese hishs spring Aoyl
dawtlpﬂono( mechanism by some of or all the specics of Lo-
which crose e lbation e d beliu, as described by Mr. Furrer,
in this genus, in the * Annal
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Ciar, V. LOBELIA RAMOSA. 177
 with pollen from another plant, and two other capsules from

and thrown away. Whilst the plants were very small there was
not much difference in height between the two lots; but in Pot
TIL the self-fertilised were for a time the tallest. When in full
flower the tallest plant on each side of cach pot was measured,
and the result is shown in the following table. In all four
pots a crossed plant flowered before any one of its opponents.

o Tasue LXVIIL
Lobelia ramosa (First Generation).

‘Tallest Crossed fallest 8. 1f-fertilised
aothu, [T e |t e o P
Toches. Inches,
L =) 174
. 27y %
1L, 164 15
1v. 224 17
Total in fnches. | 89°0 75

The four tallest crossed plants averaged 2225, and the four
self-fertilised 18°37 inches in height; or as 100 to 82. T

‘was surprised to find that the anthers of a good many of these
wtilised plants did not cohere and did not contain any
pollen; and the anthers even of a very fow of the crossed plants
- were in the same condition. Some flowers on the crossed plants
3 again crossed, four capsules being thus obtained ; llld some.
on the self-fertilised plants wero again self-fertilised,
capsulos being thus obtained. Tho seeds from both lots
weighed, and it was caloulated fhat an equal number of
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178 LOBELIA RAMOSA. Cuar. V.
Plants of the Second Generation—The above two lots of seeds

germina-
tion wero planed on the opposite sides of two pots; a single
inath dall th
in a fourth pot. When the seedlings were about one and a half
inches in hoight, they were equal on both sides of the three first
pots; but in Pot IV, in which they grew crowded and were
thus exposed to severe competition, the crossed were about &
third taller than the self-fertilised. In this latter pot, when
the crossed averaged 5 inches in height, the self-fertilised were
about 4 inches; nor did they look nearly such fine plants.
Tn all four pots the crossed plants flowered some days before
the self-fertilised. When in full flower the tallest plant on each
side was measured; but before this time the single crossed
plant in Pot TIL, which was aller than its antagonist, had died
and was not measured. So that only the tallest plant on each
side of three pots was measured, as in the following table :—

Tapue LXIX.
Labelia vamosa (Second Generation).

|
Tallest!Crossed Plast | Tallest Self-ertilised |
B ent, in'each Pot. | Piant in each Pot.

Inches. Inches.
% 27§ 184
2

21y [

The average height of the three tallest crossed plants is here
2333, and that of the three tallest self-fertilised 19 inches; oras
100 to 8. Besides this difference in height, the crossed plants.
were much more vigorous and more branched than the self-
fertilised plants, and it is unfortunate that they were mot
weighed.
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LOBELIA FULGENS.
This species offers a somewhat perplexing case. In the first
generation the self-fertilised plants, though few in number,
greatly exceeded the crossed in height; whilst in the second
generation, when the trial was made on a much larger scale, the
crossed beat the self-fertilised plants, As this species is
generally propagated by off-sets, some seedlings were first
Taised, in order to have distinet plants. On one of these plants
several flowers were fertilised with their own pollen; and as the
pollen is mature and shed long before the stigma of the same
flower is ready for fertilisation, it was necessary to number each
flowerand keep its pollen in paper with a corresponding number.
By this means well-matured pollen was nsed for self-fertilisation.
Several flowers on the same plant were crossed with pollen from
a distinet individual, and to obtain this the conjoined anthers of
young flowers were roughly squeezed, and as it is naturally
protruded very slowly by the growth of the pistil, it is probable
that the pollen used by me was hardly mature, cerfainly less
maturo than that employed for self-fertilisation. T did not at
the time think of this source of error, but T now suspect that
the growth of the crossed plants was thus infured. Anyhow the
frial was not perfoctly fair. Opposed to the belief that the
pnn used in crossing was not in 80 good a. stato as fhat used
the fact that a number
o tho crosed tha, of the seif-fertilised flowers produced cap-
sules; but there was no marked difference in the amount of seed

contained in the capsules of the two lots.*
As the seeds obtained by the above two methods would not
when left on bare sand, they were sown on the
E Em-iduof four pots; but I succeeded in raising only a
pair of seedlings of the same age in each pot. The self-
fertilised seodlings, when only a few inches in height, were in
most of the pots taller than their opponents ; and they flowered
#0 much carlior in all the pots, that the height of the flower-

~ stetns could be fairly compared ouly in Pots I and L.

plants on which

ted, which were ket

greenhouse, wero in this
i il

X2
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180 LOBELIA FULGENS. Ciuar. V.

Taptr LXX.
Lobelia fulgens (First Generation).
sne [T,
lnthn, Inchos,
P | =%
k3 | 364 | 58}
n | a1 | 4
Not in full Gv'u.;
v, 12 859
| Not in full flower,

Themean height of the flower-stems of the two crossed plants
in Pots 1. and 1L is here 3475 inches, and that of the two self-
fortilised plants in the same pots 44+25 inches; oras 100 to 197.
The self-fertilised plants in Pots TIL and IV. were in every
rospect very much finer than the erossed plants,

1 was so much surprised at this great superiority of the self-

year the self-fertilised plant showed even a greater superiority
than before; for the two tallest flower-stems produced by the
one crossed plant were only 294 and 80} inches in height,
whereas the two tallest stems on the one plant
were 403 and 40f inches; and this gives a ratio of 100 to 167.
Camidarinu all the evidence, there can bo no doubt that these
solf-fertilised plants had o great superiority over the crossed
lnnts,
Lo If-fortitised. Plants of the Second Generation.—1

that I squeczod pollen out of the conjoined anthers of young
flowers for both operations. Several flowers on the crossed plant
in Pot 1. in Table LXX. were again crossed with pollen from a
distinet plant,  Several other flowers on the self-fertilised plant
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Tapue LXXI
Lobelia fulgens (Second Generation).
Pot.. of Flower- of Flower-
No.of Helght Heght
Inches, Inches,
‘s 274 32
26 26,
24 25)
2 2
1. 38
u! nI
2 30|
82
L 40, 30,
8 28
32, 23
T— 34 2
82§ 28
29 2
27 g
Y. 28} 20
27 24
5 2
2| 2
VL 384
82 87
2%} :71
% 3
viL 04 1]
30 1
29 2
Vi o 30
a7 )
36 251
36
X 33 191
25 16,
25 19
21 181

Total iu inckes. , 10400 | 92169
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182 NEMOPHILA INSIGNIS. Ouar. V.

in the same pot were again self-fertilised with pollen from the
anthers of other flowers on the same plant, Thereforo the degree
of self-fertilisation was not quite so close as in the last genera~
tion, in which pollen from the same flower, kept in paper, was
used. These two lots of seeds were thinly sown on opposite
sides of nine pots; and the young seedlings were thinned, an
equal number of nearly as possible the same age being left on
the two sides. In the spring of the following year (1870), when
the scedlings had grown to a considerable size, they were
measured fo the tips of their leaves; and the twenty-three
crossed plants averaged 1404 inches in height, whilst the twenty=
three self-fertilised seedlings were 13-54 inches; or as 100 to 96.

In the summer of the same year several of these plants
flowered, the crossed and self-fertilised plants flowering almost
simultaneously, and all the flower-stems were measured. Those
produced by eleven of the crossed plants averaged 30+71 inches,
and those by nine of the self-fertilised plants 20°48 inches in
height; or as 100 to 96.

The plants in these nine pots, after they had flowered, were
repotted without being disturbed in much larger pots; and in
the following year, 1871, all flowered freely; but they had
grown info such an entangled mass, that the separate plants
on each side could mo longer be distinguished. Accordingly
three or four of the tallest flower-stems on each side of each
pot were measured; and the measurements in the preceding
table are, I think, more trustworthy than the previous ones,
from being more numerous, and from the plants being well
established and growing vigorously.

The average height of the thirty-four tallest flower-stems on
the twenty-three crossed plants is 20-82 inches, and that of the
same number of flower-stems on the same number of self-
fertilised plants is 2710 inches; or as 100 to 91. So that the
crossed plants now showed a decided advantage over their self-
fertilised opponents.

XXIL POLEMONTACEZ.—NEMOPHILA INSIGNIS.

Twelve flowers were crossed with pollen from a distinet plant, *
but produced only six capsules, containing on an average 18°3
soeds. Bighteen flowers were fertilised with their own pollen
and produced ten capsules, containing on an average 127
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Cinar. V. NEMOPHILA INSIGNIS. 183
seeds; mthtthnled-purapulavmnlﬂ)@o”' The
seeds

number of seeds in a few capsules did not show so great a
superiority on the side of the crossed capsules as in the present
case.

The seeds were placed on sand, and after germinating were

‘8 inches in height, most of the crossed had o slight advantage
over the self-fertilised. The plants were trained up sticks, and

grew to a considerable height. In four out of the five
pots a crossed plant flowered before any one of the self-fertilised.

E Tasiz LXXIL
Nemophila insignis ; 0 means that the plant dicd.

No. of Pot.. Crossed Plants. ‘ Self-fortiliand Plants,
E Inches. ‘ Toches,
) L 33 21q
1. | 29}
L. 33
22
2 1
w. 35 104
33
x 35 0
38 18
38 20
a7 34
32 o
Total in inches. 399:38 160-00

o Bulomo 4 sy -y-(‘DuVlrm&. 1865, p. 66)
m-qmuum.ly
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184 NEMOPHILA INSIGNIS. Cuar. V.

The plants were first measured to the tips of their leaves, before
they had flowered and when the crossed were under a foot
in height. ‘l‘hntvdnunadﬂlﬂlnmged 11°1 inches in
height, whilst the twelve self-fertilised were Jess than half of this
height, viz,, 5°45; or as 100 to 49. Before the plants had grown
to their full height, two of the self-fertilised died, and as1 feared
that this might happen with others, they were again measured
to the tops of their stems, as shown in the preceding table.

The twelve crossed plants now averaged 3328, and the ten self-
fertilised 19*9 inches in height, or as 100 to 60; so that they
differed somewhat less than before.

The plants in Pots IIL and V. were placed under a net in the
greenhiouse, two of the crossed plants in the latter pot being
pnllednpmmmolthedutho{ two of the self-fertilised ;
50 that altogether six crossed and six self-fertilised plants were
left to fertilise themselves spontancously. The pots were rather
small, and the plants did not produce many capsules. The
small sizo of the self-fertilised plants will largely account for
the fowness of the capsules which they produced. The six crossed
plants bore 103, and the six self-fertilised only 80 capsules; oras
100 to 29.

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

Tasue LXXIIL
Nemophila insignis.
Self-fertilised Plants
Seane | et | ST
3 from Cromed Planta, | 70 Spiffe:
| Inches. Toches.
L 7 274
14 i
. 17 25
o 82
L. i 15 7
v, | 51 71
| 5 15
Total In inches. | 11013 147:00
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Caar, V. BORAGO OFFICINALIS, 185

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

hnM'boundh)gl'eﬂmm,llﬂwymoppmsdwmygam

Jusions.

m soven salf-fertilised plants from the crossed plants hero

average 1578, and the seven self-fertilised from the self-fertilised

21 inches in height ; or as 100 to 183.  Strictly analogous experi-

ments with Vioa tricolor and Lathyrus odoratus gave a very
different result.

XXIIL. BORAGINACEZE.—BORAGO OFFICINALIS.

This plant is frequented by a greater number of bees than
almost any other one which I bave observed. It is strongly

not occur, they are capable of self-fertilisation to a limited

‘extent, as some pollen long remains within the anthers, and is

‘apt to fall on the mature stigma. In the year 1863 I covered

up a plant, and examined thirty-five flowers, of which only

 twelve yiclded any seeds; whereas of thirty-five flowers on an
exposed plant growing close by, all with the exception of two

seods. The covered-up plant, however, pndmd alto-

gether twenty-five spontaneously self-fertilised seeds ; the exposed

yhnt pmdw.-mg fifty-five seeds, the product, no doubt, of cross-

Intho year 1868 eighteen flowers on a

on an averago 2 sceds, with & maximum in one of three seeds.
- Mwenty-four spontancously self-fertilised fruits were produced
by the sume plant, and these contained on an average 1+2 seeds,
with a maximum of two in one fruit. So that the fruits from
the artificially crossed flowers yielded seeds compared with those
r spontancously self-fertilised flowers, in the ratio of 100
60. But the self-fertilised seeds, as often occurs when few
Mﬁm,wmmmmmﬂmmmmﬂﬁnm

to
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186 NOLANA PROSTRATA. Cmar. V.

Theso two lots of seeds were sown on opposite sides of two
hrgopou. bnu succeeded in raising only four pairs of equal
age. the secedlings on both sides wero about 8 inches
in helght they were equal.  When in full flower they were
‘measured, as follows :—

TapLe LXXIV.
Borago offcinalis.
NoofPt | Cromed P, | Seforiid P,
Tnches. Tnches,
1 19 13
2 i8
104 20§
n | 26§ s2q
Total in inches. | 82:75 8475

The average height of th four crossed plantsis hore 20+68, and
that of the four self-fortilised 21+18 inches; or as 100 to 102.
The self-fertiliscd plants thus exceeded the crossed in height by
alittle; but this was entircly due to the tallness of one of the
salf-fertilised. The crossed plants in both pots flowered before
the self-fortilised. Therefore I believe if more plants had been
raised, the result would have been different. 1 regret that T did
not attend fo the fertility of the two lots.

XXIV. NOLANACEZE.—NOLANA PROSTRATA,

Tn some of the flowers the stamens are considerably shorter
fhan the pistil, in others oqual to it in length, 1 suspected,
therefore, but erroncously as it proved, that fhis plant was
dimorphic, like Primula, Linum, &e.,and in the year 1862 twelve
plants, covered by a net in the greenhouse, were subjected to
trial. The,spontaneously self-fertilised flowers yielded 64 grains
weight of seeds, but the product of fourteen artificially crossed
flowers is here included, which falsely increases the weight of
the self-fertilised seeds. Nine uncovered plants, the flowers of
which were eagerly visited by bees for their pollen and were no
doubt intercrossed by them, produced 79 grains weight of seeds:
therefore twelve plants thus treated would have yielded 105
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Caar. V. NOLANA PROSTRATA. 187
‘grains.  Thus the seeds produced by the flowers on an equal
‘mamber of plants, when crossed by bees, and spontaneously self-
fertilised (the product of fourteen artificially crossed flowers
‘being, bowever, included in the latter) were in weight as
100 to 61,

In the summer of 1867 the trial was repeated; thirty flowers
wero crossed with pollen from a distinet. plant’ and pmdneed

¥ An cqual number of seeds of ‘both lfs wero welghed, and.tho
s s wers {0 tho slf-rtlind in wogh as 100 g2

in the several pots, that the result canmot be fully

Tasie LXXV.
Nolana prostrata.
No, of Pot. | Crossed Plants. [MMM!_
Inches. | Tnches,
3 84 | +
6§ | 7
1. 104 ‘ 144
3 18 18
1L 204 | a2g
Total in inches, 63°75 | 67:00
e five crossed plants average 12-75, and the five self-

d 184 inches in height; or as 100 to 103,
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188 PETUNIA VIOLACEA. Cuar. VL

CHAPTER VL

Sorasace®, PrINULACEE, PoLYGONEE, BTC.

Potunia violacea, crossed and self-fertilised plants compared for four
tions—Effects of u cross with  fresh stock —Uniform colour
of the flowers on the self-fertilised plants of the fourth generation
—Nicotiana tabacum, crosed and self-fortilised plants of equal
height—Great effeots of a cross with a distinct sub-varioty on the
height, but not on the fertility, of the oﬂ'lprln;—Oynhmn per-
sicum, orossed secdlings greatly superior o th
Anagallis collina—Primula veris—Equal-styled mmy of Primala
veri, ity of, greatly inereased by a cross with a fresh stock—
warscewiczi, erossed
and solf-fertilised plants o «.m: hrighb—ln ‘mays—Phalaris
canariensis.

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

Tu flowers of this plant are so seldom visited during the day
by insects in this country, that T 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, after castrating  large number of flowers
whilst in bud, left them exposed to the visits of insects, and
about a quarter produced capsules;t but T am convinced that
a much larger proportion of flowers in my garden are cross-
fertilised by insects, for protected flowers with their own pollen
placed on the stigma never yiclded nearly a full complement of
seed ; whilst those loft uncovered produced fine capsules, showing.
that pollen from other plants must have been brought to them,
probably by moths. Plants growing vigorously and ﬂmrmg in
pots in tho green-house, nover yioldod a singlo capsulo; and

Acad. ‘I-t Sc of Phil- t ‘Annales des Se,

“Proc. Nat! 4l
.dﬂph.tl,' Aug. 2nd, 1870, p. 90 series, Bot. fom. ix, ca.
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Cuar. VI. CROSSED AND SELF-FERTILISED PLANTS. 189
this may be attributed, at least in chief part, to the exclusion
of moths.

Six flowors on n plant covered by a net were crossed with
pollen from a distinet plant and produced six capsules, cont

by weight 444 grains of seed. Six other flowers were fertilised
with their own pollen and produced only three capsules, con-
faining only 149 grains weight of sced. From this it follows
that an equal number of crossed and self-fortilised capsules would
‘have contained sceds by weight as 100 to 67, 1 should not have
thought the proportional contents of so few capsules worth
giving, had not nearly the same result been confirmed by several
subsequent trials.

&ukolﬂwtwolohwmphmimnnd and many of the
seli-fertilised leod.u ted before the crossed, and were
Several pairs in an equal state of germination
on the appmna sides of Pots T. and IL; but nn]y the
tallest plant on each side was measured. Beadavum also sown.
thickly on the two sides of a large pot (IIL), the seedlings being
afterwards thinned, so that an equal number was left on each

5 the three tallest on each side being measured. The pots
‘W’ kept in the greenhonse, und the plants were trained up
For some time the young crossed plants had no ad-
m in height over the self-fertilised; but their leaves
were larger. When fully grown and in flower the plants were
‘measured, as follows :—

Tapue LXXVI
Petunia violacea (First Generation).

No.of Pt | Crowed Pants, | Softenilied Phais,

| Tnches. Tnches,
L | 0 | 204
1 344 7§

L 284
304 ‘ 74

2 26

Total in inches. 1 |

five tallest crossed plants here average 30°8, and the five
self-fertilised 26 inches in height, or as 100 to 84,
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190 PETUNIA VIOLACEA. Cuae. VL

Three capsules were obtained by crossing flowers on the
above crossed plants, and three other capsules by again self-
fertilising flowers on the self-fertilised plants. One of the latter
capsules appeared as fine as any one of the crossed capsules;
but the other two contained many imperfect seeds.  From these
two lots of seeds the plants of the following generation were
raised.

Crossed and self-fertilised Plants of the Sccond Generation.—As in
the last generation, many of the self-fertilised scods germinated
‘before the crossed.

Seeds in an equal state of gormination were planted on the
opposite sides of three pots. The crossed scedlings soon greatly
exceeded in height the self-frtilised. In Pot L., when the tallest
erossed plant was 10 inches high, the tallest self-fertilised was
only 8 inches ; in Pot TI. the excessin height of the crossed was
not quite so great. The plants were treated as in the lnst gene-
ration, and when fully grown measured as before. In Pot IIL
both the crossed plants were killed at an early age by some
animal, so that the self-fertilised had no competitors. Neverthe-
less these two self-fertilised plants were measured, and are in-
eluded in the following table. The crossed plants flowered long
before their self-fertilised opponents in Pots I and 1., and before
those growing separately in Pot IIL

Tasue LXXVIL
Petunia vidacea (Second Generation).

No. of Pot, Crossed Plants, | Seltfertlind Plants.
P Inchen. Toches.
L 57 184
8 8
L. 4 33,
bl ’ by
1L, 0 46
0 2
Total i fnches. | 1020 1575

The forr crossed plants average 40-5, and tho six self-for-
Hliwd 96-95 inches in height; or as 100 to 65, But this great
inequality s in part accidental, owing to some of the self
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Afertilised plants being very short, and to one of the crossed being
very tall.

Twelvo flowers on these crossed plants wero again crossed, and
eleven capsules were produced ; of these, five were poor and six
‘good; the latter contained by weight 3-75 grains of seeds.
welve flowers on the self-fertilised plants wero again fertilised
with their own pollen and produced no less than twelve capsules,
and the six finest of these contained by weight 2-57 grains of
seeds. 1t should however be obscrved that these latter capsules
‘wero produced by the plants in Pot IIL, which were not exposed
10 any competition. The seeds in the ix fine crossed capsules
to those in the six finest self-fertilised capsules were in wmgh'.

Crossed. arid sclffertilised. Plants of the Third Generation—The
above seeds wero placed on sand, and after germinating were
- planted in pairs on the opposite sides of four pots; and all the
remaining seeds were thickly sown on the two sides of a ffth large
_pot. The result was surprising, for the self-fertilised seedlings
very early in life beat the crossed, and at one time were nearly
.Mbla their height. At first the case appeared like that of
Ihn]u,mwhmh-ﬂer the third nnenmn‘hllmd highly

The sole conjecture which I can form is that the crossed sceds
Tapie LXXVIIL
Petunic violacea (Third Generation ; plants very young).

]
No. of Pot. Crossed Plants.  Self-fertilised Plants.
T Inches, nches.
L 1% 1)
1 4
1L 5 [ 8
5 | 6
L 4 | 5§
v, 14 } 51
Total in inches. wes | 36-50
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had not been mﬂmﬂmy ripened, and thus produced weakly
plants, as occurred with Tberis, When the crossed plants were
between 3 and 4 inches in height, the six finest in four of the
pots were measured to the summits of their stems, and at the
same time the six finest of the self-fertilised plants. The
measurements are given in the preceding table (LXXVIIL), and
it may be here seen that all the self-fertilised plants exceed their
appomh in height, whercas when subsequently measured the
the self-fertilised depended chiefly on the unusual tall-
na-dmd‘lhphnhmmu. The crossed plants here
average 327, and tho self-fertilised 608 inches in height; or
as 100 to 186
When fully grown they were again measured, as follows :—

Tasie LXXIX,
. Petunia violacea (Third Generation ; plants fully grown).
No. of Pot. f [T f—
- Inches. | Inches,
L a1 | 40§
48 89
98 48
1L 38 |
2 | ’
363
L 52 l 4
v, 7 | 431
Total in inches. | 82775 | 481°00

The cight crossed plants now averaged 40-96, and the eight
self-fertilised plants 53°87 inches in height, or as 100 to 131; and
this excess e!neﬂy depended, us already stated, on the nusual
tallness of two of the self-fertilised plants in Pot II. The self-
fertilised had therefore lost some of their former great superiority
over the crossed plants. In three of the pots the self-fertilised
plants flowered first; but in Pot IIL at the same time with
the crossed.
The ease is rendered the more strange, because the erossed

plants in the fifth pot (not included in the two last tables), in
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%dlmmm&mm&hmlym.mm
the first finer plants than the self-fertilised, and had larger
b'-. At the period when the two tallest crossed plants in

ptm&}mdllmnhnhigh the two fallest self-fertilised

were only 4 inches. When the two crossed plants were 12 and
10 inches high, the two self-fertilised were only 8 inches. These
latter plants, as well as many others on the same side of this pot
never grew any higher, whereas several of the crossed plants
grew to the height of two feet! On account of this great
superiority of the crossed plants, the plants on neither side of
this pot have been included in the two last tables,

Thirty flowers on the crossed plants in Pots I. and IV. (Tahle
LXXIX.) were again crossed, and produced seventeen capsules.
Thirty flowers on the self-fertilised plants in the same two pots
were again self-fertilised, but produced only seven eapsules.
hanu\nuolmqapmhofbothlouwvﬂuedinnm

and the seeds from the erossed appeared to the
mhhltmbnmmmhdmﬁmmﬂ[—
fertilised capsu

In order to nmrhin whether the fertility of the self-fertilised
plants had boen lessened by the plants having been self-ferti-
lised for the threo previous generations, thirty flowers on the
erossod plants were fertilised with their own pollen. These
yielded only five capsules, and their seeds being placed in
separate watch-glasses did not seem more numerous than those
from the capsules on the self-fertilised plants self-fertilised for
the fourth time. So that as far as ean bo jndged from so fow
_eapsules, the self-fertility of tho self-fertilised plants had not
j in comparison with that of the plants which had
been intercrossed during the three previous generations. It

ld, however, be remembered that both lots of plants
h--nbmmdmucn generation to almost exactly similar

od again sell-fertilised, produwd by thn plants in Pot 1.
LXXIX.), in which the three self-fertilised plants wero

and -l/-/rrhlu«l Plants of the Fourth llnwmllan
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(nlned/hul’nﬂnlh(ll‘ul., Table LXXIX.).—Crossed and

self-fortilised seeds from plants of the last generation in Pot L,
mfl\hll!xm. were placed on sand, and after germinating,
‘were planted in pairs on the opposite sides of four pots. The
wm-mhmmmmwm base of the
calyx. The remaining seeds were sown crowded on the two
sides of Pot V.; and the four tallest plants on cach side of this

pot were measured in the same manner.
Tasie l.xxx.
Petunia violacea (Fourth Generation ; vaised from Plants of the
* Third Generation in Pot L, M- LXXIX.).

No. of Pot. Crowsed Plants, | Self-fertilined Plants.
i Ll e
1 29 301

35, gt
4 31
. \ xs! | 31
87 88
56 ssa
o Wl ol P
67 45
| 54 239
1v. | 51 | 34
| 51 | o
V. | 49 2|
Crowded plants., | 46 24
| 40 24
5 50
Total i inches. 70188 453:50

The fifteen crossed plants average 46:79, and the fourteen

though
lttle taller than their crossed opponents.
Orossed and selffortilised Plants of the Fourth Generation
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Tanue LXXXI
Petunia viclacea (Fourth Generation ; raised from Plants of the
¢ Third Generation in Pot IV., Table LXXIX.).

No. of Pt Cromsed Plants. et Srtilived Plante.
bt
L 48 0§
46 28
¥
N 1L 501 25
> 0] a
a7
L. 54 22
61 26}
45 8
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crossed offspring, It is unfortunate that I did not turn these
plants ot of doors, 80 as to ohserve their relative fertility, for 1
compared the pollen from some of the crossed and self-fertilised
plants in Pot L, Table LXXXI, and there was a marked dif-
ference in its state; that of the crossed plants contained hardly
any bad and empty gnml,whsm such abounded in the pollen

of t.\m self- fumhned ng

lie ffcts with a fresh Stock.—1 procured from a
glrdan in Wmlum, whence my pln.n's nnguully came, o
fresh plant differing in no respect from mine except in the
colour of the flowers, which was a fine purple. But this plant
must have been exposed during at least four generations to very
different conditions from those to which my plants had been
subjected, ns theso had been grown in pots in the green-
house. Eight flowers on the sclf-fertilised plants in Table
LXXXT, of the last or fourth self-fertilised generation, were
fertilised with pollen from this fresh stock; all eight produced
capsules containing together by weight 5°01 grains of seeds.
The plants raised from these seeds may be called the Westerham-
erossed.

Tight flowers on the crossed plants of the last or fourth genera-
tion in Table LXXXI. were again crossed with pollen from one
of the other crossed plants, and produced five capsules, contain-
ing by weight 207 grains of seeds. The plants raised from
these seeds may be called the infercrossed ; and these form the
fifth intercrossed generation.

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

From the foregoing data it is easy to caleulate that,
\

Gr. Weight
of Seed.
Ten Westerham-crossed capsules would have contained 626
Ten intercrossed capsules would have contained . . 4°14
Ten self-fertilised capsules would have contained . 300

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

those from the capsules of the fifth self-for-

4 ‘generation, in weight, . as100t0 48
Seeds from the \Veltahlm—cm-d Iu to
ﬁmfmmawﬂudmmhw

generation, AT . . . . 25100 to 66
Seeds from the intercrossed to those from the

self-fortilised capsules, . A « 08100 to 72
80 that a cross with pollen from a fresh stock greatly increased

the productiveness of the flowers on plants which had been self-
fertilised for the four provious generations, in comparison
only with the flowers on the same plants self-fertilised for the fifth
time, but with the flowers on the crossed plants crossed with
pollen from another plant of the same old stock for the fifth
time,

These three lots of sceds were placed on sand, and were
planted in an equal state of germination in seven pots, each made
fripartito by three superficial partitious. Some of the remaining
seeds, whether or not in o state of germination, were thickly

- sown in an cighth pot. The pots were kept in the greenhouse,
and tho plants trained up sticks, They were first measured to
the tops of their stems when coming into flower ; and the twenty-

two Westerham-crossed plants then averaged 2551 inches; the
twenty-thros intercrossed plants 30-38; and the twenty-
self-fertilised plants 23-40 inches in height. We thus get the
following ratios:—

The Westerham-crossed plants in height to the
self-fertilised as100 to 91
mwm‘nrh.lm-ﬂ\'lldphnh hmbﬂ!ﬂ
intercrossed . 45100 to 119

minhmomd phntam hdghththuull—
fertilised + .08 100to TT

Mplnnhwomnsalnmmnmdwhen their growth appeared
‘on a casual inspection to be complete. But in this I was mis-
for after cutting them down, I found that the summits
“esterham-crossed plants were still growing

intercrossed had almost, and the self-
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from those deduced from the measurements in the following
table :—

Tapie LXXXIL
Petunia viducea,
! et
(Plants of uﬂ&mw
Woiorgy |t Diaee o (‘ e ok | (s frsd o
""'u“‘"““‘n?.w ‘
B 1] 571 ! i
a | s
51y s | o
1. | 48] 59 a1y
54 58] 41
s8f | 8 18§
I 62 2 a0q
53 54§ 45
o 61 194
v, " 58 a7
49 65 38
s 5 82
v. 43 35/ 41
53, 3 2
53§ 54
VL 374 £ | 45,
T 29
o o7, 14§
viL, Ty | & | e
4:)‘ 494 ‘ 125
o o
v ‘ T m ) ang
Crowded. 87 ‘ 14§
Total in inches,| 105125 110050 | 6eress

‘The twenty-one Westerham-crossed plants now averaged 50-05.
inches; the twenty-two intercrossed plants, 54-11 inches; and
the twenty-one self-fertilised plants, 33-23 inches in height. We
thus get the following ratios: —
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The Westerham-crossed plants in height to the
self-fertilised 25100 to 66
The Westerham-crossed plauts in height to the
intercrosse . 05100 to 108
The intercrossed plants in he-gm to the sl
fertilised

@sy . .8s100to 61

We here sce that the Westerham-crossed (the offspring of
plants self-fertiliséd for four generations and then crossed with a
fresh stock) have gained greatly in height, since they were first
measured, relatively to the plants seli-fertilised for five genera-
tions. They were then as 100 to 91, and now as 100 to 66 in
height. The intercrossed plams (i.e., those which had been in-
tarcrossed for the last five generations) likewise exceed in
mthalalﬂemlned plants, as oceurred in all the

‘esterham-crossed

 plants are exceeded in height by the intercrossed ; and this is a
surprising fact, judging from most of the other strictly analogons
cases.  But as the Westerham-crossed plants were still growing
wvigorously, while the intercrossed had almost ceased to grow,
there can hardly bo a doubt that if left to grow for another
F-ﬂ:my uld have beaten the intercrossed in height. That
‘were gaining on them is clear, as when measured before they

were as 100 to 119, and now as only 100 to 108 in height. The
 Westerham-crossed plants had also leaves of & darker green, and

stock were superior to the mmm-ed,uwnnumhe

* plants of the fifth f which latter fact
there could not be the least doubt.

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

self-fertilised plants 74 ounces. The following ratios
calenlated for an equal number of plants of each kind. But
8 the self-fertilised plants were just beginning to wither, their
weight is here slightly too small; aud as the Westerham-
were still growing vigorously, their relative weight

time allowed wonld no doubt have greatly increased.
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The Westerham-crossed plants in weight to
the self-fertilised . . . . . asl00to 22
The Westerham-crossed plants in weight to
the intercrossed . as 100 to 101
Thnlniu\mﬂdplmﬁm'ughththlldf‘
fertilised £ E . . 05100 to 22°8

We harn sce, judging by !Mght inmnd of ns before by height,
that have an
nnmmu advantage over the lelr rumhml The Westerham-
crossed are inferior to the intercrossed by a mero trifie; but it is
almost certain that if they had been allowed to go on growing for
another month, the former would have completely beaten the
latter.

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

Tapte LXXXIIL
Petunia violacea (plants growing in the open ground).

Westerhamromed |
Intererossed Plants
,,,“,;‘,"(M' sg}h(mua—un he | SoF-ferilised
i Genertion | "2l 04T Biee | Hive
3 Generations).
Inches. Inches. Inches.
341 38 k)
38§ 56, 28
85 39 25
32 8 24
87 6 a2
864 41 23
401 7] 213
] 23,
38§ a1 2t
38§ 36 2
366°76 382'78 233°13 o
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- The ten Westerham-crossed plants here average 8667 inches

in height ; the ten intercrossed plants, 3827 inches ; and the ten

23-31 inches. These three lots of plants were also

weighed ; the Westerham-crossed plants weighed 28 ounces; the

intercrossed, 41 ounces; and the self-fertilised, 14°75 ounces.
‘We thus gnnhefol]owlngnmu—

The Westorham-crossed plants in height to the
self-fertilisod 28100 to
lhwmmwplnnhmmﬂnthm
© self-fertilised as100.to 53
Tho Westerham-crossed plants in height to th
intercrossed as 100 to 104
* Tho Westerhau-crossed plants in weight to the
intercrossed as 100 to 146
.ﬂnmwmmdplnnumhngm to the self-
fertilised . as 100 to 61
-ﬁninumumdphnm m'mghi to the self-
. . . « as100to 36

m the relative heights of the three lots are noarly the same
threo or four per cent.) as with the phnhin the pots.
]n'ught there is o much greater difference the Westerham-

must be attributed to their different origin; namely, to the
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one lot being derived from plants u!lfarhli.ul for four genera~

‘generations
fertilisod for five generations. All the capsules, some nearly
mature and some only half-grown, were gathered, counted, and
weighed from the ten finest plants in each of the three rows, of
‘rhinh the measurements and weights have already been given.
The intercrossed plants, as we have seen, were taller and con-
siderably heavier than the plants of the other two lots, and they
produced & greater number of capsules than did even the

Westerham-crossed plants; and this may be attributed to the
Iatter having grown more crowded and being in consequence less
branched. Therefore the average weight of an equal number of
capsules from each ot of plants seems to be the fairest standard
of comparison, as their weights will have been determined chiefly
by the number of the included seeds. As the intercrossed plants
were taller and heavier than the plants of the other two lots, it
might have been expected that they would have produeedthe finest
or heaviest capsules; but this was very far from being the case.

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

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

The ten tallest self-fortilised plants produced only 44 capsules,
weighing 22-85 grains. Therefore 100 of these capsules would
have weighed 50°79

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

d plants to

pants . . . o o . . 83100t04B
od plants to plants as 100 to 54

Intercrossed plants o self-fertilised plants . s 100 to 86

We here see how potent the influence of a cross with pollen
from a fresh stock has been on the fertility of plants self-fertilised
fur four generations, in comparison with plants of the old stock
when either intercrossed or self-fertilised for five generations; the
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l.vnmdnh-plmuhnngbmlenlohomdyen-d
by inseets or to fertilise themselves, ‘Westerham-crossed
plants were also much taller and h-vhr plants than the self-
fertilised, both in the pots and open ground; but they were less
tall and heavy than the intercrossed plants. This latter result,
however, would almost certainly have been reversed, if the
 plants had been allowed to grow for another month, as the
were still growing vigorously, whilst the
~ intercrossed had almost ceased to grow. This ease reminds us of
the somowhat analogons one of Eschscholtzia, in which plants
raised from a cross with a fresh stock did not grow higher than
the self-fertilised or intercrossed plants, but produced a greater
number of sced-capsules, which contained a far larger avernge
number of sceds.
Colour of the Flowers on the above Thvee Lots of Plants.—The
St i Sortilised

jgenerations were raised, bore dingy purple flowers. At no time
was auy selection practised, and the plants were subjected in
each generation to extremely uniform conditions. The result
-was, 08 in some previous cases, that the flowers on all the self-
fetilisedplants, both in tho pots and

remarkably uniform in height, a8 judged by the eye; the inter-
erossed less 5o, whilst the Westerham-crossed plants varied much
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approximately equal; and in one (ie., in the first generation)
the seli-fertilised plants were greatly superior to the crossed,
In no ease did the capsules from flowers fertilised with pollen
from a distinet plant yield many more, and sometimes they yielded
much fewer seeds than the capsules from self-fertilised flowers.
But when the flowers of one variety were crossed with pollen
from a slightly different variety, which had grown under
somewhat different conditions,—that is, by a fresh stock,—the
seedlings derived from this cross exceeded in height and weight
those from the self-fertilised flowers in an extraordinary degree.

Twelve flowers on some plants of the common tobacco, raised
from purchased seeds, were crossed with pollen from a distinet
plant of the same lot, and these produced ten capsules. Twelve
flowers on the same plants were fertilised with their own pollen,
and produced eleven capsules, The seeds in the ten crossed
capsules weighed 31°7 grains, whilst those in ten of the self-
fertilised capsules weighed 47-67 grains; or as 100 to 150, The
much greater productiveness of the self-fertilised than of the
crossed capsules can hardly be attributed to chance, as all the
capsules of both lots were very fine and healthy ones.

The seeds were placed on sand, and several pairs in an equal
state of germination were planted on the opposite sides of three
pots. The remaining seeds were thickly sown on the two sides
of Pot IV., 5o that the plants in this pot were much erowded.
The tallest plant on each side of each pot was measured. Whilst
the plants were quite young the four tallest crossed plants
averaged 7°87 inches, and the four tallest self-fertilised 14-87
inches in height; or as 100 to 189, The heights at this age are
given in the two left columns of the following table.

‘When in full flower the tallest plants on each side were again
measured (see the two right-hand columus), with the rouewmg
result. But I should state that the pots were not large enough,
and the plants never grew to their proper height. The four
tallest crossed plants now averaged 18-5, and the four tallest
self-fertilised plants 8275 inches in height; oras 100 to 178,
In all four pots a self-fertilised plant flowered before any one of
the crossed.

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

@ The Complete Waork of Charles Darwin Online




Nicotiana tabacum (First Guomlm-)

May 20, 1061, Drormber 6, 1965
No. of Por. o
Planta. Planta. | Planta. Plants.
] o | toches [ Toches | fnches,
P 1. 154 26 40 44
- I s | B | e 43
r
“ . s | 1y | 10 )
b 1v. 5 5 1y u
| Crowdea.
I 5 110
ar:
2l

n 13 and 14 inches in height thero
n the two sides, nor was there any marked difference
Nmumuﬂluwaﬂd;hhmm
tallest crossed plant was 26} inches in height, and exceeded
2 inches the tallest self-fertilised plant, whilst in the other

& given, ns well ns that in Tablo LXXXIY., show us clearly
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that the plants raised from the crossed seeds were inferior in
height to those from the self-fertilised sceds ; but only when not
greatly erowded. When erowded and thus subjected to very severe
competition, the crossed and self-fertilised plants were nearly
equal in height.

Crossed and self<fertilised Plants of the Second Generation.—
Twelve flowers on the crossed plants of the last generation
growing in the four large pots just mentioned, were crossed with
pollen from a crossed plant growing in one of the other pots;
and twelve flowers on the self-fertilised plants were fertilised
with their own pollen. All these flowers of both lots pro-

The plants thus mised wero when several
of them were in full flower.
Tapie LXXXV.
Nicotiana tabacum (Second Generation).
No, of Pot. Croased Plants, Self-fertilind Plants.
Inches. Inches.
L 14 T’!
kil 8
56
. « 16
44 7
10 504
. 57 87 (8
1 ‘ 813 (v)
. [ ) 19
a1 h
6 4
V. T 04
29] 3
Total in inches. 51163 413+75

@ The Comblete Work of Charles Darwin Online




Caar. VL. CROSSED AND SELF-FERTILISED PLANTS, 207

The thirteen crossed plants here average 39-85, and the
thirteen self-fertilised plants 3182 inches in height; or as 100
to8l. But it would be a very much fairer plan to exclude all
the starved plants of only 10 inches and under in height; and
in this case the nine remaining crossed plants average 53-84,
and the seven remaining self-fertilised plants 51°78 inches in
Teight, or as 100 to 96; and this difference is so small that the
crossed and self-fertilised plants may be considered as of equal

its.

‘height i
In addition to these plants, three crossed plants wero planted
separately in three large pots, and three self-fertilised plants in
throe other largo pots, so that they were not exposed to any
now the plants excoodod the
Mm height by a little, for the threo crossed averngod 55-91,
aud the three solf-fortilised 59°16 inches; or as 100 to 106,
meland slffertilised Plants o the Third Generation.—As T

tion, 1 selected for experiment the two self-fertilised plants
‘marked A and B in Pot IIL in Table LXXXY., as these two

Tasie LXXXVL

Nicotiana tabacum (Third Generation).

Seedlings from the Self-fertilised Plant A in Pok ITL,,
Table LXXXV., of the lust or Second Generation.

| From Seltfortlid
Noatto | ok v i | Bt et
|7 b [

L 1003 [

| 0 ()

1. 1 110 50

|00 66

. | 104 791

L
v, 8 110
76 04
Total in inches. | 666°75 55725
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were of nearly equal height, and were greatly superior to their
opponents. Four flowers on each plant were fertilised
with their own pollen, and four others on the same plants were
erossed with pollen from one of the erossed plants growing in
another pot. This plan differs from that hefore followed, in
which seedlings from crossed plants again crossed, bave been
compared with seedlings from self-fertilised plants again self-
fertilised. The seeds from the crossed and self-fertilised capsules
of the above two plants were placed in separate watch-glasses and.
mpmi,m-mmwaigw and in both cases those from
erossed capsules seemed to be rather less numerous than
thme from the self-fertilised capsules, These seeds were planted
in the usual manner, and the Leights of the crossed and self-
fertilised seedlings, when fully grown, are given in the preceding
and following table, LXXXVI. and LXXXVIIL.

The seven crossed plants in the first of these two tables average
9525, and the seven self-fertilised 79°6 inches in beight; or as
100 to 83. In half the pots a crossed plant, and in the other
Thalf a self-fertilised plant flowered first,

‘We now come to the scedlings raised from the other parent-
plant B,

Tasue LXXXVIL
Nicotiana tubacum (Third (Feneration).
Seedlings from the Selffertilised Plant B in Pot I1T.,
Table LXXXV., of the last or Second Generation.

From Self-ferlin .
From Self-fertilised | Plant again self-ferti-
No. of Pot. Plant, crossed by a | lised, forming 1
Crossed Plant, 11||r‘\)1esr|f-knllh«\l
Tahamety =
L 871 724
49 14§
L. 98y 73
0 1104
L. 9 106
154 78
v, 974 489
T 487 81
o 61
Total i inches. | 49550 641°75
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- The seven crossed plants (for two of them died) here
Mhﬁmlﬁihmﬂmﬂmh 71'8 inches in

inferior to the self-fertilised as 100 to 178; and the flowers on
the original parent-plants which were erossed with pollen from
distinct plant yielded much fower seeds than the self-fertilised
flowers, in the proportion of 100 to 150, But it is a strange fact
that the self-fertilised plants, which were subjected to very severe
competition with the crossed, had on two occasions no advan-

being diseased

ot in any way injured in some one capsule, for the contents of
the ten crossod eapsules were mingled together and n few taken
by chance for sowing. In the second generation the erossed and
solf-fertilised plants were nearly cqual in height. In the third
1f-fe from

in b d in the
me ease exceeded the self-fertilised in height in the ratio of 100
0 83, and in the other ease were almost equal.
een the two lots, raised at the same tima from two plants
ing in the same pot, and treated in every respect alike, as

the jority of the over

same genus,  Consequently if two plants which thus differ
erossed, thie seedlings suffor and are beaten by those from
self-fertilised flowers, in which the sexual elements are of
same nature. It is known® that with our domestic animals

1 havo given evidenco on  mestication,’ chap. xviti. 2ud edit.
Bead fn my *Variation of  vol. i. p. 146.
uls and Plunts under Do-
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certain individuals are sexually incompatible, and will not
produce offspring, although fertile with other individnals. But
Kaolreuter has recorded  case* which bears more closely on our
present one, as it shows that in the genus Nicotiann the varieties
differ in their sexual affinitis. He experimented on five
varieties of the common tobacco, and proved that they were
varieties by showing that they were perfectly fertile when re-

ciprocally crossed ; but one of these varieties, if used either as
the futher or the mother, was more fertile than any of the others
‘when crossed with a widely distinet species, N. glutinosa. As the
different varieties thus differ in their sexual affinities, there is
nothing surprising in the individuals of the same variety differ-
ing in a like mannor to a slight degree,

Taking the plants of the three generations ﬂhgather. the
crossed show no superiority over the self-fertilised, and
nccount for this fact only by supposing that with this
which is perfectly self-fertile without insect aid, most of the indi-
viduals are in the same condition, as those of the same variety
of the common pea and of a few other exotic plants, which
have been self-fortilised for many generations, Tn such cases a
cross between two individuals does no good ; nor does it in any
ense, unless the individuals differ in general constitution, either
from so-called spontaneous variation, or from their progenitors
having been subjected to different conditions. I believe thlh
this is the true explanation in the present instance, becanse,
we shall immediately see, the offspring of plants, which did mn
profit at all by being crossed with a plant of the same stock,
profited to an extraordinary degree by a cross with a slightly
different sub-variety.

The Effects of a Cross with a fresh Stock.—I procured some seed
of N. tabacum from Kew and raised some plants, which formed.
a slightly different sub-variety from my former plants; as the
flowers were a shade pinker, the leaves a little more pointed, and
the plants not quite so tall. Therefore the advantage in height
‘which the seedlings gained by this cross cannot be attributed to
duem inheritance. Two of the plants of the third self- ltzmlu

meration, growing in Pots IL and V. in Table LXX
Sikh cacatnd 1o height their crossed opponents (ns did ﬂutr
parents in o still higher degree) were fertilised with pallen
from the Kow plants, that is, by a fresh stock. ~The secdlings

* *Dus Geschlecht der Planzen, Zweito Fortsotuung,’ 1764, p. 55-60,
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thus raised may be called the Kew-crossed. Some other flowers

CROSS WITH A FRESH STOCK.

Pot IT,, Tablo LXXXVIL, were plainly less fino than the self-
fortiliscd capsules on the same plant. In Pot V. the one finest

ceived any benefit, but in this I was completely mistaken.
The crossed and self-fortilised sceds from the two

vnumunr«l-hmlnﬂom "This nocident

mmall beight of sowme of the pairs; lmumuumm
‘ouly partly or fully grown, were measurcd at the same time, the
‘measnrements are fair.

 The average height of the twenty-six crossed plants in the six-
Aeen pots of the two series is 63:20, and that of the twenty-
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Tapue LXXXVIIL
Nicotiana tabacum.

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

‘From Pot IT, Table LXXXVIL From Pot V., Table LXXXVIL
Koy Fonta - Kemcromed | uth S,
et . e St
o af Fot. el G| N0 of it Plaite. v Gen
ertion.
TInches. Inches, ‘ Tnches, Inches.
L 84y | 68y % 7! 56
31 5 7 59
1. ‘ O I 1L 559 a7g
18 70 | 18 7
1L m | oaeg | 60 | sof
il 6 |
v, 497 294 ‘ w. sy | 11y
13§ | 83 o2) | 4
V. 8 5 V. I 28y
17 5 |
VI, w | 8 VI 78 788
VI, 83 sy | VvIL s | oy
i | sef |
833 81} VL T
| I 72§ 274
902+65 ‘ 636°13 |

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

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

From Pot 1L, Tuble LXXXVIL | From Pot V., Table LYXXVIL
Planta o the Plants of the
Keycromed . | Fourth Selpterti- | Nepcromed Fourh Sif e
T lsed Geveration, | PlAIS lised Generation.
Taches, Inches | Inches Tnl
424 2y 44 [T
En 199 42 a
30 1| 7 18
23 16 | 81 15,
26/ 134 82 13
18§ 16 2%f 14
175+03 w0150 | 2007 105°13

The twélve tallest crossed plants in the two
the two series average here 81+ SB,mdthotwalnhU-tnlf-ﬁ!rﬁ-
Tised plants 17-21 inches in height; or as 100 to 54. The plants
on both sides, when fally grown, some time after they had been

were cut down close to the ground and weighed.
The twelve crossed plants weighed 21°25 ounces; and the
twelve solf-fertilised plants only 7-83 ounces; or in weight as

- 100 to 7.

The rest of the crossed and self-fertilised seeds from the two
parent-plants (the same as in the last experiment) was sown on
the 1st of July in four long parallel and separate rows in good soil
in the open ground ; thha-nd.lmyvmmml*cMw
any mutual
Ao their growth. Whﬂnttheleadﬂnglwmnqlmlllﬂm two

twelve had flowered ; whilst of the twenty
Mmmmw
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Tante XC.
Nicotiana tabacum.
Plants raised from the same seeds as in the lust two ezperiments,
but sown separately in the open ground, so as not to compete
together.

From Pot 11, Table LXXXVIL | From Pot V., Table LXXXVIL,
Kewcrmied | o Pntscfthe | Ko crome | . Plantsof the
Fourth Self fertl- Fourth Self-fert.
Pt | Jised Generation, e ised Generation,
Inchen. Toches.
4z 22, 541 B4g
54, 874 \‘ s14 98]
39 34f 45 40
53 30 43 433
49 28 | 43 40
50, 81 | 48§ 88
47 254 4“ 85
571 25 | 48 39
87 2 | 55 47
48 2 63 58/
47875 288°86 496-18 417-25

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

In the three preceding tables, LXXXVIIL, LXXXIX., and
XC., we have the measnrements of fifty-six plants derived from
two plants of the third self-fertilised gencration crossed with
pollen from a fresh stock, and of fifty-six plants of the fourth self-
fertilised generation derived from the same two plants. These
crossed and self-fertilised plants were treated in three different
ways, having been put, firstly, into moderately close competition
with one another in pots; secondly, having been subjected to
unfavourable conditions and to very severe competition from
being greatly crowded in two large pots; and thirdly, having
being sown separately in open and good ground, so as not to
suffer from any mutual competition. In all these cases the
crossed plants in each lot were greatly superior to the eelf-
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fertilised. This was shown in several ways,—by the earlier
germination of the crossed seeds, by the more rapid growth of
the seedlivgs whilst quite young, by the earlier flowering of the
mature plants, as well as by the greater height which they

ly attained. The superiority of the crossed plants was
shown still more plainly when the two lots wero weighed ; the
weight of the crossed plants to that of the self-fertilised in the
two crowded pots being as 100 to 57. Better evidence could

XXVL PRIMULACEE.—CYCLAMEN PENSICUM.*

Tm flowers crossed with pollen from plants known to be
mumg- mldul nino upn.l. confaining on an
of seventy-

on the
were now measured, -ndthuunnx-hauh!oltboexghtmm.

, sccord- _p. 160), s proterandrous, and this
o E oo Gleapilo Dot T bliws Lo b th ese with 1
urnmpa.mrml yersicun.
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was 949 inches. Affer a considerable interval of time the
self-fertilised plants flowered, and several of their flower-stems
(but T forgot o record how many) were roughly measured, and
their average height was o little under 75 inches; so that the

flower-stems on the crossed plants to those on the self-fertilised
were at least as 100 to 79. The reason why I did not make
more careful measurements of the self-fertilised plants was, that
they looked such poor spocimens that T determined to have them
re-potted in larger pots and in the following year to measure
them earefully ; but we shall see that this was partly frustrated
by 80 few flower-stems being then produced.

These plants were left uncovered in the greenhouse; and the
twelve crossed plants produced forty capsules, whilst the
twelve self-fertilised plants produced only five; or as 100 to 12.
But this difference docs not give a just idea of the relative
fertility of the two lots, I counted the seeds in one of the finest
capsules on the crossed plants, and it contained seventy-three;
whilst the finest of the five capsules produced by the self-
fertilised plants contained only thirty-five good seeds. In the
other four capsules most of the seeds were barely half as large
a8 those in the crossed capsules.

Tapte XCL
Cyclamen persicum ; 0 implies that no flower-stem was produced.
No.ofPot. | Cromod Plants, | etteritid Plants.
' Inches. Inches.
L 10 [
| 91 0
‘ 10§ 0
i 9 0
10 0
103
. o 8
6
. 9| 6 >
1v. 1n 0
10, 7
10 o
Total in inches. 1988 | 20°50
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n the following year the crossed plants again bore many
flowers before the self-fertilised bore a single one. The three
fallest flower-stems on the crossed plants in each of the pots
‘were measured, as shown in Table XCL  In Pots I and II. the
self-fertilised plants did not produce a single flower-stem; in
Pot IV, only one; and in Pot IIL six, of which the three tallest
were measured.

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

Axaaarus,
Anagallis collina, var. pmd-;zom (pah red and blue-flowered

Firstly, twenty-five flowers on some ph.nh of the red variety

fertilised with their own pollen, and produced eighteen capsules.
 Theso plants, which were grown in pots in the greenhouse, were
evidently in o very sterile condition, and the seeds in both
sets of capsules, especially in the self-fertilised, although
. numerous, were of o poor a quality that it was very difficult
to determine which were good and which bad. But as far as I
«could judge, the crossed capsules contained on an average 6°3
good seeds, with a maximum in one of thirteen; whilst the
self-fertilised contained 605 such seeds, with a maximum in
- one of fourteen.
~ Secondly, cleven flowers on the red variety were castrated
whilst young and fertilised with pollen from the blue variety,
and this cross evidently much increased their fertility; for the
eleven flowers yielded seven capsules, which contained on an
average twico as many good seeds as before, viz,, 12°7; with a
maximum in two of the capsules of seventeen seeds. Therefore
these crossed capsules yielded seeds compared with those in the
m; self-fertilised capsules, as 100 to48. These seeds were
also conspicuously larger than those from the cross between two
individnals of the same red variety, and germinated much more
freely. Tho flowers on most of the plants produced by the cross
Detween the two-coloured varieties (of which several were raised),
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took after their mother, and were red-coloured. But on two of
the plants the flowers were plainly stained with blue, and to
such a degree in one case as to be almost intermediate in tint.
The erossed seeds of the two foregoing kinds and the self-
faniUled wero sown on. the opposite sides of two large pots, and
were measured when fully grown, as shown in the
cwo following tables :—

Tapse XCIL
Anagallis collina.

R Varity cromed by ditngt Pl o the Red Variety,
e Vari S,

Crossed Plants. | Slf-fotilied Plants.

NoofPot. | Cro
L ' 234
| 21
| 173
Total in Inches, ; 61-75

Red Varlety crossed by Bl Varety, and Red Vasiet
i e %

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

| Tches.
1L 24,
18
11
Total in inches. 52:88 475
Total of both lots. 144-68 99-75

As the plants of the two lots are few in number, they may be
run together for the gencral average; but T may first state that
the height of the scedlings from the eross botween two individuals
of thie red variety is to that of the self-fortilised plants of the red
variety as 100 to 78 ; whereas the height of the crossed offspring
from the two varicties to the self-fertilised plants of the red
variety is as 100 to 66. So that the cross between the two
varieties is here seen to be the most advantageous. The average
height of all six crossed plants in the two lots taken togother is
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IB'EO, and that of the six self-fertilised plants 83°25; or as 100

Th- six crossed plants produced spontancously twenty-six
capsules, whilst the six self-fortilised plant ll];mduwdmlym
or as 100 to 8. There is therefore the
Mhmﬂqmmmmwmﬁm
‘plants as in the last genus, Cyclamen, which belongs to the same
family of the Primulacese.

Protora vems. Brit. Flora.
(Var. officinalis, Linn.). The Cowslip.

Most of the species in this genus are heterostyled or
dimorphic ; that is, they present two forms,—one long-styled with
short stamens, and the other short-styled with long stamens.*
For complete fertilisation it is

led plants ; they were, moreover, in some

mlnhn-nhud Andhadbwnmbjeowd;uthaﬁmhdmﬂn

conditions in pots in the greenhouse. As long as they were
in thi

greenhouse
@row well and wero healthy; but when those of the two lnst
ilagitimato generations were thua troated they became exoes-
b A
B yoow Ou e oo o Matmy o fhe Oyeeg o
i ey el ke, emodkcrsy .
in * nts,’ was
mlhn.&n'ntvl.lx Pulishod 1 v . 1667, 3. 308,
Of tho same joural.

m-uy oon Dt Bybrits
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sively sterile and dwarfed, and remained so during the following
year, by which timo they ought to have become accustomed to
growing out of doors, so that they must have possessed a weak
constitution.

Undu l.huueinlmlhnu.,h seemed advisable to ascertain

the effect of legitimately crossing long-styled
plnnhoﬂh ﬁmrlh illegitimate generation with pollen taken from
non-related short-styled plants, growing under different con-
d.iﬁms Accordingly several lowm on phnh of the fourth
(e, plants
‘which had been legitimately ln:rﬁln\sd).m vigorously in pots
in the greenhouse, were legitimately fertilised with polien from
an almost wild short-styled cowslip, and these flowers yielded
some fine capsules. Thirty other flowers on the same illegi-
timate plants were fertilised with their own pollen, and theso
yielded seventeen capsules, containing on an average thirty-two
seeds, This is a high degree of fertility; higher, T believe, than
that which generally obtains with illegitimately fertilised long-
styled plants growing out of doors, and higher than that of the
previous illegitimate generations, although their flowers were
fertilised with pollen taken from a distinet plant of the samo
form,

These two lots of seeds were sown (for they will not germinate
well when placed on bare sand) on the opposite sides of four
pots, and the scedlings were thinned, so that an equal number
were left on the two sides. For some time there was no marked
difference in height botween the two lots ; and in Pot ITL, Table
XCIIL, the self-fertilised plants were rather the tallest. But by
the time that they had thrown up young flower-stems, the
legitimately crossed plants appeared much the finest, and had
greener and larger leaves. The breadth of the largest leaf on
each plant was measured, and those on the crossed plants were
on an average & quarter of an inch (exactly *28 of an inch)
broader than those on the self-fertilised plants. The plants, from
being too much crowded, produeed poor and short flo
The two finest on each side were measured; the eight on the
legitimately crossed plants averaged 4-08, and the eight on the
illegitimately self-fertilised plants averaged 2°93 inches in
wghc; or as 100 to 72,

These plants after they had flowered were turned out of their
pnh.mdpl-nhdinfdrlyxwdﬂlnﬂmopwwmd. In
the following year (1870), when in full flower, the two tallest
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hmwmd&mlﬂnmﬂ as shown in the
‘which likewise gives the number of flower-stems

-ndnmdmhothlﬂsofdllhwh

Tasue XCIIL
Primula veris.

g | e e o |ll‘l'l'-u-

N of It

L ] 16 2 3
I 2=y El

Lo A [} 3
61 51

L. 6 | 1. 3 4
| o o

v, 7 1 2 )
0 2

Total. 50026 | 62 275 15

The average height of the eight tallest flower-stems on the

i i plants produced e
capsules, whilst the self-fertilised produced only 16; and

were all produced by a single plant in Pot I1., wh!nhm

e season was unfavourable, and

s containing good seeds.
erossed plants produced only forty such flower-stems, bearing
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168 good capsules, whilst the self-fertilised plants produced
only two such flower-stems, bearing only 6 capsules, half of
which were very poor ones. So that the fertility of the two lots,
judging by the number of capsules, was as 100 to 3°5.

In considering the great difference in height and the wonderful
difference in fertility between the two sets of plants, we should
Dear in mind that this is the result of two distinct agencies.
The self-fertilised plants were the product of illegitimate fertili-
sation during five successive genorations, in all of which, ex-
cepting the last, the plants had been fertilised with pollen faken
from a distinct individual belonging to the same form, but which
was more or less closely related. The plants had also been
subjected in each generation to closely similar conditions. This
treatment alone, as I know from other observations, would have
greatly reduced the size and fertility of the offspring. On the
other hand, the crossed plants were the offipring of long-styled
plants of the fourth illegitimate generation legitimately crossed
with pollen from a short-styled plant, which, as well as its pro-
genitors, had been exposed to very different conditions; and this
lntter circumstance alone would have given great vigour o the
offspring, as we may infor from the several analogous cases
already given. How much proportional weight ought to be at-
tributed to these two agencies,—the one tending to injure the
sl fertilisod ofispring, and the other to benefit the crossed
offepring,—cannot be d But wo shall jmmedi
seo that the greater part of the benefit, as far as increased
fertility is concerned, must bo attributed to the cross having
Deen made with a fresh stock.

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

1 have described in my paper ¢ On the Ilegitimate Unions of
Dimorphic and Trimorphic Plants’ this remarkable variety, which
was sent to me from Edinburgh by Mr. J. Seott. It possessed a
pistil proper to the long-styled form, and stamens proper to the
short-styled form ; so that it had lost the heterostyled or dimor-
phic character common to most of the species of the genus,
and may be compared with an hermaphrodite form of a bi-
sexual animal. Consequently the pollen and stigma of the
same flower are adapted for complete mutual fertilisation, instead
of its being necessary that pollen should be brought from one
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form to another, as in the common cowslip, From the stigma
lndlnthmllhﬂnxmrlyontbﬂmh‘d the flowers are

tho injurions effects of an illegitimate union.

The plants on which T upurhnhi had been raised during
wo successive generations from spontancously self-fertilised
soeds produced by plants under a not; and us the variety is
highly selffertilo,its progenitors in Edinturgh may have been

fhickly on the opposite sides of three. pots, and the seedlings
, 0 that an equal number were left on the two sides.

The seedlings during the first year were nearly equal in
excepting in Pot IIL, Table XCIV., in which the self-
phnhhndndwldodldmhgu Tn the autumn the

out, in their pots; owb‘bih-dmm-

 stems on both sides counted, ulhvinmﬂnﬂbrh‘hbh
hmmhnumvcmd,mdumwwwmmmg
‘-b,,duﬁnmmdouh'mﬂuﬂdb] ‘When

the capsules were they were gathered and mnnud,
‘the result is likewise shown in the following table :—
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Tane XCIV.
Primula veris (equal-styled, red-flowered variety).
Crossed Plants. Seltfrtilised Plants,
No. ol Helghtof |
oot Wt [ et Ll BT [ ot e
Flowerstom| Flower- Flower-. | Cipsules.
i inches. in fnches. £
I 10 14 | 163 64 6 6
| Several, |
I 8y 12 | ot 2 0
counted. ||
i (R S 1} 104 5 26
'mu..} R i H 220 ‘ 13 82

self-fertilised plants 7°83 inches; or as 100 to 85.

those on the crossed plants on the opposite side were not

The average height of the three tallest flower-stems on the
crossed plants is 866 inches, and that of the three on the

All the crossed plants together produced thirty-three flower-
stems, whilst the self-fertilised bore only thirteen. The number
of the capsules were counted only on the plants in Pots Land TIL,
for the self-fertilised plants in Pot 1. produced none; therefore

counted. Capsules not containing any good seeds were rejected.
The crossed plants in the above two pots produced 206, and the
self-fortilised in the same pots only 32 capsules; or as 100
to 15. Judging Ermn the previous generations, the extreme

from the self-fertilised plants the average was 17-65; or as

‘plants in this

was wholly due to otts having been subjected to unfavourable
conditions, and to severe competition with the crossed plants;
for had they grown separately in good soil, it is almost certain
that they would have produced a large number of capsules.
The seeds were counted in twenty capsules from the crossed
plants, and they averaged 24:75; whilst in twenty capsules

100 to 71. Moreover, the seeds from the self-fertilised plants
were ot nearly so fine as those from the crossed plants. If
we consider together the number of capsules produced and

the average number of contained seeds, the fertility of the
crossed plants to the self-fertilised plants was as 100 to 1L
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‘We thus see what a great effect, as far as fertility is concerned,
‘was produced by a cross between the two varieties, which had
becn long exposed to different conditions, in comparison with

between the flowers on the same plant, or between distinet plants
~ of the same form. But 1 have shown, in the paper before referred
10, that in England this plant is in an abnormal econdition,
such as, judging from analogous cases, would tend to render a
cross between two individuals of o benefit to the offspring.

been procured dircet from China,

with ono of our English varictics, the

shown wonderful superiority in height B
probably not in the beauty of their flowers) over our ordinary
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the number of seeds obtained from these two modes of self-fer-
tilisation, both of which were illegitimate. The two lots of seeds
from both forms were sown thickly on opposite sides of four pots,
and numerons plants thus raised. But there was no difference
in their growth, excepting in one pot, in which the offspring
from the illegitimate union of two long-styled plants exceeded
in a decided manner in height the offspring of flowers on the
same plants fertilised with their own pollen. But in all four
pots the plants raised from the union of distinet plants belonging
to the same form, flowered before the offspring from the self-
fertilised flowers.

Some long-styled and short-styled plants were now raised from

, and flowers on both forms were legitimately
crossed with pollen from a distinct plant; and other flowers on
both forms were illegitimately fertilised with pollen from the
flowers on the same plant. The sceds were sown on opposite sides
of Pots L. o IV. in the following fable (XCV.); a single plant
being left on cach side. Several flowers on the illegitimate long-
styled and short-styled plants described in the last paragraph,
wore also legitimately and illogitimately fertilised in the manner
just doseribed, and their sceds were sown in Pots V. to VIIL in
the same table. As tho two sets of scedlings did not differ in
any essential manner, their measurements are given in a single
table. Ishould add that the legitimate unions in both cases
yielded, as might have been expected, many more sceds than the
illegitimate unions. The seedlings whilst half-grown presented
no difference in height on the two sides of the several pots.
When fully grown they wore measured to the tips of their
longest leaves, and the result is given in Table XOV.

In six out of the cight pots the legitimately grossed plants
exceeded in height by o trifle the illegitimafely self-fertilised
plants; but the latter exceeded the former in two of the pots in &
‘more strongly marked manner. The average height of the eight
legitimately crossed plants is 9-01, and that of the eight illegi-
timately self-fortilisod 9:03 inches; or as 100 to 100°2. The
plants on the opposite sides produced, as far as could be judged
by the eye, an equal number of flowers, I did not count the cap-
sules or the seeds produced by them; but undoubtedly, judging
from many previons obscrvations, the plants derived from the
legitimately crossed sceds would have been considerably more
fortile than those from tho illegitimately self-fertilised sceds.
The crossed plants, as in the previous case, flowerod before the
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Tamz XCV.
Primula sinensis.
Plants from
No.ofPoh | e o | mately ikt
Inches, Inches,
L 81 5
mother,
n. n 8
metber. .
. 9 B
» { 9
Iv. 8
b |- < S
h—n:}n-u. o i
horttyled
‘mother.
Vi, 9 9
From llegitimate : \
hort-styled
L mother. .
ViL 8 0
From il
Yot e
. Vi B
From illegitimate 1 *
ol mother,
Totalinaches. | 7213 |

simultaneously; and this early flowering
,p-hp.b-amddudnnld‘“ g4
[ Q2
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This plant was discovered by Hildebrand to be heterostyled,
lmi,hpuml.ﬁhlh-pnmoﬂ’rhuh,ﬂmg—ﬁyhlmh

and self-fertilised seedlings is mot fair, for we do not know
whhhrthmhmirhdghhm-ymhowhau:dub
the illegitimate fertilisation of the self-fertilised flowers.

1 obtained seeds by legitimately crossing flowers on long-styled
and short-styled plants, and by fertilising other flowers on both
forms with pollen from the same plant. Rather more seeds were
obtained by the former than by the latter process; and the
legitimately crossed seeds were heavier than an equal number
of the illegitimately self-fertilised seeds, in the ratio of 100 to 82.

self-fertilised sceds from the short-styled parents,
after germinating on sand, were planted in pairs on the opposite
sides of a large pot; and two similar lots of sceds from long-
styled parents were planted in a like manner on the opposite
sides of two other pots. In all three pots the ly erossed
seedlings, when a few inches in height, were taller than the self-
fertilised ; and in all threo pots they flowered beforo them by one
or two days. When fully grown they were all cut down close
0 the ground, and as T was pressed for time, they were placed

was 47 ft. 7 in, and of the illegitimately self-fertilised plants
821t. 8 in. Therefore the average height of the fifteen crossed
plants in all three pots was 8806 inches, and that of the fifteen
self-fertilised plants 2618 inches; or as 100 to 64.

XXVIIL CHENOPODIACEXE —BETA VULGARIS.

A single plant, no others growing in the same ganden, was
Teft to fertilise itself, and the self-fertilised seeds were collected.
Seeds were also collected from a plant growing in the midst of a.
large bed in another garden; and as the incoherent pollen is
abundant, the seeds of this plant will almost certainly have been
the product of a cross between distinet plants by means of the

thinned, 50 that an cqual but considerable number was left on
the two sides. These plants were thus subjected to very severo
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competition, as well as to poor conditions. The remaining seeds
wunmwnnntofthuuinmodlnﬂin(mhglndmdm

very badly; and on removing the soil in two or three places, it
mlomwl that many had sprouted under ground and had
then died. No such ease had been observed before. Owing to
the large number of seedlings which thus perished, the sur-
‘viving self-fertilised plants grew thinly in the row, and thus had
an advantage over the crossed plants, which grew very thickly
in the other row. The young plants in the two rows were pro-
tected by a little straw during the winter, and those in the two
large pots were placed in the greenhouse.

‘There was no difference between the two lots in the pots until
the ensuing spring, when they had grown a little, and then some
dihﬂcwphnhwnnﬂnumdhlkthnmnfﬁedb
fertilisod. When in full flower their stems were measured, and
the measurements are given in the following table :—

Tapue XCOVL
Beta wilgaris,
No.of Pt | Cromed Plante | S feeeed Planse,
Inches, Inches.
L 341 90
30 20
83
34
1. 42 42|
33, 26
31 29
33 20,
Total in fnches. | 27278 23850

The average héight of the eight crossed plants is here
uos,anamnofm cight self-fertilised plants 29-81 ; or as
to 87.

wilhmputhm;lhnuhthmpmmd cach long row
- was divided into half, s0 as to diminish the chance of any
~ accidental advantage in one part of either row; and the four
tallest plants in the two halves of the two rows were carefully
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selected The eigh d plants

80-92, and the eight tallest self- fertilised 80-7 inches helght
oras 100 to 99; so that they were practically equal. But we
should bear in mind that the trial was not quite fair, as the
self-fertilised plants had a great advantage over the crossed
in being much less erowded in their own row, owing to the
large number of seeds which had perished under ground after
sprouting. Nor were the lots in the two rows suljected to any
‘mutual competition.

XXIX. CANNACEZE,—CANNA WARSCEWICZL.

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

* Delpino hos deseribed (‘Bot. are fertilised in the bud, and that

self-fertilisution is inevitable. T

Zeltung, 1861, p.277,und  Selan-

tifie Opinion,”’ 1870, p. 135) the
structuro of the flowers in this
zonus, but be was mistaken in
thinking that self-fortilisation is
impossible, at least in the cusc of
the present specics, Dr. Dickio and
Prof, Faivee state that the flowers

presume that they were misled by
the pollen being deposited at a
yery carly period o the it seo
‘Jmmml of Linn. Soe. Bot. vol.
x. p. 55, nd * Fabilté des
Tsploes,’ 1868, p. 168,
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According to Delpino, bees eagerly visit the flowers in North
Ttaly, but T have never scen any insect visiting the flowers of the
Present species in my hothouse, although many plants grew
there during several years. Nevertheless these plants produced
plenty of seed, as they likewise did when covered by a net; they
are therefore fully capable of self-fertilisation, and have probably
been self-fertilised in this country for many gencrations. As
they are cultivated in pots, and are not exposed to competition
with surrounding plants, they Iuve also been subjected for a
time to somewhat ditic This, there-
fore, is a case exactly parallel with that of the common pea, in
which we have no right to expect much or any good from
intercrossing plants thus descended and thus treated; and
no good did follow, excepting that the cross-fertilised flowers
yielded rather more seeds than the self-fertilised. This species
was one of the carlier ones on which I experimented, and as I
had not then raised any self-fertilised plants for several successive
tions under uniform conditions, I did not know or even
suspect that such treatment would interfere with the advantages
10 bo guined from a cross, 1 was therefore much surprised at
the crossed plants not growing more vigorously than the self-
fertilised, and o large number of plants were raised, notwith-
standing that the present species is an extremely

troublesome
one to experiment on. The seeds, even those which have been
long soaked in water, will not germinate well on bare sand ; and
those that were sown in pots (which plan I was forced to follow)
gorminated at very unequal intervals of time; so that it was
difficult to got pairs of the samo exnct age, and many seedlings
hldta be pulled up and throvm away. Myupnﬂmnnuwm

fertilised for many previous generations. In each generati
also, the erossed plants were fertilised with pollen from another
crossed plant.

Of the flowers which were crossed in the three generations,
taken together, a rather larger proportion yielded capsules than
did those which were self-fertilised. The seeds were counted in
forty-seven capsules from the crossed flowers, and they con-
tained on an average 9°95 seeds; whereas forty-cight capsules
from the self-fertilised flowers contained on an average 8'45
soeds; or as 100 to 85. The seeds from the erossed flowers were
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not heavier, on the mhry o littlo lighter, than those from the
self-fertilised flowers, as was thrice ascertained.  On one oceasion
Ivd@dmd‘h.m-nﬂ 106 of the self-fertilised seeds,
and the relative weight of an equal number was as 100 for the
crossed to 1015 for the self-fortilised. With other plants, when
the seeds from the self-fertilised flowers were heavier than those
from the crossed flowers, this appeared to be due generally
to fewer having been produced by the self-fertilised flowers, and
to their having been in consequence botter nourished. But in
the present instance the seeds from the erossed capsules were

under fourteen seeds, and the seeds from the more productive
capsules were the heavier of the two; so that the above explana-
tion here fails.

As pollen is deposited at a very early age on the pistil, gene-
rﬂbmmﬁmm‘hmmmmﬂounwhlmmh
bud were castrated for my first experiment, and were afterwards
fertilised with pollen from a distinct plant. Other flowers were
fertilised with their own pollen. From the seeds thus ob-
tained, T succeoded in rearing only three pairs of plants of equal
age. The throo crossed plants averaged 82°79 inches, and
the three self-fortilised 32-08 inches in height; so that they
were nearly equal, the crossed having a slight advantage. As
the same result followed in all three generations, it would be
superfinous to give the heights of all the plants, and I will give
only the averages,

Tn order to raiso erossed and self-fortilised plants of {he second
generation, som flowers on the ahove crossed plants were crossed

on the self-fertilised plants of the last generation were also self-

fertilised. From these two lots of seeds, ten crossed and twelve

self-fertilised plants of equal ages were raised ; and these were
when fully grown. The crossed averaged 86-98, and

the self-fertilised averaged 37-42 inches in height; %o that here

again the two lots were nearly equal; but the self-fertilised had

 slight advantage.

In order to raise plants of the third generation, a better
was followed, and flowers on the crossed plants of the second
generation were selected in which the stamens were too short to
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reach the stigmas, so that they could not possibly have been
self-fertilised. These flowers were crossed with pollen from a
distinet plant. Flowers on the self-fertilised plants of the second

generation were again self-fertilised. From the two lots of seeds
thus obtained, twenty-one crossed and nineteen self-fertilised
plants of equal age, and forming the third generation, were raised
in fourteen large pots. They were measured when fully grown,
and by an odd chance the average height of the two lots was
exactly the same, namely, 3596 inches; so that neither side had
the least advantage over the other. To test this result, all the
plants on both sides in ten out of the above fourteen pots were
cut down after they had flowered, and in the ensuing year the
stems were again measured; and now the crossed plants ex-
ceeded by a little (viz., 1°7 inches) the self-fertilised. They were
again cut down, and on their flowering for the third time, the
self-fertilised plants had a slight advantage (viz., 154 inches)
over the crossed. Hence the result arrived at with these plants
during the prévious trials was confirmed, namely, that neither
lot had any decided advantage over the other, It may, however,
be worth mentioning that the self-fertilised plants showed some
tendoncy to flower before the crossed plants: this oceurred with
all three paivs of the first genevution; and with the cut down
plants of the third generation, a self-fertilised plant flowered
first in nine out of the twelve pots, whilst in the remaining three
pots a crossed plant flowered first.

If we consider all the plants of the three generations taken
together, the thirty-four crossed plants average 35°98, and the
thirty-four self-fertilised plants 3639 inches in height; or as
100 to 101, We may therefore conclude that the two lots
possessed equal powers of growth ; and this T beliove to be the
Tesult of long-continued self-fertilisation, together with exposure
to similar conditions in each generation, so that all the indivi-
duals had acquired a closely similar constitution.

XXX. GRAMINACER.—ZBA MAYS,

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

o SDdsbend_rouaria Gt el Gl g dhors tha
this speci sight rmu. tlowers;
wiaptid 1o be fertlised ' poien i e
B e e plsat owiog 1 tka.  pclasl B, wkber plach o0 A

BTl v a menlat ik aets st hndae DA Cnline:
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also anemophilous, or is fertilised by the wind ; and of such plants
ouly the common beet had been tried. Some plants were raised
in the greenhouse, and were crossed with pollen taken from a
distinet plant; and a single plant, growing quite separately in a
different part of the house, was allowed to fertilise itself spon-
tancously. The seeds thus obtained were placed on damp sand,
and as they germinated in pairs of equal age were planted on
the opposite sides of four very large pots; nevertheless they
were considerably crowded. The pots were kept in the hothouse.
The plants were first measured to the tips of their leaves when
ouly between 1 and 2 feet in height, as shown in the following
tablo:—
Tapie XCVIL
Zea mays.

NoofPt | Cromed Planta. | Seffrtlsd Plas.

1
Total in inches. 302-88 263-68

The fifteen crossed plants here average 20-19, and the fifteen
self-fertilised plants 17-57 inches in height; or as 100 to S7.
Mr. Galton made a graphical representation, in nccordance with
the method described in the introductory chapter, of the above

un.mlly ed their K. Ahd. Berlin, Oct. 1872,

len before the fewale flowers  p. 743,
pol'l matuse: ‘xlm.-ubenc_hl der B
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measurements, and adds the words “very good ” to the curves
thus formed.

Shortly afterwards one of the crossed plants in Pot 1. died ;
another became much diseased and stunted ; and the third never
grew to its full height. They seemed to bave been all injured,
probably by some larva gnawing their roots. Therefore all
the plants on both sides of this pot were rejocted in the subse-
quent measurements. When the plants wero fully grown they

pl

tilised ; but three of the plants did not flower at all. Those that

flowered wore also measured to the summits of the malo flowers:

the ten crossed plants averaged 6651, and the nine self-fertilised
plants 6159 inches in height ; or as 100 to 93.

A large number of the same crossed and self-fertilised seeds

65, or ss 100
o 83; and to the summits of their male flowers, 53:96 and
48°45 inches; or us 100 to 80.

PHALARIS CANARIENSIS.
Hildebrand has shown in the paper referred to under

planted in pairs on the opposite sides of four pots, which were
kept in the greenhouse. When the plants were a little over a
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foot in height they were measured, and the crossed plants
uvmmaa,mm.ummmwmn-mwm
or as 100 to 92,
When in full flower they were again measured to the ex-
tremities of their culms, as shown in the following table:—
Taste XCVIIL
Phalaris canariensis,

No.of Pot. | Cromed Plants, | Selffertlised Plants.
" o T lnhe
% 42 417
89
1. | a7e 8
494 37
| 29 2,
| a7 34
. | 28
28
34
. ‘ 354
87 844
Totalinnches. | 425:00 39263

The eleven crossed plants now averaged 889, and the eloven
self-fertilised plants 8569 inches in height; or as 100 to 92,
which is the samo ratio as before. Differently to what ocenrred
with the mnze, the crossed plants did not flower before the self-
fertilised; and though both lots flowered very poorly from
having been kept in pots in the greenhouse, yatthon!l—ﬁurhﬂud
plants produced twenty-eight flower-heads, whilst the crossed
produced only twenty !

Two long rows of the same seeds were sown out of doors, and
care was taken that they were sown in nearly equal mumber;
but a far greater number of the crossed than of the self-fertilised
seeds yielded plants. The self-fertilised plants were in con-
sequence not so much crowded as the crossed, and thus had an
advantage over them. When in full flower, the twelve tallest
plants were carefully selected from both rows and measured,
as shown in the following table:—
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Tanie XCIX.
Phalaris canariensis (growing in the open ground).
|Crossed Flants, twelve &If-“l’::‘lgﬂ Plants,
Inches, Inches,
34 35
85, m!
36 33
a5 32
85, 811
36, 36
36 33
38 33
86 35
85 33
54, 34
54 35
"o} 4295 | 2020

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

Sunuary oF Tin Heigurs ANp Weienrs oF iz CROSSED AND
Suur-pepriLisen PLats.

Number of specics and plants measured—Tables given—Preliminary
remarks on the offspring of plants crossed by a fresh stook—Thirteen
cuses specially considered—The effects of orossing o sell-fertilised
plaut cither by ised plant or by an i plant
of the old stock of the result remarks on
the crossed and self-fertilised plants of the same stook—The twenty-
six exceptional cases considered, in which the crossed plants did not
excecd greatly in height the self-fortilised—Most of these cases
shown not o he real exceptions to_ the rule that cross-fertilisation
is beneficial —Summary of results—Relative weights of the erossed
and seli-fertilised plants,

THE details which have been given under the head
of each species are so numerous and so intricate, that
it is necessary to tabulate the results. In Table A, the
number of plants of each kind which were raised from
a cross between two individuals of the same stock and
from self-fertilised seeds, together with their mean
or average heights, are given. In the right-hand
column, the mean height of the crossed to that of
the self-fertilised plants, the former being taken as
100, is shown. To make this clear, it may be ad-
visable to give an example. Tn the first generation of
Ipomea, six plants derived from a cross between two
plants were measured, and their mean height is 8600
inches; six plants derived from flowers on the same
parent-plant fertilised with their own pollen were
measured, and their mean height is 65-66 inches.
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From this it follows, as shown in the right-hand
column, that if the mean height of the crossed plants
be taken as 100, that of the self-fertilised plants is 76.
The same plan is followed with all the other species.

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

In Table B the relative weights of the erossed and
seli-fertilised plants, after they had flowered and had
been cut down, are given in the few cases in which
they were ascertained. The results are, I think, more
striking and of greater value as evidence of constitu-
tional vigour than those deduced from the relative
heights of the plants.

The most important table is that of C, as it includes
the relative heights, weights, and fertility of plants
raised from parents crossed by a fresh stock (that is, by
non-related plants grown under different conditions),
or by a distinet sub-variety, in comparison with self-
fertilised plants, or in a few cases with plants of the
same old stock intercrossed during several generations.
The relative fertility of the plants in this and the
other tables will be more fully considered in a future
chapter.
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TaBLE A.—Relative Heights of Plants from Parents crossed with
Pollen from other Plants of the stme Stock, and self-fertilised.

IR
si FHH I
| 24
NAMES OF PLANTS. | ié %é Eg
et 3
gﬂ FlhE B 5
Pl |F 5| s
Ipomaa 1st generation | 6 86-00| 6 /6560 as 100 to 76
Ipomaa 2ud generation | 6 B4-16| 6 o d B .
Tpomea Srd goneration | 6 177:41| 6 |52-83) ., 68
Ipomeea Ath generation | 7 69-78| 7 |60-14| L, 86
Ipomaa. 5th geveration | 6 82°54| B [62-83 , , 75
Ipomaa. Gth generation | 6 87-50| 6 (68-16 . . 72
Ipomara. generation | 9 183-94| 9 a8-35 . I 81
Ipomaa Sth geveration | 8 113-25 8 |96-65 | » 8
Ipomara 14 81-39| 14 [84207| o L 78
Ipoma purpurea—10th generation | 5 | 93-70| 5 (50:40| 1 o 54
(umber -mf avergo height of all|| | |
the plants of tho ten genera-i| 78 | 85:84( 73 [66:02| , , 77
e e |
Mimulus lutens—three first gene-)| | |
nﬂoﬁ.l mmu-mmlu 10 819(10| 528 , ., 65
self-fert] mMy -pp-nd |
16 (5135| 8 (sso87( , , 70
1(1950( 1 (18000( , , 77
8| 708 8] 57 . . 8
um thapsus 6(6534] 65650 , . 8
i ISR
. selfeilisol plaats, s 20 | 4°30(20 | 427 90
from. How
Vandslia lnmmnllnfvlb—a!-l |
f-fertilised ,
ke et fowers: soontf| 24| 30| 24| 338
trial, plants cro s
Vandellin nllmm\lllnfnlm—crw«d
foct lowers,| : ;
- rm‘ 20 | 4:80| 20 | 4°08| , , 94
DL Y] ssxos| 8l201s| , , 90
LT, 627-85| 6 2116 , , 76
. . 4 [20°00| 4 |17-12) , , 84
e » +| 6|60:00| 6 |6500| 5, 108
ey T [AU08] 9 [s-00] U e
‘plants of the 3rd ;tner-tlun 4) 7(10:12| 7 [16°80| , o, 86
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- Z
E ;!
¥ }‘ b | H
P i
RN R
15 |21°91| 15 |19-54 jas 100 t0 80
4|2008| 4|2538 , , %
1 |sgaz| 11 o281 ,, 100
14 |aao0e| 14 4522|100
18 |49-38| 19 [50°30| ,, 116
47 40008 48 [42o72| , 107
grown in 2 [17:17| 24 |1401| » » 85
il luen—grown i ope 8 [2800| 8 (2814| w o 82
ta — self- hnlll-d
highly self 19 |2748| 19 [2255| , , 82
8|25:76| 8 (27m09| , 108
20 20-08) 20 |2771| , , 02
8(2902| 82054 o . %0
14| 5-58| 14 | 2:97 , ,, 42
4{1e2s) 4 1em| o e
5 |1e95| 8 lawsof L 7 s
¢ 15 |8450{ 15 [38-86| » 1 o7
Dastis .be;:y..»hyu-—u.- orasy [adsir | o o s
 Dianthus flus—20d gen . &

o T ot Pl 3 f1ems) afem] , , w8
Dianthus -qqiyu.._au gen| s {ass0] 8fesm| , . o
Dianthus

15 |a8+00| 10 |20-58| ,, , 0
»
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TaBLE A—continued,

LiL i

!E 3 *g

waumsorraves, |3k | 32 |23

o8| 42 Eé

2 =

ol

Al
Dianthus caryophyllus — number |

and average Ph:.,m of all the 31 |27:37| 26
lants of Dinnthus . . .

Hibiscus africaous . . . . .
Plugoiom zole . ..

lum minus . .
Tikakoths donglsil ; i
Lupinus lutens—2nd generation .
Lapinus pilosis — plants of twol

generatior

Phosmciaa sultiicens - .-+

Pisum sativum .

Sarothamnus  scoparits — small
ings

Sarothamnus seoparius—the three |
survivors on ench side after three 18-01
years' ol e |

Onouis minutissima 2 19°81| 2

Clarkia elegans, . 4 |83-50 4
tonfpauren . . . . . .| B |24°62 8

Passiflora gr i 2 ‘nrm) 2

Aplum petroselioum . . . . ?{.._:‘_ } ?

Seablosa atro-purpurea. 4 ‘u 12 4

Lactuca sativa—plants of two gen-
erations . . > o SEiE o] bl D

Specularia specslum Sl 4 f1eesl 4

Lobelia ramosa—Lst. generation 42235 4

Lolelia ramosa—2nd generation . | 3 |23+ 3

Lobelia fulgens—1Ist generation . | 2 2

bob.lu fulgens—2nd ‘ennnuan .| 28 |20-82| 23

ophila insignis—hs 12 11°10| 12

f-gro
Nemoni mgw-mmm.m,} s
v Sl
Ul a|20e8| 4
.| 8]1s
5

Petunia violacea—2nd generation . | 4
Petunia violacen—3rd generation . 8
Petuniu violacea—ith generation | | 15

@ The Complete Work of Charles Darwin Online:

-

e o wEmas
%
P TS

5387
3239




b Cuar, VIL SUMMARY OF MEASUREMENTS.
TanLe A—continued.

LiL
‘] ‘ v | ¥
;3 HIFLETIE
NAMES OF PLANTS. - i‘-‘ s t
|
Pk
4T 18 ""Llwu L
sen o fsses) @
sear| 10 (mem| , 6
wsler s , .7
18:50| & |ses| , Lam
s384| 7 5078 o D ee
l\-uh:: d 9525 7 (7960 . . 83
Tt used from o dathaot plant 70:78| 0 {7104 oy w101
ta ber and -
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TavLe B—Relative Weights of Plants from Parents crossed with
Pollen from distinct Plants of the same Stock, and Self-fertilised.

NAMES OF PLANTS.

Sumber | Number

Weight of the.
s

Ipomma purpurea—plants of the lmh}
Vandellia ----Lmr-u--m g-un.}i
ﬂ-

i groracion

5t generation
bdu«:hnlu(l ull(mlu—plmu v{ thel
sod lutea—1st generation, mwn lnf

u.r:. Tutea—1at ‘.-.mim, ‘n'n i
Riosia "olorate—-1si, generstivn, " do-
fron & bighly sl
(2t grows S
odorata—1st ‘lMl'll
-mm l‘rom Py plan,

Dhnth\u nryuphylllu—pluu of the
guuﬂllﬂl

8
vbl.w-—yhnu of the 5th
;n.uun-.
Pt vidaose —planis o Tha. BAB
generation, in open ground . . .

s 100 to 44
n w9
n om 37
w118
w w8t
n ow 40
n w67
wow 9
now 40
» 5
n w38
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TawL C.—Relative Heights, Weights, and Fertility of Plants from
Parents crossed by a fresh Stock, and from Parents cither self-
Jertilised or intercrossed with Plants of the same Stock,

s
Tarcats
ity
-

3
HER
NAMES OF mm AND IAW“

i
:
— b
:
I

e
d- he Pl
Average ﬂmhﬂ-‘

|
Toumie Lrpies — orAR B0 |
oy a8 crosed by al 19 ' 84-08| 19 |05:78 25100 %0 78

gemeration . . . . . .| |

H]
i
1

i
E
g
8

a fresh 2162( 10 (10044| ,, ,, 52
pared with plants of|
i Sk eeind gnartion|

welf-fertilised for -l;m ‘mrs-
tions and t

stock, compared wit
the i efrilind (.m-w-.
in fertility .

Mimulus luteus—offspring of plants)
solf-fortilised for oight genera-
tions and then crossed

frtlisd pllnt i il
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TABLE C—continued.

%ﬁ i i
NAMES OF PLANTS AND NATURE !! i3

i
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1, Wetght, aud Fortlity
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el & Fresh Stock ken a4
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Height
W
o 1
Tl
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stock, compared with the off-
of a plant . . .. e (m100to 4
ht tions, and then|
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eration, in fertility . . .

Brassica oleracea — offspring.
plants self-fortilised for two gen-|
erations and then crossed by a|
fresh  stock, compared with
plants of the rd self-fertilised
generation, by weight .
Iberis_umbellata—ofispring from)
g
i ifferent Algerine va-
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TasLe C—continued.

SUMMARY OF MEASUREMENTS.

NAMES OF PLANTS AND NATURE |

OF THE EXPERIMENTS,

A je Height in inches and
e i,

o R
—

w
el v
e

-

Average Height In inches and
Waight.

il
Croms

Eschscholtzia californiea—offspring)
a Brazilian stock er bl
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s of the Brazilian stock of]
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of & Brazilian stock emu-d by
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Dlante of the Brasilinn, pook ol
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mweight . . . .o+ .

Eschscholtain californica—offspring)
of & Brazilian stock crossed b
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e
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Plants of the 3th e rtiaed
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|
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NAMES OF PLANTS AND NATURE
OF THE

Cross with & Fresh Stock.

Number of the Planis from &

=y
Averng Eight ks snd

vf plutl self-fertilised rw ‘threa|
HEE
with the

etipeing of phnhm

for three generations and then

crosed by plants of the Srd |
intercrossed

generation ., .,

Dianthus ilus—ofly
of ,.l.nuw['f-ﬁl;mm ey
generations and then crossed by,
a frosh stock, mmpurud wlth m

offspring of plants
for throe generations gy

by plants of the 8rd
interercel. groerstion, In i
N 5

Pisum sativum—offspring from a)
cross between two closely
varieties, compared with the self-
fertilised offspring of one of the)
vatieties, or with intercrossod]
plauts of the same stock

one
gemeration . . . . . .

Lathyrus odoratus—offspring from
two varieties, differing only in|
colour of their fowers, compay
with the self-fertilised offspring
of one of the varieties i 2
generation . . . . 4 o

216375
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Tapue C—continued,

Cnar, VIL SUMMARY OF MEASUREMENTS,

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS,

H
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Average Hudght i fnches and
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generation, in height
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a fresh stock, com
plants of the 5th self-f ertand
generation, in weight . .

Petunin  violacen — offspring _of)
blants sat-fertiled for” fout]

ock,
Plants of the Sth s S ertiel
gesertion,growanopenground,
b e n Y
Petunia  violaces — offspring
plants seli-fortilised for o]
Eeserations and then cromed
fresh com)
Plants of the Bth sef-fertlised|
pm;:u.'mlh e ground
i <

offgring _of
plants self-fertilised for four|
stantiont and then erossed b
ock, compared wit]
,u.-u o | he bth

I-htuhly. o e oa v s

Pet nces — of)
plants self-fertilised for four|
aaraions 1ad thes cromed by

a fresh s
Plaats of e s mm-.m
© gemeration, in height . .

50405

3667

5005

10

83-23

23+81

as 100 to 66

35 v108

@ The Complete Work of Charles Darwin Online



SUMMARY OF MEASUREMENTS.
Tante C—continued,

Cuar. VIL ‘

'NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

| Number of the Plants from
.

AversgeHght n tnchn it
Wieh.

with  fresh stock taken a8

o the' Plants from th
100,

Helght, Welght,and Ferti

Petunia violacea — offipring _of)
B sithertiliond for_four
generations and then u
& fresh stock, mwd wit]
plants of the 5th intercrossed
generation, in weight . . .,

violacea — offipring of)
plnu welf fertilised for four]
generations aud: then crossed by
& S stock, compared with
plants of the
genarnio, rmwn lnopun ground,
height . o . .o

Petunia  violacea — offspring  of|
pluats seli-fertilised for  four|
generations and then crossed by
a fresh stock, com) witl
plants of the 5th

i

inweight. . . . o . .

Petunia offipring o)
o e )
Ivu and then crossed by
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s e
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o
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Cuar. VIL SUMMARY OF MEASUREMENTS,

8

d;f‘i it
NAMES OF PLANTS AND NATURE E li}i

OF THE EXPERIMENTS. |22
i

i

I
Nicotiana tabacus g of)
plnu slffrtilied for thaw I
en crossed by
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much crowded in pots, in height)
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‘with a Fresh Stock taken as

and Fertl
the Cro

verage
N
Average
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TaBLE C—continued,

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS,

Number of the Plants from &

Average Height fn inches and
e ek,
Weight.

Crots with & Fresh Stock.
Neimber of the Viaute from Self-
il of Tntercrssed Fareate
of the wame Stk

Average Height i inches and

Apagalls slioa—oyring from o
ariety crossed
vnkty, RApAVE] with the wilD |
fertilised oftspring of the red
variety, in lerhln &
Primula veris—offy ylngfmmlmlg
styled plants of the 3rd illegiti-
mate gener: ntxnn, crmud by a
fresh  sto aredwith
plants of the ith legitimate]
and self-fortilised generation
Primula veris—offspring from long-|
styled plants of the Srd illegiti-
mate generation, crossed by a
frah Csock, compared with
plants of the 4th il
Rad sl ertitined st ton, T
fertility
l‘rlmnlnvansﬂﬂ'p ng fromlong.
siylod plants of the ord ilegiti
o) generation, crossed by al
fresh stock, compared with
plants of the 4th illegi
Ant sl it gunaraton [
fertility in following year .
Primula veris (gqnal-ntyle«‘. red

plants_self-fertilised  for two)
generations and then crossed by a
different variety, compared with
plants of the Srd self-fertilised
genemuon Ly

ﬂuweredvlnely)—oﬂ'r»prlngfmm
plant rtilised for twol
glnemﬂ dth!nc ssed
different variety, cor

plants of the frd uh‘ fertil
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 fumilies, 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 introductory
chapter. Bearing all these circumstances in mind, it
may be admitted that we have a fair basis for judging
of the comparative effects of eross-fertilisation and of
self-fertilisation on the growth of the offspring.
It will be the most convenient plan first to consider
the results gm:n in Tuble C, asan opportunlty will thus
be afforded of inci
points. If the reader will look down '.hn nthnnd
~ column of this table, he will see at a glance what an
extraordinary advantage in height, weight, and fer-
tility the plants derived from a cross with a fresh stock
or with another sub-variety have over the self-fertilised
plants, as well as over the intercrossed plants of the
same old stock. There are only two exceptions to this
rule, and these are hardly real ones. In the case of
Eschscholtzia, the advantage is confined to fertility.
In that of Petunia, though the plants derived from a
cross with a fresh stock had an immense superiority in
height, weight, and fertility over the self-fertilised
plants, they were eonquered by the intercrossed plants
of the same old stock in halght and weight, but not
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in fertility. It has, however, been shown that the
superiority of these intercrossed plants in height and
weight was in all probability not real; for if the two
sets had been allowed to grow for another month, it is
almost certain that those from a cross with the fresh
stock would have been victorious in every way over
the intercrossed plants.

Before we consider in detail the several cases given
in Table C, some preliminary remarks must be made.
There is the clearest evidence, as we shall presently
see, that the advantage of a eross depends wholly on
the plants differing somewhat in constitution ; and that
the disad zes of self-fertili depend on zhe tvm
parents, which are bined in the same h
Hlower, having a elosely 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, thongh often very slightly,
from one another in external characters and probably in
constitution. This obviously holds good between the
varieties of the same species, as far as external characters
are concerned ; and much evidence could be advanced
with respect to their generally differing somewhat in
constitution. There can hardly be a doubt that the
differences of all kinds between the individuals and
varieties of the same species depend largely, and as T
believe exclusively, on their progenitors huvmg becn

jected to different conditions ; though th
to which the individuals of the same species are ex-
posed in a state of nature often falsely appear to us the
same. For instance, the individuals growing together.
are necessarily exposed to the same climate, and they
seem to us at first sight to be subjected to identically
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the same conditions ; but this can hardly be the case,
except under the unusual contingency of each individual
being surrounded by other kinds of plants in exactly
the same proportional numbers. For the surround-
ing plants absorb different amounts of various sub-
stances from the soil, and thus greatly affect the
nourishment and even the life of the individuals of
any particular species. These will also be shaded and
otherwise affected by the nature of the surrounding
plants.  Moreover, seeds often lie dormant in the
ground, and those which germinate during any one
year will often have been matured during very different
seasons. Seeds are widely dispersed by various means,
and some will oceasionally be brought from distant
stations, where their parents have grown under some-
what different conditions, and the plants produced
from such seeds will mtercmu wnth the old residents,
thus mingling their i peculiarities in all
sorts of proportions.

Plants when first subjected to culture, even in their
native country, cannot fail to be exposed to greatly
changed conditions of life,, more especially from
growing in cleared ground, and from not having to
compete with many or any surrounding plants. They
are thus enabled to absorb whatever they require
which the soil may contain. Fresh seeds are often
brought from distant gardens, where the parent-
plants have been subjected to different conditions.
Cultivated plants like those in a state of nature
frequently intercross, and will thus mingle their
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

@ The Complete Work of Charles Darwin Online



256 SUMMARY OF MEASUREMENTS.  Cuar. VIL

with various surrounding species. The seeds sown at
the same time ina garden have generally been matured
during the same season and in the same place ; and in
this respect they differ much from the seeds sown by
the hand of nature. Some exotic plants are not
frequented by the native insects in their new home,
and therefore are not intercrossed; and this appears
to be a highly important factor in the individuals
i Sformity of e

In my experiments the greatest care was taken that
in each generation all the crossed and self- !erhhsed
plants should be subjected to the same
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 vari
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 peculmntles would be variously
mingled in eudl g
being d, but more
neutmhsed in a greater or less degree, and sometimes
revived through reversion; just as we know to be the
case with the external characters of crossed species and.
varieties. With the plants whlcl: were self-fertilised
during the this latter i
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souree of some diversity of constisution 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 erossed plants are the offspring of a
cross with a fresh stock, or with a distinet variety; and
they were put into competition either with self-fertilised
plants, or with intererossed plants of the same old stock.
By the term fresh stock I mean a non-related plant,
the progenitors of which have been raised during some
generations in another garden, and have consequently
been exposed to somewhat different conditions. In the
ease of Nicotiana, Iberis, the red variety of Primula, the
common Pea, and perhaps Anagallis, the plants which
were crossed may be ranked as distinet varieties or
sub-varicties of the same species; but with Ipomeea,
Mimulus, Dianthus, and Petunia, the plants which
were crossed differed exclusively in the tint of their
flowers : and as a large proportion of the plants raised
fluln the same lot of purchased seeds thus nnad, the

may be esti 1 as merely individual
Having made these preliminary remarks, we will now
consider in detail the several cases given in Table C,
and they are well worthy of full consideration.

(L) Ipomwa purpurea.—Plants growing in the same
pots, and subjected in each generation to the same
conditions, were intercrossed for nine eonnecnure

i These i 1 plants thus b
the later generations more or less elosely 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 pln.nu were lerulued vmh pullen
from another i d plant, p of
the tenth intererossed generation. These two sets of
§
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seedlings were grown, in competition with one another,
and differed greatly in beight and fertility. For the
offspring from the cross with a fresh stock exceeded in
height the intercrossed plants in the ratio of 1001078 3

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,
numely, in the ratio of 100 to 31, as judged by the
relative weight of the seed-capsules produced by an
equal number of plants of the two sets, both having
been left to be naturally fertilised. It should be
especially observed that none of the plants of either lot
were the product of self-fertilisation. On the contrary,
the intercrossed plants had certainly been crossed for the
last ten generations, and probably, during all previous
generations, as we may infer from the structure of the
flowers and from the frequency of the visits of humble-
bees,  And so it will have been with the parent-plants
of the fresh stock. The whole great difference in height
and fertility between the two lots must be attributed to
the one being the product of a cross with pollen from a
fresh stock, and the other of a cross between plants of
the same old stock.

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 selfs
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 inereased seli-fertility,
and which transmitted its characters to the next threa.
generations, The children of Hero were again self
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fertilised, forming the eighth self-fertilised generation,
and were likewise intercrossed one with another; but
this cross between plants which had been ulbjected
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 grandehildren,
in the mtio 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 eross with a fresh
stock. A similar trial was made with the descendants
of Hero in the following generation, and with the same
result. But the trial cannot be fully trasted, owing
to the extremely unhealthy condition of the plants.
Subject to this same serious cause of doubt, even a
cross with a fresh stock did not benefit the great-
grandchildren of Hero; and if this were really the case,
it is the greatest anomaly observed by me in all my
experiments.

() Mimulus luteus.—During the three first genera-
tions the intercrossed plants taken together exceeded
in height the self-fertilised taken together, in the ratio
of 100 to 65, and in fertility in a still higher degree.
In the fourth generation a new variety, which grew
taller and had whiter and larger flowers than the old
varieties, began to prevail, especially amongst tho self-
fertilised plants. This variety transmitted its characters
with remarkable fidelity, so that all the plants in the
later self- femhsed genemlwm belunged to it. These

ded the i plants id
ﬂy in beight. Thus in the uevanth generation the
plants were to the self-fertilised in height
as 100 to 137. 1t is a more remarkable fuct that ‘the
52
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self-fertilised plants of the sixth generation had become
much more fertile than the intererossed plants, judging
by the number of capsules spontaneously produced, in
the ratio of 147 to 100. This variety, which as we
have seen appeared amongst the plants of the fourth
self-fertilised generation, resembles in almost all its
constitutional peculiarities the variety called Hero
which appeared in the sixth self-fertilised generation
,of Tpomaea. No other such case, with the partial ex-
“ception of that of Nicotiana, oceurred in my experi-
ments, carried on during eleven years.

Two plants of this variety of Mimulus, belonging to
the sixth self-fertilised generation, and growing in
separate pots, were intercrossed ; and some flowers on
the same plants were again self-fertilised. From the
seeds thus obtained, plants derived from a eross
between the self-fertilised plants, and others of the
seventh self-fertilised generation, were raised.  But
this cross did not do the least good, the intercrossed
plants being inferior in height to the self-fertilised, in
the ratio of 100 to 110. This case is exactly parallel
with that given under Ipomea, of the g-muduhxldmn
of Hero, and apy Iy of its great dehild:
for the seedlings raised” by mtemmmng these p]xnu
were not in any way superior to those of the cor-
responding generation raised from the self-fertilised
flowers. Therefore in these several cases the crossing.
of plants, which had been self-fertilised for several
generations and which had been cultivated all the
time under as nearly as possible the same conditions,
was not in the least beneficial.

Another experiment was now tried. Firstly, plnnh
of the eighth self-fertilised generation were again
self fertilised, producing plants of the ninth self~
fertilised generation. Secondly, two of the plants of the
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eighth self-fertilised generation were i d one
with another, as in the experiment above referred to:
but this was now effected on plants which had been
b 1 to two additi i 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 eross between the self-fer-
tilised plants exceeded in height by a little the self-
fortilised, 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
pm\mus case, can be accounted for by the inereased
i of the self-fertili pln.nu from two
of self- ion, and the
of any cross wh y althongh
merely between the self- femhsed plants. But however
this may be, the effects of crossing the self-fertilised
plants of the eighth generation with a fresh stock were
extremely striking ; for the seedlings thus raised were
to the self-fertilised of the ninth generation as 100 to
52 in height, and as 100 to 3 in fertility ! They were
also to the intercrossed plants (derived from crossing
two of the self-fertilised plants of the eighth generation)
in height as 100 to 56, and in fertility as 100 to 4.
Better evidence could hardly be desired of the potent
influence of a cross with a fresh stock on plants which
had been self-fertilised for eight generations, and had
been cultivated all the time under nearly uniform
conditions, in comparison with plants self-fertilised
for nine generations continuously, or then once inter-
‘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- fertxlued in weight as 100 to 22; and this

must be attributed in part to
the beneficial effects of a cross with a fresh stock,
and in part to the deteriorating effects of self-fertilisa-
tion continued during three generations.

(4.) Iberis umbellata. — Seedlings from a erimson
English variety crossed by a pale-coloured variety
which had been grown for some generations in Algiers,
were to the self-fertilised seedlings from the crimson
variety in height as 100 to 89, and as 100 to 75 in
fertility. [ am surprised that this cross with another
variety did not produce a still more strongly marked
beneficial effect ; for some intercrossed plants of the
erimson English variety, put into competition with
plants of the same variety self-fertilised during three
generations, were in height as 100 to 86, and in
fertility as 100 to 75, The slightly greater difference
in height in this latter case, may possibly be attributed
to the d effects of self-fertili carried
on for two additional generations.

(5.) Eschscholtzia ealifornica.—This plant offers an
almost unique case, inasmuch as the good effects of
a cross are confined to the reproductive system.
Intercrossed and self-fertilised plants of the English
stock did 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 manner. The parent-plants, however,
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of the English stock produced many more seeds when
fertilised with pollen from another plant than when
self-fertilised ; and in Brazil the parent-plants were
absolutely sterile unless they were fertilised with
pollen from another plant. Intercrossed seedlings,
raised in England from the Brazilian stock, compared
with self-fertilised seedlings of the corresponding second
generation, yielded seeds in number as 100 to 89 ; both
lots of plants being left freely exposed to the visits of
insects. If we now turn to the effects of crossing
plants of the Brazilian stock with pollen from the
English stock,—so that plants which had been long
exposed to very different conditions were intercrossed,
—we find that the offspring were, as before, inferior in
height and weight to the plants of the Brazilian stock
after two generations of self-fertilisation, but were
superior to them in the most marked manner in the
number of seeds produced, namely, as 100 to 40 ; both
lots of plants being left freely exposed to the visits of
insects.

In the case of Ipomcea, we have seen that the
plants derived from a cross with a fresh stock were
superior in height as 100 to 78, and in fertility as 100
to 51, to the plants of the old stock, although these
had been intercrossed during the last ten generations.
With Eschscholtzia we have a nearly parallel case,
but only as far as fertility is concerned, for the plants
derived from a cross with a fresh stock were superior
in fertility in the ratio of 100 to 45 to the Brazilian
plants, which had been artificially intercrossed in
England for the two last generations, and which must
have been naturally intercrossed by insects during all
previous generations in Brazil, where otherwise they
are quite sterile.

(6.) Dianthus  caryophyllus.—Plants  self-fertilised
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for three generations were crossed with pollen from a
fresh stock, and their offspring were grown in compe-
tition with plants of the fourth self-fertilised genera-
tion. The crossed plants thus obtained were to the
self-fertilised in height as 100 to 81, and in fertility
(both lots being' left to be naturally fertilised by
insects) as 100 to 33,

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 83, 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 plunts of the
third generation, when crossed by the intercrossed
plants of the old stock.

(7.) Pisum sativum.—It has been shown under the
head of this species, that the several varieties in this
country almost invariably fertilise themselves, owing
to insects rarely visiting the flowers; and as the
plants have been long cultivated under nearly similar
conditions, we can understand why a cross between
two individuals of the same variety does not do the
least good to the offspring either in height or fertility.
This case is almost exactly parallel with that of
Mimulus, or that of the Ipomea named Hero: for
in these two instances, crossing plants which had been

If-fertilised for seven ions did not at all
benefit the offspring. On the other hand, a cross

tween two varieties of the pea causes a marked
superiority in the growth and vigour of the offspring,
over the self-fertilised plants of the same varieties,
as shown by two excellent observers. From my own |
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observations (not made with great care) the offspring
from crossed varieties were to self-fertilised plants in
height, in one case as 100 to about 75, and in a second
case as 100 to 60,

(8.) Lathyrus odoratus.—The sweet-pea is in the
same state in regard to self-fertilisation as the common
pea; and we have seen that seedlings from a cross
between two varieties, which differed in no respect ex-
ceptin the colour of their flowers, were to the self-ferti-
lised seedlings from the same mother-plant in height as
100 to 80; and in the second generation as 100 to 88,
Unfortunately I did not ascertain whether crossing
two plants of the same variety failed to produce any
beneficial effect, but I venture to predict such would
be the result.
_(9.) Petunia violacea—The intercrossed plants of

the same stock in four out of the five successive gene-
rations plainly exceeded in height the self-fertilised
plants.  The latter in the fourth generation were
crossed by a fresh stock, and the seedlings thus obtained
were put into competition with the self-fertilised plants
of the fifth generation. The crossed plants exceeded
the self-fertilised in height in the ratio of 100 to 66,
and in weight as 100 to 23; but this difference,
though so great, is not much greater than that between
the intererossed plants of the same stock in comparison
with the self-fertilised plants of the corresponding
generation, This case, therefore, seems at first sight
opposed to the rmle that a cross with a fresh stock is
much more beneficial than a eross 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 eross with the fresh stock did not
exceed in height or weight the intercrossed plants of
the old stock (owing to the growth of the former not
having been completed, as explained under the head
of this species), yet they exceeded the intercrossed
plants in fertility in the ratio of 100 to 54. This fact
is interesting, as it shows that plants self-fertilised
for four generations and then crossed by a fresh stock,
yielded seedlings which were nearly twice as fertile as
those from plants of the same stock which had been
intercrossed for the five previous generations. We
here see, as with Eschscholtzia and Dianthus, that the
mere act of crossing, independently of the state of the
crossed plants, has little effieacy in giving increased
fertility to the offspring. The same conclusion holds
good, as we have already seen, in the analogous cases of
Ipomaea, Mimulus, and Dianthus, with respect to height.

(10.) Nicotiana tabacum.—My plants were remark-
ably self-fertile, and the capsules from the sel{-fertilised
flowers apparently yielded more seeds than those which
were cross-fertilised.  No insects were seen to visit the
flowers in the hothouse, and T suspect that the stock
on which I experimented had been raised under glass,
and had been self-fertilised during several previous
generations; if so, we can understand why, in the course
of three generations, the crossed seedlings of the same
stock did not uniformly exceed in height the self-ferti-
lised seedlings. Bm thu case is comphcuwd by indi-
vidual plantshaving d ions, so that some
of the erossed and self-fertilised seedlings raised at the
same time from the same parents behaved differently.

@ The Camplete Wark of Charles Darwin Online




Cuar, VIL TABLE C. 267

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. Thm cmcsed planu, when
thus subjected to severe

the self-fertilised in weight i 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 mllma—-Plnnu raised from a red
variety crossed by another plant of the same variety
were in height to the self-fertilised plants from the
red variety as 100 to 73. When the flowers on the
red variety were fertilised with pollen from a elosely
similar blue-flowered variety, they yielded double the
number of seeds to what they did when ecrossed 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
us 100 to 66, and in fertility as 100 to 6.

(12)) Primula veris—Some flowers on long-styled
plants of the third illegitimate generation were legiti-
mately crossed with pollen from a fresh stock, and
others were fertilised with their own pollen. From
the seeds thus produced crossed plants, and self-
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fertilised plants of the fourth illegitimate generation,
were raised. The former were to the latter in
height as 100 to 46, and in fertility during ome
yearas 100 to 5, and as 100 to 3-5 during the next
year. In this case, however, we have no means of
distinguishing between the evil effects of illegitimate
fertilisation continued during four generations (that is,
by pollen of the same form, but taken from a distinet
plant) and strict self-fertilisation. But it is probable
that these two processes do not differ so essentially as
at first appears to be the case. In the following ex-
periment any doubt arising from illegitimate fertilisa-
tion was completely eliminated.

(13.) Primula veris. (Equal-styled, red-flowered
variety).—Flowers on plants of the second self-fertilised
generation were crossed with pollen from a distinet
variety or fresh stock, and others were again self-
fertilised. Crossed plants and plants of the third self-
fertilised generation, all of legitimate origin, were
thus raised ; and the former was to the latter in height
as 100 to 85, and in fertility (as judged by the number
of capsules produced, together with the average number
of seeds) as 100 to 11

Summary of the 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 597 plants belong to thirteen species
and twelve genera. The various precautions which
were taken to ensure a fair comparison have already
been stated. If we now look down the right-hand
column, in which the mean height, weight, and
fertility of the plants derived from a cross with
a fresh stock are represented by 100, we shall see
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by the other figures how wonderfully superior they
are both to the self-fertilised and to the intercrossed
plants of the same stock.  With respect to height and
weight, there are only two exceptions to the rule,
namely, with Eschscholtzin 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 eross 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-yariety. 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
to a certain extent to the self-fertilised,—both lots
having been subjected to exactly the same conditions
and being equally healthy or unhealthy.

We further learn from Table C, that a cross between
plants that have been seli-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. Mimulns
and the descendants of Ipomwa 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 Ipomeea), 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-fortilised plants 809; that is altogether 1,605
plants. Some of the species were experimenteil on
during several successive generations; and it should
be borne in mind that in such cases the crossed plants
in each generation were crossed with pollen from
another crossed plant, and the flowers on the self-
fertilised plants were almost always fertilised with
their own pollen, though sometimes with pollen from
other flowers on the same plant. The crossed plants thus
became more or less closely inter-related in the later
generations ; and both lots were subjected in each ge-
neration to almost absolutely the same conditions, and
to nearly the same conditions in the successive gene-
rations. It would have been a better plan in some re-
spects if Lhad always erossed some flowers either on the
self-fertilised or intercrossed plants of each generation
with pollen from a non-related plant, grown under dif-
forent conditions, as was done with the plants in Table
©; for by this procedure I should have learnt how much
tho offspring became deteriorated through continued

ion in the As the
case stands, the self-fertilised plants of the successive
generations in Table A were put into competition with
and compured with intercrossed plants, which were
probably deteriorated in some degree by being more
or less inter-related and grown under similar conditions.
Nevertheless, had T always followed the plan in Table
©, I should not have discovered the important fact
that, although a cross between plants which are rather
closely related and which had been subjected to
closely similar conditions, gives during several genera-
tions some advantage to the offspring, yet that after a
time they may be intercrossed with no advantage what-
ever to the offspring. Nor should I have learnt that
the self-fertilised plants of the later generations might
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be crossed with intererossed 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,
s0 as not to compete together. The table includes,
as we have seen, plants belonging to fifty-four species,
but as some of these were measured during several
successive generations, there are eighty-three cases in
which erossed and self-fertilised plants were compared.
As in each generation the number of plants which
were measured (given in the table) was never very large
and sometimes small, whenever in the right-hand
column the mean height of the crossed and self-fertilised
plants is the same within five per cent., their heights
may be considered as practically equal.  Of such cases,
that is, of self-fertilised plants of which the mean
height is expressed by figures between 95 and 105,
there are eighteen, either in some one or all the gene-
rations. There are eight cases in which the self-
fertilised plants exceed the erossed 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.

I the relative heights of the erossed and self-fertilised
plants had been due to mere ¢hance, 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 erossed plants exceed in height the self-
fertilised in the above proportion are more than seven
times as numerous as those in which the self-fertilised
exceed the crossed in the same proportion. For our
special purpose of comparing the powers of growth
of crossed and self-fertilised plants, it may be said
that in fifty-seven cases the crossed plants exceeded
the self-fertilised by more than five per cent., and that
in twenty-six cases (18+8) they did not thus exceed
them. DBut we shall now show that in several of these
twenty-six cases the crossed plants had a decided ad-
vantage over the self-fertilised in other respects, though
not in height ; that in other cases the mean heights
are not trustworthy, owing to too few plants having
been measured, or to their having grown unequally
from being unhealthy, or to both causes combined.
Nevertheless, as these cases are opposed to my general
conclusion 1 have felt bound to give them. Lastly, the,
eause of the crossed plants having no advantage over
the self-fertilised can be explained in some other cases.
Thus @ very small residue is left in which the self-
fertilised plants appear, as far as my experiments
serve, to be really equal or superior to the crossed
plants.

‘We will now consider in some little detail the eigh-
teen cases in which the self-fertilised plants equalled
in average height the crossed plants within five per
cent. ; and the eight cases in which the self-fertilised
plants exceeded in average height the crossed plants
by above five per cent. ; making altogether twenty-six

)

@ The Complete Work of Charles Darwin Online



274 SUMMARY OF MEASUREMENTS,  Cmar. VIL

eases in which the crossed plants were not taller than
the self-fertilised plants in any marked degree.

(L) Dianthus oaryophyilus (third goneration).—This plant was

on during four in three of which the
crossed plants exceeded in height the self- fert:llsed generally by
much mare than five per cent.; and we have seen under Tablo
C that the offspring from the plants of the third self-fertilised
generation crossed by a fresh stock profited in height and fer-
tility to an extraordinary degree. But in this third generation
the crossed plants of the same stock were in height to the self-
fertilised only as 100 to 99, that is, they were practically equal.
Novertheless, when the eight crossed and eight self-fertilised
plants were cut down and weighed, the former were to the latter
in weight ns 100 to49! There can therefore be not the least
doubt that the crossed plants of this species are greatly superior
in vigourand luxuriance to the self-fertilised ; and what was the
cause of the self-fertilised plants of the third generation, thongh
50 light and thin, growing up so as almost to equal the crossed
in height, T cannot explain.

(2.) Lobelia fulgens (first generation).—The crossed plants of
this generation were much inferior in height to the self-fertilised,
in the proportion of 100 to 127, Although only two pairs were
measured, which is obviously much too few to be trusted,
yet from other evidence given under the head of this species,
it is certain that the self-fertilised plants were very much
more vigorons than the crossed. As I used pollen of nnequal
‘maturity for crossing and self-fertilising the parent-plants, it is
possible that the great difference in the growth of their offspring
may have been due to this cause. In the next generation this
souree of error was avoided, and many more plants were raised,
and now the average height of the twenty-three crossed plants
was to that of the twenty-three self-fertilised plants as 100 to 91.
‘We can therefore hardly doubt that a cross is beneficial to this
specios,

(3.) Petunia violucea (third generation).—Tight erossed plants
were to eight self-fertilised of the third generation in average
height as 100 to 131; and at an early age the crossed were
inferior even in a still higher degree. But it is a remarkable
fact that in one pot in which plants of both lots grew extremely
crowded, the crossed were thrice as tall as the self-fertilised. As
in the two preceding and two succeeding generations, as well as

@ The Complete Work of Charles Darwin Online



Cuar, VIL. TABLE A. 275

with plants raised by a cross with a fresh stock, the crossed
greatly exceeded the self-fertilised in height, weight, and fertility
(when these two Iatter points were attended to), the present case
must be looked at as an anomaly not affecting the general rale.
The most probable explanation is that the seeds from which
the self-fortilised plants of the third generation were raised
were not well ripened; for T have observed an analogous case
with Iberis. Self-fertilised scedlings of this latter plant, which
were known to have been produced from seeds not well matured,
grew from the first much more quickly than the crossed plants,
which were raised from better matured seeds; so that having
thus once got & great start they were enabled ever afterwards to
retain their advantage. Some of these same seeds of the Iberis
were sown on the opposite sides of pots filled with burnt carth
and pure sand, not containing any organic matter; and now the
young crossed seedlings grow during their short life. to double
the height of the self-fertilised, in the same manner as ocenrred
with the above two sets of scedlings of Petunin which were much
erowded and thus exposed to very unfavourable conditions. We
have seen also in the eighth generation of Ipomeea that self-
fortilised seodlings raised from unhealthy parents grew at first
very much more quickly than the crossed scedlings, so that they
were for a long time much taller, though ultimately beaten by
them.

(4, 5, 6) Eshscholtzia californica—Four sets of measure-
ments are given in Table A, In one of these the crossed plants
exceed the self-fertilised in average height, so that this s not
ouo of the exceptions here to be considered. In two other
cases the crossed equalled the self-fertilised in hdmwm five
per cent.; andin the fourth case the solf-fertilised exceeded the
crossed by above this limit.  We have seen in Tablo C that the
whole advantage of & cross by a fresh stock is confined to ferti-
lity, and o it was with the intererossed plants of the same stock
compared with the self-fertilised, for the former were in fertility
to the latter as 100 to 89. The intercrossed plants thus have at
least one important advantage over the self-fertilised. Moreover,
the flowers on the parent-plants when fertilised with pollen from
another individual of the same stock yield far more seeds than
when self-fertilised ; the flowers in this latter ease being often
quite sterile. We may therefore conclude that a eross does some
good, though it does not give to the crossed seedlings incrensed
‘powers of growth.

T2
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(7.) Viscaria ooulata.—~The average height of the fifteen inter-
crossed plants to thut of the fifteen self-fertilied plants was only
25100 to 97; but the former produced many more capsules than
the latter, in the ratioof 100 to 77. Moreover, the flowers on the
parent-plants which were crossed and self-fertilised, yielded sceds
on one oceasion in the proportion of 100 to 38, and on & second
oceasion in the proportion of 100 to 58. So fhat there can bo
1o doubt about the beneficial effccts of a cross, although the
mean height of the crossed plants was only three per cent. above
that of the self-fortilised plants.

(8) Speendaria speculum.—Only the four tallest of the crossed
and the four tallest of the self-fertilised plants, growing in four
pots, were measnred ; and the former were to the ltter in height
25100 t0 98, In all four pofs o crossed plant flowered bofore
any one of the self-fertilised plants, and this is usually a safe
indication of some real superiority in the crossed plants. The
fiowers on the parent-plants which were crossed with pollen from
another plant yielded seeds compared with the solf-fertilised
flowers in the Tatio of 100 to 72 We may therefore draw the
same conclusion as in the last case with respect to a cross being
decidedly beneficial.

(9) Borago officinalis: —Only four crossed and four self-
fertilised plants wero raised and measured, and the former were
to the latter in height as 100 to 102. So small & number of
measurements ought never to be trusted; and in the present in-
stance the advantage of the self-fertilised over the crossed plants
depended almost entirely on ono of the self-fertilised plants
liaving grown to an unusual height. All four crossed plants
flowered before their self-fertilised opponents, The cross-
fertilised flowers on the purent-plauts in comparison with the
feortilised flowers yiclded seeds in the proportion of 100 to 60.
S0 that here again we may draw the sume couclusion os in the
two lust cases.

(10) Passifiora gracitis—Only two crossed and two self-
fertilised plants were raised; and the former wero to the latter in
height as 100 to 104. On the other hand, fruits from the cross-
fertilised flowers on the parent-plants contained seeds in number,
compared with those from the self-fertilised flowers, in the pro-
‘portion of 100 to 5.

(11) Phaseolus multiflorus—The five crossed plants were to
the five self-fertilised in height as 100 to 96. Although the
crossed plants were thus only four per cent. taller than the

el
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self-fertilised, they flowered in both pots before them. It is
therefore probabie that they had some real advantage over the
self-fertilised plants,

(12) Adonis astivalis—The four crossed plants were almost
exactly oqual in height to the four self-fertilised plants, but as
50 few plants were measured, and as these were all “ miserably
unhealthy,” nothing can be inferred with safety with respect to
their relative heights,

(18.) Bartonia aurer—The eight crossed plants were to the
eight solf-fertilised in height as 100 to 107. This number of
plants, considering the care with which they were raised and
compared, onght to have given a trustworthy result. But from
some unknown cause they grew very unequally, and they be-
came so unhealthy that only three of the crossed and three
of the self-fertilised plants set any seeds, and these few in
number. Under these circumstances the mean height of neither
lot can be trusted, and the experiment is valueless, The cross-
fertilised flowers on the parent-plants yielded rather more seeds
than the self-fertilised flowers.

(14.) Thunbergia alata—The six crossed plants were to the
six self-fertilised in height as 100 to 108, Here the self-fertilised
plants seem to have a decided advantage; but both lots grew
unequally, some of the plants in both being more than twice as
tall as others. The parent-plants also were in an odd semi-
sterile condition. Under these circumstances the superiority of
the self-fertilised plants cannot be fully trusted.

(15.) Nolana prostrata.—The five crossed plants were to the five
self-fertilised in height as 100 to 105; so that the latter scem
here to have a small but decided advantage. On the other band,
the ﬂo‘m on the parent-plants which were uu-fm‘hhmd
produced ver
m the ratio of 100 to 21; and the seeds which tlm former con-

heavier than an eq
capsules in the ratio of 100 to 82.

(16.) Hibiscus africanus,—Only four pairs were raised, and the
crossed were to the self-fertilised in height as 100 to 109.
Excepting that too few plants were measured, I know of nothing
else to cause distrust in the result. The cross-fertilised
flowers on the parent-plants were, on the other hand, rather
more productive than the self-fertilised flowers.

(17.) Apium petroselinum.—A few plants (number not re-
corded) derived from flowers believed to have been crossed by
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insects and a fow self-fortilised plants wero grown on the opposite
sides of four pots. They attained to & nearly equal height, the
erossed hving a very sight i .ama.p

(18) Vandelli enty d plants ruised
froun e semls of perfeoé lowers wero 1o twenty solf-fertilived
‘plants, likewise raised from the seeds of perfect flowers, in height
us 100 to 99. The experiment was repeated, with the sole
difforence that the plants were allowed to grow more crowded;
and now the twenty-four tallest of the crossed plants were to
the twenty-four fallest self-fertilised plants in height as 100 to
94, and in weight as 100 to 97. Moreover, a larger number of the
crossed than of the self-fortilised plants grew to n moderate
height. The above-mentioned twenty crossed plants were also
grown in competition with twenty self-fertilised plunts raised
irom the closed or cleistogene flowers, and their heights were as
100 to 4. Therefore had it not been for the first trial, in which
the erossed plants wero fo the self-fertilised in height ouly as
100 to 99, this speeies might have been classed with' those in
which the crossed plants exceed the self-fertilised by above five
per cent. On the other hand, the crossed plants in the second
trial bore fower capsules, and these contained fewer sceds, than
did the self-fertilised plants, all the capsules having been
produced by cleistogeno flowers. ‘The whole case therefore must
be left doubtful.

(19.) Pisum sativum (common pea)—Four plants derived from
a cross between individuals of the same variety were in height
to four solf-fertilised plants belonging to the same varioty as 100
to 115, Although this cross did no good, we have seen under
Table C that a cross botween distinct varieties adds greatly to
the height and vigour of the offspring ; and it was there ex
that the fact of & cross between the individuals of the sme varicty
not being beneficial, is almost oarhlnlyd\w o their having been

ised for many in each
under nearly similar mm

(20, 21, 23) Cunna warscewicsi—Plants belonging to three
generations were observed, and in all of three the crossed were
approximately equal to the self-fertilised ; the average height of
the thirty-four crossed plants being fo that of the same number
of self-fertilised plants s 100 to 101, Therefore the crossed
plants had no sdvantage over the self-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 perfoctly
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self-fertile, aud were never seen to be visited by insects in the
hothouse, 50 s to be crossed by them. This plant, moreover,
has been cultivated under glass for several generations in pots,
and therefore under nearly uniform conditions. The eapsules
produced by the eross-fertilised flowers on the above thirty-four
crossed plants contained more seods than did the capsules
produced by the self-fertilised flowers on the self-fertilised plants,
in the proportion of 100 to 85; so that in this respect crossing
was beneficial.

(23) Primula sinensis—The offspring of plants, some of
which were legitimately and others illegitimately fertilised with
pollen from a distinct plant, were almost exactly of the same
height as the offspring of self-fortilised plants; but the former
with rare exceptions flowered before the latter. I have shown
in my paper on dimorphic plants that this species is commonly
raised in England from self-fertilised seed, and the plants from
having been cultivated in pots have been subjected to nearly
uniform conditions. Moreover, many of them are now varying
and changing their character, so as to become in a greater or
less degree equal-styled, and in consequence highly self-fertile,
Therefore I believe that the eause of the crossed plants not
exceeding in height the self-fertilised is the same as in the two
provious cases of Pisum sativum and Canna.

(24,25,26.) Nieotiana tabacum.—Four sets of measurements
were made; in one, the self-fertilised plants greatly exceeded in
Theight the crossed, in two others they were approximately equal
to the crossed, and in the fourth were beaten by them; but this
latter case does not here concern us. The individual plants
differ in constitution, so that the descendants of some profit by
their parents having been intercrossed, whilst others do mot.
Taking all three generations together, the twenty-seven crossed
plants were in height o the twenty-seven self-fertilised plants as
100 to 96. This excess of height in the crossed plants, is so
small compared with that displayed by the offspring from the
same mother-plants when crossed by a slightly different variety,
that we may suspect (as explained under Table C) that most of
the individuals belonging to the variety which served as the
mother-plants in my experiments, had acquired a nearly similar
constitution, 5o as not to profit by being mutually intercrossed.

Reviewing these twenty-six cases, in which the
erossed plants either do not exceed the self-fertilised

'
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by above five per cent. in height, or are inferior to
them, we may conclude that much the greater number
of the cases do not form real exceptions to the rule,
—that a cross between two plants, unless these have
been self-fertilised and exposed to nearly the same
i for many gives a great
advantage of some kind to the oﬂ'sprmg Of the
twenty-six eases, at least two, namely, those of Adonis
and Bartonia, may be wholly excluded, as the trials
were worthless from the extreme unhealthiness of the
plants. In twelve other cases (three trials with Esch-
scholtzia here included) the crossed plants either were
superior in height to the self-fertilised in all the other
generations excepting the ome in question, or they
showed their superiority in some different manner, as
in weight, fertility, or in flowering first; or again, the
eross-fertilised flowers on the mother-plant were much
more productive of seed than the self-fertilised.
Deducting these fourteen cases, there remain twelve
in which the crossed plants show no well-marked
advantage over the self-fertilised. On the other hand,
we have seen that there are fifty-seven cases in which
the crossed plants exceed the self-fertilised in height
by at least five per cent., and generally in a much
higher degree. But even in the twelve cases just
referred to, the want of any advantage on the crossed
side is far from cerfain: with Thunbergia the parent-
plants were in an odd semi-sterile condition, and the
offspring grew very unequally; with Hibiscus and
Apium much too few plants were raised for the measure-
ments to be trusted, and the cross-fertilised flowers of
Hibiscus produced rather more seed than did the self-
fertilised ; with Vandellin the erossed 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 believe that this is the
result of these plants having been self-fertilised and
cultivated under nearly uniform conditions for several
generations. The same result followed with the experi-
mental plants of Ipomeea and Mimulus, and 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
bslng intererossed. There is, therefore, not a single
case in Table A which nﬁ‘onb decisive evidence against
the rule that a cross between letu, the pmgemton of
wlun:ll hnve been subj

is 1 “"tothe fispring.  This is a
surprising conclusion, for from the mAlogy of domesti-
cated animals it could not have been anticipated, that
the good effects of crossing or the evil effeets 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 ease, of which
there are eighty-three ; and this no doubt is the more
correct method of comparing the crossed and self-
fertilised plants.

But in those cases in which plants of the same
species were observed during several generations, a
general average of their heights in all the generations
together may be made; and such averages are
given in Table A; for instance, under Ipomeea the
general average for the plants of all ten generations
is as 100 for the crossed, to 77 for the self-fertilised
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plants.  This having been done in each case in which
more than one generation was raised, it is easy to
calenlate the average of the average heights of the
crossed and self-fertilised plants of all the species
included in Table A. It should however be observed
that as only a few plants of some species, whilst a
considerable number of others, were measured, the
value of the mean or average heights of the several
species is very different. Subject to this source of
error, it may be worth while to give the mean of the
mean heights of the fifty-four species in Table A ; and
the fesult is, calling the mean of the mean heights
of the crossed plants 100, that of the self-fertilised
plants is 87. But it is a better plan to divide the
fifty-four species into three groups, as was done with
the previously given eighty-three cases. The first
group consists of species of which the mean heights
of the self-fertilised plants are within five per cent.
of 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 99-58. The
second group consists of the species, thirty-seven in
number, of which the mean heights of the crossed
plants exceed that of the self-fertilised plants by
more than five per cent.; and the mean of their
mean heights is to that of the self-fertilised plants
as 100 to 78.  The third group consists of the species,
only five in number, of which the mean heights of
the self-fertilised plants exceed that of the crossed by
more than five per cent.; and here the mean of the
mean heights of the crossed plants is to that of the
self-fertilised as 100 to 109. Therefore if we exclude
the species which are approximately equal, there are
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thirty-seven species in which the mean of the mean
heights of the crossed plants exceeds that of the self-
fertilised by twenty-two per cent.; whereas there are
only five species in which the mean of the mean heights
of the self-fertilised plants exceeds that of the erossed,
and this only by nine per cent.

The truth of the conclusion—that the good effects of
a cross depend on the plants having been subjected
to different conditions or to their belonging to differ-
ent varieties, in both of whwl: cases they 'onld nlmoul
certainly differ h
by a comparison of the Tnblen A and €. The latter
table gives the results of crossing plants with a fresh
stock or with a distinct variety ; and the superiority of
the erossed 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 erossed plants of the whole fifty-
four species in Table A is to that of the self-fertilised
plants as 100 to 87; whereas the mean of the mean
heights of the plants crossed by a fresh stock is to that
of the self-fertilised in Table C us 100 to 74, So that
the crossed plants beat the self-fertilised plants by
thirteen per cent. in Table A, and by twenty-six per
cent., or double as much, in Table C, which includes
the results of a cross by a fresh stock.

TasLe B.

A few words must be added on the weights of
the crossed plants of the same stock, in comparison
with the self-fertilised. Eleven cases are given in
Table B, relating to eight species. The number of
plants which were weighed is shown in the two left
columns, and their relative weights in the right

A The Coamplete Wark of Charles Darwin Online



284 SUMMARY OF MEASUREMENTS,  Cmar. VIL

column, that of the crossed plants being taken as
100. A few other eases have already been recorded
in Table C in reference to plants crossed by a fresh
stock. T regret that more trials of this kind were not
made, as the evidence of the superiority of the crossed
over the self-fertilised plants is thus shown in a more
conclusive manner than by their relative heights. But
this plan was not thought of until a rather late period,
and there were difficulties in the way, as the seeds
had to be collected when ripe, by which time the plants
had often begun to wither. In only one out of the
eleven cases in Table B, that of Eschscholtzia, do the
self-fertilised plants exceed the crossed in weight; and
we have already 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-
togene flowers on the self-fertilised plants than by
those on the crossed plants, the case must be left, as
remarked under Table A, altogether doubtful. The
erossed and self-fertilised offspring from a partially
self-sterile plant of Reseda odorata were almost equal
in weight, though not in height. In the remaining
eight cases, the crossed plants show a wonderful
superiority over the self-fertilised, being more than
double their weight, except in one case, and here
the ratio is as high as 100 to 67. The results thus
deduced from the weights of the plants confirm in a
striking manner the former evidence of the beneficial
effects of a cross between two plants of the same stock 3
and in the few cases in which plants derived from a
eross with a fresh stock were weighed, the results are
similar or even more striking.
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CHAPTER VIIL

Dreverexce perwers Cpossep A Seur-rermivisen  Pasts 1
CoxsTITeTioNAL VIGOUR AND IN OTHEN RESVECTS.

Greater constitutional vigour of crossed plants—The effocts of
erowdiog—Compotition with other kinds of plants—Solf-fertilised
plants more liable to premature death—Crossed plants genorally
Hlower before the self-fertilised —Nogative effects of interorossing
flowers on the sumo plant—Cases desoribed—Transmission of the

on plants slf-fertilised during several generations and cultivated
under similar conditions.

Greater constitutional Vigowr of erossed Plants.—As in
almost all my experiments an equal number of erossed
and self-fertilised seeds, or more commonly seedlings
just beginning to sprout, were planted on the oppo-
site sides of the same pots, they had to compete
with one another ; and the greater height, weight, and
fertility of the crossed plants may be attributed to
their possessing greater innate constitutional vigour.
Generally the plants of the two lots whilst very young
were of equal height; but afterwards the crossed
gained insensibly on their opponents, and this shows
that they possessed some inherent superiority, though
not displayed at a very early period of life. There
were, however, some conspicuous exceptions to the
rule of the two lots being at first equal in height ; thus
the crossed seedlings of the broom (Sarothamnus
seoparius) when under three inches in height were more
than twice as tall as the self-fertilised plants.
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After the erossed or the self-fertilised plants had
once grown decidedly taller than their opponents, a
still increasing advantage would tend to follow
from the stronger plants robbing the weaker ones
of nourishment and overshadowing them, This was
evidently the case with the crossed plants of Viola tri-
color, which ultimately quite overwhelmed the self-
ferhlmed But tlmn I.I:e cl'osaed plants have an inherent
ion, was some-
times well shown_when lmth lots were phmted
separately, not far distant from one another, in good
soil in the open ground. This was likewise shown in
several cases, even with plants growing in close compe-
tition with one another, by one of the self-fertilised
plants exceeding for a time its erossed 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 Tpomea were raised
from small seeds produced by unhealthy parents, and
the self-fertilised plants grew at first very rapidly,
so that when the plants of both lots were about three
feet in height, the mean height of the crossed to that
of the self-fertilised was as 100 to 122; when they
were about six feet high the two lots were very nearly
equal, but ultimately when between eight and nine feet
in height, the crossed plants asserted their nsual
superiority, and were to the seli-fertilised in height as
100 to 85.

The constitutional superiority of the crossed over the
self-fertilised plants was proved in another way in the
third generation of Mimulus, by self-fertilised sceds
being sown on one side of a pot, and after a certain
interval of time erossed seeds on the opposite side. The
self-fertilised svcdlmgn thus had (for T ascertained that
the seeds i y) a elear ad 2
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over the crossed in the start for the race. Nevertheless
they were easily beaten (as may be seen under the
head of Mimulus) when the crossed seeds were sown
two whole days after the self-fertilised. But when the
interval was four days, the two lots were nearly equal
throughout life. Even in this latter case the crossed
plants still possessed an inherent advantage, for after
both lots had grown to their full height they were
eut down, and without being disturbed were transferred
to a larger pot, and when in the ensuing year they
had again grown to their full height they were
measured ; and now the tallest crossed plants were to
the tallest self-fertilised plants in height as 100 to 75,
and in fertility (i.e., by weight of seeds produced by an
equal number of capsules from both lots) as 100 to 34.

My usual method of proceeding, namely, to plant
several pairs of crossed and self-fertilised seeds in an
equal state of germination on the opposite sides of the
same pots, so that the plants were subjected to
moderately severe mutual competition, was I think
the best that could have been followed, and was a fair
test of what occurs in a state of nature. For plants
sown by nature generally come up crowded, and are
almost always exposed to very severe competition
with one another and with other kinds of plants. This
latter consideration led me to make some trials, chiefly
but not exclusively with Ipomewa and Mimulus, by
sowing crossed and self-fertilised sceds on the opposite
sides of large pots in which other plants had long been
growing, or in the midst of other plants out of doors.
The seedlings were thus subjected to very severe
competition with plants of other kinds: and in all
such cases, the crossed seedlings exhibited a great
superiority in their power of growth over the self-
fertilised.
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After the germinating seedlings had been planted
in pairs on the opposite sides of several pots, the
remaining seeds, whether or not in a state of germina-
tion, were in most cases sown very thickly on the two
sides of an additional large pot ; so that the seedlings
came up extremely crowded, and were subjected to

ly severe competition and condi-
tions. In such cases the crossed plants almost invari-
ably showed a greater superiority over the self-fertilised,
than did the plants which grew in pairs in the pots.

Sometimes crossed and self-fertilised seeds were
sown in separate rows in the open ground, which was
kept clear of weeds; so that the seedlings were not
subjected to any competition with other kinds of
plants.  Those however in each row had to struggle
with the adjoining ones in the same row. When fully
grown, several of the tallest plants in each row were
selected, measured, and compared. The result was
in several cases (but not so invariably as might have
been expected) that the erossed plants did not exceed
in height the self-fertilised in nearly so great a degree
as when grown in pairs in the pots. Thus with the
plants of Digitalis, which competed together in pots, the
crossed were to the self-fertilised in height as 100 to
70; whilst those which were grown separately were only
as 100 to 85. Nearly the same result was observed
with Brassica. With Nicotiana the crossed were to
the self-fertilised plants in height, when grown
extremely crowded together in pots, as 100 to 54; .
when grown much less erowded in pots as 100 to 66,
and when grown in the open ground, so as to be sub-
jected to but little competition, as 100 to 72. On the
other hand with Zea, there was a greater difference in

height between the crossed and self-fertilised plants
growing out of doors, than between the pairs which
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grew in pots in the hothouse; but this may be
attributed to the self-fertilised plants being more
tender, so that they suffered more than the crossed,
when both lots were exposed to a cold and wet summer.
Lastly, with one out of two series of Reseda odorata,
grown out of doors in rows, as well as with Beta
wulgaris, the erossed plants did not at all exceed the self-
fertilised in height, or exceeded them by a mere trifle.

The innate power of the ecrossed plants to resist
unfavourable conditions far better than did the self-
fertilised plants, was shown on two occasions in a
curious manner, namely, with Iheris and in the third
generation of Petunia, by the great superiority in
height of the crossed over the self-fertilised seedlings,
when both sets were grown under extremely unfavourable
conditions; whereas owing to special circumstances
exactly the reverse occurred with the plants raised from
the same seeds and grown in pairs in pots. A nearly
analogous case was observed on two other occasions
with plants of the first generation of Nicotiana.

The crossed plants always withstood the injurious
effects of being suddenly removed into the open air
after having been kept in the greenhouse better than
did the self-fertilised. On several occasions they also
resisted much better cold and intemperate weather.
This was manifestly the case with some crossed and
self-fertilised plants of Ipomea, which were suddenly
moved from the hothouse to the coldest part of a cool

The offspring of plants of the eighth
1 generation of Mimulus crossed by a fresh
stock, survived a frost which killed every single self-
fertilised and intercrossed plant of the same old stock.
Nearly the same result followed with some erossed and
self-fertilised plants of Viola tricolor. Even the tips
of the shoots of the crossed plants of Sarothamnus

u
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scoparius were not touched by a very severe winter ;
whereas all the self-fertilised plants were killed half-
way down to the ground, so that they were not able to
flower during the next summer. Young crossed
seedlings of Nicotiana withstood a cold and wet
summer much better than the self-fertilised seedlings.
I have met with only one exception to the rule of
crossed plants being hardier than the self-fertilised :
three long rows of Eschscholtzia plants, consisting of
erossed 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
ense 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
erossed ; but I neglected to keep any record. With
Beta vulgaris, however, it is certain that a large number
of the self-fertilised seeds perished after germinating
beneath the ground, whereas the crossed seeds sown at
the same time did not thus suffer. When a plant
died at a somewhat more advanced age the fact was
recorded ; and T find in my notes that out of several
hundred plants, only seven of the erossed died, whilst
of the self-fertilised at least twenty-nine were thus
lost, that is more than four times as many. Mr. Galton,
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after examining some of my tables, remarks : “ It is very
evident that the columns with the self-fertilised plants
include the larger number of exceptionally small
plants ;™ and the frequent presence of such puny plants
no doubt stands in close relation with their liability to
premature death. The self-fertilised plants of Petunia
completed their growth and began to wither sooner
than did the intercrossed plants; and these latter

considerably before the offspring from a cross with a

fresh stock.

Period of Flowering.—In some cases, a8 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 a record was kept,
the flowering of the first plant in each pot was alone
observed, although two or more pairs grew in the same
pot. I will now give three lists,—one of the species
in which the first plant that flowered was a crossed
one,—a second in which the first that flowered was a
self-fertilised plant,—and a third of those which
flowered at the same time.

Species, of which the first Plants that flowered were

of Crossed Parentage.

Jpomas purpires—] record in my notes that in all ten genera-
tions many of the crossed plants flowered before the self-
fertilised ; but no details were kept.

v2
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Mimulus luteus (Fivst Generation).—Ten flowers on the erossed
plants were fully expanded before one on the self-fertilised.

Mimulus luteus (Second and Third Generation).—In both these
generations a crossed plant flowered before one of the self-
fertilised in all three pots.

Mimulus lutews (Fifth Generation).—In all three pots a crossed

plant flowered first; yet the self-fertilised plants, which

belonged fo the new tall variety, were in height to the

crossed as 126 to 100,

Alimulus lutews—Plants derived from a cross with a fresh stock,
as well as the intercrossed plants of the old stock, flowered
before the self-fertilised plants in nine out of the ten pots,

Salvia coceir crossed plant flowered before any one of the
self-fertilised in all three pots.

Origanum _vulgare—Durng two successive scasons several
erossed plants flowered before the self-fertilised.

HBrassica olerucea (First Generation)—All the erossed plants
growiug in pots and in the open ground flowered first.

Brassica oleracea (Second  Generation)—A crossed plant in

f the four pots flowered before any one of the

self-fertilised.
Tberis umbellata—In both pots a crossed plant flowered first,
Eschseholtzia californica.—Plants derived from the Brazilian
stock crossed by the English stock flowered in five out of
the nine pots first; in four of them a self-fertilised plant
tlowered first; and not in one pot did an intercrossed plant
of the old stock flower first.

Viola tricolor—A erossed plant in five out of the six pots
flowered before any one of the self-fertilised.

Diauthus caryphyllus (First Generation).—In two large beds
of plants, four of the crossed plants flowered before auy one
of the self-fertilised.

Diunthus caryophyllus (Second Generation).—In both pots &
crossed plant flowered first,

Dianthus - caryophylius (Third Generation).—In three out of
the four pots a crossed plant flowered first; yet the crossed
were {0 the self-fertilised in height only as 100 to 99, but in
weight as 100 to 49,

Dianthus cargoplylius.—Plants derived from a cross with a frush
stock, and the intercrossed plants of the old stock, both

flowered before the self-fertilised in nine out of the ten pots.

Hibiseus ufricanus.—~In three out of the four pots a crossed:
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plant flowered before any one of the self-fertilised ; yet the
latter were to the crossed in height as 109 to 100.

Tropeolum minws.—A erossed plant flowered before any one of
the self-fertilised in three out of the four pots, and simul-
taneously in the fourth pot,

Limnanthes donglasii—A crossed plant flowered before any one
of the self-fertilised in four out of the five pots.

Phaseolus multiflorus—TIn both pots & erossed plant flowered
first,

Specularia speeulm.—Tn all four pots a crossed plant flowered
first,

Lolelia ramosa (First Generation).—Tn all four pots a crossed
plant flowered befora any one of the self-fertilised.

Lobelia ramoss (Second Generation),—In all four pots a crossed
plant flowered somo days before any one of the self-
fertilised

Nemophila

s.—In four out of the five pots a erossed plant

ywered first.

Borago ofiicinalie—In both pots a-erossed plant flowered first.

Petunia vidacra (Second Generation).—In all three pots a
crossed plant flowered first.

Nicotiana tabacnin.—A plant derived from a cross with a fresh
stock flowered before any one of the self-fertilised plants of
the fonrth generation, in fifteen out of the sixteen pots.

Cyclamen persicum.—During two sucecessive seasons a crossed
]ﬂnnl flowered some weeks before any one of the self-fertilised
in all fonr pots.

Primula veris (eqnnl-utylmi var.)—In all three pots a crossed
plant flowered fi

Primula nnr!mL—In all four pots plants derived from an
illegitimate cross between distinet plants flowered before
any one of the self-fertilised plants.

Primula sinensis—A legitimately crossed plant flowered before
any one of the self-fertilised plants in seven out of the eight
pots.

Fagopyrum esculentum.—A legitimately crossed plant flowered
from one to two days before any one of the self-fertilised
plants in all three pots.

Zea mays.—In all four pots a crossed plant flowered first.

Phalaris canariensis.—The crossed plants flowered before the

f-fortilised in the open gronnd, but simultancously in the

pots,
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Species, of which the first Plants that flowered were of
Self-fertilised Parentuge.
Eschscloltzia californica (First Generation)—The evossed plants
rere at first taller than the self-fertilised, but on theirsecond.
growth during the following year the self-fertilised exceeded
the crossed in height, and now they flowered first in three
out of the four pots.

Lupinus lutens.—Although the crossed plants were to the self-
fertilised in height as 100 to 82; yet in all three pots the
self-fertilised plants flowered first.

Clarkia elegans—Although the crossed plants were, as in the
last case, to the self-fertilised in height as 100 to 82, yet in
the two pots the self-fertilised flowered first.

Lobelia fulgens (First Generation).—The crossed plants were to
the self-fertilised in height only as 100 to 127, and the latter
flowered much before the erossed.

Petunia violacen (Third Generation).—The erossed plants were
to the self-fertilised in height as 100 to 131, and in three
out of the four pots a self-fertilised plant flowered first; in
the fourth pot simultancously.

Petunia violecea (Fourth Generation).—Although the crossed
plants were to the self-fertilised in height as 100 to 69, yet
in three ont of the five pots a self-fertilised plunt fowered
first; in the fourth pot simultancously, and only in the fifth
did a crossed plant flower first.

Nieotiuna tabacura (First Gemeration)—The crossed plants
were to the self-fortilised in height only as 100 to 178, and
a self-fertilised plant flowered first in all four pots.

Nicotiana tabacm (Third Generation).—The crossed plants
were to the self-fertilised in height as 100 to 101, and in
four out of the five pots a self-fertilised plant flowered first.

Canna warscewiczi—In the three generations taken together the

were to the self-fertilised in height as 100 to 101; in
the first generation the self-fertilised plants showed some
tendency to flower first, and in the third generation they
flowered first in nine out of the twelve pots.

Species in which the Crossed and Self-fertilised Plants
lowered almost simultaneously.
Mimulus Tutens (Sixth Generation).—The erossed plants were
inferior in height and vigour to the self-fertilised plants,
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which all belonged to the new white-flowered tall variety,
yet in only half the pots did the sclf- fmmml plants flower
first, and in the other half the crossed plan

Viscaria. oculutr, ~The crossed plants were unly a litfle taller
than the self-fertilised (viz, as 100 to 97), but con-
siderably more fertile, yet both lots flowered almost
simultancously.

TLathyrus odoratus (Second Generation).—Although the crossed
plants were to the self-fertilised in height as 100 toS8, yot
there was no marked difference in their period of flowering.

Lobeli« fulyens (Second Generation).—Although the crossed
plants were to the self-fertilised in height 15100 to 91, yet
they flowered simultaueously.

Nicotiuna tabacum (Third Generation).—Although the crossed
plants were to the self-fertilised in height as 100 to 83, yet
in half the pots a self-fertilised plant flowered first, and in
the other half a crossed plant.

These three lists include fifty-cight cases, in which
the period of flowering of the crossed and self-fertilised
plants was recorded. In forty-four of them a crossed
plant flowered first either in a majority of the pots or
in all ; in nine instances a self-fertilised plant flowered
first, and in five the two lots flowered simultaneously.
One of the most striking cases is that of Cyclamen, in
which the crossed plants flowered some weeks before
the self-fertilised in all four pots during two seasons.
In the second generation of Lobelia ramosa, a crossed
plant flowered in all four pots some days before any
one of the self-fertilised. Plants derived from a
cross with a fresh stock generally showed a very
strongly marked tendency to flower before the self-
fertilised and the intercrossed plants of the old stock
all three lots growing in the same pots. Thus with
Mimulus and Dianthus, in only one pot out of ten, and
in Nicotiana in only one pot out of sixteen, did a self-
fertilised plant flower before the plants of the two crossed
kinds,—these latter flowering almost simultaneously.
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A consideration of the two first lists, especially of
the second one, shows that a tendency to flower first is
generally connected with greater power of growth, that
is, with greater height. But there are some remarkable
exceptions to this rule, proving that some other cause
comes into play. Thus the crossed plants both of
Lupinus luteus and Clarkia elegans were to the self-
fertilised plants in height as 100 to 82, and yet the
latter flowered fivst. In the third generation of Nico-
tiana, and in all three genérations of Canna, the
crossed and self-fertilised plants were of nearly equal
height, yet the self-fertilised tended to flower first.
On the other hand, with Primula sinensis, plants
raised from a eross 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. 8o it was with respect to height
and flowering with Phaseolus, Specularia, and Borago.
The erossed plants of Hibiseus 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
Defore 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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1 11 i

rs and 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
luteus and of Tpomaa purpurea were crossed with pollen
from other flowers on the same plant, and other flowers
were fertilised with their own pollen; inte ed
seedlings of this peculiar kind, and others strictly self-
fertilised being thus raised. In the case of the
Mimulus the self-fertilised plants flowered first in seven
out of the eight pots, and in the case of the Ipomea
in eight out of the ten pots; so that an intercross
between the flowers on the same plant was very far
from giving to the offspring thus rised, 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 ldeutlcnl in Sty
external cl having been subjected to
different conditions and having thus acquired some
slight difference in constitution. All the flowers
produced by the same plant have been developed
from the same seed ; those which expand at the same
time have been exposed to exactly the same climatic
influences ; and the stems have all been nourished by
the same roots. Therefore in accordance with the con-
clusion just referred to, no good ought to result from
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crossing flowers on the same plant.* In opposition to
this conclusion is the fact that a bud is in one sense
a distinet individual, and is capable of oceasionally or
even not rarely assuming new external characters, as
well as new constitutional peculiarities. Plants raised
from buds which have thus varied may be propagated
for a great length of time by grafts, euttings, &e., and
sometimes even by seminal generation.t There exist
also numerous species in which the flowers on the
same plant differ from one another,—as in the sexunal
organs of monecions and polygamous plants,—in the
structure of the circumferential flowers in many Com-
positw, Umbellifere, &c.,—in the structure of the
central flower in some plants,—in the two kinds of
flowers produced by cleistogene species,—and in
several other such cases, These instances clearly
prove that the flowers on the same plant have often
varied independently of one another in many im-
portant respects, such variations having been fixed,

ments have been made with re-
spect to the stamens of Pelargo-
ninm. With some of the Mela-
stumncere, socdlings raised by mo
from flowers fertilsed by plley
from the shorter stamens, cer-
ety diiive fn ppenranos gl
those raised from the longer stas

* It is, howover, possible that
the stamens whicli differ in length
or construetion in the sumo flower
may produce iffcring in
nature, and in Mu- IANDET @ CTOsS

e

catio
Production des Variétés,’ 1865,
p- 42) that seedlings mised from
the shorter and longer stamens of
rhododendron differ in charcter;
but the shorler stumens appa-
reutly are becoming rimentary,
d the selligs aro dwnt, 16
that the result m; mply due
8 want of fertlisiog power in
the pollen, as in_the euse o
dwarfed plants of Mirabilis raised
by Naudin by the use of oo few
pollen-grains,  Anulogous state-

mens, with differently colured
anthers; but here, aguin, there fs
some reason for believing that the
shorter stamens are tending to-
wards abortion, Tn the very dif-
forent case of trimorphic litero-
styled plants, the two scts of stas
mens in the

have given numerous cuses
of el bec-vaiations iy my Vs
ition of Aninale and Plans s

iestication,” chap, xi. aml
it Yol 1. p. 445,
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like those on distinct plants during the develop-
ment of species.

It was therefore necessary to ascertain by experiment
what would be the effect of intercrossing flowers on
the same plant, in comparison with fertilising them
with their own pollen or crossing them with pollen
from a distinet plant. Trials were carefully made on
five genera belonging to four families; and in only
one case, namely, Digitalis, did the offspring from a
cross between the flowers on the same plant receive
any benefit, and the benefit here was small compared
with that derived from a cross between distinet plants.
In the chapter on Fertility, when we consider the
effects of cross-fertilisation and self-fertilisation on the
productiveness of the parent-plants we shall arrive at
nearly the same result, namely, that a cross between
the flowers on the same plant does not at all increase
the number of the seeds, or only oceasionally 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-
erossed 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 erowded, 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 intererossed 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-
erossed 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 intererossed
plants were certainly superior to the self-fertilised in
some degree; but their superiority was small compared
with that of the offspring from a eross between distinet
plants over the self-fertilised, this being in the ratio
of 100 to 70 in height. Nor does this latter ratio
show at all fairly the great superiority of the plants
derived from a cross between distinet individuals over
the self-fertilised, as the former produced more than
twice as many flower-stems as the latter, and were
much less liable to premature death.

(2.) Ipomeea purpurea.—Thirty-one intercrossed plants
raised from a eross between flowers on the same plants
were grown in ten pots in competition with the same
number of self-fertilised plants, and the former were
to the latter in height as 100 to 105. So that the
self-fertilised plants were a little taller than the inter-
crossed ; and in eight out of the ten pots a self-fertilised
plant flowered before any one of the erossed plants in
the same pots. The plants which were not greatly
erowded in nine of the pots (and these offer the faivest
standard of comparison) were eut down and weighed ;
and the weight of the twenty-seven intercrossed plants
was to that of the twenty-seven self-fertilised as 100
to 124; so that by this test the superiority of the
self-fertilised was strongly marked, To this subject of
the superiority of the self-fertilised plants in certain
cases, I shall have to recur in a future chapter. If we
now turn to the offspring from a cross between
distinet plants when put into competition with self-
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fertilised plants, we find that the mean height of
seventy-three such crossed plants, in the course of ten
generations, was to that of the same number of
seli-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.

(3.) Mimulus luteus.—Twenty-two plants raised by
crossing flowers on the same plant were grown in
competition with the same number of self-fertilised
plants ; and the former were to the latter in height as
100 to 105, and in weight as 100 to 103.  Moreover, in
seven out of the eight pots a self-fertilised plant
flowered before any of the intercrossed plants. So that
here again the self-fertilised exhibit aslight superiority
over the intercrossed plants, For the sake of com-
parison, I may add that seedlings raised during three
generations from a cross between distinet plants were
to the self-fertilised plants in height as 100 to 65.

(4.) Pelargonium ronale—Two plants growing in
separate pots, which had been propagated by cuttings
from the same plant, and therefore formed in fact
parts of the same individual, were intercrossed, and
other flowers on one of these plants were self-fertilised ;
but the seedlings obtained by the two processes dxd
not differ in height. When, on the other hand, flowers
on one of the above plants were ecrossed with pollen
taken from a distinct seedling, and other flowers were
self-fertilised, the crossed offspring thus obtained were
to the self-fertilised in height as 100 to 74.

(5.) Origanum vulgare—A plant which had been
long cultivated in my kitchen garden, had spread by
stolons 0 as to form a large bed or clump.  Seedlings
taised by intercrossing flowers on these plants, which
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strictly consisted of the same plant, and other

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
erossed with pollen taken from a distinet seedling, and
other flowers were selffertilised ; two fresh lots of
seedlings being thus raised, which were the grand-
children of the plant that had spread by stolons and
formed a large clump in my garden. These differed
much in height, the crossed plants being to the
self-fertilised as 100 to 86. They differed, also, to a
wonderful degree in constitutional vigour. The crossed
plants flowered first, and produced exactly twice as
many flower-stems; and they afterwards increased by
stolons to such an extent as almost to overwhelm the
self-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 thit of the strictest self-
fertilisation. Indeed, in two of the cases the self-fer-
tilised plants were superior to such intercrossed plants.
‘With Digitalis a cross between the flowers on the same
plant certainly did do some good, yet very slight
compared with that from a cross between distinet
plants. On the whole the results here arrived at, if
we bear in mind that the flower-buds are to a certain
extent distinet individuals and occasionally vary inde-
pendently of one another, agree well with our general
conclusion, that the advantages of a cross depend on
the progenitors of the erossed plants possessing some-
what different constitutions, either from having been
exposed to different conditions, or to their having
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varied from unknown causes in a manner which we in
our ignorance are forced to speak of as spontaneous.
Hereafter I shall have to recur to this subject of the
inefficiency of a cross between the flowers on the same
plant, when we consider the part which insects play 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 eross hetween distinet plants
almost always exceed their self-fertilised opponents in
height, weight, and constitutional vigour, and, as will
hereafter be shown, often in fertility. To ascertain
whether this superiority would be transmitted beyond
the first generation, seedlings were raised on three
occasions from crossed and self-fertilised plants, both
sets being fertilised in the same manner, and therefore
not as in the many cases given in Tables A, B, and C,
in which the crossed plants were again crossed and the
self-fertilised again self-fertilised.

Firstly, seedlings were raised from self-fertilised
seeds produced under a net by crossed and self-fer-
tilised plants of Nemophila insignis; and the latter
sere to the former in height as 133 to 100. But these

became very unhealthy early in life, and
grew so unequally that some of them in both lots were
five times as tall as the others. Therefore this experi-
ment was quite worthless; but I have felt bound to
give it, as opposed to my general conclusion. T should
state that in this and the two following trials, both sets
of plants were grown on the opposite sides of the same
pots, and treated in all respects alike. The details of
the experiments may be found \mder the head of each

ies.
Secondly, a crossed and a self-fertilised plant of
(Viola tricolor) grew near together in the

@ The Camplete Work of Charles Darwin Online



304 TRANSMITTED EFFECTS OF A CROSS. Cmar. VIIL

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 inseets.  Seeds were collected from both plants, and
seedlings raised from them. Those from the crossed
plants flowered in all three pots before those from the
self-fertilised plants; and when fully grown the former
were to the latter in height as100 to 82,  As both sets
of plants were the product of cross-fertilisation, the
difference in their growth and period of flowering was
clearly due to their parents having been of crossed and
self-fertilised parentage; and it is equally clear that
they transmitted different constitutional powers to their
offspring, the grandehildren of the plants which were
y crossed and self-fertili:

'll.urdl), the Sweet Pea (Lathyrus odoratus) habi-
tually fertilises itself in this country. As I possessed
plants, the parents and grandparents of which had
been artificially crossed and other plants descended
from the same parents which had been self-fertilised
for many previous generations, these two lots of plants
were allowed to fertilise themselves under a net, and
their self-fertilised seeds saved. The seedlings thus
raised were grown in competition with each other in the
usual manner, and differed in their powers of growth.
Those from the self-fertilised plants which had been
crossed during the two previous generations were to
those from. the plants self-fertlised during many pre=
vious generations in height as 100 to 90. These two
lots of seeds were likewise tried by being sown under
very di in poor exlh wl] and
the plants whose Ay and great- 1
had been crossed showed in an numismknble manner
their superior constitutional vigour. In this case, as
in that of the heartsease, there could be no doubt that
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the advantage derived from a cross between two plants
was not confined to the offspring of the first generation.
That eonstitutional vigour due to cross-parentage is
transmitted for many generations may also be inferred
as highly probable, from some of Andrew Knight's
varieties of the common pea, which were raised by
crossing distinet varieties, after which time they no
doubt fertilised themselves in each succeeding gene-
ration. These varieties lasted for upwards of sixty
years, “but their glory is now departed.”* On the
other hand, most of the varieties of the common pea,
which there is no reason to suppose owe their origin
to a cross, have had a much shorter existence. Some
also of Mr. Laxton’s varieties produced by artificial
crosses have mumed their astonishing vigour and

for iderable number of g 3
but as Mr, Lnxmn informs me, his ex;mnenee does
not extend beyond twelve generations, within which
period he has never perceived any diminution of vigour
in his plants.

An allied point may be here noticed. As the force
of inheritance is strong with plants (of which abundant
evidence could be given), it is almost certain that seed-
lings from the same capsule or from the same plant
would tend to inherit nearly the same constitution ; and
as the advantage from a cross depends on the plants
which are crossed differing somewhat in constitution,
it may he 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

* Soo tho evidencoon this head he-tl-m,' chap, ix. vol. L. 2nd edit.
in my * Variation uuder Domes-  p. 897,
X
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valuable experiments on hybrid Abutilons, that the
union of brothers and sisters, parents and children,
and of other near relations is highly injurious to the
fertility of the offspring. In one case, moreover, seed-
lings from such near relations possessed very weak
constitutions.® This same observer also foundt three
plants of a Bignonia growing near together. He fer-
tilised twenty-nine flowers on one of them with their
own pollen, and they did not set a single capsule,
Thirty flowers were then fertilised with pollen from
a distinet plant, one of the three growing together,
and they yielded only two capsules. Lastly, five
tlowers were fertilised with pollen from a fourth plant
growing at a distance, and all five produced capsules.
It seems therefore probable, as Fritz Miller suggests,
that the three plants growing near together were
seedlings from the same parent, and that from being
closely related they had little power of fertilising one
another.}

Lastly, the fact of the intercrossed plants in
Table A mnot exceeding in height the self-fertilised
plants in a greater and greater degree in the later
generations, is probably the result of their having
become more and more closely inter-related.

Uniform Colour of the Flowers on Plants, self-fertilised
and grown under similar conditions for several Genera-
tions—At the of my experi the
parent-plants of Mimulus luteus, Ipomewa purp'um,
Dianthus caryophyllus, and Petunia wviolacea, mised
from purchased seeds, vnﬂed grently in the colour

& Jomischo Zeitchrift fir  Domestiontion: chnp. xoil. 2nd
Naturw.;' B. vii.. pp. 22 and 45, 1.2, p. l»ybnd: o
1872 ; and 1873, pp. $41-450.
1 *lot. Zeitung," 1868, p. 626. ilised by pat
7 Sume wmarkablo cuses aro  from any other, bt oty 1ia
given in my *Variation unler own pollen.
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of their flowers. This occurs with many plants which
have been long cultivated as an ornament for the
flower-garden, and which have been propagated by
seeds.  The colour of the flowers was a point to which
I did not at first in the least attend, and no selection
whatever was practised. Nevertheless, the flowers
produced by the self-fertilised plants of the above
four species became absolutely uniform in tint, or very
nearly so, after they had been grown for some gene-
rations under closely similar conditions. The inter-
crossed plants, which were more or less closely

ter-related in the later and which had
been likewise cultivated all the time under similar
conditions, became more uniform in the eolour of
their flowers than were the original parent-plants, but
much less so than the self-fertilised plants. When
self-fertilised plants of one of the later generations
were crossed with a fresh stock, and seedlings thus
raised, these presented a wonderful contrast in the
diversified tints of their flowers compared with those of
the self-fertilised seedlings. As such cases of flowers
becoming uniformly coloured without any aid from
selection seem to me curious, I will give a full
abstract of my observations.

Mimulus luteus.—A tall variety, bearing large, almost
white flowers blotched with erimson, appeared amongst
the intercrossed and self-fertilised plants of the third
and fourth generations. This variety inereased so
rapidly, that in the sixth generation of self-fertilised
plants every single one consisted of it. So it was
with all the many plants which were raised, up to the
last or ninth self-fertilised generation. Although this
variety first appeared amongst the intercrossed plants,
yet fmm their oﬂ’sprmg being intercrossed in each

it never prevailed umungst
x2
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them; and the flowers on the several intercrossed
plants of the ninth generation differed considerably in
colour. On the other hand, the uniformity in colour
of the flowers on the plants of all the later self-fer-
tilised generations was quite surprising; on a casual
inspection they might have been said to be quite alike,
but the erimson blotches were not of exactly the same
shape, or in exactly the same position. Both my
gardener and myself believe that this variety did
not appear amongst the parent-plants, raised from pur-
chased seeds, but from its appearance amongst both the
crossed and self-fertilised plants of the third and fourth
generations ; and from what I have seen of the variation
of this species on other occasions, it is probable that it
would occasionally appear under any circumstances.
We learn, however, from the present case that under
the puulmr conditions to which my plants were

b thi icular variety, kable for its
colouring, largeness of the corolls, and increased
height of the whole plant, prevailed in the sixth and
all the ding self-fertilised i 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 ihe intercrossed plants of the later generations.
These, however, had more uniformly coloured flowers
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than those which were first raised from the purchased
seeds. This dark purple variety did not appear, as
far as my gardener and myself could recollect, before
the fifth or sixth self-fertilised generation. However
this may have been, it became, through continued
self-fertilisation and the cultivation of the plants
under uniform conditions, perfectly constant, to the
exclusion of every other variety.

Dianthus caryophyllus.—The self-fertilised plants of
the third generation all bore flowers of exactly the
same pale rose-colour; and in this respect they differed
quite remarkably from the plants growing in a large
bed close by and raised from seeds purchased from the
same nursery garden. In this case it is not improbable
that some of the parent plants which were first self-
fertilised may have borne flowers thus coloured ; but
as several plants were self-fertilised in the first genera-
tion, it is extremely improbable that all hore flowers
of exactly the same tint as those of the self-fertilised
plants of the third generation. The intercrossed plants
of the third genemation 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,
produced flowers of absolutely the same tint, namely,
of a dull, rather peculiar and ugly flesh colour; there-
fore, considerably unlike those on the parent-plant. 1
believe that this change of colour supervened quite
gradually ; but I kept no record, as the point did not
interest me until I was struck with the uniform tint
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of the flowers on the self-fertilised plants of the fifth
generation. The flowers on the intercrossed plants of
the corresponding generation were mostly of the same
dull flesh colour, but not nearly so uniform as those on
the self-fertilised plants, some few being very pale,
almost white. The self-fertilised plants which grew in
a long row in the open ground were also remarkable for
their uniformity in height, as were the intercrossed
plants in a less degree, both lots being compared with
a large number of plants raised at the same time under
similar conditions from the self-fertilised plants of the
fourth generation crossed by a fresh stock. 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 eultivated for the flower-
garden, no character is more variable than that of
colour, excepting perhaps that of height. From the
consideration of these cases we may infer that the
variability of cultivated plants in the above respects
is due, fiistly, to their being subjected to somewhat
diversified conditions, and, secondly, to their being
often inter-crossed, as would follow from the free aceess
of inseets. I do not see how this inference can be
avoided, as when the above plants were cultivated
for several generations under closely similar conditions,
and were intercrossed in each generation, the colour
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of their flowers tended in some degree to change and to
become uniform. When no intercrossing with other
plants of the same stock was allowed,—that is, when
the flowers were fertilised with their own pollen in
each generation—their colour in the later generations
became as uniform as that of plants growing in a
state of nature, accompanied at least in one instance
by much uniformity in the height of the plants. But
in saying that the diversified tints of the flowers on
cultivated plants treated in the ordinary manner are
due to differences in the soil, elimate, &c., 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 pleurs,
rheumatism, &e., may be said to be caused by expo-
sure to cold. In both cases the constitution of the
heing which is acted on is of preponderant importance.
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CHAPTER IX.

Tux Evvects or Caoss. Axp 8 oy
TuE Propucriox or Seeps.

rmms, of plants of crossed and self-fertilinsd paren
being fertilised in the ssme manner—Fertility o th Ilu p‘mk«vlnnh
when first crossed und self-fertilised, and of their erossed and self-
fertilised offspring when ngain crossed and nl(—lxrﬂlh-d%
parison of the fertility of flowers fertilised with their own pollen
and with that from other flowers on the same plant—Self-sterile
plants—Causes of sel". ‘m‘m,—na appearanre of highly .m.
fortile varictics—Self-fortilisation upparently in some respeets bt
ficial, independently of the assur.d production of R
weights and rates of germiuation of sceds from crossed aud elf-
fertilised flowers.
Tue present chapter is devoted to the Fertility of
plants, as influenced by cross-fertilisation and self-
fertilisation. The subject consists of two distinet
branches ; firstly, the relative productiveness or fertility
of flowers crossed with pollen from a distinet plant and
with their own pollen, as shown by the proportional
number of capsules which they produce, together
with the number of the contained seeds. Secondly,
the degree of innate fertility or sterility of the seed-
lings raised from crossed and self-fertilised seeds; such
seedlings being of the same age, grown under the same
conditions, and fertilised in the same manner. These
two branches of the subject correspond with the two
which have to be considered by any one treating of
hybrid plants; namely, in the first place the comparative
productiveness of a species when fertilised with pollen
from a distinet species and with its own pollen ; and
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in the second place, the fertility of its hybrid off-
spring.  These two classes of cases do not always rn
parallel; thus some plants, as Giirtner has shown, can
be crossed with great ease, but yield excessively sterile
hybrids ; while others are crossed with extreme diffi-
culty, but yield fairly fertile hybrids.

The natural order to follow in this chapter would
have been first to consider the effects on the fertility
of the parent-plants of crossing them, and of fertilising
them with their own pollen ; but as we have discussed
in the two last chapters the relative height, weight,
and constitutional vigour of crossed and self-fertilised
plants—that is, of plants raised from crossed and
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 spontaneously self-fertilised. Tt should be observed
that the results cannot be considered as fully trust-
worthy, for the fertility of a plant is a most variable
eleent, 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 erossed and self-
fertilised plants of the same age and treated in every
respect alike. In these two latter respects my observa-
tions may be trusted, buta sufficient number of capsules,
were counted only in a few instances. The fertility,
or as it may perhaps better be called the productive-
ness, of a plant depends on the number of capsules
produced, and on the number of seeds which these
contain, But from various causes, chiefly from the
want of time, I was often compelled to rely on the
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number of the capsules alone. Nevertheless, in the
more interesting cases, the seeds were also counted
or weighed. The average number of seeds per capsule
is a more valuable criterion 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,
.

TasLE D.—Relative Fertility of Plants of erossed and self-fertilised

Parentage, both sets being fertilised in the same manner. Fer~

tility judged of by various Standards, That of the crossed Plants

taken as 100,

1POMGEA  PURPUREA—first generation per eapsule
an sromed and. seliurtilised pleste; 7 g mueh "m -
Fowie, fpmtassocly stinilibed: unf TEED
nmbu
- g it
uufmmu.m-nurmn -uup-muuhlhlm" =

et proving much cvowied spoentonly | (=
f-nﬂlud n-dlrnnel, in number . .
—productiveness of the same plants, as|

j-d;d by b e u\;-nlu m«duz“l, gl ., 45
‘number of seeds per m|- ule

IroME PURPUREA—t + seeds por u\pnlc‘
ot ey v on ey I
l-mn-dmn net, fo pumber . . . ..

Trosas - b' r:din iveness of ":'.4".: it ‘ 3

number of capsules produ nverng -

e P e e
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TavLe D—continued.

Trogaa \—fifth generation : seeds per capsule] ‘
o oot nad selferllond plaate et un prdtoifl v el RO
hothouse, and spontancously fertiliced . . . . .
TRONGA FURFCUEA—pinth generation ; number of capsules
8 Comnd plaste o thase o8 wlFfertied plants, on-(| . 28
Sansonaly el fetilved mader vt + s e
Mtuus LoTEUs—an equnl aumber of capsule on plants) |
descended from el plaats o the B genera
on

thoa croual by & frsh stock, o s of the 9th %
wifartilied generation, hoth sete baving becs 1Rfl % %
uncovered and -,mm.mu.ly fectlied, contaned -«d-.
by weight .

MieoLus 1uTets—productivenees of the same ‘rluu, as
Judged by nun nurulnr of expeiles producel, iod avengs(l, o . 9
‘Wweight capsule, .

VaNoELLIA ncxummmu—md s oy lnm\
cleistogene flowers on the crossed and ulf’urﬂﬂuﬂ w w106
pl-nh, in number . . . o Al

San A—crossed phnll compared w(th ull fer-| 57
e poa Ty produced flowers, in number . ., 28

Iigiis vMBELLATA—plants loft uncovered in greenhouse;
intererossed plants of the drd generation, compared with
self-fertilised Plate of the Sl gnunmtl»n, e od mdx.

3
=

I crom
vareten, comparad with et led plants oF tho SeA)| 75
generation, yielded seods, by weight . .

PAPAVER VAGUM—crossed and self- rmm..d phnl‘, o o
uncoverel, produced capsules, in numi ks

ESCHSCHOLTZIA CALIFORNICA—Brazilian .m s
gmcarsral axd crom-tetlsed upm.lu o
Intereruel. pltata of 204 goserston pared wik{l o T8
sapeales o sl fertiied Haate of 2ad granration, on

plants, s judged by number o capanles produes, 1nd

EsonscriotTzia cAumksch—lpr«luﬂlmm ot tiareang
verage number of seeds per capsule . .

ESousomouTza cALIFoRNICA—plants loft o
cross-fertilised by bees: capsules on plants derived from|
intercrossed plants of 2ud generation of the Brazilian| &

crossed by English stock, compared with capsules|
on_ self-fertilised plants of 2nd generation, contained
R T N A

ESCHSCHOLTZIA CALTPORNICA—productiveness of the same
plants, as judged by number of capsules produced, and
average number of seeds per capsule . . . . . )|

2
3
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Tavur D—continued,
RESEDA 0DORATA—crossed and self-fertilised plants, [
uncovered and cross-fertilised by bees, prud upﬂln ‘s 100 to 100
in pumber (about) . . |
Vious Tmicouon—crossed and selffertilised plants, Teft]|
uncovered and cross-fertilised by n..., pndnnd np-uln i
in number .
plaats,
left uncovered in the ‘mnhnnu, produced upnln iy g OB
nomber . .
VisoaRIa 00ULATA—crossed and self-fertilised plants, l-u} s

| uacoverad in tho greenhouse, produce | capsules in number

fertilised plants of the Srd eneration contained sends i
namber . . . . .
DIANTIUS CARYOPIYLLDS—plants left uncovered and oross
Insects: ofpring from plnts sefertlsd |
for three ,.-mnnu and then crossed by an inter-||
plant of the same s compared. with plastaf|
R
DIAXTHUS CARYOPHYLLUS —piants left uncovered and cross)
fertilised by insects : offspring from plants
fir tree guuerutions aod then cromed, by o freh
with plants nf e i
gmmlw-, produced seeds by wei
TROPEOLUM MINUS—crossed and -lrr-nm.-l “plants, left)|
asorered in the groeabous, produced seds s wusmber |

l.iud under o bot; capsules o intercrossed and nl{-,

sed and Ylum,
et enoverd i giombbum,  pevdocel‘mpesie Ihl

number (about) . . 3 v
LUPINUS LUTEUS—cros: slffortilised pll nf
2nd generation, left e e greenhouse, "

osia o mumber (judged from ey & fow ot -

Bumber (Whom) o o ¢ o e el sin it
1

of|
the 2nd generation, left mnmd in the gmnh‘;l:.lq but!
certainly solf-fertilised, produced pods in n 3
G s, st et add it p\.nu, hn}
‘uncovered in the greenhouse, produced capsules in number,
NexopuLA 1N816NT—orossed and_self-fortilised plants,|
i Cpgorgaargion taneoualy selferilised I the|
Frvahoss, prduce o upnln in number . .

=

VioLACEA—] ered and
Inmetss lasi of Iu i itaperouel ant sl fersied
iced sots s judged by the walght of

Pl e e IV

:
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TasLr D—continuel.

T

—left uncovered as above: om[vrl | e ]
lmu SR feiliond for fout guuerstioas sod then sromoed |

By fresh stock, commpared with plants of the Sth self-§ s 100 40 46

frtlised. generation, proluced seels, s ,mlgnd by the

weight of an equal number of capsules

uncovered in the .,mnnmnu, pn.«nm capsules in number,
A

uncovered in the gmnhnnle, pmhu-d uplulcs in Iumb!r} nw o»n 8
PRINULA VERiS—left uncovered in open ground and cross.
fetilised by nects; ofpring rom plaats of the Snd
illegitimate generation crossed by a fresh stock, compared,
With. plants of the 4th ilegitimate and self-frtied
generation, produced capsules in number .
Same plants in the following year. . .
p.umu Ve —(equlatyled rarity): i e
ground and_ eross-fertilised by insects: offspring|
e lunl.- seltfortilied for 1o generations and thendl ., 15
by amother variety, compared with plants of the Sed
self-fertilised generntion, produced capsules in number
Basucia vims(sual-styled ax) wme plaats; aveage
‘mumber of seeds per eapsale o
PRixra vows—(equabstyled var) productiveness of the
same plants, as judged by number of capsules ,m.mu
R abersge ausibec of soods per copenin's o' s

This table includes thirty-three cases relating to
twenty-three species, and shows the degree of innate
fertility of plants of crossed parentage in comparison
with those of self-fertilised parentage ; both lots being
fertilised in the same manner. With several of the
species, as with Eschscholtzia, Reseda, Viola, Dian-
thus, Petunia, and Primula, both lots were certainly
eross-fertilised by insects, and so it probably was with
several of the others; but in some of the species, as
with Nemophila, and in some of the trials with Ipomewa
and Dianthus, the plants were covered up, and both
lots were spontaneously self-fertilised. This also was
necessarily the case with the capsules produced by the

- cleistogene flowers of Vandellia,
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The fertility of the crossed plants is represented in
the table by 100, and that of the self-fertilised by the
other figures. There are five cases in which the fertility
of the self-fertilised plants is approximately equal to
that of the 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 mnet; 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. Exeluding the
seven cases now referred to, there remain twenty-six
in which the crossed plants were manifestly much
more fertile, sometimes to an extraordinary degree,
than the self-fertilised with which they grew in com-
petition. The most striking instances are those in
which plants derived from a cross with a fresh stock
are compared with plants of one of the later self-fer-
tilised generations; yet there are some striking cases,
as that of Viola, between the intercrossed plants of the
same stock and the self-fertilised, even in the first
generation. The results most to be trusted are those
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in which the productiveness of the plants was ascer-
tained by the number of capsules produced by an
equal number of plants, together with the actual or
average number of seeds in each capsule. Of such
cases there are twelve in the table, and the mean of
their mean fertility is as 100 for the crossed plants,
to 59 for the self-fertilised plants. The Primulacex
seem eminently linble to suffer in fertility from self-
fertilisation.

The following short table, E, includes four cases
which have already been partly given in the last table.

Tavie E.—Innate Fertility of Plants from a Cross with a fresh
Stock, compared with that of Intercrosed Plants of the same
Stock, and with that of Sef-fertilised Plants, all of the corre-
sponding Generation, Fertility judged of by the number or
sweight of seeds produced by an equil number of Plants,

Self-fortlized

Plants.

MikvL0s LUTiUs—the nterrosed plants are do- |
vived from a cross between two plants of thell oo |
8th self-fertilised generation. The self-fortilised
plants beloog to the 9th generation . . .

self-fortilised plants belong to the 2ud generation |
DIANTIUS CARYOPHYLLUS—the intererossod plants)

are derived from self-fertilised of the 3rd ge-|

Beration, crssed by intercroused plants of the

3rd generation, The self-fertilised pl

to the 4th generation. . . . . . .
PETUNTA VIOLACEA—the intercrossed and self-fes

tilised plants belong to the 5th generation ,

00 | 45 | 33

100 | 54 | 46

N.B—In the above cases, excepting in that of Eschscholtzia, the plants
derived from a cross with a fresh stock belong on the mother-side to the
same stock with the intercrossed and self-fertilised plants, and to the cor-
responding generation.
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These cases show us how greatly superior in innate
fertility the seedlings from plants self-fertilised or
intererossed for several generations and then crossed
by a fresh stock are, in comparison with the seedlings
from plants of the old stock, either intercrossed or
self-fertilised for the same number of generations. The
three lots of plants in each case were left freely ex-
posed to the visits of insects, and their flowers without
doubt were cross-fertilised by them.

This table further shows us that in all four cases the
intercrossed plants of the same stock still have a
decided though small advantage in fertility over the
self-fertilised plants.

With respect to the state of the reproductive organs
in the self-fertilised plants of the two last tables,
only a few observations were made. In the seventh
and eighth generation of 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 erossed with Pollen from a
distinet Plant and with their own Pollen. This heading
includes flowers on the Parent-plants, and on. the crossed
and sl fertilised Seedlings of the first or a succeeding Ge-
neration—1 will first treat of the parent-plants, which
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were raised from seeds purchased from nursery-gardens,
or taken from plants growing in my garden, or
growing wild, and surrounded in every case by many
individuals of the same species, Plants thus circum-
stanced will commonly have been intercrossed by
insects; so that the seedlings which were first ex-
perimented on will generally have been the product
of a cross. Consequently any difference in the
fertility of their flowers, when crossed and srlf»fer'-
tilised, will have been caused by the nature of the
pollen employed ; that is, whether it was taken from
a distinet plant or from the same flower. The de-
grees of fertility shown in the following table, F,
were determined in each case by the average number
of seeds per capsule, ascertained either by counting
or weighing.

Another element ought properly to have been taken
into account, namely, the proportion of flowers whicl
yielded capsules when they were crossed and self-fer-
tilised ; and as crossed flowers generally produce a
larger proportion of capsules, their superiority in fer-
tility, if this element had been taken into account,
would have been much more strongly marked than
appears in Table F. But had I thus acted, there
would have been greater liability to error, as pollen
applied to the stigma at the wrong time fails to pro-
duce any effect, independently of its greater or less
potency. A good illustration of the great difference
in the results which sometimes follows, if the number
of capsules produced relatively to the number of flowers
fertilised be included in the caleulation, was afforded
by Nolana prostrata. Thirty flowers on some plants
of this species were crossed and produced twenty-seven
capsules, each containing five seeds; thirty-two flowers
on the same plants were self-fertilised and produced

¥
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only six capsules, each containing five seeds. As the
number of seeds per capsule is here the same, the fer-
tility of the crossed and self-fertilised flowers is given
in Table F as equal, or as 100 to 100. But if the
flowers which failed to produce capsules be included,
the crossed flowers yielded on an average 450 seeds,
whilst the seli-fertilised flowers yielded only 0° 94 seeds,
s0 that their relative fertility would have been as 100
to 2L I should here state that it has been found con-
venient to reserve for separate discussion the cases of
flowers which are usually quite sterile with their own
pollen.

Taviw F.—Kelative Fertility of the Flowers on the Parent-plants
used in my Experiments, when fertilised with Pollen from a
distinet Plant and with their own Pollen. Fertility judged of
by the average Number of Sceds per Capsule. Fertility of
Crossed Flowers taken as 100,

IroMaa prmruREA—crossed and self-fertilised flowers|

yielded seeds as (about) }‘ HB AN
MiuLos LorEus—crossod and self-festilised flowers yisldod 2

seeds as (by weig )‘ "
LANARIA VULOARIS — crowed and self-fertlived Howers 0

yielded .ml- L, } ot

ok t ani | (73

flowers ymldu\ seeds s L » o» 07
Grexeia. prxoULIA—crosed and selffertilised flowers iol

yielded seeds us (by woight) ”
SALVIA cocorNEA—erossed and ul{ frtilsed flowers yul-lnd

weads as (sbout) . . . 4 } » 100

BRASSIOA  OUERACEA — crossed.
yielded seeds as . . . .

A seltfertlised Au-m}

BeouscHOLTALA cALPORNICA—(aglih stock) erossed aad| i
self-fertilised flowers yiolded seeds as (by -m,m AR n
EscusonoutziA caLirorxica—(Brazilian stock g
England) crossed and self-fortilised flowers yhlded it w15
(by weight) us (sbout) . . e e 1

fow
(self-fertilised upsnnlpv\nhnmml pm:uu,nm-unl PR
Tepiatad by ottar arideace) yitded mediae s oot el |
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TaBLE F—continued.

Viscamia ocuLaTA—crossed and self-fertilised flowers|
el

crosed capauls compared on following year with spon
oy sel-ortliad capsules) yiekled seels d

LATA —crossed and " self-fertilised llnlurl}
\
I

v(ddadmdtn,.,.......'
d and sel Howers

yielded seeds as . e ] SOR R
'l‘l:rm: rmmlcu'—emnd “and ulifenilbel} e
lowers vi el . .
LOvANTiES DovGLASIcrossed and sel-fertilised fowers 150
yiclded seeds as (bout) . . . . . . . . . o
i ani ised flower | o

yielded seods as . o
Ofoms xoro: umlrrl.mA-—cnmed and sl fertilised " flowe } 3
il Bl
B o i skt by 138
yielded seeds as IR
Passterona omaciiis—crossed and  sell-fortilized flowers i
o Jicldedsoodsas . . . . U e (s
1 and ilised flowers o
yuldedumhn. " LR
LobBLia FuLaENs—crossed and self-fortlised Howers yielded ) 20

seeds as (sbout) . ¢ }x non
EOPHILA TNsioNIS—crossed and sell-fertilised flowers, o

yielded seeds as (by weight) »

BomAGo OFFICINALIS—crossed and self-fertilised  flowers)|

il seds s B 0
OLANA. PROSTRATA — crossel and  self-fertilised Howers) 200
yl-lded seods as . e
PETUNIA vmuLm—-u‘asud and " sol-fertilisedflvers| o
yielded seds as (by weight) . it 87

NicoTiaNA TABACUM—crossed and self-ertilised flowers|
Fielded eodt s by weght) -
EnstcUs — crossed and self-fertilised Hlowers

yiekled seeis as il (20
ANAGALLIS MLIDM rxouql .ln-] ulf A'an.llunl Huwm
yielded seeds ns . . . ? SR ”

iz 1
oo Ao s-n.urmm pllnh taken
i ) yidat mebo s 5 & 5 oty

- Zropedan ¢ nﬂorumm and - olum only six crose and cleve
Cuphea. rea have been intro- Saules; were com.
(S igka. thia tablo, N propartion

oo selfferilend than of tho

nldlingu re not n!cd from
them ; but of the Cnphen :n{y erossed flowers of the Tropmolun
crossed and six self-fe t.

six produced frui
ik s, and of he Trope
Y2
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A second table, G, gives the relative fertility of
flowers on crossed plants again cross-fertilised, and of
flowers on self-fertilised plants again self-fertilised,
either in the first or in a later generation, Here two
causes combine to diminish the fertility of the self-
fertilised flowers ; namely, the lesser efficacy of pollen
from the same flower, and the innate lessened fertility
of plants derived from self-fertilised seeds, which as we
have seen in the previous Table D is strongly marked.
The fertility was determined in the same manner as
in Table I, that is, by the average number of seeds per
capsule ; and the same remarks as before, with respect
to the different proportion of flowers which set eapsules
when they are cross-fertilised and self-fertilised, are
here likewise applicable,

Tavte G.—Relative Fertility of Flowers on Crossed and Self-
Jertilised Plants of the First or some succeeding Generation'; the
Jormer being again fertilised with Pallen from a distinet 1 lant,
and. the latter aguin wit their own Pollen. Fertility judged
of by the average Numler of Seeds per Capsule. Fertility of
Crossed Flowers taken as 100, .

IroMma runrUREA—erossed and solf-fortilised flowers an ]|
hercenend aud el i plats o€ he'ls pneritonf 190100 58
yielded seeds as . & i

1PONGEA PURPUREA—erossed and self-fertilised flow
the cromed und selfulieed plasts of for= ‘mlndnn o B
ielded seeds as

1RGN PURPU rossod and self-fertilised flowers on||
e cromed aad sl festilied plant of the 4t emantion| o 94
vielded seedsas . . .

I0MaEA PORPUREA—crossed aud self-fortilised flowers on
the ol and el o plan o the S gonarion,|
yielded soeds as .

MiNvLus LUTECs—crossed and self-fortilised flowers on the
crossed and self-fertilised plants of the 3rd generation’ ., . 65
vielded seeds as (by weight)

MiMULUS LUTECS—same plants Xl In{ ll '.ht nm(rmnnm‘
on following year y(ehlul ml. an un- weight) S

MINULUS LUTKUS—cros rtilised fowers on’ m}‘

n w107

i el T by plnnu of the 4th gen(-rnllun

» » 40
yielded seeds as (by weight)
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Tanue G—continued,

VioLa TRICOLOR—C1 sel
erossed nd -d'lndl!-al pla

on the crowed ad et lind d plaats o the 1 mm-

fertlioed flowers on the|!
the 1t gmeratont] 1001560

w o 85
i yielded seeds
plants
e the drd ger rorossed plants, and} 97
_other Bowers & n‘dn el lu-uu-.-lY ylalded seeia s
plants
of the Il generation -h—.hnnrj,-lnﬂq 5 w2
. Howers ugnin wl-Gertilivel ‘,kd
o
B o 2nd witfertilised ylul- of the 1at ,.w.unn w o 83
ielded seeds

Luksth wanost—croved wud selfterilised Hlowers on the
crossed and sell-fertilised plants of the 1st generation) . ,,
yiekled seods as (by weight) .

PRTURIA vioLAGRA— cromed and seiffertilised lowers on

the crossed and self-fertilised plants of the 1st oarntion
yielded seeds as (Iry weight) .
"‘“".;.’::.'.’f“u rcrosel o ul{lcrmhu‘lh fowers on
an n{l-nlllud lants of the 4th genoration| . 72
yielded soods s (by wi P ¥

Prrusia vmuum—ﬁuwm on welf-fortilised plants of the |
4th generation crossed by u fresh stock, and other flowers) 4%
sgaln el ool Tiebdad voads o (b welght) .«

AXA TADACUM—crassed and self-frtilised flowers on||
;-mnun

generation crossed by o, ani
other flowers again elf- T yhlnl-d eods s by e-f| 0 # 110
timation) .
NICOTIANA TABACUM — flawers on self-fertilised pl-m.l uf {
the 3nl_ generat Ly a fresh

sends
B e ALLIS COLLINA—lowers on o rod variety crosed by &
:\nnﬁuy,llduhrﬂn“nollhldnrlﬁyﬂ' » n 48

Caxxa wanscrwiczi—crossed wnd self-fertilised flowers on
thycromed and st furtlisd plats of thres gusenations| o 83
taken together yiolded seods as. . . .

As both these tables relate to the fertility of
flowers fertilised by pollen from another plant and by
their own pollen, they may be considered together.
The difference between them consists in the seli-
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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 elosely inter-related, and had
been subjected all the time to nearly the same condi-
tions, These two tables include fifty cases relating to
thirty-two species. The flowers on many other species
were crossed and self-fertilised, but as only a few were
thus treated, the results cannot be trusted, as far as fer-
tility is concerned, and are not here given. Some other
cases have been rejected, as the plants were in an
unhealthy condition. If we look to the figures in the
two tables expressing the ratios between the mean
relative fertility of the crossed and self-fertilised
flowers, we see that in a majority of the cases (ie.,
in thirty-five out of fifty) flowers fertilised by pollen
from a distinet plant 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
mnges 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 a second trial. This was apparently the
case with the plants of the fifth generation of Ipomaea,
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
liminishing in i i€ fartilised i
although there is some rather weak evidence that
this does oceur with respect to their height or growth,
But we should bear in mind that in the later genera-
tions the crossed plants had become more or less closely
inter-related, and had been subjected all the time to
nearly uniform conditions.

It is remarkable that there is no close correspondence,
either in the parent-plants or in the successive genera-
tions, between the relative number of seeds produced
by the crossed and self-fertilised flowers, and the
relative powers of growth of the seedlings mised from
such seeds. Thus, the crossed and self-fertilised
flowers on the parent-plants of Ipomaa, Gesneria,
Salvia, Limnanthes, Lobelia fulgens, and Nolana pro-
duced a nearly equal number of seeds, yet the plants
raised from the erossed seeds exceeded considerably in
height those raised from the self-fertilised seeds.
The erossed 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 sceds. On the other
hand, the crossed seedlings of Eschscholtzia were
neither taller nor heavier than the self-fertilised,
although the crossed flowers were far more produc.ive
than the self-fertilised. But the best evidence [ a
want of correspondence between the number of coeds
produced by crossed and self-fertilised flowers, and
the vigour of the offspring raised from them, is afforded
by the plants of the Brazilian and European stocks
of Eschscholtzia, and likewise by certain individual
plants of Heseda odorata ; for it might have been ex-
pected that the seedlings from plants, the flowers of
which were excessively self-sterile, would have profited
in a greater degree by a cross, than the seedlings from .
plants which were moderately or fully self-fertile, and
therefore apparently had no need to be crossed. But
no such result followed in either case: for instance,
the crossed and self-fertilised offspring from a highly
self-fertile plant of Reseda odorata were in average
height to each other as 100 to 82; whereas the similar
offspring from an excessively self-sterile plant were as
100 to 92 in average height.

With respect to the innate fertility of the plants
of crossed and self-fertilised parentage, given in the
previous Table D—that is, the number of seeds pro-
duced by both lots when their flowers were fertilised
in the same manner,—nearly the same remarks are
applicable, in reference to the absence of any close
correspondence between their fertility and powers of
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growth, as in the case of the plants in the Tables F'
and G, just considered. Thus the crossed and self-fer-
tilised plants of Ipomaa, Papaver, Reseda odorata, and
Limnanthes were almost equally fertile, yet the former
exceeded considerably in height the self-fertilised
plants.  On the other hand, the crossed and self-ferti-
lised plants of Mimulus and Primula differed to an
extreme degree in innate fertility, but by no means to
a corresponding degree in height or vigour.

Tn 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 Tpomeea rather more seeds, in the pro-
portion of 100 to 91, were produced from a cross
between flowers on the same plant than from strictly
self-fertilised flowers ; but I have reason to suspect that
the result was accidental. With Origanum vulgare,
however, a cross between flowers on plants propagated
by stolons from the sume stock certainly increased
slightly their fertility. This likewise oceurred, as we
shall sce in the next section, with Eschscholtzia,
perhaps with Corydalis cava_and Oneidium s but not
so with Bignonia, Abutilon, Tabernwmontana, Senecio,
and appavently Reseda odorata.

Self-sterile Plants.

The eases 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 distinct plant; but it has been found
more convenient to keep them for separate discussion.
The present cases must not be confounded with those
to be given in the next chapter relatively to flowers
which are sterile when insects are excluded ; for such
sterility depends not merely on the flowers being
incapable of fertilisation with their own pollen, but on
mechanical causes, by which their pollen is prevented
from reaching the stigma, or on the pollen and stigma
of the same flower being matared at different periods.
In the seventeenth chapter of my *Variation of
Animals and Plants under Domestication’ I had oceasion
to enter fully on the present subject ; and I will there-
fore here give only a brief abstract of the cases there
deseribed, but others must be added, as they have an
important bearing on the present work. Kalreuter
Jong ago described plants of Verbaseum phaeniceum
which during two years were sterile with their own
pollen, but were easily fertilised by that of four other
species; these plants however afterwards became more
or less self-fertile in a strangely fluctuating manner.
Mr. Scott also found that this species, as well as two of
its varieties, were self-sterile, as did Girtner in the
case of Verbaseum nigrum. So it was. according to
this latter author, with two plants of Lobelia fulgens,
though the pollen and ovules of both were in an
efficient state in relation to other species. Five species
of Passiflora and eertain individuals of a sixth species
have been found sterile with their own pollen; but slight
changes in their conditions, such as being grafted on
another stock or a change of temperature, rendered
them self-fertile. Flowers on a completely self-im-
potent plant of Passiflora alata fertilised with pollen
from its own self-impotent seedlings were quite fertile,
Mr. Scott, and afterwards Mr, Munro, found that some
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species of Oncidium and of Maxillaria cultivated in a
hothouse in Edinburgh were quite sterile with their
own pollen; and Fritz Miller found this to be the
case with a large number of Orchidaceous genera
growing in their native home of South Brazil.* He
also discoyered that the pollen-masses of some orchids
acted on their own stigmas like a poison; and it
appears that Girtner formerly observed indications of
this extraordinary fact in the case of some other
plants.

Fritz Miller also states that a species of Bignonia
and Tabernsmontana. echinata are both sterile with
their own pollen in their native country of Brazil.t
Several Amaryllidaceous and Liliaceous plants are in
the same predicament. Hildebrand observed with care
Corydalis cava, and found it completely self-sterile ;1
but according to Caspary a few self-fertilised seeds
are occasionally produced : Corydalis halleri is only
slightly self-sterile, and C. intermedia not at all so.§
Inanother Fumariaceousgenus, Hypecoum, Hildebrand
observed | that H. grandiflorum was highly self-sterile,
whilst H. procumbens was fairly seli-fertile.  Lhunbergia
alata kept by me in a warm greenhouse was self-sterile
early in the season, but at a later period produced
many spontaneously self-fertilised fruits. So it was
with Papaver vagum : another species, P. alpinumn, was
found by Professor H. Hoffmann to be quite self-
sterile excepting on one occasion; Y whilst P. somni-
Jerum has been with me always completely self-fertile,

Eschscholtzia ealifornicn. — This species deserves a
fuller consideration. A plant cultivated by Fritz

* ¢ Bot. Zeitung,’ 1868, p, 114. § ‘Bot. Zeitung,' June 27, 1873,
£, id. 1868, p. 026, and 1570, | ‘Jnhrb fiir wise. Botanik,’

“Report of the International m s Bpeciesfrage) 1875,
Hart. Congress,” 1866,
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Miiller in South Brazil happened to flower a month before
any of the others, and it did not produce a single
capsule. This led him to make further observations
during the next six generations, and he found that all
his plants were completely sterile, unless they were
crossed by inseets or were artificially fertilised with
pollen from a distinet plant, in which case they were
completely fertile.* I was much surprised at this fact,
as I had found that English plants, when covered by
a net, set a considerable number of capsules ; and that
these contained seeds by weight, compared with those
on plants intercrossed by the bees, as 71 to 100.
Professor Hildebrand, however, found this species
much more self-sterile in Germany than it was with
me in England, for the capsules produced by self-
fertilised flowers, compared with those from intercrossed
flowers, contained seeds in the ratio of only 11 to 100.
At my request Fritz Miller sent me from Brazil seeds
of his self-sterile plants, from which I raised seedlings.
Two of these were covered with a net, and one produced
spontaneously only a single capsule containing no good
seeds, but yet, when artificially fertilised with its own
pollen, produced a few capsules. The other plant pro-
duced spontaneously under the net eight eapsules, one
of which contained no less than thirty seeds, and on
an average about ten seeds per capsule.  Eight flowers
on these two plants were artificially self-fertilised, and
produced seven capsules, containing on an average
twelve seeds; eight other flowers were fertilised with
pollen from a 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 capsules 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 seeds. It appears therefore that a lower tem-
perature than that of Brazil favours the self-fertility
of this plant, whilst a still lower temperature lessens it.
As soon as the two plants which had been covered hy
the net were uncovered, they were visited by ma
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, grandehildren of the plants
which grew in Brazil) were again self-fertilised, and
pnulurod five u\pqul(:ﬁ, containing on an average 27-4
seeds, with a maximum in one of forty-two seeds ; so
that their self-fertility had evidently increased greatly
by being reared for two generations in England. On
the whole we may conclude that plants of the Brazilian
stock are much more self-fertile in this country than
in Brazil, and less so than plants of the English stock
in England; so that the plants of Brazilian parentage
retained by inheritance some of their former sexual
constitution.  Conversely, seeds from English plants
sent by me to Fritz Miiller and grown in Brazil, were
much more self fertile than his plants which had been
i d there for several ions ; but he informs
me that one of the plants of English parentage which
did not flower the first year, and was thus exposed for
two seasons to the climate of Brazil, proved quite self-
sterile, like a Brazilian plant, showing how quickly
the climate had acted on its sexual constitution.
Abutilon darwinii.—Seeds of this plant were sent
me by Fritz Miller, who found it, as well as some
other species of the same genus, quite sterile in its
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native home of South Brazil, unless fertilised with
pollen from a 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 same plants; but not a single capsule
was thus produced, yet the stigmas twenty-seven hours
after the application of the pollen were penetrated by
the pollen-tubes. At the same time nineteen flowers
were crossed with pollen from a distinet plant, and
these produced thirteen capsules, all abounding with
fine seeds. A greater number of capsules would have
been produced by the cross, had not some of the nine-
teen flowers been on a plant which was afterwards
proved to be from some unknown cause completely
sterile with pollen of any kind. Thus far these plants
behaved exactly like those in Brazil ; but later in the
season, in the latter part of May and in June, they
began to produce under a net a few spontaneously
self-fertilised capsules. As sooneas this occurred,
sixteen flowers were fertilised with their own pollen,
and these produced five capsules, containing on an
average 3'4 seeds. At the same time I selected by
chance four capsules from the uncovered plants grow-
ing close by, the flowers of which I had seen visited
by humble-bees, and these contained on an average
21-5 seeds: so that the seeds in the naturally inter-
crossed capsules to those in the self-fertilised capsules
were as 100 to 16.  The interesting point in this case
is that these plants, which were unnaturally treated
by being grown in pots in a hothouse, under another

* ¢ Jonaische Zeitschr. fiir Naturwiss.’ B, vil, 1872, p. 22, and 1878,
L
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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  eruentus (greenhouse varieties, eommonly
ealled Cinerarias, probably derived from several fruticose
or herbaceous species much intererossed®).—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 few seeds, but the other six produced
on an average 413 seeds per corymb, and these ger-
minated well. The stigmas on four other corymbs on
both plants were well smeared with pollen from the
flowers on their own corymbs; these eight corymbs
produced altogether ten e\tremely poor seeds, which

proved i ble of it ined many
ﬁowm on both plants, and found the stigmas sponta-
neously covered with pollen; but they produced not a
single seed. These plants were afterwards left un-
covered in the same house where many other Cinerarias
were in flower ; and the flowers were frequently visited
by bees. They then produced plenty of seed, but one
of the two plants less than the other, as this species
shows some tendency to be dimcious.

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 variety, and these produced eleven and twenty-

1 am much obliged to Mr. lieves that Sewecio cruentus, fus-

and to Mr. Thiselton Dyer  silaginis, wnd _perhays heritieri,

for giving we information with  maderensis and populifolius huve

respeet fo the varietics on which all been more or less blended to-
LT ted. Mr. Moore be-  gether in our Cinerarias,
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two seeds, which germinated well. A large number of
the stigmas on several of the other corymbs were re-
peatedly smeared with pollen from their own corymb ;
but they yielded only five very poor seeds, which were
incapable of germination. Therefore the above three
plants belonging to two varieties, though growing
vigorously and fertile with pollen from either of the
other two plants, were utterly sterile with pollen from
other flowers on the same plant.

Reseda 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, I, G.  They all
appeared to be quite sterile with their own pollen,
but fertile with that of any other plant.

Fourteen flowers on A were crossed with pollen
from B or C, and produced thirteen fine capsules,
Sixteen flowers were fertilised with pollen from other
flowers on the same plant, but yielded not a single
capsule.

Fourteen flowers on B were crossed with pollen
from A, C, or D, and all produced capsules; some of
these were not very fine, yet they contained plenty of
sceds. Bighteen flowers were fertilised with pollen
from other flowers on the same plant, and produced
not one capsule.

Ten flowers on C were crossed with pollen from A,
B, D, or E, and produced nine fine capsules. Nineteen
flowers were fertilised with pollen from other flowers
on the same plant, and produced no capsules.

'len flowers on 1) were crossed with pollen from
B, C, or E, and produced nine fine capsules.
Flgl\teen 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 erossed, but
very many (number not recorded) were fertilised with
pollen from other flowers on the same plants, and these
did not produce a single capsule.
We thus see that fifty-five flowers on five of the
above plants were reciprocally erossed in various way:
several flowers on each of these plants being ferti-
lised with pollen from several of the other plants.
These fifty-five flowers produced fifty-two capsules,
almost all of which were of full size and contained
an abundance of seeds. On the other hand, seventy-
nine flowers (besides many others not recorded) were
fertilised with pollen from other flowers on the same
plants, and these did not produce a single capsule.
In one case in which I examined the stigmas of the
flowers fertilised with their own pollen, these were
penetrated by the pollen-tubes, although such pene-
tration produced no effect. Pollen falls generally,
and I believe always, from the anthers on the stigmas
of the same flower; yet unly \‘.hree out of thn
above seven d plants
any mpsules. and these it mlght have been thought
must have been self-fertilised. There were altogether
seven such capsules; but as they were all seated close
to the artificially crossed flowers, I can hardly doubt
that a few grains of foreign pollen had accidentally
fallen on their stigmas. Besides the above seven
plants, four others were kept covered under the same
large net; and some of these produced here and
there in the most capricious manner little groups
of capsules; and this makes me believe that a bee,
many of which settled on the outside of the net, being
i z

@ The Complete Work of Charles Darwin Online.



338 SELF-STERILE PLANTS. Cmaw. IX-

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 previons
year. The flowers on four small branches of this
semi-self-sterile plant were smeared with pollen from
one of the other plants, and they all produced fine
capsules,

As I was much surprised at the difference in the
results of the trials made during the two previous
years, six fresh plants were protected by separate nets
in the year 1870. Two of these proved almost com-
pletely selsterile, 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 wonderful
contrast (though one of them in a somewhat less
degree than the others), for they became actually
covered with spontaneously self-fertilised capsules, as
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numerous as, or very nearly so, and as fine as those
on the unprotected plants growing near.

The above three spontaneously self-fertilised cap-
sules produced by the two almost completely self-
sterile plants, contained altogether five seeds; and
from these I raised in the following year (1871) five
plants, which were kept under separate nets. They
grew to an extraordinarily large size, and on August
20th were examined. At first sight they appeared
entirely destitate 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
parents; and without doubt a self-sterile race of
Mignonette could have been easily established.

Reseda lutea.—Plants of this species were raised
from seeds gathered from a group of wild plants grow-
ing at no great distance from my garden. After
casually observing that some of these plants were self-
sterile, two plants taken by hazard were protected
umder separate nets. One of these soon became
covered with spontancously self-fertilised capsules, as
nfimerons 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 neighbonring plants.
These branches then became loaded with capsules;
the other and lower branches remaining almost bare.
The sexual constitution of this species is therefore
similar to that of Reseda odorata.

Concluding Remarks on self-sterile Plants.

In order to favour as far as possible the self-fer-
tilisation of some of the foregoing plants, all the
flowers on Reseda odorata and some of those on the
Abutilon were fertilised with pollen from other
flowers on the same plant, instead of with their own
pollen, and in the case of the Senecio with pollen from
other flowers on the same corymb; but this made no
difference in the result. Fritz Miiller tried both kinds
of self-fertilisation in the case of Bignonia, Tabernw-
montana and Abutilon, likewise with no difference in
the result. With Eschscholtzia, however, he found
that pollen from other flowers on the same plant
was a little more effective than pollen from the
same flower. So did Hildebrand* in Germany ; as
thirteen out of fourteen flowers of Eschscholtzia thus
fertilised set capsules, these containing on an average
9-5seeds ; whereas only fourteen flowers out of twenty-
one fertilised with their own pollen set eapsules,
these containing on un average 90 seeds. Hildebrand

* * Pringsheim’s Juhrbuch. filr wiss. Botanik,” vii. p. 467.
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found a trace of a similar difference with Corydalis
eava, as did Fritz Miiller with an Onecidium.*

In considering the several oases above given of

lete or almost 1 ility, we are first
struck with their wide dusmlmtmn thmuglmnt the
vegetable kingdom. Their number is not at present
large, for they can be discovered only by protecting
plants from insects and then fertilising them with
pollen from another plant of the same species and with
their own pollen; and the latter must be proved to
+be in an efficient state by other trials, Unless all
this be done, it is impossible to know whether their
self-sterility may not be due to the male or female
reproductive organs, or to both, having been affected
by changed conditions of life, As in the course of my
experiments I have found three new cases, and as Fritz
Miller has observed indications of several others, it is
probable that they will hereafter be proved to be far
from rare.

As with plants of the same species and parentage,
some individuals are self-sterile and others self-fertile,
of which fact Reseda odorata offers the most nxiking
instances, it is not at all surprising that species of
lhe same genus differ in this same manner. Thus

haenic and nigrum Af-sterile, whilst
V. ﬁapuu und lychnitis are quite self-fertile, as 1
know by trial. There is the same difference between
some of the species of Papaver, Corydalis, and of other
genera.  Nevertheless, the tendency to self-sterility
certainly runs to a certain extent in groups, as we sec

* ¢ Varistion under Domenti-  Chrouile 1608, p. 12860) states

cation,” chap. xvii. 2ud edit. vol. that Lilium auratum, Impaticus
il pp. 113-115, vallida aud fules, anl Forygibia
r. Wilder, the editor of a - viridissima, "cannot be fertilised

ibaralfourol 5 the Couted  wil ChALE Swn poien.
‘Slates (quotid in * Gardoners
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in the genus Passiflora, and with the Vandew amongst
Orehids,

Self-sterility differs much in degree in different
plants. In those extraordinary cases in which pollen
from the same flower acts on the stigma like a poison,
it is almost certain that the plants would never yield a
single self-fertilised seed. Other plants, like Corydalis
cava, oceasionally, though very rarely, produce a few
self-fertilised seeds. A large 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 ave 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
mulhg:ble, if it could be shown that u‘lhtenllty

pended solely on the incapacity of the pollen-t
to penetrate the stigma of the same flower deeply
enough to reach the ovules; whilst the greater or less
vigorous growth of the seedlings no doubt depends on
the nature of the contents of the pollen-grains and
ovules. Now it is certain that with some plants the
stigmatic secretion does not properly excite the pollen-
grains, so that the tubes are not properly developed,
if the pollen is taken from the sume flower. This is
the ease 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 Orehidaceons genus
Notylia they failed altogether to penetrate it.
With dimorphic and trimorphic species, an illegiti-
~ mate union between plants of the same form presents
ﬁle closest unnlogy with self- umhsnu.m, “lulst a
il union closely 1 il
and here again the lessened fertility or romplete
sterility of an illegitimate union depends, at least in
part, on the incapacity for interaction between the
pollen-grains and stigma. Thus with Linum grandi-
Horum, as 1 have elsewhere shown,f not more than two
or three out of hundreds of pollen-grains, either of the
long-styled or short-styled form, when placed on the
stigma of their own form, emit their tubes, and these
do not penetrate deeply; nor does the stigma itself
change colour, as occurs when it is legitimately
fertilised.
On the other hand the difference in innate fertility,
as well as in growth between plants raised from erossed
and self-fertilised seeds, and the difference in fertility
aud growth between the legitimate and illegitimate
offspring of dimorphie and trimorphic plants, must
depend on some incompatibility between the sexual
elements contained within the pollen-grins and ovules,
as it is through their nnion that new organisms are
developed,
If we now turn to the more immediate cause of
sell-sterility, we clearly see that in most cases it is de-
Qermmad by the conditions to whlcl\ the p]nan have
been sul 1. Thus Eschscl is y self-
sterile in the hot climate of Brazil, but is perfectly
fertile there with the pollen of any other individual.
The offspring of Brazilian p].lmts beeame in England

f Linn. Soe. Bot!
78-75.

* Dot Zeitung! 1868, pp. 114, + *Journal of
115, vol. vii. 1863, pp.
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in a single generation partially self-fertile, and still
more so in the second generation. Cunversely, the
offspring of Bnglish plants,  after growing for two
seasons in Brazil, became in the first generation quite
self-sterile. Again, Abufilon darwinii, which is self-
sterile in its native home of Brazil, became mode-
rately self-fertile in a single generation in an English
hothouse. Some other plants are self-sterile during the
early part of the year, and later in the season become
self-fertile. Passiflora alata lost its self-sterility when
grafted on another species. With Reseda, however,
in which some individuals of the same parentage are
self-sterile and others are self-fertile, we are forced in
our ignorance to speak of the cause as due to spon-
taneous variability ; but we should remember that the
progenitors of these plants, either on the male or
female side, may have been exposed to somewhat
different conditions. The power of the environment
thus to affect so readily and in so peculiar a manner
the reproductive orgaus, is a faet which has many
important bearings; and T have therefore thought
the foregoing details worth giving. For instance, the
stexility of many animals and plants under changed
conditions of life, such as confinement, evidently comes
within the same general principle of the sexual
system being easily affected by the environment. It
has already been proved, that a cross between plants
which have been self-fertilised or intercrossed during
several generations, having been kept all the time
under closely similar conditions, does not benefit
the offspring; and on the other hand, that a cross
between plants that have been subjected to different
conditions benefits the offspring to an extraordinary
degree. We may therefore conclude that some degree
of differentiation in the sexual system is necessary for
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the full fertility of the parent-plants and for the full
vigour of their offspring. It seems also probable that
with those plants which are capable of complote 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
caltivated under the same conditions. Conversely, we
may further infer that plants which are self-sterile in
their native country, but become self-fertile under
changed conditions, have their sexnal 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
ts in a state of nature pollen from the same
flower can hardly fail to be often left by insects or by
the wind on the stigma, it seems at first sight highly
probable that self-sterility has been gradually acquired
through natural selection in order to prevent self-
fertilisation. It is no valid objection to this belief
that the structure of some flowers, and the dichogamous
condition of many others, suffice to prevent the pollen
reaching the stigma of the same flower; for we should
remember that with most species many flowers
expand at the same time, and that pollen from the
same plant is equally injurious or nearly so as
that from the same flower. Nevertheless, the belief
that self-sterility is a quality which has been gradually
acquired for the special purpose of preventing seli-
fertilisation must, I believe, be rejected. In the
first place, there is no 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 aceount of the injury caused by self-
fertilisation. The fact of individuals of the same
parentage differing greatly in their degree of self-
sterility is likewise opposed to such a belief; unless,
indeed, we suppose that certain individuals have
been rendered self-sterile to favour intercrossing,
whilst other individuals have been rendered self-
fertile to ensure the propagation of the species. “I'he
fact of self-sterile individuals appearing only occa-
sionally, as in the ease 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-fertilisati is the i liate and
powerful effect of changed conditions in either causing
or in removing self-sterility. We are not therefore
justified in admitting that this peculiar state of the
reproductive system has been gradually acquired
through natural selection ; but we must look at it as
Lan incid 1 result, d d on the diti to
which the plants have been subjected, like the ordinary
sterility caused in the case of animals by confinement,
and in the case of plants by too much manure, heat, &c.
T 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 distinet individual
over a plant’s own pollen, that self-sterility seems an
almost superfluous acquirement for this purpose.
Finally, the most interesting point in regard to self-
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sterile plants is the evidence which they afford of the
advantage, or rather of the necessity, of some degree or
kind of di in the sexual el ts, in order
that they should unite and give birth to a new being.
It was ascertained that the five plants of Reseda odorata
which were selected by chance, could be perfectly
fertilised by pollen taken from any one of them, but
not by their own pollens and a few additional trials
were made with some other individuals, which I have
not thought worth recording. So again, Hildebrand
and Fritz Miller frequently speak of self-sterile plants
heing fertile with the pollen of any other individual;
and if there had been any exceptions to the rule, these
could hardly have escaped their observation and my
own. We may therefore confidently assert that a
self-sterile plant can be fertilised by the pollen of any
one out of a thousand or ten thousand individuals of
the same species, but not by its own. Now it is
obviously impossible that the sexual organs and
elements of every individual can have been specialised
with respect to every other individual. But there
is no difficulty in believing that the sexual elements
of each differ slightly in the same diversified manner
a8 do their external characters; and it has often been
remarked that no two individuals are absolutely
alike. Therefore we can hardly avoid tlu1 conchmun,
that diffi of an anal, and ind; 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 selffertile Vavieties—We
have just seen that the degree to which flowers are
capable of being fertilised with their own pollen differs
much, both with the species of the same genus, and
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sometimes with the individuals of the same species.
Some allied cases of the appearance of varieties which,
when self-fertilised, yield more seed and produce off-
spring growing taller than their self-fertilised parents,
or than the intercrossed plants of the corresponding
generation, will now be considered.

Firstly, in the third and fourth generations of
Mimudus lutews, o tall variety, often alluded to,
having large white flowers blotched with erimson,
appeared amongst both the intercrossed and self-
fertilised plants. It prevailed in all the later self-
fertilised gemmtmns tc the exclusmn of every other
variety, and 1 its R “ , but
disappeared from the intercrossed plants, ovung no
doubt to their characters being repeatedly blended by
crossing. The seli-fertilised plants belonging to this
variety were not only taller, but more fertile than the
intercrossed plants ; though these latter in the earlier
generations were much taller and more fertile than the
self-fertilised plants. Thus in the fifth generation the
self-fertilised plants were to the intercrossed in height
as 126 to 100. In the sixth generation they were
likewise much mller and finer plants, but were not
actually ; they produced capsules 1
with those on the mt:m.rusﬂed plants, in number, BS 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 so injurious to the parent-plants during the first
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four generations. It should however be remembered
that seedlings raised from this variety, when crossed by
a fresh stock, were wonderfully superior in height and
fertility to the self-fertilised plants of the corresponding
generation.

Secondly, in the sixth self-fertilised generation of
Ipomea a single plant named the Hero appeared, which
exceeded by a little in height its intercrossed opponent,
—a case which had not oceurred in any previons
generation. Hero transmitted the peculiar colour of
its flowers, as well as its increased tallness and a high
degree of self-fertility, to its children, grandehildren,
and great-grandchildren. The self-fertilised children
of Hero were in height to other self-fertilised plants
of the same stock as 100 to 85. Ten self- femllsed
capsules produced by the grandehild d on
an average 5°2 seeds; and this is a higher average
than was yielded in any other generation by the
capsules of self-fertilised flowers. The great-grand-
children of Hero derived from a cross with a fresh
stock were so unhealthy, from having been grown at
an unfavourable season, that their average height in
comparison with that of the self-fertilised plants
cannot be judged of with any safety; but it did not
appear that they had profited even by a cross of this
kind.

Thirdly, the plants of Nicotiana on which T experi-
mented appear to come under the present class of
cases ; for they varied in their sexual constitution
and were more or less highly self-fertile. They
were probably the offspring of plants which had been
spontaneously self-fertilised under glass for several
generations in this country. The flowers on the
parent-plants which were first fertilised by me with their
own pollen yielded half again as many seeds as did
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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 extraordinary
degree. In the second and third generations, although
the self-fertilised plants did not exceed the crossed in
height, yet their self-fertilised flowers yielded on two
occasions considerably more seeds than the crossed
flowers, even than those which were crossed with pollen
from a distinct stock or variety.

Lastly, as certain individual plants of Reseda odorata
and Zufea 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
to look at these two species as normally self-sterile ;
and this, judging by my experience, appears to be the
correct view.

We may therefore conclude from the facts now given,
that varieties sometimes arise which when self-fer-
tilised possess an increased power of producing seeds
and of growing to a greater height, than the inter-
crossed or self-fertilised plants of the corresponding
generation—all the plants being of course subjected
to the same conditions. The appearance of such
varieties is interesting, as it bears on the existence
under nature of plants which regularly fertilise them-
selves, such as Ophrys apifera and a few other orchids,
or as Leersia oryzoides, which produces an abundance
of cleistogene flowers, but most rarely flowers capable
of eross-fertilisation.

Some observations made on other plants lead me
to suspect that self-fertilisation is in some respects
beneficial ; although the benefit thus derived is as a
rule very small compared with that from a cross with
a distinet plant. Thus we have seen in the last chapter
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that seedlings of Tpomeea and Mimulus raised from
flowers fertilised with their own pollen, which is the
strictest possible form of self-fertilisation, were superior
in height, weight, and in early flowering to the seedlings
raised from flowers crossed with pollen from other flowers
on the same plant; and this superiority apparently was
too strongly marked to be accidental. Again, the cul-
tivated varieties of the common pea are highly self-
fertile, nlllmuurh thev have been self-fertilised for many
3 “and they ded in height dli
from a cross between two plants lmlunguw to the same
variety in the ratio of 115 to 100; but then only four
pairs of plants were measured and compared. The
self- ferulltv u( Prmmla veris increased after several
ill ilisation, which is a
llrm'esﬂ Lluselv analogous to self-fertilisation, but only
as lnug o the plm\ts were cultivated under the same
have also el shown*
that with Primula veris and sinensis, equal-styled
varieties occasionally appear which possess the sexual
organs of the two forms combined in the same flower.
Consequently they fertilise themselves in a legitimate
manner and are highly self-fertile ; but the remarkable
fact is that they are rather more fertile than ordinary
plants of the same species legitimately fertilised by
pollen from a distinct individual. Formerly it appeared
to me probable, that the increased fertility of these
dimorphic plants might be accounted for by the stigma
lying so close to the anthers that it was impregnated at
the most favourable age and time of the day ; but this
explanation is not applicable to the above given cases,
in which the flowers were artificially fertilised with
their own polen.

+ ¢ Journal Lin. Soo. Bot? vol x. 1867, pp- 417,419,
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Considering the facts now adduced, including the
appearance of those varieties which are more fertile
and taller than their parents and than the intercrossed
plants of the corresponding generation, it is difficult
to avoid the suspicion that self-fertilisation is in some
respects advantageous; though if this be really the
case, any such advantage is as a rule quite insignifi-
cant compared with that from a cross with a 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 chnpter, on the exist-
ence of plants bearing small and inconspicuous flowers
which are rarely ns:u.-d by insects, and therefore are
rarely intercrossed.

Relative Weight and Period of Germination of Seeds
from crossed and self-fertilised Flowers—An equal
number of seeds from flowers fertilised with pollen from
another plant, and from flowers fertilised with their own
pollen, were weighed, but only in sixteen cases. Their
relative weights are given in the following list; that
of the seeds from the crossed flowers being taken as 100.

Ipomea purpurea (parent plants) . . . . . . . #s100te127
(lhudgmenlhm) W& e S RARERTOT

SalVia eoccines . . Srapieriopi Al 55 LS00
Brassica oleracen . . RS o . 108
bellsa tocond generation) n w196

muuol i n » 45

fri T » o 105
Tropalom mia . n ow 15
Tathyiu odsrates Gabout) [ . »ow 100
Sarothamnus scopari . »n o n 88
Specalarin speeulum . . . . » » 88
Nemophila insignis ’ n w100
Borago offcinalis . 4 & g
Cyulmeuwulcm(nbnm) . »on 90
Fagopyrum esculentum sakighy
Canna warscewiczi (three generations) SR T

Tt is remarkable that in ten out of these sixteen
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cases the self-fertilised seeds were either superior or
equal to the crossed in weight ; nevertheless, in six out
of the ten cases (viz., with Ipomeea, Salvia, Brassica,
Tropwolum, Lathyrus, and Nemophila) the plants
raised from these self-fertilised seeds were very inferior
in height and in other respects to those raised from the
crossed seeds. The superiority in weight of the self-
fertilised seeds in at least six out of the ten cases,
namely, with Brassica, Hibiscus, Tropeolum, Nemophila,
Borago, and Canna, may be accounted for in part by
the self-fertilised capsules containing fewer seeds; for
when a capsule contains only a few seeds, these will be
apt to be better nourished, so as to be heavier, than
when many are contained in the same capsule. Tt
should, however, be observed that in some of the above
cases, in which the crossed seeds were the heaviest, as
with Sarothamnus and Cyclamen, the crossed capsules
contained a larger number of seeds.  Whatever may be
the explanation of the self-fertilised seeds being often
the heaviest, it is remarkable in the case of Brassica,
Tropwolum, Nemophila, and of the first generation of
Ipommxl, that the seedlings raised from them were
inferior in height and in ‘other respects to the seed-
lings raised from the erossed seeds. This fact shows
how superior in constitutional vigour the erossed seed-
lings must have been, for it cannot be doubted that
heavy and fine seeds tend to yield the finest plants.
Mr. Galton has shown that this holds good with Lathyrus
odoratus ; as has Mr. A. J. Wilson with the swedish
turnip, Brassica campestris ruta baga. Mr. Wilson
separated the largest and smallest seeds of this latter
plant, the ratio between the weights of the two lots
being as 100 to 59, and he found that the seedlings
“from the larger seeds took the lead and maintained
their superiority to the last, both in height and thick-
24
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ness of stem.”®  Nor can this difference in the growth
of the leedlmg turnips be attributed to the heavier
seeds hanng been of crossed, and the lighter of self-
fertilised origin, for it is known that plants belonging
to this genus are habitually intererossed 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 seli-fertilised seeds germinated before
the crossed, and in the other half many of the crossed
before the self-fertilised. In four out of these twenty
cases, seeds derived from a cross with a fresh stock
were compared with self-fertilised seeds from one of the
later self-fertilised generations ; and here again in half
the cases the crossed seeds, and in the other half the
self-fertilised seeds, germi d first. Yet the seedling
of Mimulus raised from such self-fertilised seeds were
inferior in all respects to the crossed seedlings, and in
the case of Eschscholtzia they were inferior in fertility.
Unfortunately the relative weight of the two lots of
seeds was ined in only a few i in which
their germination was observed ; but with Ipomeea and
T believe with some of the other species, the relative
lightness of the self-fertilised seeds apparently deter-

¢ Gardener? Choniele; lsm, by lang-continued solection,
Loiscleur.Deslngcliamp  bave given to tho gmine o e

? Lo Ciréalon? 1862, pp. soa»em) 15 u greater amount of starch

Yras ld by i obmctvations (0 or other matier, than the sood-

the oxtraonlinary conclusio tnt  Hings oun utlo for their growth.

She sl grain of cu There can

duce us fine plants

This eonclusion is, , con-
by Major Hallol's great  been rendered attractive to birds

Scctas In Improving wheat by in a degre which is highly in-

the selection of the finest grain.  jutious to the specics.

1t is possible, however, that mum,
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mined their early germination, probably owing to the
smaller mass being favourable to the more rapid com-
pletion of the chemical and morphological changes
necessary for germination. On the other hand, Mr.
Galton gave me seeds (no doubt all self-fertilised) of
Lathyrus odoratus, which were divided into two lots of
heavier and lighter seeds; and several of the former
germinated first. It is evident that many more observa-
tions are necessary before anything can be decided
with respect to the relative period of germination of
erossed and self-fertilised seeds.

(S
>
"®
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CHAPTER X.
Meaxs or FERTILSATION,

Sterility and fertility of plants when inscets are excluded—The means
by which flowers are cross-fertilised—Structures favourable to self-
fertilisation—Relation between the structure and conspicuousness
of flowers, the visits of insects, and the advantages of cross-fertilisa-
tion —

he means by which flowers are fertilised with pollen
from n distinct.plant—Greater fcnlllnng pawer of. sl pollen
pec into

0 i

have their sexes separated —Conversion of dlnlhwun inw lerma-
phrodite flowers—Trees often have their sexes separated.

Ix the introductory chapter I briefly specified the
various means by which cross-fertilisation is favoured
or ensured, namely, the separation of the sexes—the
maturity of the male and female sexual elements at
different periods, — the heterostyled or dimorphic
and trimorphic condition of certain plants, —many
mechanical contrivances,—the more or less complete
inefliciency of a flower’s own pollen on the stigma,—and
the prepotency of pollen from any other individual
over that from the same plant. Some of these points
require further consideration; but for full details T
must refer the reader to the several excellent works
mentioned in the introduetion. 1 will in the first place
give two lists : the first, of plants which are either quite
sterile or produce less than about half the full com-
plement of seeds, when insects are excluded: and a
second list of plants which, when thus treated, are fully
fertile or produce at least half the full complement
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of seeds. These lists have been compiled from the
several previous tables, with some addjtional cases from
my own observations and those of others. The species
are arranged nearly in the order followed by Lindley
in his ‘Vegetable Kingdom. The reader should
observe that the sterility or fertility of the plants in
these two lists depends on two wholly distinet causes ;
namely, the absence or presence of the proper means
by which pollen is applied to the stigma, and its less
or greater efficiency when thus applied. As it is
obvious that with plants in which the sexes are separate,
pollen must be carried by some means from flower to
flower, such species are excluded from the lists; as
are likewise dimorphic and trimorphic plants, in which
the same necessity oceurs to a limited extent. Ex-
penence has proved to me that, independently of the

of insects, the seed-bearing power of a plant
is not lessened by covering it while in flower under a
thin net supported on a frame; and this might indeed
have been inferred from the consideration of the two
following lists, as they include a considerable number
of species belonging to the same genera, some of which
are quite sterile and others quite fertile when protected
by a net from the access of insects.

List of Plants which, when Insects are excluded, are either
quite sterile, or produce, as far as I could judge, less
than half the number of Seeds produced by unpro-
tected Plants.

Pussiflora alata, racemosa, cerulea, edulis, laurifolia, and some
indivi of 2. is (Passi are quite
sterile under these conditions: see ¢ Variation of Animals
and Planes under Domestication, chap. xvii. 2nd edit, vol. ii.

ca rfect flowers quite sterile unless
fertilised by bees, or arf

@ The Complete Work of Charles Darwin Qnline



338 PLANTS STERILE WITHOUT INSECT-AID, Cusr. X

V. tricolor.—Sets very few and poor cay
Keseda odorata (Resedacem).—Some md(vud\ulu quite sterile.
& lulm —Some individuals produce very few and poor cap-

Ahulllm damnh (Malvacem).— Quite sterile in Brazil: see
revious discussion on self-sterile plants.
M.-plm (Nymphieacem)—Professor Caspary informs me that
some of the species are quite sterile if insects are excluded.
FEuryale amazonica (Nymphieacew)—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-
teen seeds; those from flowers artificially fertilised with
pollen from other flowers on the same plant contained from
fifteen to thirty seods; and that two flowers fertilised with
pollen brought from another plant at Chatsworth contained
respectively sixty and soventy-five seeds. I have given
these statements because Professor Caspary advances this
plant as a case opposed to the doctrine of the necessity or
advantage of cross-fortilisation: see Sitzungsberichte der.
Pliys.-ikon, Gescll. zu Konigsberg, B. vi. p. 20.
consolida (R ‘many capsules,
lmt_ these contain only about half the number of seeds com-
pared with capsules from flowers naturally fertilised by
I

hoes.
Esthacholizia californica. (P Brasiiien ‘phits quis
sterile: English plants produce a few capsules.
Pupver vagum (Papaveracew)—1In the early part of the summer.
mduced very few capsules, and these contained very few

r. nl]nn um.—H, Hoffmann (‘ Speciesfrage, 1875, p. 47) states
that this species produced sceds capable of germination only
on one oceasion.

Corydalis cava (Fumarincess).—Sterile : see the previous discus-
sion on self-sterile plants.

€. solida.—T had a singlo plant in my garden (1863), and saw
many hive-bees sucking the flowers, but not a single seed
was produced. I was much surprised at this fact, as Pro-
fessor Hildebrand's discovery that €. cava is sterile with its
own pollen had not then been made. He likewise concludes.
from the few experiments which he made on the present
species that it is self-sterile. The two foregoing cases are
interesting, because botanists formerly thought (see, for
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instance, “De ln Féeondation et do I'Hybridation,’

1845, p. 61, aud Lindley, * Vegetablo Kingdom, 1858, p. 436)

that all the species of the adapted
for self-fertilisation.

0. lutea—A covered-up plant produced (1861) exactly half as
many capsules as an exposed plant of the same size grow-
ing closo alongside. When hwmble-bees visit the flowers
(and T repeatedly saw them thus acting) the lower petals
suddenly spring downwards and the pistil upwards; this
i8 due to the elusticity of the parts, which takes effect, as
s0on as the coherent edges of the hood are separated by the
entrance of an insect. Unless insects visit the flowers the
parts do not move. Nevertheless, many of the flowers on
ihe plants which T had protected produced capsules, not-
_withstanding that their petals and pistils still retained their
original position; and T fonnd to my surprise that these
capsules contained more seeds than those from flowers, the
‘petals of which had been artificially separated and allowed
to spring apart. Thus, nine capsules produced by undis-
turbed flowers contained fifty-three sceds; whilst nine cap-
sules from flowers, the petals of which had been artificially
separated, contained only thirty-two seeds. But we should
‘remember that if bees had been permitted to visit these
Aflowers, they would have visited them at the best time for

fertilisation. The flowers, the pefals of which had been

artificially separated, set their capsules before those which
were left undisturbed under the net. To show with what
certainty the flowers are visited by bees, I may add that
on one oceasion all the flowers on some unprotected plants
were examined, and every single ono had ifs petals sepa-
rated ; and, on a second oceasion, forty-one out of forty-
three flowers were in this state. Hildebrand states (Pring.

Juhr. f. wiss, Botanik, B. vii,, p. 450) that the mechanism

of tho parts in this specics is nearly the same as in C, ochro-

lewea, which hu has fully described.
F

Highly self-sterile (Hil-
~ debrand, ibid.).
m latifolia (Fricacew).—Mr. W. J. Beal says (* American
lmm-hn, 1867) that flowers protocted from insects wither
and drop off, with “most of the anthers still remaining in
‘pockets.”

zonale i Almost sterile; one plant
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produced two fruits, It is probable that different varieties
would differ in this respect, as some are only focbly dicho-
gamous.
Dinnthus caryoy (© Produces very fow
capsules, which contain any good seeds.

Phaseolus multiflorus- (Legnminosw),— Plants protected from
insects produced on £wo occasions about one-third and one-
eighth of the full number of seeds: seo my article in
“Gardeners’ Chronicle, 1857, p. 225, and 1858, p. 828; also
“ Annals and Mag, of Natural History,’ 8rd serics, vol. ii.
1838, . 462, Dr. Ogle (“ Pop. Science Review, 1870, p. 168)
found that a plant was-quite sterile when covered up. The
flowers are not visited by insects in Nicaragna, and, accord-
ing to Mr. Belt, the species is there quite sterile: *The
Naturalist in Nicaragua, p.70.

Vicia fuba (Leguminoss).—Seventeen covered-up plants yielded
40 beans, whilst seventeen plants left unprotected and
growing elose alongside produced 135 beans; these latter
plants were, thercfore, between three and four times more
fertile than the profected plants: see ¢ Gardeners' Chronicle”
for fuller details, 1858, . 828.

Erythrina (sp.?) (Leguminosw)—Sir W. MacArthur informed
me that in New South Wales the flowers do not set, nnless
the petals are moved in the sume manner s is done by

inseets.

Lathyrus glandiflorus (Leguminoss)—Is in this conntry more or
less sterile. It never sets pods unless the flowers are visited
by humble-bees (and this happens only rarely), or unless
they are artificially fortilised : seo my article in * Gardeners’
Chronicle,’ 1858, p. 828.

scoparius (L i Extremely sterile when
the flowers are neither visited by bees, nor disturbed by
Deing beaten by the wind against the surrounding net.

Melilotus officinalis (Leguminose).—An unprotected plant visited
by bees produced at least thirty times more sceds than a
protected one.  On this latter plant many scores of racemes
did not produce a single pod; several racemes produced
cach one or two pods; five produced three; six produced
four; and one produced six pods. On the unprotected plant
each of several racemes produced fifteen pods; nine pro-
duced between sixteen and twenty-two pods, and one
produced thirty pods.
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Lotus cornie @ Several d-up plants
produced only two empty pods, and not a single good seed.

Trifolium repens (Leguminosm).—Several plants were protected
from insects, and the seeds from ten flower-heads on these
plants, and from ten heads on other plants growing outside
the net (which I saw visited by bees), were connted ; and
the seeds from the latter plants were very ncarly ten times
s numerous as those from the protected plants. The ex-
periment was repeated on the following year; and twenty
protected heads now yielded only a single aborted seed,
whilst twenty heads on the plants outside the net (which I
saw visited by bees) yielded 2290 seeds, as calenlated by
weighing all the seed, and counting the number in a weight
of two grains.

7. pratense—One hundred flower-heads on plants protected by
a net did not produce n single seed, whilst 100 heads on
plants growing outside, which were visited by bees, yielded
68 grains weight of seeds; and as eighty seeds weighed two
grains, the 100 heads must have yielded 2,720 seeds. I have
often; watched this plant, and have mever 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
same manner as describod by Mr. Farrer, in the case of
Coronilla (“Nature,” 1574, July 2, p. 169). I must, ho
ever, except one occasion, when an adjoining field of sainfoin
(Hedysarum onobrychis) had just been cut down, and when
the bees scemed driven to desperation. On this occasion
most of the flowers of tho clover were somewhat withered,
and contained an extrnordinary quantity of nectar, which
the bees were able to suck. An experienced apiarian,
Mr. Miner, says that in the United States hive-bees never
suck the red clover; and Mr. R. Colgate informs me that
he has observed the same fact in New Zealand after the
introduction of the hive-bee into that island. On the other
hand, H. Miller (* Befruchtung,’ p. 224) has often seen hive-
bees visiting this plant in Germany, for the sake both of
pollen and nectar, which latter they obtained by breaking
apart the petals, It is at least certain that humble-bees are
the chief fertilisers of the common red clover,

1. incarnatum.—The flower-heads containing ripe seeds, on some
covered and uncovered plants, appeared equally fine, but
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this was a false appearance; 60 heads on the latter yielded
349 graivs weight of seeds, whereas 60 on the covered-up
plants yielded only 63 grains, aud many of the seeds in the
latter lot were poor and aborted. Therefore the flowers
which were visited by bees produced between five and six
times as many sceds as thoso which were protected. Tho
covered-up plants not having been much exhausted by seed-
, bore a second considerable erop of flower-stems,

whilst the exposed plants did nat dnnn.

Cytisus laburnum (1
expand were enclosed in o Inrgs bag mnde of net, and thq
did not seem in the least injured by this treatment. Only
three of them produced any pods, each a single one; and
these three pods contained one, four, and five sceds. So
that only & single pod from the soven racemes included a
fair complement of seeds.

Cuphea purpurea (Lythraces).—Produced no seeds. Other flowers
on the same plant artificially fertilised under the net yielded
seeds.

Vinea major (A pocynaces).—ls generally quite sterile, but some-
times sofs sceds when artificially cross-fertilised : seo my
notice, * Gardencrs’ Chronicle,’ 1861, p. 552.

V. rosea—Behaves in the same manner as the last species:
* Gardeners’ Chronicle,’ 1861, pp. 699, 36, S31.

Tabernamontana echinata (Apocynaces).—Quite sterile.

Petunia violacca. (Solanaces)—Quite sterile, as far as I have

o

Solanum  tuberosum (Solanacew).—Tinzmann says (‘Gardeners’
Chronicle,’ 1846, p. 183) that some varieties are quite sterile
unless fertilised by pollen from another variety.

Primula scotica (Primulace).— A non-dimorphic species, which
is fertile with its own pollen, but is extremely sterile if
insects are excluded. J. Scott, in ‘ Journal Linn. Soe. Bot."
vol. viii. 1864, p. 119

Cortusa. matthioli Protected plants
sterile; artificially self-fortilised flowers perfectly fortile,
J. Scott, ibid. p. 84.

Cyclamen persicum (Primulaces)—During one season several

covered-up plants did not produce a single seed.

Borago qﬂanalu (Bongmmm).—}’xotmmd plants produced

t half as many seeds as the unprotected.
Salvia tenori (Labiatm).—Quite sterile; but two or three flowers
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on the summits of three of the spikes, which touched the
net when the wind blew, produced a fow seeds. This
sterility was not due to the injurious effects of the uet, for T
fortilised five flowers with pollen from an adjoining plant,
and these all yielded fin seeds. I removed tho net, whilst
one little branch still bore a few not completely faded
flowers, and these were visited by bees and yielded seeds.

8. coccinea.—Some. covered-up plants produced n good many
fruits, but not, I think, half as many as did the uncovered
plants ; twenty-cight of the fruits spontancously produced
by the protected plunt contained on an average only 1-45
seeds, whilst some artificially self-fertilised fruits on the
same plant contained more than twice as many, viz, 33
sceds.

Bignonia (unmamed. specics) (Bignoniaces).—Quite steilo: see

‘my necount of self-sterile plants.

talis gurpures (Scrophularincem)—Extremely sterile, only a

few poor capsules being produced.

Linaria valgaris (Scrophularincete).—Extremely sterile.

Antirrhinum majus, ved var. (Serophularincew)—Fifty pods
gathered from n large plant under a net contained 9°8 grains
weight of secds; but many (unfortunately not counted) of
the fifty pods contained no sceds. Fifty pods on a plant
fully exposed to,tho visits of humble-hees contained 23-1
grains weight of seed, that is, more than twice the weight;
but in this case again, several of the fifty pods contained no
sceds.

A. majus (white var., with a pink mouth to the corollu).—
Fifty pods, of which only & very few were empty, on a
covered-up plant contained 20 grains weight of seed; so
that this variety seems to be much more self-fertile than
the previons one. With Dr. W. Ugle (‘Pop. Science
Review, Jan. 1870, p. 52) a plant of this species was much
more sterile when protected from insects than with me, for
it produced omly two small capsules. As showing the
efficiency of bees, T may add that Mr, Crocker castrated some
young fiowers and left them uncovered; and these produced
as many seeds as the unmutilated flowers,

A, majus (peloric var,).—This variety is quite fortile when arti-
ficially fertilised with its own pollen, but is utterly sterile
when left to itself and uncovered, as humble-bees cannot
crawl into the narrow tubular flowers,
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Verb hasni i ~—Qui

V. nigrum—Quite sterile .

Campanuia carpathics (Lobeliacers)- ~Quito sterile.

Lobelia ramost (Lobeliace).—Quite sterile,

L. fulgens—This plant is never visited in my garden by bees,
and i quite sterile; but in a nursery-garden at a few miles’
distance 1 saw humble-bees visiting the flowers, and they
produced some capsules.

Tsotoma (a white- ﬂowered var) (Lobehmna) —Five plauts lcﬂ

my ac-
fooumt of it
sterile plants,

capsules, intaing sttogether m gmms welght of seed
and thirteen other very poor capsules, which were rejected.
Five plants protected from insects, but otherwise exposed
1o the same conditions as the above plants, produced sixteen
fine capsules, and twenty other very poor and rejected ones.
The sixteen fine capsules contained seeds by weight in such
proportion that twenty-four would have yielded 4-66
grains. So that the unprotected plants produced nearly
thrice as many seeds by weight as the protected plants.

Leschenaultia formos: (Goodeniacer)—Quite sterile. My experi-
ments on this plant, showing the nocessity of insect aid,
are given in the * Gardeners’ Chronicle, 1871, p. 1166.

Senecio cruentus (Compositee) —Quite sterile: seo my account of
self-sterile plants.

i ¢ —Quite sterile; but

this species and the following members of the group pro-
duce plenty of seed when artificially self-fertilised.

Bhewia glandulosa (Melastomacew).—Set spontaneously only two
o three capsules.

Centradenia floribunda (Melastomacets).—During some years pro-
duced spontaneously two or threo capsules, sometimes

none.

Pleroma (unnamed species from Kew) (Melastomaces).—During

somo years produced spontancously two or three capsules,
sometimes none.

ensiferum During some years pro-

duced spontancously two or three capsules, sometimes

none.

Hedychinm (unnamed species) (Marantacess).—Almost self-sterile
‘without aid.

Orchide—An immense proportion of the species sterile, if
inseots are excluded.
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List of Plants, which when protected from Tnsects are
cither quite Fortile, or yield more than half the Nunber
of Seeds produced by unprotected Plants.

Passiflora gracilis (Passifloracem)—Produces many fruits, but
these contain fewer seeds than fruits from intercrossed flowers.

Brassica. oleracea. (Crucifers).— Produces many capsules, but
these generally not 8o rich in seed as those on uncovered
lants.

Pl
I{uphamu nabmu (Crucifere)—Half of a largo branching plant
ered by & met, and was as thickly covered with
cnpmla as the other and unprotected half; but twenty of
the capsules on the latter contained on an average 3°5
seeds, whilst twenty of the protected capsules contained only
185 seeds, that is, only a little more than half the number.
“This plant might perhaps have been more properly included
in the former list.

Theris umbellata (Cruciferm).—Highly fertile,

1. amara.—Highly fertile,

Heseda odorata and lutea (Resedacesm).—Certain individuals com-
pletely self-lexlile,

Euryale feroz (N )-—Professor Caspary
this plant is hi insect: Tuded. He
remarks in the paper before referred to, that his plants (as
well as those of the Victoria regia) produce only one flower
at a time; and that as this species is an annual, and was
introduced in 1809, it must have been self-fertilised for the
lnst fifty-six generations; but Dr. Hooker assures me that to
his knowledge it has been repeatedly introduced, and that at
Kow the same plant both of the Euryale and of the Victoria
produce several flowers at the same time.

Nymphaa (Nymphmacew).—Some species, as T am informed by
Professor Caspary, are quite self-fertile when insects are
excluded.

Adonis estivalis (Ravunculacem).—Produces, according to Pro-
fessor H. Hoffmann (* Speciesfrage,’ p. 11), plenty of seeds
when protected from insects.

Ranunealus acris (Ranunculacem).—Produces plenty of seeds
under a net,

Papaver somniferum (Papaveraces).—Thirty capsules from un-
covered plants yielded 156 grains weight of seed, and thirty
capsules from covered-up plants, growing in the same bed,
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yielded 165 grains weight; so that the Iatter plants were
‘more productive than the uncovered. Professor H, Hoffmann
(‘smaﬁugu'ls'la,psa)-lnfonndthu-m self-fertile
when protected from

P. vagum.—Produced lnh in um summer plenty of seeds, which
germinated well.

P.argemoncides . . . . g, o Hikdebrand (*Jabir-

P arymenid VEmime i

Argemone ochroleuca (Papaveracem) . | are by no mouns sterie.

Adlumia cirrhosa (Fumarincem).—Sets an abundance of eapsules,

Hypecoun procumbens (Fumariacer). Hildebrand says (idem),
with respect to protected flowers, that “ cine gate Fracht-
bildung eintrete.”

Fumaria officinalis (Fumari Covered:
plants apparently produced an equal numbot of capsules,
and the seeds of the former seemed to the eye equally good.
1 have often watched this plant, and so has Hildebrand, and
we have never seen an insect visit the flowers. H. Miiller
has likewise been struck with the rarity of the visits of insects
to it, though he has sometimes seen hive-bees at work.
Tho flowers may perhaps be visited by small moths, as is
probably the case with the following species.

F. capreolata.—Several large beds of this plant growing wild
were watched by me during many days, but the flowers
wero never visited by any insects, though a humble-bee
was once seen closely to inspect them. Novertheless, as
the nectary contains much nectar, especially in the evening,
1 felt convinced that they were visited, probably by moths.
The petals do not naturally separate or open in the least ;
but they had been opened by some means in a certain pro-
portion of the flowers, in the same manner as follows when
a thick bristle is pushed into the nectary; so that in this
Tespect they resamblo the flowers of Corydalis lutea. _Thirty-
four heads, each including many flowers, wero
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 some of the flowers had been visited by
insects, while the majority had not; yet almost all produced
capsules.

Einin alatisimum (Linaces).—Appears to bo quite fertile,
H. m,  Bot. Zeitung,” 1876, p. 5

Impatiens barbigerum (Balsaminacew).—The ﬂowurs, though ex-
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collently adapted for cross-fertilisation by the bees which
freely visit them, st abundantly nnder o net.

1. noli-me-tungere (Balsaminaces),— This species produces cleis-
fogene and perfect flowers. A plant was covered with a not,
and some perfeet flowers, marked with threads, produced
eleven spontaneously self-fertilised capsules, which contained
on an average 3°45 seeds. 1 meglected to nscertain the
mumber of seeds produced by perfect flowers exposed to the
visits of insects, but I believe it is not greatly in excess of
theaboveaverage. Mr. A. W. Bennett has carefully described
the structure of the flowers of /. fulva in ‘ Journal Linn. Soc.”
vol. xiii. Bot. 1872, p. 147. This latter specics is said to
be sterile with its own pollen (Gard. Chronicle,’ 1868, p.
1286), and if so, it presents a remarkable contrast with 7.
barbigerem and noli-me-tangere,

Limnanthes douglasii (Geraniacewm).—Highly fertile.

Viscaria oculuta (Garyophyllacem).—Produces plenty of eapsules
with good seeds.

Stellaria media (Caryophyllacem).—Covered-up and uncovered
plants produced an equal number of capsules, and the secds
in both appeared equally numerons and

Beta -lullmrm (Chenopodinces)—Highly solfertile,

Vicia sativa (L ).—Protected and lants
produced an equal number of pods and equally fine sceds.
I thero was any difference between the two lots, the covered-
up plants were the most productive,

V. hirsuta. — This species bears the smallest flowers of any

British leguminous plant. The result of covering up plants
was exactly the same us in the lust species.

Pisum sativum (Leguminosa), —Fully fertile,

Lathyrus odorates (Leguminosm).—Fally fertile.

L. nissolia.—Fully fertile,

Lupinus luteus (Leguminoss).—Fairly productive,

L. pilosus.—Produced plenty of pods,

Ononis minutissima (Leguminose).—Twelve perfect flowers on a
plant under a net were marked by threads, and produced
cight pods, containing on an aversge 2-38 seeds. Pods
produced by flowers visited by insects would probably bave
contaived on an average 866 seeds, judging from the effects
of artificial cross-fertilisation.

Phaseolus valgaris (Legnminosm).—Quite fortile.

Trifolium arvense (Leguminoss)—The excessively swall flowers
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are incessantly visited by hive and humble-bees. When
insects were excluded the flower-heads seemed to 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 occasion
sixty uncovered flower-heads yielded 9°1 grains weight of
seeds, whilst sixty heads on protected plants yielded no less
than 177 grains; so that these latter plants were much
‘more productive ; but this result I suppose was accidental.
I have often watched this plant, and have never seen the
flowers visited by insects; but T suspect that the flowers of
this species, and more especially of 7vifolium minus, aro
frequented by small nocturnal moths which, as 1 hear from
Mr. Bond, haunt the smaller clovers,

Medicago lupulina (Leguminosw).—On account of the danger of
losing the seeds, T was forced to gather the pods before they
were quite ripe; 150 flower-heads on plants visited by bees
yielded pods weighing 101 grains; whilst 150 heads on
Protected plants yield-d pods weighing 77 grains. The
inequality would probably have been greater if the mature
seeds could have been all safely collested and compared.
1g. Urban (Keimuog, Bluthen, &e., bei Medicago, 1873) has

hmiﬂwmunlofferﬁhnmmthllxannn,u\\u the
Rev. G. Henslow in the  Journal of Linn. Soc. Bot.” vol. ix.
1866, pp. 327 and 855,

Nicotiana tabacum (Solanacese).—Fully self-fertile.

Ipomas purpurea (Comvolvulacea): —mghly uell‘ fertile.

ts under a net

yrod uced  good many capsules.

Primula mollis (Primulaces).—A non-dimorphic species, self-fer-
tile: J. Scott, in‘ Journal Linn. Soc. Bot.” vol. viii. 1864, p. 120,

Nolana prostrata (Nolanacex).—Plants covered up in the green-
house, yiclded seeds by weight compared with uncovered
plants, the flowers of which were visited by many becs,
in the ratio of 100 to 61.

Ajuga reptans (Labiatw),—Set & good many seeds; but nove of

the stems under a net produced so many as several un-
covered stems growing closely by.

Euphrasia oficinalis (Seropbulariacem).—Covered-up plants pro-
duced plenty of seed ; whether less than the exposed plants T
cannot say. I saw two small Dipterous insects ( Doliclopos
wigripeanis and Ewpis chioptera) repeatedly sucking the
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flowers ; as they crawled into them, they rabbed against the
bristles which project from the anthers, and became dusted
with pollen.

v iaceis).—Covered-up plants produced
an abundance of seeds. I do not know e apy insects
visit the flowers; but I have observed Syrphid repeatedly
covered i polen visiting the flowers of V. hederafolia and
chamord)

Mimudus l.m. (Scmph\ﬂmn.cele) ~Highly solf-fortile.

aricty) —Highly self-

fertile.

Verhascum thapsus (Serophulariaces).—FHighly sclf-fertile.

V. Iychnitis.—Highly seli-fertile.

Vandellia nummularifolia (Scrophulariacem)—Perfect flowers
produce a good many capsules.

Bartsia odontites (Scrophulariaccs).—Covered-up plants produced
2 good many sceds; but several of these were shrivelled, nor
were they so numerous as those produced by unprotected
plants, which were incessantly visited by bive and humble-
bees.

Specrdaria speculum (Lobeliaces). — Covered plants produced

as many capsules as the uncovered.

Lactuca sativa (Composite).—Covered plants produced some
seeds, but the summer was wet and unfavourable.

Galiwm uparine (Rubincem),—Covered plants produced quite as
many seeds as the uncovered.

Apium petroselinum (Umbelli Covered plants
were as productive as the uncovered.

Zea mays (Graminew).— A single plant in the greenhonse
produced a good many

Canna warscewicsi (Marantacem).—Highly self-fertile.

Orchidacew. — In Europe Ophrys apifera is a8 regularly self-
fertilised as is any cleistogene 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 20d edit. of my work on the Fertilisation of Orchids.

Alliam cepa (blood red var.) (Lilincere).—Four flower-heads were
covered with a net, and they produced somewhat fewer and
smaller capsules than those on the uncovered heads, The

ere counted on one uncovered head, and were 289

ber ; whilst those on a fine head from under the net

were only 109.
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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 Asclepiade and Apocynaces, had been included,
the number of species which are sterile if insects are
excluded would have been greatly increased ; but the
lists are confined to species which were actually expe-
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 wheneyer pollen has to be carried
from the anthers to the stigma in order to ensure full
fertility, there is at least a good chance of cross-fertili-
sation. I do not, however, believe that if all known
plants were tried in the same manner, half would be
found to be sterile within the specified limits; for
many flowers were selected for experiment which pre-
sented some remarkable structure; and such flowers
often require insect-nid. Thus out of the forty-nine
genera in the first list, about thirty-two have flowers
which are asymmetrical or present some remarkable
peculiarity ; whilst in the second list, including species
which are fully or moderately fertile when insects were
excluded, only nhout twenty-one out of the fony nma
are ical or present any L

P

Means of ilisation.—The m
all the means by which pollen is camed from the
anthers to the stigma of the same flower, or from flower
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to flower, are insects, belonging to the orders of
Hymenoptera, Lepidoptera, and Diptera ; and in some
parts of the world, birds.* Next in importance, but
in a quite subordinate degree, is the wind; and with
some aquatie plants, aceording to Delpino, currents of
water. The simple fact of the necessity in many cases
of extraneous aid for the transport of the pollen, and the
many contrivances for this purpose, render it highly
probable that some great benefit 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 bemg the production

* Twill lore give all the cases , pp. 15,120 ¢ Gard,
known to me of birds fertilising 1863, p. 859; “The
flowers. Tn South Brazil, hum- Nicaragua,' p. 120

ming-birds certainly fertilise the inn. See. ]
various speeics of Abutilon, which  xiii. 1872, p. 151) I ma
aserile without e aid: (Fritz le s Mimas
Miller, mlx‘hu IA.‘I hn
Nuturwiss' B, )
Ilmz—ln-nh--lhummmgd:lnhvhh have won ssured that at the
o lowers of Brogwmausia, whilst  Cape of Good Hope, Strelitzia in
Soue of tha. Almrt eaked spocies fertilised by the Nectarinidi.
often penetrato its large corollain  There ean hardly bo a doubt that
B chtuin cho rates s many Australian flowers are for-
tinate manner, n tho same  illed by the many boney-sucking

[t on the Condillers they suck - tougaed lorios of tho Molooces

Salviw, and lncerte the coverod with pollen.” In New
flowers of the Tacsoniwe; in Niea-  Zealund, many specimens of the
hgom, Mz, Delt mw thoma svoking  Anthorsls melanara had thelr
the flowers of Maregravia and  heads

Fuohein : (Potts, * Transact.
Now Zealand Institute,’ vol. iii.
1870, p. 72)

ca they
et the flowers of Impatier
?f;;:.ld, *Introduction to the Tro-
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of seeds by any means, and the second, cross ferti-
lisation.

The advantages derived from cross-fertilisation throw
a flood of light on most of the chief characters of flowers.
‘We can thus understand their large size and bright
colours, and in some cases the bright tints of the ad-
Jjoining parts, such as the peduncles, bractew, &e. By
this means they are rendered conspicuous to insects,
on the same principle that almost every fruit which is
deyoured by birds presents a strong contrast in colour
with the green foliage, in order that it may be seen,
and its seeds freely disseminated. With some flowers
conspicuousness is gained at the expense even of the
reproductive organs, as with the ray-florets of many
Compositee, the exterior flowers of Hydrangea, and the
terminal flowers of the Feather-hyacinth or Muscari.
There is also reason to believe, and this was the opinion
of Sprengel, that flowers differ in colour in accordance
with the kinds of insects which frequent them.

Not only do the bright colours of flowers serve to
attract insects, but dark-coloured streaks and marks
are often present, which Sprengel long ago maintained
served as guides to the nectary. These marks follow
the veins in the petals, or lie between them. They
may occur on only one, or on all excepting one or
more of the upper or lower petals; or they may form
a dark ring round the tubular part of the corolla, or
be confined to the lips of an irregular flower. In the
white varieties of many flowers, such as of Digitalis
purpuren, Antirrhinum majus, several species of Dian-
thus, Phlox, Myosotis, Rhododendron, Pelargonium,
Primula and Petunia, the marks generally persist,
whilst the rest of the corolla has become of a pure
white ; but this may be due merely to their colour
being more intense and thus less readily obliterated.
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Sprengel’s notion of the use of these marks as guides
appeared to me for a long time fanciful ; for inseets,
without such aid, readily discover and bite holes
through the nectary from the outside. They also
discover the minute nectar-secreting glands on the
stipules and leaves of certain plants. Moreover, some
few plants, such as certain poppies, which are not
nectariferous, have guiding marks; but we might
perhaps expect that some few plants would retain
traces of a former nectariferous condition. On the other
hand, these marks are much more common on asymme-
trical flowers, the entrance into which would be apt to
puzzle insects, than on regular flowers. Sir J. Lubbock
has also proved that bees readily distinguish colours,
and that they lose much time if the position of honey
which they have once visited be in the least changed.®
The following case affords, I think, the best evidence
that these marks have really been developed in corre-
lation with the nectary. The two upper petals of the
common Pelargonium are thus marked near their bases;
and I have repeatedly observed that when the flowers
vary so as to become peloric or regular, they lose their
nectaries and at the same time the dark marks.
When the nectary is only partially aborted, only one
of the upper petals loses its mark. Therefore the 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 purpose ;
the only conceivable one being that the marks serve as
a guide to the nectary. It is, however, evident from
what has been already said, that inseets could discover
the nectar without the aid of guiding marks. They
are of service to the plant, only by aiding insects to

* ¢ British Wild Flowers in relation to Inseots,’ 1875, p. 44.
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visit and suck a greater number of flowers within a
given time than would otherwise be possible; and thus
there will be a better chance of fertilisation by pollen
brought from a distinet plant, and this we know is of
paramount importance.

The odours emitted by flowers attract insects, as L
have observed in the case of plants covered by a muslin
net. Nigeli affixed artificial flowers to branches;
scenting some with essential oils and leaving others
unscented ; and insects were attracted to the former in
an unmistakable manner.*  Not a few flowers are both
conspicuous and odoriferous. Of all colours, white is
the prevailing one; and of white flowers  considerably
larger proportion smell sweetly than of any other
colour, namely, 14*6 per cent.; of red, only 82 per
cent. are odoriferous.t The fact of a larger proportion
of white flowers smelling sweetly may depend in part
on those which are fertilised by moths requiring the
double aid of conspicuousness in the dusk and of
odour, So great is the economy of nature, that most
flowers which are fertilised by erepuscular or nocturnal
inseets emit their odour chiefly or exclusively in the
evening. Some flowers, however, which are highly
odoriferous depend solely on this quality for their fer-
tilisation, such as the night-flowering stock (Hesperis)
and some species of Daphne; and these present the
rare case of flowers which are fertilised by insects being
obscurely coloured,

The storage of a supply of nectar in a protected place
is manifestly connected with the visits of insects. So
is the position whic]l the stamens and pistils occupy,

* Enstehung, &e., 1ls,r Natur- nnd by Schitbler and Kiihler.

hist, Art? 1863, p. 93, ave not seen (heir original
t The «nlmzn and odours of worh, but s very {ull abstract
the flowers of ies have is given in Loudon's ‘ Gardener's

betn SHRIAaT: Uy Vanngraber = Htig oL ailt T pe oo
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either permanently or at the proper period through
their own movements ; for when mature they mmnahly
stand in the pathway leading to the nectary, The
shape of the meetary and of the adjoining parts are
likewise related to the particular kinds of insects which
habitually visit the flowers; this has been well shown
by H. Miller by his comparison of lowland species
which are chiefly visited by bees, with alpine species
belonging to the same genera which are visited by
butterflies.* Flowers may also be adapted to certain
kinds of insects, by secreting nectar particularly attrac-
tive to them, and unattractive to other kinds; of which
fact Epipactis latifolia offers the most striking instance
known to me, as it is visited exclusively by wasps.
Structures also exist, such as the hairs within the
corolla of the foxglove (Digitalis), which apparently
serve to exclude insects that are not well fitted to bring
pollen from one flower to anothert I need say nothing
here of the endless contrivances, such as the viseid
glands attached to the pollen-masses of the Orchidew
and Asclepiade, or the viscid or roughened state of
the pollen-grains of many plants, or the irritability of
their stamens which move when touched by insects, &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 (Antirrhinum), various
Papilionaceous and Fumariaceous flowers, are in
appearance closed. It cannot be maintained that their
openness is necessary for fertility, as cleistogene flowers
which are permanently closed yield a full complement
of seeds. Pollen contains much nitrogen and phos-

* ‘Nature,’ 1874, p. ]’W: 1875, + Belt, ‘ The Naturalist in Ni.
p- 190; 1576, pp. 210, 259 caragua,” 1874, p. 132,
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phorus—the two most precious of all the elements for
the growth of plants—but in the case of most open
flowers, a large quantity of pollen is consumed by
pollen-devouring insects, and a large quantity is
destroyed during long-continued rain. With many
plants this latter evil is guarded against, as far as
is possible, by the anthers opening only during dry
weather,*—by the position and form of some or all of
the petals,—by the presence of hairs, &c., and as Kerner
has shown in his i essay,} by the

of the petals or of the whole flower during cold and wet
weather. In order to compensate the loss of pollen in
s0 many ways, the anthers produce a far larger amount
than is necessary for the fertilisation of the same flower.
I know this from my own experiments on Ipomcea,
given in the Introduction; and it is still more plainly
shown by the astonishingly small quantity produced
by cleistogene flowers, which lose none of their pollen,
in comparison with that produced by the open flowers
borne by the same plants; and yet this small quantity
suffices for the fertilisation of all their numerous seeds.
Mr. Hassall took pains in estimating the number of
pollen-grains produced by a flower of the Dandelion
(Leontodon), and found the number to be 243,600,
and in a Pmony 3,654,000 grainsi The editor
of the ‘Botanical Register’ counted the ovules in the
flowers of Wistaria sinensis, and carefully estimated

* Mr. Blackley observed that
the ripe anthers of rye did not
dehisco whilst kept under a bell-
a damp atmosphere,
whilst other anthers exposed to
the sume temperture in the o

air deisoed recy. Holsa found
much more pollen adhering to
the sticky

slides, which wero
fo kites and sent high

up in the atmosphere, during the
first fine and dry days after wet
weathor, than at ofhier time :
porimental Roscrches on

Hay Fever,' 173, p.

£ <Die Kbl des Pole
lens,” 1873,

3 Aundly and Mg, of Nat.
Hist.” vol. viii. 1842, p.
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the number of pollen-grains, and he found that for each
ovule there were 7,000 grains.®  With Mirabilis, three
or four of the very large pollen-grains are sufficient to
fertilise an ovule; but I do not know how many grains
a flower produces. With Hibiscus, Kélreuter found
that sixty grains were necessary to fertilise all the ovules
of a flower, and he caleulated that 4863 grains were
produced by a single flower, or eighty-one times too
many, With Geum wbanum, however, according to
Gartner, the pollen is only ten times too much.t As
we thus see that the open state of all ordinary flowers,
and the consequent loss of much pollen, necessitate the
development of so prodigious an excess of this precious
substance, why, it may be asked, are flowers always left
open?  As many plants exist throughout the vegetable
kingdom which bear cleistogene flowers, there can
hardly be a doubt that all open flowers might easily
have been converted into closed ones. The graduated
steps by which this process could have been effected
may be seen at the present time in Lath nissolia,
Biophytum sensitivum, and several other plants. The
answer to the above question obviously is, that with
permanently closed flowers there could be no ecross-
fertilisation.

The frequency, almost regularity, with which pollen
is transported by insects from flower to flower, often

from a considerable distance, well deseryes attention.}

* Quoted in ¢ Gard, Ch
1846, p. 771,

+ -»lruular, “Vorliiufige th.
richt,” 1761, p.'9. I'nrhmr,

rago zur Konntniss, &e.

x An experiment m-de b I{.Tl_
reuter (‘Fortsetaung,’ &e. lm,

69) affords good evidenco on
Yhis hrd:x Mlvl‘nm ihiscus vesicarius is
strongl ous, its pollen
Being shod botors tho stigias sre

matore.  Kilrouter marked 310
flowers, and put pollen from
ol Howers on thelr stigmas
it they were

mn.uw;h( fertilised; and he left
it mae fusmbor of otber Bow mers
o tho agenoy of iusects. After.
sceds o

counted the seed:

o0 ot e Bawess which he
had fortilised with such astoni
ing eare produced 11,257 o)
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This is best shown by the impossibility in many cases
of raising two varieties of the same species pure, if they
grow at all near together; but to this subject T shall
presently return ; also by the many eases of hybrids
which have appeared spontancously both in gardens and
a state of nature. With respect to the distance from
whieh pollen is often brought, no one who has had any
experience would expect to obtain pure cabbage-seed,
for instance, if a plant of another variety grew within
two or three hundred yards. An accurate observer,
the late Mr. Masters of .Canterbury, assured me that
he once had his whole stock of seeds « seriously affected
with purple bastards,” by some plants of purple kale
which flowered in a cottager’s garden at the distance of
half a mile;; no other plant of this variety growing any
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. qfficinalis, growing at the distance of above two
kilometres, orof about one English mile and a quarter.

AlL those who have long attended to hybridisation,
insist in the strongest terms on the liability of castrated
flowers to be fertilised by pollen brought from distant
plants of the same upecles 1 The following case shows

whilst those left to the insects

pmdu('ﬂll 10,886 ; that ‘4, a less
umber by ouly 851; i this

swall inforority o ully

for by the

the proj ition for fertilising
il e "OF i species, on
island in Derwentwater, at the
distance of balf a mile from any
ot having  place whers this plant. grews

workel during some_days, when
the woather was oold with con-

tiny
. Ml W. O. Marshall caught
10 less than i sovon peciens of
‘moth wmbratica) with
ugztl lmn nllhn butterfly-orelis
naria. chlorantha) wicking
to their cyes, and, therefore, in

*Nature, 172, p. 303,

+ ‘Revue des Se. Nat! 1875,
- 38L

3 Seo, o tmatann,the recaacks
by Amarylliduces,!
Yo, 9 o, A Curinec
strong expressions on this subjeet
T hix * Batardorzeugung: 1440,
P. 670; aud * Kenntuiss der Bo:
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this in the clearest manner: Giirtner, before he had
gained much experience, castrated and fertilised 520
flowers on various species with pollen of other genera
or other species, but left them unprotected ; for, as he
says, he thought it a laughable idea that pollen should
be brought from flowers of the same species, none of
which grew nearer than between 500 and 600 yards.*
The result was that 289 of these 520 flowers yielded no
seed, or none that germinated ; the seed of 29 flowers
produced hybrids, such as might have been expected
“ from the nature of the pollen employed ; and lastly,
the seed of the remaining 202 flowers produced per-
fectly pure plants, so that these flowers must have
been fertilised by pollen brought by insects from a
distance of between 500 and 600 yardst It is of
course possible that some of these 202 flowers might
have been fertilised by pollen left accidentally in
them when they were castrated; but to show how
improbable this is, I may add that Girtner, during the
next eighteen years, castrated no less than 8042 flowers
and hybridised them in a closed room; and the seeds
from only seventy of these, that is considerably less
than 1 per cent., produced pure or unhybridised
offspring.1

lrucmung 184, pp o10, 573, X

, Do la Fécondation,’

o, 18 45 » 27, Some statements

Javo.been published during late

years of the extraordinary ten-

eney of hybrid plants to revert

jeir parent forms; but s it is

how the flowers were

protected from inseots, |¢

B aciod i they Chen

lised with |m||.m bmngm
from . distunos tromstho parent

F& K onntnins dor Befruchtung;
Pp. 559, 550, 575, 576.

enschel’s
Girtner, ‘K:nnimus,
Hm, . s , which ‘aro worthless
in all other mmﬁ, likewise
sbow bow largely Sowers e in-
o cas-
i ‘many ﬂnwen on thirty-
soven species, belonging to twenty-
two ut on  their
stigmas aithor no pallen,or pollen
Trom distinct gencrm, vt they all
seeded, and allthe m«‘lmgn raised
from them wero of conrse pure.
4 *Kenntuiss,' &, pp. 535, 576,
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From the various facts now given, it is evident that
most flowers are adapted in an admirable manner for
cross-fertilisation.  Nevertheless, the greater nmnber
likewise présent which are
adapted, though not in so striking a manner, for self-
fertilisation. The chief of these is their hermaphrodite
condition ; that is, their including within the same
corolla both the male and female reproductive organs.
These often stand close together and are mature at
the same time; so that pollen from the same flower
cannot fail to be deposited at the proper period on the
stigma.  There are also various details of structure
adapted for self-fertilisation.* Such structures are
best shown in those curious cases discovered by H.
Miiller, in which a species exists under two forms,—
one bearing conspicuous flowers fitted for cross-fertilisa-
tion, and the other smaller flowers fitted for self-fer-
tilisation, with many parts in the latter slightly
modified for this special purpose.t

As two objects in most respects opposed, namely,
cross-fertilisation and self-fertilisation, have in many
cases to be gained, we can understand the co-existence
in so many flowers of structures which appear at first
sight unnecessarily complex and of an opposed nature.
We can thus understand the great contrast in structure
between cleistogene flowers, which are adapted exclu-
sively for self-fertilisation, and ordinary flowers on the
same plant, which are adapted so as to allow of at least

oceasional cross-fertilisation.f The former are always

S5 Mnlle!,‘Dle Befruchtung,
&e. p.

R Natire? 1878, pp. 44, 435
£ Fritz Miller has discove
in”the animal kingdo
naische Zeitschr. B, iv. p. 451)
 caso curlously analogous to that

of the plants which bear cleis-
togene and perfect flowers. He
finds in the nests of Termites, in
Brozil, males and females with
imperfect wings, which do ot
Teave the nests and propagate the
species in a cleistogene mamer
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minute, completely closed, with their petals more or
less rudimentary and never brightly coloured ; they
never secrete nectar, never are odoriferous, have very
small anthers which produce only a few grains of pollen,
and their stigmas are but little developed. Bearing
in mind that some flowers are cross-fertilised by the
wind (called anemophilous by Delpino), and others
by insects (called entomophilous), we can further
understand, as was pointed out by me several years
ago,*® the great contrast in appearance between these
two classes of flowers, Anemophilous flowers resemble
in many respeots cleistogene flowers, but differ widely
in not being closed, in producing an extraordinary
amount of pollen which is always incoherent, and
in the stigma often being largely developed or
plumose.  We certainly owe the beauty and odour of
our flowers and the storage of a large supply of honey
to the existence of insects.

On the Relation between the Structure and Conspicuous-
ness of Flowers, the Visits of Insects, and the Advan-
tages of Cross-fertilisation.

It has already been shown that there is no close
relation between the number of seeds produced by
flowers when crossed and self-fertilised, and the degree
to which their offspring are affected by the two pro-
cesses. I have also given reasons for believing that
the inefficiency of a plant’s own pollen is in most cases

but onlyif a fully-developed queen  almost infini by a liost

swaming docs not enler  of cemies, w0 thut a quen may
the old nest. The fully-deve- often fuil to enter an old nest;

loped males and fomales are and then he imperfeetly deve-
winged, and individuals frun dis-  loped malotand fomales propagate

tinct_nests can hardly fuil often  ond keep up the stook.

fo intercro-s. In the net of  * ‘Journal of Linn. Soe vol.
swarming they are destroyed in il Bot, 1863, p. 77.
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an ineidental result, or has not been specially acquired
for the sake of preventing self-fertilisation. On the
other hand, there can hardly be a doubt that dichogamy,
which prevails according to Hildebrand® in the greater
number of species,—that the heterostyled condition of
certain plants,—and that many mechanical structures
—have all heen acquired so as both to check self-
fertilisation and to favour ecross-fertilisation. The
means for favouring cross-fertilisation must have been
acquired before those which prevent self-fertilisation ;
as it would manifestly be injurious to a plant that
its stigma should fail to receive its own pollen,
unless it had already become well adapted for receiv-
ing pollen from another individual. It should be
observed that many plants still possess a high power
of self-fertilisation, although their flowers are excel-
lently constructed for cross-fertilisation—for instance,
those of many papilionaceous species.

It may be admitted as almost certain that some
structures, such as a narrow elongated nectary, or a
long tubular corolla, have been developed in order
that certain kinds of insects alone should obtain the
nectar. These insects would thus find a store of nectar
preserved from the attacks of other insects; and
they would thus be led to visit frequently such
flowers and to carry pollen from one to the other.t
It might perhaps have been expected that plants
having their flowers thus peculiarly constructed would
profit in a greater degree by being crossed, than
ordinary or simple flowers; but this does not seem
to hold good. Thus Tropmwolum minus has a long
nectary and an inegulnr corolla, \\'hi]st Limnanthes

* *Die Gesclichter Verthell-  on tis wubject by H. Miller
nng,” &, p. 82, * Die Befruchtung.” &c. p. 431
"F'Seo the interesting discussion
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douglasii has a regular flower and no proper nectary,
yet the crossed seedlings of both species are to the
self-fertilised in height as 100 to 79. Salvia coccinea
has an irregular corolla, with a curious apparatus by
which insects depress the stamens, while the flowers
of Ipomea are regular; and the crossed seedlings of
the former are in height to the self-fertilised as
100 to 76, whilst those of the Ipoman are s 100 to
77. Fagopy is and Anagallis eollina is
non—dxmnrphlc, and the c.muecl seedlings of both are
in height to the seli-fertilised as 100 to 69.

With all European plants, excepting the compara-
tively rare anemophilous kinds, the possibility of
distinet individuals intercrossing depends on the
visits of insects; and H. Miller has proved by his
valuable observations, that large conspicuous flowers
are visited much more frequently and by many more
kinds of insects, than are small inconspicuous flowers.
He further remarks that the flowers which are rarely
visited must be capable of self-fertilisation, otherwise
they would quickly become extinet.* There is, how-
ever, some liability to error in forming a judgment
on this head, from the extreme difficulty of ascertain-
ing whether flowers which are rarely or never visited
during the day (as in the above given case of Fumaria

lata) are not visited by small nocturnal Lepi-
doptera, which are known to be -trongly attracted by
sugar.t The two lists given in the early part of
t.lua x,hup!(r _support Miller's wm,lumon that small
and flowers are completely self-fertile ;

; &, p. 426 collector of Noctuw, come very
'xm Terd, prass. 7 fo sur, wd mo doubt
F In anewer > & qoesion by * atwall
me,theeditor of an entomological WL. kaly lnk-Jh;zn«-_;
journal writes —*“ The Depres- 1860, p
B s ey
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for only eight or nine out of the 125 species in the
two lists come under this head, and all of these were
proved to be lnghly fertile when insects were excluded.
The singularly inconspicuous flowers of the Fly
Ophrys (0. museifera), as I have elsewhere shown, are
rarely visited by insects ; and it is a strange instance of
imperfection, in contradiction to the above rule, that
these flowers are not self-fertile, so that a large pro-
portion of them do not produce seeds. The converse
of the rule that plants bearing small and inconspicuons
flowers are’self-fertile, namely, that plants with large
and conspicuous flowers are self-sterile, is far from true,
as may be seen in our second list of spontaneously
self-fertile species ; for this list includes such species as
Ipomwa purpurea, Adonis wstivalis, Verbaseum thapsus,
Piswm sativum, Lathyrus odoratus, some species of
Papaver and of Nympha, and others,

The rarity of the visits of insects to umull flowers,
does not depend altogeth rm their i
but likewi the al i i
for the flowers of Tnfalwm 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 eymbalaria are
small and not very conspicuous, yet at the proper time
they are freely visited by hive-bees, I may add that,
according to Mr. Bennett,* there is another and quite
distinet class of plants which cannot be much frequented
by insects, as they flower either exclusively or often
during the winter, and these seem adapted for self-
fertilisation, as they shed their pollen before the flowers
expand.
That many flowers have been rendered conspicuous

T

* + Nuture, 1869, p. 11

@ The Complete Wark of Charles Darwin Online



Omar. X, INCONSPICUOUS FLOWERS. 385

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 o former and primitive condition ? If a plant
were much reduced in size, so probably would be the
flowers through correlated growth, and this may possibly
account for some cases; but the size and colour of the
corolla are both extremely variable characters, and it
can hardly be doubted that if large and brightly-
coloured flowers were advantageous to any species,
these could be acquired through natural selection
within a moderate lapse of time, as indeed we see with
most alpine plants. Papilionaceous flowers are mani-
festly constructed in relation to the visits of insects,
and it seems improbable, from the usual character of
the group, that the progenitors of the genera Vicia
and Trifolinm produced such minute and unattractive
flowers as those of V. hirsuta and T. procumbens. We
are thus led to infer that some plants either have not
had their flowers increased in size, or have wtml.ly
had them reduced and purposely rendered incon-
splcnous, 5o that they are now but little visited by
insects. In either case they must also have aequired
or retained o high dogreo of self-fertility.

If it became from any cause advantageous to o spe-
cies to have its capacity for self-fertilisation inereased,
there is little difficulty in believing that this could
readily be effected; for three cases of plants varying
in such a manner as to be more fertile with their own
pollen than they originally were, oceurred in the
course of my few experiments, namely, with Mimulus,
Ipomeea, and Nicotiana. Nor is there any reason to
doubt that many kinds of plants are capable under
o A o of ¥ themmss]

20
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for very many generations by self-fertilisation. This
is the case with the varieties of Pisum sativum and
of Lathyrus odoratus which are cultivated in England,
and with Ophrys apifera and some other plants in a
state of nature. Nevertheless, most or all of these
plants retain structures in an efficient state which
cannot be of the least use excepting for cross-
fertilisation. We have also seen reason to suspect
that self-fertilisation is in some peculiar manner bene-
ficial to certain plants; but if this be really the case,
the benefit thus derived is far more than counter-
balanced by a cross with a fresh stock or with a
slightly different variety.

Notwith ding the several iderati Jjust
advanced, it seems to me highly improbable that
plants bearing small and inconspicuous flowers have
been or should continue to be subjected to self-
fertilisation for a long series of generations. I think
s0, not from the evil which manifestly follows from
self-fertilisation, in many cases even in the first gene-
ration, as with Viola tricolor, Sarothamnus, Nemo-
phila, Cyclamen, &c.; nor from the probability of the
evil increasing after several generations, for on this
latter head I have not sufficient evidence, owing to the
manner in which my experiments were conducted. But
if plants bearing small and inconspicuous flowers were
not occasionally intercrossed, and did not profit by the
process, all their flowers would probably have been
rendered cleistogene, as they would thus have largely
benefited by having to produce only a small quantity
of safely-protected pollen. In coming to this con-
clusion, I have been guided by the frequency with
which plants belonging to distinet orders have been
rendered cleistogene. But I ean hear of no instance
of w species with all its flowers rendered permanently
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cleistogene. Leersia makes the nearest approach to
this state ; but as already stated, it has been known
to produce perfect flowers in one part of Germany.
Some other plants of the cleistogene class, for instance
Aspicarpa, have failed to produce perfect flowers during
several years in a hothouse; but it does not follow that
they would fail to do so in their native country, any
more than with Vandellia, which with me produced
uuly cleistogene flowers during ueﬂmu years, Plants

ing to this class y bear both kinds of
flowers every season, and the perl'ect flowers of Viola
canina yield fine capsules, but only when visited by
bees. We have also seen that the seedlings of Ononis
minutissima, raised from the perfect flowers fertilised
with pollen from another plant, were finer than those
from self-fertilised flowers; and this was likewise the
case to a certain extent with Vandellin, As therefore
no species which at one time bore small and incon-
spicuous flowers has had all its flowers rendered
cleistogene, I must believe that plants now bearing
small and inconspicuous flowers profit by their still
remaining open, so as to be occasionally intererossed
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 im;m’hnﬁ- of the subjeet.*

* Some of the ies of Sola- nm)dunntlnkmm-wkn

num would be good ancs for such rated. ear ogetter; but
Expestments, o oc they are aid by 3 ol o mmb-nd ¢
H.Mallr (‘Belruoltung pJSQ) are not endemic species.

5 maiiactire 1o toeios On the other hand, the flowers of

-ocnu ing nectar, not mduelng the common puhw(s lm-u.m.
much pollen, and not h-m very
conspi Hence ymhil it
I8 thit, secording to Verlot (¢

des Variétés,” 1863, p. 72),
the varieties of *los lnbon{ln«
ot les tomates™ (species of
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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
odoratus, which have been long propagated by self-
fertilisation, Therefore until the contrary is distinetly
proved, I must believe that as a general rule small and
inconspicuous flowers are oceasionally intercrossed by
insects ; and that after long-continued self-fertilisation,
if they are crossed with pollen brought from a plant
growing under somewhat different conditions, or
descended from one thus growing, their offspring
would profit greatly. It cannot be admitted, under
our present state of knowledge, that self-fertilisation
continued during many i ions is ever
the most beneficial method of reproduction.

The Means which favour or ensure Flowers being fer-
tilised with Pollen from a distinct Plant.—W e have seen
in four cases that scedlings raised from a cross between
flowers on the same plant, even on plants appearing
distinet from having been propagated by stolons or cut-
tings, were not superior to seedlings from self-fertilised
flowers; and in a fifth case (Digitalis) superior only
in a slight degree. Therefore we might expect that
with plants growing in a state of nature a cross between
the flowers on distinet individuals, and not merely
between the flowers on the same plant, would generally
seen, by humble-bees.  Tinz-  bear seod when fertilised with
munn (a8 quoted in ‘Gardeners'  pollen from the same variety, bat
Chronicle) 1846, p. 153) found  were fertile with that from an-
that some of the varicties did not  other variety.
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or often be effected by some means. The fact of bees
and of some Diptera visiting the flowers of the same
species as long as they can, instead of promiscuously
visiting various species, favours the intercrossing of
distinet plants. On the other hand, insects usually
search a large number of flowers on the same plant
before they fly to another, and this is opposed to cross-
fertilisation. The extraordinary number of flowers
which bees are able to search within a very short space
of time, as will be shown in a future chapter, increases
the chance of cross-fertilisation; as does the fact
that they are not able to perceive without entering a
flower whether other bees haye exhausted the nectar.
For instance, H. Miller found* that four-fifths of the
flowers of Lamium album which a humble-bee visited
had been already exhansted of their neetar. In order
that distinet plants should be intererossed, it is of course
indispensable that two or more individuals should grow
near one another ; and this is generally the case. Thus
A. de Candolle remarks that in ascending a mountain
the individuals of the same species do not commonly
disappear near its upper limit quite gradually, but
rather abruptly, This fuct can hardly be explained
by the nature of the conditions, as these graduate away
in an insensible manner, and it probably depends in
large part on vigorous seedlings being produced only
as high up the mountain as many individuals can
subsist together.

With respect to dicecions plants, distinet individuals
must always fertilise each other. With monwcious
plants, as pollen has to be carried from flower to flower,
there will always be a good chance of its being carried
from plant to pluuL Delpino has also observed 1 the

* ‘Die Befruchtung, &c. p. wizﬁmmmnu e, part
siL . fase. i, p.
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eurious fact that certain individuals of the moncecious
walnut (Juglans regia) are proterandrous, and others
proterogynous, and these will reciprocally fertilise each
other. Soit is with the common nut (Corylus avellana),*
and, what is more surprising, with some few her-
maphrodite plants, as observed by H. Miiller.f These
latter plants cannot fail to act on each other like
dimorphice or tnmorpluc species, in which the union
of two individuals is necessary for full and normal
fertility, With ordinary hermaphrodite species, the
expansion of only a few flowers at the same time is one
of the simplest means for fayouring the intercrossing of
distinet individuals; but this would render the plants
less conspicuous to insects, unless the flowers were of
large size, as in the case of several bulbous plants.
Kerner thinks{ that it is for this object that the
Australian Villarsia parnassifolia produces daily only
a single flower. Mr. Cheeseman also remarks,§ that
as certain Orchids in New Zealand which require
insect-aid for their fertilisation bear only a single
flower, distinet plants cannot fail to intercross.
Dichogamy, which prevails so extensively throughout
the vegetable kingdom, much increases the chance of
distinet individuals i ing. With p d
species, which are far more common than pro-
terogynous, the young flowers are exclusively male
in function, and the older ones exclusively female:
and as bees habitually alight low down on the spikes
of flowers in order to crawl upwards, they get dusted
with pollen from the uppermost flowers, which they
carry to the stigmas of the lower and older flowers
on the next s]nke \\]ndx they visit. The degree to

* Nature,’ 1875, b 4 ‘Dw Exlm(zmmrl' &e. p. 23,
+ ¢Die B(l'nu.l.\t\lnb, &.pp. §* ;. New Zoalaid Tus
255, 539, cﬁtnw, 4y 1878, p. 856, .
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which distinet plants will thus be intererossed depends
on the number of spikes in full flower at the same time
on the same plant. With proterogynous flowers and
with depending racemes, the manner in which insects
visit the flowers ought to be reversed in order that
distinet plants should be intercrossed.  But this whole
subject requires further investigation, as the great
importance of crosses between distinet individuals,
instead of merely between distinet flowers, has hitherto
been hardly recognised.

In some few cases the special movements of certain
organs almost ensure pollen being carried from plant
to plant.  Thus with many orchids, the pollen-masses
after becoming attached to the head or proboscis of an
insect do not move into the proper position for striking
the stigma, until ample time has elapsed for the insect
to fly to another plant. With Spiranthes autwmnalis,
the pollen-masses cannot be applied to the stigma until
the labellum and rostellum have moved apart, and
this movement is very slow.* With Posoqueria fra-
grans (one of the Rubiacew) the same end is gained by
the movement of a specially constructed stamen, as
deseribed by Fritz Maller.

‘We now come to a far more general and therefore
more important means by which the mutual fertilisation
of distinet plants is effected, namely, the fertilising
power of pollen from another variety or individual
being greater than that of a plant’s own pollen. The
simplest and best known case of prepotent action
in pollen, though it does mot bear directly on our
present subject, is that of a plant's own pollen over that
from a distinct species. If pollen from a distinct species
be placed on the stignm of a castrated flower, and then

# Ths Various [Contrivances Orehids are fortilisd 1, olit
by which Dritish and Foreign p. I
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after the interval of several hours, pollen from the same
species be placed on the stigma, the effects of the
former are wholly obliterated, excepting in some rare
cases, If two varieties are treated in the same manner,
the result is analogous, though of directly opposite
nature ; for pollen from any other variety is often or
rally prepotent over that from the same flower. T
will give some instances : the pollen of Mimulus luteus
regularly falls on the stigma of its own flower, for the
plant is highly fertile when insects are excluded. Now
several flowers on a remarkably constant whitish variety
were fertilised without being castrated with pollen from
a yellowish variety ; and of the twenty-eight seedlings
thus raised, every one bore yellowish flowers, so that
the pollen of the yellow variety completely overwhelmed
“that of the mother-plant. Again, Iberis umbellata is
spontaneously self-fertile, and I saw an abundance of
pollen from their own flowers on the stigmas ; neverthe-
less, of thirty seedlings raised from non-castrated flowers
of a ecrimson variety crossed with pollen from a pink
variety, twenty-four hore pink flowers, like those of the
male or pollen-bearing parent.

In these two cases flowers were fertilised with pollen
from & distinet variety, and this was shown to be
prepotent by the character of the offspring. Nearly
similar results often follow when two or more self-fertile
varieties are allowed to grow near one another and are
visited by insects. The common cabbage produces a
large number of flowers on the same stalk, and when
insects are excluded these set many capsules, moderately
rich in seeds. I planted a white Kohl-rabi, a purple
Kohl-rabi, a Portsmouth broceoli, a Brussels sprout,
and a Sugar-loaf cabbage near together and left them
uncovered. Seeds collected from each kind were sown
in separate beds; and the majority of the seedlings in
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all five beds were lised in the most complicated
manner, some taking more after one variety, and some
after another. The effects of the Kohlrabi were
particularly plain in the enlarged stems of many of the
seedlings.  Altogether 233 plants were raised, of which
155 were mongrelised in the plainest manner, and of
the remaining 78 not half were absolutely pure. I
repeated the experiment by planting near together
two varieties of cabbage with purple-green and white-
green lacinated leaves; and of the 325 see
raised from the purple-green variety, 165 had white-
green and 160 purple-green leaves. Of the 466 seed-
lings raised from the white-green variety, 220 had
purple-green and 246 white-green leaves. These cases
show how largely pollen from a neighbouring variety
of the cabbage effaces the action of the plant’s own
pollen.  We should bear in mind that pollen must be
carried by the bees from flower to flower on the same
large branching stem much more abundantly than
from plant to plant; and in the case of plants the
flowers of which are in some degree dichogamous,
those on the same stem would be of different ages, and
would thus be as ready for mutual fertilisation as the
flowers on distinet plants, were it not for the prepotency
of pollen from another variety.*

Several varieties of the radish (Raphanus sativus),
which is moderately self-fertile when insects are ex-
cluded, were in flower at the same time in my garden.
Seed was collected from one of them, and out of twenty-
two seedlings thus raised only twelve were true to their
kind.f

A wrilee in the ¢ Gardmers’ ilie sosds of Ule formar. The
Chronicle” (1855, p. 730) says ~result was that seas
that he planted o hed of turnips ling was true to i, e

o it
(Brassica rapa, and of rape (B. seversl ulood{ resembled rape.
napus) close: togethier, and sowed as quoted by God-
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The onion produces a large number of flowers, all
erowded together into a large globular head, each
flower having six stamens; so that the stigmas receive
plenty of pollen from their own and the adjoining
anthers. Consequently the plant is fairly self-fertile
when protected from insects. A blood-red, silver,
globe and Spanish onion were planted near together;
and seedlings were raised from each kind in four
separate beds. In all the beds mongrels of various
kinds were numerous, except amongst the ten seedlings
from the blood-red onion, which included only two.
Altogether forty-six seedlings were raised, of which
thirty-one had been plainly crossed.

A similar result is known to follow with the varieties
of many other plants, if allowed to flower near together :
I refer here only to species which are capable of
fertilising themselves, for if this be not the case, they
would of course be liable to be crossed by any other
variety growing near. Horticulturists do not commonly
distinguish between the effects of variability and inter-
cmssing; but I have collected evidence on the natural
crossing of vnnehes of the tuhp, llyncmth anemone,

rhododendron and rhulmrb all of which plants I beheve
to be self-fertile.*  Much other indirect evidence could

ron, *De V'Espiee;’ tom. ii. p. 50, have myaef known _extensive

akes an_smalogous  statement
with, rspeet. o tis pant,
respect to tulips and
S el = Godron,
*De PEspice,’ tom.
anemones, * Gard, u.mn
For struwherrics, see
in * Tranatot. of Hort. Soo?
. p. 17. The same observer
elsewhere knlu of the mta-
neous crossing of rhododendrons.
Gallesio makes the sume stafe-
ment with respect to oranges.

crssing fo oceur with the common
Fhubatb. Tor Laptosiphon, Verlot
“Des Variétés, 1865, . 20. Thave
not, imeluded in my list the Car-
nation, Nemopl Antir-
i, 66 varitios of whishare
known fo eroms frocly, becanse
these plants aro not always self-
fertile. 1 know nothing about
\lm seiffertility of Trollins (Le

. ‘De ln Fécondation,” 1862,

. and Crinum, in
hioh gonero the speoies utereros
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be given with respect to the extent to which varieties
of the same species spontaneously intercross.
Gardeners who raise seed for sale are compelled by
dearly bought experience to take extraordinary pre-
cautions against intercrossing. Thus Messrs. Sharp
“have land engaged in the growth of seed in no less
than eight parishes.” The mere fact of a vast number
of plants belonging to the same variety growing
together is a considerable protection, as the chances
are strong in 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 varieties.* Only two trials
were made by me to ascertain after how long an interval
of time, pollen from a distinet variety would obliterate
more or less completely the action of a plant’s own
pollen. The stigmas in two lately expanded flowers on
a variety of cabbage, called Ragged Jack, were well
covered with pollen from the same plant. After an
interval of twenty-three hours, pollen from the Early
Barnes Cabbage growing at a distance was placed on
both stigmas; and as the plant was left uncovered,
pollen from other flowers on the Ragged Jack would
certainly have been left by the bees during the next
two or three days on the same two stigmas. Under
these circumstances it seemed very unlikely that the
pollen of the Barnes cabbage would produce any effect ;
but three out of the fifteen plants raised from the two
capsules thus produced were plainly mongrelised : and
I have no doubt that the twelve other plants were

Jargely. With respect o Mahonia, o frecly that pure sod could not

it 38 now searcely possiblo to pro-  be savad,

cure in this country pure speci- * With respeot to Mosers. Sharp,

mens of M. aquif oF repens; mﬂouden ¢ Chronicle,’ 1856,
s species of Crinum 23, Lindley's‘ Theory of Hor:

sent by uen.m( Amaryllidaces,’ um]lun'

8") to Caloutta, crossed there
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affected, for they grew much more vigorously than the
self-fertilised seedlings from the Ragged Jack planted
at the same time and under the same conditions.
Secondly, I placed on several stigmas of a long-styled
cowslip (Primula veris) plenty of pollen from the same
plant, and after twenty-four hours added some from a
short-styled dark-red Polyanthus, which is a variety of
the cowslip. From the flowers thus treated thirty
seedlings were raised, and all these without exception
bore reddish flowers; so that the effect of the plant’s
own pollen, though placed on the stigmas twenty-
four hours previously, was quite destroyed by that of
the red variety. It should, however, be observed that
these plants are dimorphic, and that the second union
was a legitimate one, whilst the first was illegitimate ;
but flowers illegitimately fertilised with their own pollen
yield a moderately fair supply of seeds,

We have hitherto considered only the prepotent
fertilising power of pollen from a distinet variety over
a plant’s own pollen,—both kinds of pollen being
placed on the same stigma. It is a mueh more re-
markable fact that pollen from another individual of
the same variety is prepotent over a plant’s own pollen,
as shown by the superiority of the seedlings raised
from a cross of this kind over seedlings from self-
fertilised flowers. Thus in Tables A, B, and C, there
are at least fifteen species which are self-fertile when
insects are excluded ; and this implies that their stigmas
must receive their own pollen ; nevertheless, most of
the seedlings which were raised by fertilising the non-
castrated flowers of these fifteen species with pollen
from another plant were greatly superior, in height,
weight, and fertility, to the self-fertilised offspring.*

* These fifteen species consistof — and lutea, Limnanthes d-wglull,
Brassica oleracea, Reseda odorata  Papaver vagum, Viscaria
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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
one of the former was much heavier than the latter.
With Papaver vagum, out of fifteen pairs, all but
two of the crossed plants were taller than their self-
fertilised opponents,  Of eight pairs of Lupinus luteus,
all but two of the crossed were taller; of eight pairs
of Beta vulgaris all but one ; and of fifteen pairs of Zea
mays all but two were taller. Of fifteen pairs of Lim-
nanthes douglasii, and of seven pairs of Lactuca sativa,
every single crossed plant was taller than its self-fer-
tilised opponent. It should also be observed that in
these experiments no particular care was taken to eross-
fertilise the flowers immediately after their expansion ;
it is therefore almost certain that in many of these
cases some pollen from the same flower will have
already fallen on and acted on the stigma,

There can hardly be a doubt that several other
species of which the crossed seedlings are more
vigorous than the self-fertilised, as shown in Tables A,
B, and €, besides the above fifteen, must have received
their own pollen and that from another plant at nearly
the same time ; and if so, the same remarks as those
just given are applicable to them. Scarcely any result
from my experiments has surprised me so much as this
of the prepotency of pollen from a distinet individual
over each plant’s own pollen, as proved by the greater
constitutional vigour of the crossed seedlings. The
evidence of preputenoy is here deduced from the

Bela vulgaris, Lupinus luteus,  Vandeltia aummularifolia, Lae-
Irmuu P ‘Wimna wItews, _ teea satica, und Zea mays,
Verbascum thapous,
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comparative growth of the two lots of seedlings: but
we have similar evidence in many cases from the
much greater fertility of the non-castrated flowers on
the mother-plant, when these received at the same time
their own pollen and that from a distinct plant, in
comparison with the flowers which received only their
own pollen.

From the various facts now given on the spontaneous
intercrossing of varieties growing near together, and on
the effects of cross-fertilising flowers which are self-
fertile and have not been castrated, we may conclude
that pollen brought by insects or by the wind from
a distinet plant will generally prevent the action of
pollen from the same flower, even though it may have
been applied some time before: and thus the inter-
crossing of plants in a state of nature will be greatly
favoured or ensured.

The case of a great tree covered with innumerable
hermaphrodite flowers seems at first sight strongly
opposed to the belief in the frequency of intercrosses
between distinet individuals. The flowers which grow
on the opposite sides of such a tree will have been
exposed to somewhat different conditions, and a cross
between them may perhaps be in some degree beneficial;
but it is not probable that it would be nearly so bene-
ficial as a cross between flowers on distinet trees, as we
may infer from the inefficiency of pollen taken from
plants which have been propagated from the same
stock, though growing on separate roots. The number
of bees which frequent certain kinds of trees when in
full flower is very great, and they may be seen flying
from tree to tree more frequently than might have
been expected. Nevertheless, if we consider how
numerous are the flowers, for instance, on a horse-
chestnut or lime-tree, an incomparably larger number
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of flowers must be fertilised by pollen brought from
other flowers on the same tree, than from flowers on a
distinet tree. But we should bear in mind that with
the horse-chestnut, for instance, only one or two of the
several flowers on the same peduncle produce a seed ;
and that this seed is the product of only one out of
several ovules within the same ovarium.  Now we know
from the experiments of Herbert and others* that if one.
flower is fertilised with pollen which is more efficient
than that applied to the other flowers on the same
peduncle, the latter often drop off'; and it is probable
that this would oceur with many of the self-fertilised
flowers on a large tree, if other and nd]ollung ﬁowen
were fertilised. Of the fl 1
by a great tree, it is almost certain '.hnnkrge
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 necessarily be derived from self-fertilised seeds.
But if the tree annually produced 50,000 flowers, of
which the self-fertilised dropped off’ without yielding
seeds, then the cross-fertilised flowers might yield
seeds in sufficient number to keep up the stock, and
most of the seedlings would be vigorous from being
the product of a cross between distinet individuals.
In this manner the production of a vast number of
flowers, besides serving to entice numerous insects and
to P for the accidental ion of many

flowers by spring-frosts or otherwise, would be a very
great advantage to the species; and when we behold

our orchard-trees covered with a white sheet of bloom

. '\ml.mmdatl)umﬂthhm, eh, xvil. 2ud odit. vol. i. p. 120.
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in the spring, we should not falsely accuse nature of
wasteful expendi though ively little fruit

is produced in the autumn.

ANEMOPHILOUS PLANTS. Cuar. X.

Anemophilous Plants—The nature and relations of
plants which are fertilised by the wind have been
admirably discussed by Delpino® and H. Miller; and
I have already made some remarks on the structnre of
their flowers in contrast with those of entomophilons
species. There is good reason to believe that the first
plants which appeared on this earth were eryptogamic ;
and judging from what now occurs, the male fertilising
element must either have possessed the power of spon-
taneous movement through the water or over damp
surfaces, or have been carried by currents of water to
the female organs. That some of the most ancient
plants, such as ferns, possessed true sexual organs there
can hardly be a doubt; and this shows, as Hildebrand
remarks,t at how early a period the sexes were separated.
As soon as plants became phanerogamic and grew on
the dry ground, if they were ever to intercross, it would
be indispensable that the male fertilising element
should be transported by some means through the
air; and the wind is the simplest means of transport.
There must also have been a period when winged
inseets did not exist,and plantswould notthen have been
rendered entomophilous. Even at a somewhat later
period the more specialised orders of the Hymenoptera,

* Delinc, It Ousersnzioni
sulla Dicogamia,’ part ii. fase. i.
1670; and ¢ sm.u oo  Lig:

i

Mitlr, Do’ Befruc
pp- 413, 442,
remark that plants must lave
been anemophilous before they
wero entomophilous. 1. Miller

furthor discussen in o very in-
teresting maner the
which entomophilous flowers bo-
came nectariferous and gradually
acquired their present structure
through  sucoessive  beneficial
¢ Dio Geschlechter-Vertheil-
ung,” 1867, pp. $1-40,
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Lepidoptera, and Diptera, which are now chiefly con-
cerned with the transport of pollen, did not exist.
Therefore the earliest terrestrial plants known to us,
namely, the Coniferse and Cyeadiw, no doubt were ane-
mophilous, like the existing species of these same
groups. A vestige of this early state of things is
likewise shown by some other groups of plants which
are anemophilous, as these on the whole stand lower
in the scale than entomophilous species,

There is no great difficulty in understanding how an
anemophilous plant might haye been rendered entomo-
philous. Pollen is a nutritious substance, and would
soon have been discovered and devoured by inseets;
and if any adhered to their bodies it would have been
carried from the anthers to the stigma of the same
flower, or from one flower to another. One of the chief
characteristies of the pollen of anemophilous plants
is its incoherence ; but pollen in this state can adhere
w the hairy bmhes of mmctu, as we see with some

and M ‘We have,
ho-en-r, ben,er 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 (Rhewm rhapontioum) is so far
in an intermediate condition, that I have seen many
Diptera sucking the flowers, with much pollen adhering
to their bodies; and yet the pollen is so incoherent,
that clouds of it are emitted if the plant be gently
shaken on a sunny day, some of which could hardly
fail to fall on the large stigmas of the neighbouring
flowers.  According to Delpino and H. Miller,* some
species of Plantago are in a similar intermediate
condition.

* ‘Die Befruchtung; &c. p. $42.
2p
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Although it is probable that pollen was aboriginally
the sole attraction to insects, and although many
plants now exist whose flowers are frequented exclu-
sively by pollen-devouring insects, yet the great
majority secrete nectar as the chief attraction. Many
years ago I suggested that primarily the saccharine
matter in nectar was excreted * as a waste product of
chemical changes in the sap; and that when the ex-
eretion happened to oceur within the envelopes of a
flower, 1t (was utilised for the 1mpommt ub)cct of

being subsequently much i
in quantity and stored in various ways. This view
is rendered probable by the leaves of some trees ex-
creting, under certain climatic conditions, without the
aid of special glands, a saccharine fluid, often called
honey-dew. This is the case with the leaves of the
lime; for althongh some authors have disputed the
fact, a most capable judge, Dr. Maxwell Masters,
informs me that, after having heard the discussions on
this subject before the Horticultural Society, he feels
no doubt on this head. The leaves, as well as the
cut stems, of the manna ash (Frazinus ornus) secrete
in a like manner saccharine matter.t According to
Treviranus, so do the upper surfaces of the leaves of
Carduus arctioides during hot weather. Many ana-
logous facts could be given.t There are, however,
a considerable number of plants which bear small
glands§ on their leaves, petioles, phyllodia, stipules,

Nectar was regarded by _§ A large number of cases are

De. Chnamte aod e
excngton, s sated by um.m
in*Anmol des S Not/ 1872, tom
xiv.p.

¥ et Chuon.? 1876, p, 4.

Kurr, * Untersuchungen iiber

die Bedeutung der Nektarien,”
1833, p. 115,

given by Delpino in the ‘Bul-
Ietino Entomologico, Anno vi.
1874. To these may be added
those given in my toxt, as well
as the excretion of siccharine
matter from the calyx of two
species of Iris, and from the brac-
few of certain Crehidese : sce Kurr,
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bractes, or flower peduncles, or on the outside of their
ealyx, and these glands secrete minute drops of a sweet
fluid, which is eagerly sought by sugar-loving insects
such as ants, hive-bees, and wasps. In the case of
the glands on the stipules of Vicia sativa, the excre-
tion manifestly depends on changes in the sap, con-
sequent on the sun shining brightly ; for I repeatedly
observed that as soon as the sun was hidden behind
clonds the secretion eceased, and the hive-bees left the
field; but as soon' as the sun broke out again, they
returned to their feast.* Thave observed an analogons
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

*Bedeutung der Nektarien,' 1833, of Prusu arium aro not deve-
PP- 25, 25, Bolt also refers (* Nie mu-mal; yet
. 224) to on the ves.
exeretion by many or- are thuse
chids and passion-tlowers. Mr. on the sermations of the bludes of
Rolgors has scen much nootar the same leaves, us shown
from the buses of the their and by
flower-pedunclesof Vanilla, Link forms; for the lowest sermtions
says that the only example of a mm&hdn-ﬁdll:‘-hm
o

externally at the base of  (harz).
tho Rowors of Chironia decussata: 1 published

e * on
clety,’ 1846, p. 855,
o 2
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£
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of humble-hecs nogloote
and visitod ouly the
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a8 true neetar-socreting glinds.
Mo further shows that the neotar-
worcting glands on the petioles
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against their enemies; but T have never seen any
reason to believe that this is so with the three species
observed by me, namely, Prunus laurocerasus, Vicia
sativa. and V. faba. No plant is so little attacked by
enemies of any kind as the common bracken-fern
(Pteris aquilina); and yet, as my son Francis has
discovered, the large glands at the bases of the fronds,
but only whilst young, excrete much sweetish fluid,
which is eagerly sought by innumerable ants, chiefly
belonging to Myrmica; and these ants certainly do
not serve as a protection against any enemy. Delpino
argues that such glands ought not to be considered as
excretory, because if they were so, they would be
present in every species; but I cannot see much force
in this argument, as the leaves of some plants excrete
sugar only during certain states of the weather. That
in some cases the secretion serves to attract insects as
defenders of the plant, and may have been developed
to a high degree for this special purpose, T have not
the least doubt, from the observations of Delpino,
and more especm]ly from those ot Mr. Belt on Acacia

sph cphala, and o i This acacia
l)kemse produces, as an adtlmunnl attraction to ants,
small bodies containing much oil and protoplasm, and
analogous bodies are developed by a Cecropia for the
same purpose, as described by Fritz Miller.*

The excretion of a sweet fluid by glands seated
outside of a flower is rarely utilised as a means for
eross-fertilisation by the aid of inseets; but this occurs
with the bractem of the Marcgraviacew. as the late

* Mr. Belt has given a_most
interesting account (*'The Natu-
ralist in Nicarugun, 1574, . 21)

the paramount imporiance of
Sute oo defenders. of the abovo
Acacia. With respect to the Ce-

eropia, see * Nature,’ 1876, p. 304.

son Francis has described the
‘microscopieal structure and deve-
lopment of these wonderful food-
Dodies in  paper read before the
Linnean Society.
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Dr. Criiger informed me from actual observation in the
‘West Indies, and as Delpino infers with much acuteness
from the relative position of the several parts of their
flowers,* Mr. Farrer has also 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 ealyx. It further appears probable
from the observations of Rev. W. A. Leighton, that the
fluid so abundantly secreted by glands on the phyllodia
of the Australian Acacia magnifiea, which stand near
the flowers, is connected with their fertilisation.}

The amount of pollen produced by anemophilous
plants, and the distance to which it is often trans-
ported by the wind, are both surprisingly great. Mr.
Hassall found that the weight of pollen produced by a
single plant of the bulrush (Typha) was 144 grains.
Bucketfuls of pollen, chiefly of Coniferm and Gra-
minewm, have been swept off the decks of vessels near
the North American shore; and Mr. Riley has seen
the ground near St. Louis, in Missouri, covered with
pollen, as if sprinkled with sulphur; and there was
good reason to believe that this had been transported
from the pine-forests at least 400 miles to the south,
Kerner has seen the snow-fields on the higher Alps

QUANTITY OF POLLEN.

Ult. Ouorvaz, Dioogunia;  spaces. 1 further sngsusted, f

this sugcestion lua since boen
truo. H. Miiller and Del-

m
Oehide; and in.a paper siibec-
‘published in the * Annals
and Mag. of Nat. Histor { it s
boen shown that atiouh ecrtain
Kinds of oreliids cotary,
0 novtar s acksally woretod by
it; but that insects penctrate the
innor wils and suck the fluid
contained in the interceliular

Jino have now shown thiat some
ather plante bave thickened
tals which are sucked or guaw
by insects, their fortilisation being
tihus alded. A1l the kuown facts
on this head have been collected
by Delpino in his *Ult. Osserv
part ii. fase, ii. 1875, pp. 59-63.
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similarly dusted ; and Mr. Blackley found numerons
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 un-
covered by a special mechanism. Tt is remarkable
that in these experiments there were on an average
nineteen times as many pollen-grains in the atmosphere
at the higher than at the lower levels.* Considering
these facts, it is not so surprising as it at first appears
that all, or nearly all, the stigmas of anemophilous
plants should receive pollen brought to them by mere
chance by the wind. During the early part of summer
every object is thus dusted with pollen; for instance,
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 canght by their
velvety surfaces.

The extraordinary quantity and lightness of the
pollen of anemophilous plants are no doubt both
necessary, as their pollen has generally to be carried
to the stigmas of other and often distant flowers ; for,
as we shall soon see, most anemophilous plants have
their sexes separated. The fertilisation of these plants
is generally aided by the stigmas being of large
size or plumose; and in the case of the Coniferw,
by the naked ovules secreting a drop of fluid, as
shown by Delpino.  Although the number of ane-

* For Mr. Hassall's observa- Kemer, ‘Die Schutzmittel des
Pollens; 1878, p. 6. This author

Ts also seen @ lake in the Tyrol

.’ . 1 . L

In the ¢ North American Journal

of Science. Jan. 1842, there is un

sconnt of the pollen, swept off
of a vessel. Riley,

i Rept on, tho Noxioos

Tnseets of Missouri,’ 1873, p. 86,

20 covered with pollen, that e
water no longer biue.
Hir. Blackley,  Exmerimental B
searches on Hay-fover, 1878,
. 152, 141-152,
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mophilous species is small, as the author just quoted
remarks, the number of individuals is large in com-
parison with that of entomophilous species. This
holds good espeeially in cold and temperate regions,
where insects are not so numerous as under a warmer
climate, and where consequently entomophilous plants
are less favourably situated. We see this in our
forests of Conifere and other trees, such as oaks,
beeches, birches, ashes, &e.; and in the Graminees,
Cyperacewm, 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
vigarous species of this kind abounding with individuals
should still exist in any part of the world ; for if they
had been rendered entomophilous, their pollen would
have been transported by the aid of the senses and
appetites of insects with incomparably greater safety
than by the wind. That such a conversion is possible
ean hardly be doubted, from the remarks lately mnde
on the exi of i diate forms; and

it has been effected in the group of willows, us we may
infer from the nature of their nearest allies.*

It seems at first sight a still more surprising fact
that plants, after having been once rendered entomo-
philous, should ever again have become anemophilous ;
but this has occasionally though rarely occurred, for
instance, with the common Poterium sanguisorba, as may
be inferred from its belonging to the Rosacew. Such .
cases are, however, intelligible, as almost all plants
require to be occasionally intercrossed; and if any
entomophilous species ceased to be visited by insects,
it would probably perish unless it were rendered

* H. Miiller, *Die Befruchtung,’ &c. p. 149.
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anemophilous. A plant would be neglected by insects
if nectar failed to be secreted, unless indeed a large
supply of attractive pollen was present; and from
what we have seen of the excretion of saccharine fluid
from leaves and glands being largely governed in
several cases by climatic influences, and from some
few flowers which do not now secrete nectar still
retaining coloured guiding-marks, the failure of the
secretion eannot be considered as a very improbable
event. The same result would follow to a certainty,
if winged insects ceased to exist in any district, or
became very rare. Now there is only a single
plant in the great order of the Crucifers, namely,
Pringlea, which is anemophilous, and this plant is
an inhabitant of Kerguelen Land,* where there
are hardly any winged insects, owing probably, as
was suggested by me in the case of Madeira, to
the risk which they run of being blown out to sea and
destroyed.

A remarkable fact with respect to anemophilous
plants is that they are often diclinous, that is, they are
either monacious with their sexes separated on the
same plant, or diecious with their sexes on distinet
plants. In the class Monwcia of Linnwus, Delpino
showst that the species of twenty-eight genera are

hil and of genera P
In the class Dimcia, the species of ten genera are
anemophilous and of nineteen entomophilous. The
larger proportion of entomophilous genera in this
latter class is probably the indirect result of insects
having the power of carrying pollen to another and
sometimes distant plant much more securely than the

* The E. Eato + *Stodi sopra un Ligna
‘P Buyllsou oL e 1675,  anemollo lells Comporite 1871:
P. 351
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wind. In the above two classes taken together there
are thirty-eight anemophilous and thirty-six ento-
mophllolul genera; whereas in the great st of
dite plants the proportion of
to enmmoyhxlous genem is extremely small. The
cause of this remarkable difference may be attributed
to anemophilous plants having retained in a greater
degree than the entomophilous a primordial condi-
tion, in which the sexes were separated and their
mutual fertilisation effected by means of the wind.
That the earliest and lowest members of the vegetable
kingdom had their sexes separated, as is still the case
to a large extent, is the opinion of a high authority,
Niigeli.* It is indeed difficult to avoid this con-
clusion, if we admit the view, which seems highly
probable, that the conjugation of the Alge and of
some of the simplest animals is the first step towards
sexual reproduction ; and if we further bear in mind
that a greater and greater degree of differentiation
between the cells which conjugate can traced,
thus leading apparently to the development of the
two sexual formst We have also seen that as
plants became more highly developed and affixed to
the ground, they would be compelled to be anemo-
philous in order to intercross. Therefore all plants
which have not since been greatly modified, would
tend still to be both diclinons and anemophilous; and
we can thus understand the connexion between these
two states, although they appear at first sight quite

+ +Entatebung und Degrifder Al Engsimann, «Vbar Ent.
naturhist. 65, p. 92, wickelung vou Infasorien,” * Mor-
Bt e e T plol. Juhrbuch,’ B. i.'p. 573,
this whole subject by O.  Also, Dr. A. Dodel,  Die Kraus:
otienit I le - S e dvs aar Algort Pringsheims Jabrb.
ersten Entwickelungsvorgingeder 1. wise, Dot B. x.
Eizclle,’ &. 1876, pp. 207-219,
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disconnected. If this view is correct, plants must have
been rendered hermaphrodites at a later though still
very early period, and entomophilous at a yet later
period, namely, after the development of wmged insects.
So that the relationship between h hroditism and
fertilisation by means of insects is likewise to a certain
extent intelligible.

‘Why the descendants of plants which were originally
diecious, and which therefore profited by always inter-
crossing with another individual, should have been
converted into hermaphrodites, may perhaps be ex-
plained by the risk which they ran, especially as long as
they were anemophilous, of not being always fertilised,
and consequently of not leaving offspring.  This latter
evil, the greatest of all to any organism, would have
been much lessened by their becoming hermaphrodites,
though with the contingent disadvantage of frequent
self-fertilisation. By what graduated steps an herma~
phrodite condition was acquired we do not know. But
we can see that if a lowly organised form, in which
the two sexes were represented by somewhat different
individuals, were to inerease by budding either before
or after conjugation, the two incipient sexes would
be capable of appearing by buds on the same stock,
as occasionally occurs with various characters at the
present day. The organism would then be in a
monecious 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 ;
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and some hermaphrodite plants, descended as we must
believe from aboriginally diclinous plants, have had
their sexes again separated. That this has occurred,
we may infer from the presence of rudimentary stamens
in the flowers of some individuals, and of rudimentary.
pistils in the flowers of other individuals, for example
in Lychnis dioica. But a conversion of this kind will
not have oceurred unless cross-fertilisation was already
assured, generally by the agency of insects; but why
the production of male and female flowers on distinct
plants should have been advantageous to the species,
cross-fertilisation having been previously assured, is
far from obvious. A plant might indeed produce twice
as many seeds as were necessary to keep up its numbers
under new or changed conditions of life ; and if it did
not vary by bearing fewer flowers, and did vary in the
state of its reproductive organs (as often occurs under
cultivation), a wasteful expenditure of seeds and pollen
would be saved by the flowers becoming diclinous.

A related point is worth notice. 1 remarked in my
Origin of Species that in Britain a much larger pro-
portion of trees and bushes than of herbaceous plants
have their sexes separated ; and so it is, according to
Asa Gray and Hooker, in North America and New
Zealand.* 1t is, however, doubtful how far this rule

the ‘London Cafa-
i Plants, that there
wo_ indignous treea
and bushes in Great_Brituin,
classed under nine familics; bu
to e on the safe side, I have
y six species of wil-
. OF the thirty-two trees and
Dushes, nineteen, or more than
half, hive their sexes separated
and’this s an enormous
hnn compared with other Brivieh
New Zealnd abounds
With diclinous plonts and tieea;

and Dr. Hooker ealulaien that
about 756 phancrogumie
rlmtu inkabiting the Tilands no
ess than 108
10§ o thiriy-ive fumilies. "8
these 108 trees, iwo, or
very nearly half, hn\e their sexes
Of bushes
of whiel sixty-
one have their sexes in the sam
"Wkl of tho remlning
500 herbaccous plants anly 121,
or less thun a fourth, have their
sexes separated.  Lastly, Prof,
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holds good generally, and it certainly does not do so
in Australia. But I have been assured that the flowers
of the prevailing Australian trees, namely, the
Myrtacew, swarm with insects, and if they are dicho-
gamous they would be practically diclinous.*  As far
as hil plants are d, we know that
they are apt to have their sexes separated, and we can
see that it would be an unfayourable circumstance for
them to bear their flowers very close to the ground, as
their pollen is liable to be blown high up in the air;t
but as the culms of grasses give sufficient eleyation,
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 distinct individual
being prepotent over the plant’s own pollen. Now the
separation of the sexes, whether the plant were anemo-
philous or entomophilous, would most effectually bar
self-fertilisation, and this may be the cause of so many
trees and bushes being diclinous. Or to put the case
in another way, a plant would be better fitted for
development into a tree, if the sexes were separated,
than if it were hermaphrodite ; for in the former case
its numerous flowers would be less liable to continued

Asa Gray informs me that in the
Thited States there are 112 nativo
trees (belonging to twenty-five
families) of whioh ninety-five (bos
nging to soventeen families)
“h-va their, sexes moro o luss
the greater part
damded.ly lc;mmml z
With respect to the Proteacem
usty Beuthnm Te-

vol. xiil. 1871, pp. 38, 64) on the
various contriyances by whick tho

stizma in_the several genera. is
serconed from the setion of the
pollen from the same flow
instance, in Synaphea tllc xugm-
is held by the cunuch (i.e. one
of the stumens which is barren)
safe from all pollution from her
Drother anthers, and is proserved
intact for auy pollen that may be
inserte | by insccts and otber
age\mlea"

Kerjer, ¢ Sclutznittel dos
Pollens,’ 1873, p. +.
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self-fertilisation. But it should also be observed that
the long life of a tree or bush permits of the separation
of the sexes, with much less risk of evil from impreg-
nation occasionally failing and seeds not being pro-
duced, than in the case of short-lived plants. Hence
it probably is, as Lecoq has remarked, that annual
plants are rarely diccious.

Finally, we have seen reason to believe that the
higher plants are descended from extremely low forms
which conjugated, and that the conjugating indi-
viduals differed somewhat from one another,—the one
representing the male and the other the female—so
that plants were aboriginally dimcious. At a very
early period such lowly organised dimcious plants
probably gave rise by budding to monweious plants
with the two sexes borne by the same individual ; and
by a still closer union of the sexes to hermaphrodite
plants, which are now much the commonest form.*
As soon as plants became affixed to the ground, their
pollen must have been carried by some means from
flower to flower, at first almost certainly by the wind,
then by pollen-devouring, and afterwards by nectar-
seeking insects. During subsequent ages some few
entomophilous plants have been again rendered anemo-
philous, and some hermaphrodite plants have had their
sexes again separated; and we can vaguely see the
advantages of such recurrent changes under certain
conditions, ;

Dicecious plants, however fertilised, have a great

* There is a considerable duals, which represented the two
amount of evidence that all the incipient sexes. On this view, the
higher animals aro tho descend-  higher animals may now owe
ants of hermaplirodites; and it is  their bilateral structure, with all
@ corions problem whether such  their organs double at an early
hermaphroditism. may not lave  embryonie period, to the fusion

been the resnlt of the conjugation  or eonjugation of two primordial
of two slightly different indivi- individuals.
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advantage over other plants in their cross-fertilisation
being assured. But this advantage is gained in the
case of anemophilous species at the expense of the
production of an fluity of pollen, with
some risk to them and to entomophllous species of
their fertilisation occasionally failing. Half the in-
dividuals, moreover, namely, the males, produce no
seed, and this might possibly be a disadvantage.
Delpino remarks that dicecious plants cannot spread so
easily as monccious and hermaphrodite species, for a
single individual which happened to reach some new
site could mot propagate its kind; but it may be
doubted whether this is a serious evil. Monecious
plants can hardly fail to be to a large extent diecious
in function, owing to the lightness of their pollen and
to the wind blowing laterally, with the great addi-
tional ad ionally or often prod
some self-fertilised seeds.  When they are also di-
chogamous, they are necessarily dicecious in funetion.
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 eross-fertilisation. When their

bsolutely prevents self-fertilisation, they are
in the same relative position to one another as
monecious or dicecious plants, with what may be an
advantage, namely, that every flower is capable of
yielding seeds.

@ The Complete Work of Charles Darwin Online




Citar. XL HABITS OF INSECTS. 415

CHAPTER XT.

Twe Hawrrs oF INsecTs 1N neLATIoN 710 THE Frnrnsarios or
Frowens.

Tnsects visit the flowers of the samo spocies as lang as they cnn — Cauzo
of this habit—Menus by which bees recognise the flowers of the
same species—Sudden seeretion of nectar—Nectar of certain flowers
unattractive to eertain insects—Industry of bees, and the number
of flowers visited within o short time—Perforation of the corolla
by bees—Skill shown in the operstion—Hive-bees profit by the
holes made by hamblo-boos—Effocts of habit—Tho motive for per-
forating flowers to save time—Flowers growing in crowded masses
chiefly perforated.

Brps and various other insects must be directed by
instinct to search flowers for nectar and pollen, as
they act in this manner without instruction as soon as
they emerge from the pupa state. Their instincts,
however, are not of a specialised nature, for they visit
many exotic flowers as readily as the endemic kinds,
and they often search for nectar in flowers which do
not secrete any ; and they may be seen attempting to
suck it out of nectaries of such length that it cannot
be reached by them.* All kinds of bees and certain
other insects usually visit the flowers of the same species
as long as they can, before going to another species.
This fact was observed by Aristotle with respect to the

oo, on this eutiet, L. Mil Hymenopters hiave fuherited from
ler, * Befruch p. 427;  some early nectur-sucking pro-
bl Rl T ooty el genitor skill_in robbing
mnmﬁm So. p.20. Miller n;-;:; e that ulillnh s dis-

gos (Bioien Zeitung Juno insects Lelonging to
o p i for his  the other Orders, %
U s et ‘many other
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hive-bee more than 2000 years ago, and was noticed
by Dobbs in a paper published in 1736 in the Philo-
sophical Transactions. It may be observed by any
one, both with hive and humble-bees, in every flower-
garden; not that the habit is invariably followed. Mr.
Bennett watched for several hours* many plants of
Lamium album, L. purpurewm, and another Labiate
plant, Nepeta glechoma, all growing mingled together
on a bank near some hives; and he found that each
bee confined its visits to the same species. The pollen
of these three plants differs in colour, so that he was
able to test his observations by examining that which
adhered to the bodies of the captured bees, and he
found one kind on each bee.

Humble and hive-bees are good botanists, for they
know that varieties may differ widely in the colour of
their flowers and yet belong to the same species. T
have repeatedly seen humble-bees flying straight from
a plant of the ordinary red Dictamnus frazinella to a
white variety; from one to another very differently
coloured  variety of Delphinium consolida and of
Primula veris ; from a dark purple to a bright yellow
variety of Viola tricolor ; and with two species of
Papaver, from one variety to another which differed
much in colour; but in this latter case some of the
bees flew indifferently to either species, although pass-
ing by other genera, and thus acted as if the two spe-
cies were merely varieties. H. Miller also has seen
hive-bees flying from flower to flower of Ranuneulus
bulbosus and arvensis, and of Trifolium fragiferum
and repens; and even from blue hyacinths to blue
violets.t

Some species of Diptera or flies keep to the flowers

* ¢Nature, 1874, June 4th, 'r & Bienen Zeltung! July 1876,
p.92.
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of the same species with almost as much regularity as
do bees; and when captured they are found covered
with pollen. 1 have seen Rhingia rostrata acting in
this manner with the flowers of Lychuis dioica, Ajuga
reptans, and Vicia sepium. Volucella plumosa and Empis
cheiroptera flew straight from flower to flower of Myosotis
sylvatica.  Dolichopus nigripennis behaved in the same
manner with Polentilla tormentilla ; and other Diptera
with Stellaria holostea, Helianthemum vulgare, Bellis
perennis, Veronica hederafolia and chamasdrys ; but some
flies visited indifferently the flowers of these two latter
species.  Thave seen more than once a minute Thrips,

, with pollen adhering to its body, fly from one flower to

another of the same kind; and one was observed by
me crawling about within a convolvalus with four
grains of pollen adhering to its head, which were
deposited on the stigma.

Fabricius and Sprengel state that when flies have
once entered the flowers of Aristolochia they never
escape,—a statement which I could not believe, as in
this case the insects would not aid in the eross-fertili-
sation of the plant; and this statement has now been
shown by lhlrlulxnunl to be erroneous. As the spathes
of Arum are fu with fil appa-
rently adapted to prevent the exit of insects, they
resemble in this respect the flowers of Aristolochia; and
on examining several spathes, from thirty to sixty
minute Diptera belonging to three species were found
in some of them ; and many of these insects were lying
dead at the bottom, as if they had been permanently
entrapped. In order to discover whether the living
ones could escape and carry pollen to another plant, I
tied in the spring of 1842 a fine muslin bag tightly
round a spathe; and on returning in an hour's time
several little flies were crawling about on the inner

25
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surface of the bag. I then gathered a spathe and
breathed hard into it; several flies soon crawled out,
and all without exception were dusted with arum pollen.
These flies quickly flew away, and I distinetly saw
three of them fly to another plant about a yard off;
they alighted on the inner or concave surfuce 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 stigmas.

1 do not know whether Lepidoptera generally keep
to the flowers of the same species; but I once observed
many minute moths (I believe Lampronia (Tinea)
calthella) apparently eating the pollen of Mercurialis
annua, and they had the whole front of their bodies
covered with pollen. 1 then went to a female plant
some yards off, and saw in the course of fifteen minutes
three of these moths alight on the stigmas. Lepidoptera
are probably often induced to frequent the flowers of the
same species, whenever these are provided with a long
and narrow nectary, as in this case other insects cannot
suck the nectar, which will thus be preserved for those
having an elongated proboscis. No doubt the Yucea
moth* visits only the flowers whenee its name is de-
rived, for a most wonderful instinet guides this moth
to place pollen on the stigma, so that the ovules may be
developed on which the larve feed. With respect to
Coleoptera, I have seen Meligethes covered with pollen
flying from flower to flower of the same species; and

* Desoribed by Mr, Riley in the ¢ American Naturalist,’ vol. vii.
Qct. 1878,
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this must often occur, as, according to M. Brisout,
“many of the species affect only one kind of plant.” *

It must not be supposed from these several statements
that insects strictly confine their visits to the same
species. They often visit other species when only a
few plants of the same kind grow near together. In a
flower-garden containing some plants of (Enothera, the
pollen of which can easily be recognised, I found not
only single grains but masses of it within many flowers
of Mimulus, Digitalis, Antirrhinum, and Linaria.
Other kinds of pollen were likewise detected in these
same flowers. A large number of the stigmas of a plant
of Thyme,in which the anthers were completely aborted,
were examined; and these stigmas, though scarcely
larger than a split needle, were covered not only with
pollen of Thyme brought from other plants by the bees,
but with several other kinds of pollen.

That insects should visit the flowers of the same
species as long as they can, is of great importance
to the plant, as it favours the cross-fertilisation of
distinet individuals of the same species; but no one
will suppose that insects actin this manner for the good
of the plant. The cause probably lies in insects being
thus enabled to work quicker; they have just learnt
how tostand in the best position on the flower, and how
far and in what direction to insert their proboscides.
They act on the same principle as does an artificer
who has to make half-a-dozen engines, and who saves
time by making consecutively each wheel and part for
all of them. Insects, or at least bees, seem much in-
fluenced by habit in all their manifold operations ; and

* Asquoted in ‘ American Nat.  conclusion with respect to the

May 1878, p. 270. canso of inseots frequenting as
i ong sthey ean the flowersof the

o0 romar
witton. T fnd that 1. Ml o sproes: * Bicnen Zeitung,
. Coma to almost exactly the same  July 1876, p. 182.
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we shall presently see that this holds good in their
felonious practice of biting holes through the corolla.
It is a curious question how bees recognise the flowers
of the same species. That the coloured corolla is the
chief guide eannot be doubted. On a fine day, when
hive-bees were incessantly visiting the little blue flowers
of Lobelia erinus, I cut off all the petals of some, and
only the lower striped petals of others, and these flowers
were not once again sucked by the bees, although some
actually crawled over them. The removal of the two
little upper petals alone made no difference in their
visits. Mr. J. Anderson likewise states that when he re-
moved the corollas of the Calceolaria, bees never visited
the flowers.*  On the other hand, in some large masses of
Geranium phaum which had escaped out of a garden, I
observed the unusual fact of the flowers continuing to
secrete an abundance of nectar after all the petals had
fallen off ; and the flowers in this state were still visited
by humble-bees.  But the bees might have learnt that
these flowers with all their petals lost were still worth
visiting, by finding nectar in those with only one or
two lost. The colour alone of the corolla serves as
an approximate guide: thus I watched for some time
lumble-bees which were visiting exclusively plants of

* + Gardeners' Chronicle,’ 1853,
p. 584 Kurr cut off the neef

rom & large number of flowers of
severl species, and found that
he groator number yieldod soods:

but insects probably would not
perceive the loss of the nectary
until they had inserted their pro-
boscides into the holes thus

fertilise the flowers
ed the whole coralla from &
considerable. number of flowers,
and these likewise yielded sced<.
Fiowers which aro. self-fertile

would naturally produce sceds
under these eircumstances: but 1
am greatly surprced s Delphi-
nium cons us an-
other species of Delrbmmm, and
Viola_triealor, should have

duoed a fir supply of seeds when
thus treated ; but it does not np-
pear that ho compared the nunsber
of the seeds thus produced with
those yioldod by unmutiluted
flowers left to the froe nccess of
insects: *Bodoutung der Nok-
tarien,’ 1838, pp. 123-155.
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the white-fl d Spiranth lis, growing on
short turf at a considerable distance apart; and these
bees often flew within a few inches of several other
plants with white flowers, and then without further ex-
amination passed onwards in search of the Spiranthes.
Again, many hive-bees which confined their visits to the
common ling (Calluna vdgaris), repeatedly flew towards
Eriea tetraliz, evidently attracted by the nearly similar
tint of their flowers, and then instantly passed on in
search of the Calluna.

That the colour of the flower is not the sole guide, is
clearly shown by the six cases above given of bees
which repeatedly passed in a direct line from one
variety to another of the same species, although they
bore very differently coloured flowers. T observed also
bees flying in a straight line from one clump of a yellow-
flowered (Enothera to every other clump of the same
plant in the garden, without turning an inch from
their course to plants of Eschscholtzia and others with
yellow flowers which lay only a foot or two on either
side. In these cases the bees knew the position of each
plant in the garden perfectly well, as we may infer by
the directness of their flight; so that they were guided
by experience and memory. But how did they discover
at first that the above varieties with differently coloured
flowers belonged to the same species? Improbable as
it may appear, they seem, at least sometimes, to recog-
nise plants even from a distance by their general
aspect, in the same manner as we should do. On three
oceasions 1 observed humble-bees flying in a perfectly
straight line from a tall larkspur (Delphinium) which
was in full flower to another plant of the same species
at the distance of fifteen yards which had not as yet a
single flower open, and on which the buds showed only
a faint tinge of blue. Here neither odour nor the
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memory of former visits could haye 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 neetar is
at the same time secreted, together perhaps with
some odour emitted. I watched for a fortnight many
times daily a wall covered with Linaria cymbalaria
in full flower, and never saw a bee even looking at
one. There was then a very hot day, and suddenly
many bees were industriously at work on the flowers,
It appears that a certain degree of heat is necessary for
the secretion of nectar; for I observed with Lobelia
erinus that if the sun ceased to shine for only half an
hour, the visits of the bees slackened and soon ceased.
An analogous fact with respect to the sweet excretion
from the stipules of Vicia sativa has been already
given. As in the case of the Linaria, so with Pedicu-
laris sylvatica, Polygala vulgaris, Viola tricolor, and some
species of Trifolium, I have watched the flowers day
after day without seeing a bee at work, and then sud-
denly all the flowers were visited by many bees. Now
how did so many bees discover at once that the flowers
were secreting nectar ? I presume that it must have been
by their odour; and that as soon as a few bees be;
to suck the flowers, others of the same and of different
kinds observed the fact and profited by it. We shall
presently see, when we treat of the perforation of the
corolla, that bees are fully capable of profiting by the

o fast mentioned by H. - fiowors of thelongatyled orm, in
Miiller (*Die Befruchtung,’ &e.,  which the ant

thers
P. $47) shows that bees down fn the knhuhr el
neufo powers of vision and dis-  the difference in aspoct
orimination ; for those en) din  the long-styled and llmﬂ-dylul
culleoting palien from Primuia  forms i extromely light:

elatior invariably passed by the
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labour of other species. Memory also comes into play,
for, as already remarked, bees know the position of
each elump of flowers in a garden. I have repeatedly
seen them passing round a corner, but otherwise in as
straight a line as possible, from one plant of Fraxinella
and of Linaria to another and distant one of the same
species ; although, owing to the intervention of other
plants, the two were not in sight of each other.

It would appear that either the taste or the odour of
the nectar of certain flowers is unattractive to hive or to
humble-bees, or to both ; for there seems no other reason
why certain open flowers which secrete nectar are not
visited by them. The small quantity of nectar secreted
by some of these flowers can hardly be the cause of
their neglect, as hive-bees search eagerly for the minute
drops on the glands on the leaves of the Prunus lauro-
cerasus.  Even the bees from different hiyes sometimes
visit different kinds of flowers, as is said to be the case
by Mr. Grant with respect to the Polyanthus and Viola
tricolor.* 1 have known humble-bees to visit the flowers
of Lobelia fulgens in one garden and not in another at
the distance of onlya few miles. The cupful of nectar
in the labellum of Epipactis latifolia is never touched
by hive- or humble-bees, although I have seen them
flying close by; and yet the nectar has a pleasant
taste to us,and is habitually consumed by the common
wasp. As far as I have seen, wasps seek for nectar in
this country only from the flowers of this Epipactis,
Serophularia aquatica, Symphoricarpus racemosa,t and
Tritoma; the two former plants being endemie, and
the two latter exotic. As wasps are so fond of sugar

* \ Gard. Cheon” 1844, p. 974, throo plants are ulone visted by

+ The same fiot apparntly wasps: * Nettarii Bstranuziali,
holds guod in Italy, for EXI ino nmum Fntomologico, anno vi.
says tout the Sovers of thes
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and of any sweet fluid, and as they do not disdain the
minute drops on the glands of Prunus lawrocerasus, it
is a strange fact that they do not suck the nectar of
many open flowers, which they could do without the
aid of a proboscis. Hive-bees visit the flowers of
the Symphoricarpus and Tritoma, and this makes it all
the stranger that they do not visit the flowers of
the Epipactis, or, as far as T have seen, those of the
Seroplularia aquatica ; although they do visit the
flowers of Serophularia nodosa, at least in North
America.*

The extraordinary industry of bees and the number
of flowers which they visit within a short time, so that
each flower is visited repeatedly, must greatly increase
the chance of each receiving pollen from a 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-
dustrionsly and effectually, that even in the case of
social plants, of which hundreds of thousands grow
together, as with the several kinds of heath, every
single flower is visited, of which evidence will presently
be given. They lose no time and fly very quickly
from plant to plant, but I do not know the rate at
which hive-bees fly. Humble-bees fly at the rate of
ten miles an hour, as I was able to ascertain in the case
of the males from their curious habit of calling at

* *Billiman’s American Journal of Science,’ Aug. 1871.
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certuin 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 o 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 Dictamnus
frazinella were observed on the 15th of June 1841 during
ten minutes ; they were visited by thirteen humble-bees
each of which entered many flowers. On the 22nd the
same flower-stalks were visited within the same time by
eleven humble-bees. This plant bore -altogether 280
flowers, and from the above data, taking into con-
sideration how late in the evening humble-bees work,
cach flower must have been visited at least thirty times
daily, and the same flower keeps open during several
days. The frequency of the visits of bees is also some-
times shown by the manner in which the petals are
scratched by their hooked tarsi; Thave seen large beds
of Mimulus, Stachys, and Lathyrus with the beauty
of their flowers thus sadly defaced.

Perforation of the Corolla by Bees—1 have already
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alluded to bees biting holes in flowers for the sake of
obtaining the nectar. They often act in this manner,
both with endemic and exotic species, in many parts of
Europe, in the United States, and in the Himalaya;
and therefore probably in all parts of the world. The
plants, the fertilisation of which actually depends on
insects entering the flowers, will fail to produce seed
when their nectar is stolen from the ontside; and even
with those species which are capable of fertilising
themselves without any aid, there can be no cross-
fertilisation, and this, as we know, is a serious evil
in most cases. The extent to which humble-bees
carry on the practice of biting holes is surprising : a
remarkable case was observed by me near Bourne-
mouth, where there were formerly extensive heaths.
I took a long walk, and every now and then gathered
a twig of Erica tetraliz, and when I had got a handful
all the flowers were examined through a lens. This
process was repeated many times; but though many
hundreds were examined, I did not succeed in finding
a single flower which had not been perforated.
Humble-bees were at the time sucking the flowers
through these perforations. On the following day a
large number of flowers were examined on another
heath with the same result, but here hive-bees were
sucking through the holes. This case is all the
more remarkable, as the innumerable holes had been
made within a fortnight, for before that time I saw the
bees everywhere sucking in the proper manner at the
mouths of the corolla. In an extensive flower-garden
some large beds of Salvia grahami, Stachys coccinea,
and  Pentstemon argutus (?) had every flower per-
forated, and many scores were examined. I have seen
whole fields of red clover (Trifolium pratense) in the
same state. Dr. Ogle found that 90 per cent. of the
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flowers of Salvia glutinosa had been bitten. In the
United States Mr. Bailey says it is difficult to find a
blossom of the native Gerardia pedicularia without a
hole in it; and Mr. Gentry, in speaking of the intro-
duced Wistaria sinensis, says “ that nearly every flower
had been perforated.”*

As far as I have seen, it is always humble-bees which
first bite the holes, and they are well fitted for the work
by 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 un abundant supply of nectar in the nectary
of Tropwolum tricolor, yet 1 have found this plant
untouched in more than one garden, while the flowers
of other plants had been extensively perforated ; but
@ few years ago Sir J. Lubbock’s gardencr assured
me that he had seen humble-bees boring through
the nectary of this Tropeolum. Miller has observed
bumble-bees trying to suck at the mouths of the
flowers of Primula elatior and of an Aquilegia, and,

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
corol

Dr. W. Ogle hu communicated to me a curious case.
vhw".'!u‘l‘)“l)ﬁl“p‘.' 27, n.ul:: ::‘. R 1%
* American Naturalist,' Nov, 1875,
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He gathered in Switzerland 100 flower-stems of the
common blue variety of the monkshood (Aconitum
napellus), and not a single flower was perforated; he
then gathered 100 stems of a white variety growing
close by, anrl every one of the > open flowers had been

is in the state of
the flowers may be attributed with much probability
to the blue variety being distasteful to bees, from the
presence of the acrid matter which is so general in the
Ranunculacese, and to its absence in the white variety
in correlation with the loss of the blue tint. Accord-
ing to Sprengel,* this plant is strongly proterandrous ;
it would therefore be more or less sterile unless bees
carried pollen from the younger to the older flowers.
Consequently the white variety, the flowers of which
were always bitten instead of being properly entered
by the bees, would fail to yield the full number
of seeds and would be a comparatively rare plant,
as Dr. Ogle informs me was the case.

Bees show much skill in their manner of working,
for they always make their holes from the outside
close to the spot where the nectar lies hidden within
the corolla.  All the flowers in a large bed of Stachys
coceinea had either one or two slits made on the upper
side of the corolla near the base. The flowers of a
Mirabilis and of Salvia coccinea were perforated in the
siume manner ; whilst those of Salvia grahami, in which
the calyx is much elongated, had both the calyx and the
corolla invariably perforated. The flowers of Pentstemon
argutus are broader than those of the plants just named,
and two holes alongside each other had here always
been made just above the calyx. In these several cases
the perforations were on the upper side, but in Antir-

* *Das Entdeckte,’ &o. 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 seereted.

But the most remarkable case of skill and judgment
known to me, is that of the perforation of the flowers of
Lathyrus syleestris, as deseribed 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 nataral rounded
passages or orifices are left in the tube near the base,
in order that the nectar may be reached by the bees.
Now my son found in sixteen out of twenty-four flowers
on this plant, and in eleven out of sixteen of those on
the cultivated everlasting pea, which is either a variety
of the same species or a closely allied one, that the
left passage was larger than the right one. And here
comes the remarkable point,—the humble-bees biteholes
through the standard-petal, and they always operated
on the left side over the passage, which is generally
the larger of the two. My son remarks : “ It is difficult
to say how the bees could have acquired this habit.
Whether they discovered the meqnnl«uy in the size of
the nectar-holes in sucking the flowers in the proper
way, and then utilised this knowledge in
where to gnaw the hole; or whether they found out
the best situation by bit.ing 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. 8, 1874, p. 129

@ The Complete Work of Charles Darwin Online



430 HABITS OF INSECTS. Ciar. XL

kinds to their having long practised the instinct of
moulding cells and pots of wax, or of enlarging their
old cocoons with tubes of wax: for they are thus
compelled to work on the inside and outside of the
same object. L

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 ‘mouths
of the flowers. But one day T found several humble-
bees employed in eutting 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 ealyx, and
sucked through the holes which had been made only
the day before by the humble-bees; and they econ-
tinued this habit for many following days.® Mr. Belt
has communicated to me (July 28th, 1874) a similar
case, with the sole difference that less than half of the
flowers had been perforated by the humble-bees;
nevertheless, all the hive-bees gave up sucking at the
mouths of the flowers and visited exclusively the bitten
ones.  Now how did the hive-bees find out so quickly
that holes had been made ? Instinet seems to be out.
of the question, as the plant is an exotic. The holes
cannot be seen by bees whilst standing on the wing-
petals, where they had always previously alighted.
From the ease with which bees were deceived when the
petals of Lobelia erinus were cut off, it was clear that
in this case they were not guided to the nectar by its
smell; and it may be doubted whether they were

* *Gard. Chron.” 1857, p. 725,
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attracted to the holes in the flowers of the Phaseolus
by the odour emitted from them. Did they perceive
the holes by the sense of touch in their proboscides,
whilst sucking the flowers in the proper manner, and
then reason that it would save them time to alight on
the outside of the flowers and use the holes? This
seems almost too abstruse an act of reason for bees:
and it is more probable that they saw the humble-bees
at work, and understanding what they were about,
imitated them and took advantage of the shorter path
to the nectar. Even with animals high in the scale,
such as monkeys, we should be surprised at hearing
that all the individuals of one species within the
space of twenty-four hours understood an act per-
formed by a distinct species, and profited by it.

I have repeatedly observed with varions kinds
of flowers that all the hive and humble-bees which
were sucking through the perforations, flew to them,
whether on the upper or under side of the corolla,
without the least hesitation; and this shows how
quickly all the individuals within the district had
acquired the same knowledge. Yet habit comes into
play to a certain extent, as in so many of the other
operations of bees. Dr. Ogle, Messrs. Farrer and
Belt have observed in the case of Phaseolus multiflorus®
that certain individuals went exclusively to the per-
forations, while others of the same species visited
only the mouths of the flowers. I noticed in 1861
exactly the same fact with Zifolium pratense. 8o per-
sistent is the force of habit, that when a bee which is
visiting perforated flowers comes to one which has not
been bitten, it does not go to the mouth, but instantly

* Dr. *Pop, Selonco Re-  Hist? dth series, vol, fi. 1568, p.
viow, April 1870, p. 107. Mr. 238, Mr, Bolt in' o loiter to me.
Fareer, ¢ Aunala aud Hiag, of Nat.
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flies away in search of another bitten flower. Never-
theless, I ouce saw a humble-bee visiting the hybrid
Rhododendron azaloides, and it entered the mouths
of some flowers and cut holes into the others. Dr.
H. Miller informs me that in the sume district he has
seen some individuals of Bombus mastrucatus boring
through the calyx and corolla of Rhinanthus alectero-
lophus, and others through the corolla alone. Different
species of bees may, however, sometimes be observed
acting differently at the same time on the same plant.
I have seen hive-bees sucking at the mouths of the
flowers of the common bean ; humble-bees of one kind
sucking through holes bitten in the calyx, and humble- -
bees of another kind sucking the little drops of fluid
excreted by the stipules. Mr. Beal of Michigan
informs me that the flowers of the Missouri currant
(Ribes aureum) abound with nectar, so that children
often suck them; and he saw hive-bees sucking
through holes made by a bird, the oriole, and at the
same time humble-bees sucking in the proper manner
at the mouths of the flowers.* This statement about
the oriole calls to mind what I have before said of
certain species of humming-birds boring holes through
the flowers of the Brugmansia, whilst other species
entered by the mouth,

The motive which impels bees to gnaw holes through
the corolla seems to be the saving of time, for they
lose much time in climbing into and out of large
flowers, and in forcing their heads into closed ones.
They were able to visit nearly twice as many flowers,
as far as I could judge, of a Stachys and Pentstemon

* The flowers of the Ribes are  through and ven flowers
liwever somtiies porfonded by - of, thee hone m a o mingler
humble- baa,nnerB\mflyn ist,’ 1876, p.

that they were able to bite P
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the proper way. Nevertheless each bee before it
has had much pretice, must lose some time in
L making each new perforation, especially when the per-
foration has to be made through both ealyx and

working for the good of other members of the com-
munity, may here likewise play a part?

Many years ago I was struck with the fact that
humble-bees as a general rule perforate flowers only
when these grow in large numbers near together. In
a garden where there were some very large beds of
Stachys coocinea and of Pentstemon argutus, every single
flower was perforated, but I found two plants of the
former species growing quite separate with their petals
much scratched, showing that they had been frequently
visited by bees, and yet not a single flower was
perforated, I found also a separate t of the
Pentstemon, and saw bees entering the mouth of the
corolla, and not u single flower had been perforated. In
the following year (1842) I visited the same garden
several times : on the 19th of July humble-bees were
sucking the flowers of Stachys coccinea and Sulvia
grahami in the proper manner, and none of the corollas
were perforated.  On the Tth of August all the flowers
were perforated, even those on some fow plants of the
Salvia which grew at a little distance from the great
bed. On the 2lst of August only a few flowers on the
summits of the spikes of both species remained fresh,
and not one of these was now bored. Again, in my own
garden every plant in several rows of the common bean

2r
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had many flowers perforated ; but I found three plants
in separate parts of the garden which had sprung up
accidentally, and these had not a single flower per-
forated. General Strachey formerly saw many per-
forated flowers in a garden in the Himalaya, and he
wrote to the owner to inquire whether this relation
between the plants growing crowded and their per-
foration by the bees there held good, and was answered
in the affirmative. Hence it follows that the red
‘lover (Trifolium pratense) and the common bean when
cultivated in great masses in fields,—that Erica tetraliz
growing in large numbers on heaths,—rows of the
scarlet kidney-bean in the kitchen-garden,—and masses
of any species in the flower-garden,—are all eminently
liable to be perforated.

The explanation of this fact isnot difficult. Flowers
growing in large numbers afford a rich booty to the
bees, and are conspicuous from a distance. They are
consequently visited by crowds of these insects, and T
once counted between twenty and thirty bees flying
about a bed of Pentstemon. They are thus stimulated
to work quickly by rivalry, and, what is much more
important, they find a large proportion of the flowers,
as suggested by my son,* with their nectaries sucked
dry. They thus waste much time in searching many
empty flowers, and are led to bite the holes, so as
to find out as quickly as possible whether there is any
nectar present, and if so, to obtain it.

Flowers which are partially or wholly sterile unless
visited by insects in the proper manmer, such as
those of most species of Salvia, of Trifolium pratense,
Phaseolus multiflorus, &e., will fail more or less com-
pletely to produce seeds if the bees confine their visits

* ¢Nature, Jan. 8, 1874, p. 189,
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to the perforations. 'l'hpnﬁuuhdbnudth“-ﬁ

vigorous. Therefore all plants

must suffer in some degree when bees obtain their nectar

in a felonious manner by biting holes through the

corolla; umlmylpmitmghbolhmgh.wmld
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qu.ihhrmn. anlmtnlmhnhll;peﬁmwl.
fower individuals will be reared, and if its nectar is
highly important to the bees, these in their turn will
suffer and decrease in number ; but, what is much more
effective, as soon as the plant becomes somewhat
rure 0 a8 not to grow in crowded masses, the bees
will no longer be stimulated to gnaw holes in the
flowers, but will enter them in a legitimate manner.
More seed will then be produced, and the seedlings
being the product of eross-fertilisation will be vigorous,
so that the species will tend to inerease in number, to
be again checked, as soon as the plant again grows in
crowded musses.
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CHAPTER XIIL
GexEnar Resvurs.

sation proved to bo bencficial, and self-fertilisation in-
jurious—Allicd species differ greatly in the means by which croes-
Tertilisation is fuvoured and sell-ferilisation avolded—The beneilts
and exilsof the two pi
i 1 o 671 ebota ok
B toteoa it mc.—w-mmmnmmmm-m:
plants are subjocted when growing near togother in a state of naturo
or under culture, and: the cfects of such conditions—Theorctieal
respect to sexual
Jements—Practieal k Genesis of the two Close corre-
spondence between the effects of eross-fertilisation and self-fertilisn-
tion, and of the legitimate wnd illogitimate unions of heterostyled
plants, in comparison with hybrid unions.

THE first and most important of the conclusions which
may be drawn from the observations given in this
volume, is that cross-fertilisation is generally beneficial,
and self-fertilisation injurious. This is shown by the
difference in height, weight, constitutional vigour, and
fertility of the offspring from crossed and self-fertilised
flowers, and in the number of seeds produced by the
parent-plants. With respect to the second of these two
propositions, namely, that self-fertilisation is generally
injurious, we have abundant evidence. The structure
of the flowers in such plants as Lolielia ramosa, Digitalis
purpurea, &e., renders the aid of insects almost indis-
pensable for their fertilisation: and bearing in mind
the prepotency of pollen from a distinet individual
over that from the same individual, such plants will
almost certainly ln;vn- been crossed during many or

@ The Complete Waork of Charles Darwin Online




Cwar. XIL GENERAL RESULTS, 437

all previous generations. So it must be, owing merely
to the prepotency of foreign pollen, with
and various other plants, the varieties of which almost
invariably intercross when grown together. The same
inference may be drawn still more surely with respect
to those plants, such as Reseda and Eschscholtzia,
which are sterile with their own pollen, but fertile
with that from any other individual. These several
plants must therefore have been crossed during a long
series of previous generations, and the artificial crosses
in my experiments cannot have inereased the vigour of
the offspring beyond that of their progenitors. There-
fore the difference between the self-fertilised and crossed
plants raised by me cannot be attributed to the supe-
riority of the crossed, but to the inferiority of the
self-fertilised seedlings, due to the injurious effects of
self-fertilisation,
Wlth respect to the ﬁnt pmpﬂlmun, namely, that
fertilisation is we likewise
have excellent evidence. Plants of .[Pl)lnnll were inter-
crossed for nine successive generations; they were then
again intercrossed, and at the same time crossed with a
plant of a fresh stock, that is, one brought from another
garden ; and the offspring of this latter cross were to
the intercrossed plants in height as 100 to 78, and in
fertility as 100 to 51. An analogous experiment with
Eschscholtzia gave a similar result, as far as fertility
was concerned. In neither of these cases were any of
the plants the product of self-fertilisation. Plants of
Dianthus were self-fertilised for three generations, and
this no doubt was injurious; but when these plants
were fertilised by a fresh stock and by intercrossed
plants of the same stock, there was a great difference
in fertility between the two sets of seedlings, and some
difference in their height. Petunia offers a nearly
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parallel case. With various other plants, the wonderful
effects of a cross with a fresh stock may be seen in
Table C. Several accounts have also been published *
of the extraordinary growth of seedlings from a cross
between two varieties of the same species, some of which
are known never to fertilise themselves; so that here
neither self-fertilisation nor relationship even in a

remote degree can lave come into play. We may
therefore conclude that the above two proposmcns are
true,—that fertilisation is g

and self-fertilisation injurious to the offspring.

That certain plants, for instance, Viola ricolor,
Digitalis purpurea, Sarothamnus scoparius, Cyclamen
persioun, &., which have been naturally eross-fertilised
for many or all previous generations, should suffer to
an extreme degree from a single act of self-fertilisation
is a most surprising fact. Nothing of the kind has
been observed in our domestic animals; but then we
must remember that the elosest possible interbreeding
with such animals, that is, between brothers and sisters,
cannot be considered as nearly so close a union as that
between the pollen and ovules of the same flower.
Whether the evil from seli-fertilisation goes on in-
creasing during successive generations is not as yet
known ; but we may infer from my experiments that
the increase if any is far from rapid. After plants have
been propagated by self-fertilisation for several genera-
tions, a single cross with a fresh stock restores their
pristine vigour; and we have a strictly analogous
result with our domestic animals.t The good effects
of crossfertilisation are transmitted by plants to the
next generation; and judging from the varieties of

* Sco ‘Variation under Do-  + Ibid. ch. xix. 2ud edit. vol.
‘mestication,’ ch. xix. 2nd edit. vol. ii. p. 159,
i p. 159.
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the common pea, to many succeeding generations. But
this may merely be t.htum-odphnhd the first
tion are extremely vigorous, and transmit their
vigour, like any other character, to their successors.
Notwithstanding the evil which many plants suffer
from lell-!umhuv.mn, !hey can be thus pmpq';lted

mhmdwwwmwﬂy
by the survival during at least hlfutnryo"tbc
same varieties of the common pea and sweet-pea. The
same conclusion probably holds good with several other
exotic plants, which are never or most rarely cross-
fertilised in this country. But all these plants, as far
as they have been tried, profit greatly by a cross with
a fresh stock. Some few plants, for instance, Ophrys
apifera, have almost certainly been propagated in a
state of nature for thousands of generations without
having been once intercrossed; and whether they would
profit by a eross with a fresh stock is not known. But
such cases ought not to make us doubt that as a general
rule crossing is beneficial, any more than the exi

of plants which, in a state of nature, are propagated
exclusively by rhizomes, stolons, &e.* (their flowers
never producing seeds), should make us doubt that
seminal generation must have some great advantage,
as itis the common plan followed by nature. Whether
any species has been reproduced asexnally from a very
remote period cannot, of course, be ascertained. Our
sole means for forming any judgment on this head is
the duration of the varieties of our fruit trees which
have been long propagated by grafts or buds. Andrew
Knight formerly maintained that under these circum-
stances they always become weakly, but this conclusion
o | hlullmnvnnlrunh Ilm.‘nll. xviil, 2ud edit. vol. i

‘ariation under Domestion- . 152

my ¢
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has been warmly disputed by others. A recent and
competent judge, Prof. Asa Gray,* leans to the side
of Andrew Knight, which seems to me, from such
evidence as I have been able to collect, the more
probable view, notwithstanding many opposed facts.
The means for favouring cross-fertilisation and pre-
venting self-fertilisation, or conversely for favouring
self-fertilisation and preventing to a certain extent
cross-fertili are derfully diversified; and it
is remurknble that these differ widely in closely allied
plants,}—in the species of the same genus, and some-
times in the individuals of the same species. It is
not rare to find hermaphrodite plants and others
with separated sexes within the same genus; and it is
common to find some of the species dichogamous and
others maturing their sexual elements simultaneously.
The dichogamous genus Saxifraga contains proter-
androus and proterogynous species.f Several genera
inelude both heterostyled (dimorphic or trimorphic
forms) and homostyled species. Ophrys offers a
remarkable instance of one species having its structure
manifestly adapted for seli-fertilisation, and other
species as manifestly adapted for cross-fertilisation.
Some con-generic species are quite sterile and others
quite fertile with their own pollen. From these several
causes we often find within the same genus species
which do not produce seeds, while others produce an
abundance, when insects are excluded. Some species
bear cleistogene flowers which cannot be crossed, as
well as perfect flowers, whilst others in the same genus

GENERAL RESULTS. Cnav. XIT

* ¢Darwinbma: Essays and
Reviewspertaining to Durwinisu,’
1876, 8.

+ Hildebrand  hus  insisted
strongly to this effect in his
valugble observations on the fer-

tilisation of the Gramines: ‘Mo«

nutshericht K. Akad. Berlin,' Oet.

1872, p. 76
B

i Dr. B
1868, p. 835,

ler, “Bot. Zeitung,”
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never produce cleistogene flowers. Some species exist
under two forms, the one bearing conspicuous flowers
adapted for eross-fertilisation, the other bearing in-
conspicuous flowers adapted for self-fertilistion, whilst
other species in the same genus present only a single
form. Even with the individuals of the same species,
the deg'rea of self-sterility varies greatly, as in Reseda.
With polyg plants, the distribution of the sexes
differsin 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 o! Pelar-
gonium ; and Carritre gives several cases,® showing
that the period varies according to the temperature to
which the plants are exposed.

This extraordinary diversity in the means for
favouring or preventing cross- and self-fertilisation in
closely allied forms, probably depends on the results
of both processes beiny highly beneficial to the species,
Imt dn'ectly opposed in many ways to one Vanother and

on variable condi Self-fertilisation
assures the production of a large supply of seeds; and
the necessity or advantage of this will be determined
by the average length of life of the plant, which largely
depends on the amount of destruction suffered by the
n«l-mdleerlhngn This destruction follows from
the most various and variable causes, such as the
presence of animals of several kinds, and the growth
of surrounding plants. The possibility of cross-fertili-
sation depends mainly on the presence and number
of certain insects, often of inseets belonging to special
groups, and on the degree to which they are attracted
to the flowers of any particular species in preference to
other flowers,—all circumstances likely to change,

* “Des Varidtés, 1805, p. 30,

@ The Complete Work of Charles Darwin Online



42 GENERAL RESULTS. Cuar. XIL

Moreover, the advantages which follow from cross-
fertilisation differ much in different plants, so that it
is probable that allied plants would often profit in
different degrees by cross-fertilisation. Under these
extremely complex and fluctuating conditions, with
two somewhat opposed ends to be gained, namely, the
safe propagation of the species and the produetion of
cross-fertilised, vigorous offspring, it is not surprising
that allied forms should exhibit an extreme diversity
in the means which favour either end. If, as there is
reason to suspect, self-fertilisation is in some respects
beneficial, although more than counterbalanced by the
advantages derived from a cross with a fresh stock, the
problem becomes still more complicated.

As I only twice experimented on more than a single
species in a genus, I cannot say whether the crossed
offspring of the several species within the same genus
differ in their degree of superiority over their self-
fertilised brethren; but I should expect that this
would often prove to be the case from what was
obseryed 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 ave two means for ensuring cross-ferti-
lisation which are not externally perccpuhle, namely,

If-sterility and the of
pollen from another individual. Lastly, it has been
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shown in a former chapter that the effect produced by
cross and self-fertilisation on the fertility of the parent-
plants does not always correspond with that produced
on the height, vigour, and fertility of their offspring.
The same remark applies to crossed and self-fertilised
seedlingswhen 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

reach the ovules, and this will be governed by the re-
action between the pollen and the stigmatic secretion
or tissues; whereas the growth and constitutional vigour
of the offspring will be chiefly determined, not only by
the number of pollen-tubes reaching the ovules, but by
the nature of the reaction between the contents of the
pollen-grains and ovules.

There are two other important conclusions which
may be deduced from my observations : ﬂmly,lhtth
advantages of cross-fertilisation do not follow from
some mysteriods virtue in the mere union of two
distinet individuals, but from such individuals having
been subjected during previous generations to dif-
ferent conditions, or to their having varied in a manner
commonly ecalled spontaneous, so that in either case
their sexual elements have been in some degree differ-
entiated. And secondly, that the injury from self-
fertilisation follows from the want of such differentia-
tion in the sexual elements. These two propositions
are fully established by my experiments. Thus, when
plants of the Ipoma and of the Mimulus, which had
been self-fertilised for the seven previous generations
and had been kept all the time under the same condi-
tions, were intercrossed one with another, the offspring
did not profit in the least by the cross, Mimulus
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offers another instructive case, showing that the
benefit of a cross depends on the previous treatment
of the progenitors: plants which had been self-fer-
tilised for the eight previous generations were crossed
with plants which had been intercrossed for the same
number of generations, all having been kept under
the same conditions as far as possible ;, seedlings from
this cross were grown in competition with others
derived from the same self-fertilised mother-plant
crossed by a fresh stock ; and the latter seedlings were
to the former in height as 100 to 52, and in fertility
as 100 to 4. An exactly parallel experiment was
tried on Dianthus, with this difference, that the plants
had been self-fertilised only for the three previous gene=
rations, and the result was similar though not so strongly
marked. The foregoing two cases of the offspring of
Ipomea and Eschscholtzia, derived from a cross with a
fresh stock, being as much superior to the intererossed
plants of the old stock, as these latter were to the self=
fertilised offspring, strongly supports the same conclu=
sion. A cross with a fresh stock or with another variety
seems to be always highly beneficial, whether or
not the mother-plants have been intercrossed or self<
fertilised for several previous generations. The fact
that a cross between two flowers on the same plant
does no good or very little good, is likewise a strong
corroboration of our conclusion; for the sexual
elements in the flowers on the 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
or ituti Thus the propositi

the benefit from cross-fertilisation depends on the
plants which are crossed having been subjected during
previous ions to hat different conditi
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or to their having varied from some unknown cause as
if they had been thus subjected, is securely fortified on
all sides.

Before proceeding any further, the view which has
been maintained by several physiologists must be
noticed, namely, that all the evils from breeding
animals too closely, and no doubt, as they would say,
from the self-fertilisation of plants, is the result of the
increase of some morbid tendency or weakness of consti-
tution common to the closely related parents, or to
the two sexes of hermaphrodite plants. Undoubtedly
injury has often thus resulted; but it is a vain
attempt to extend this view to the numnerous cases
given in my Tables. It should be remembered that the
same mother-plant was both self-fertilised and crossed,
so that if she had been unhealthy she would have
transmitted half her morbid tendencies to her crossed
offspring. But plants appearing perfectly healthy,
some of them growing wild, or the immediate offspring
of wild plants, or vigorous common garden-plants, were
selected for experiment. Considering the number of
species which were tried, it is nothing less than absurd
to suppose that in all these cases the mother-plants,
though not appearing in any way diseased, were weak
or unhealthy in so peculiar & manner that their self-
fertilised scedlings, many hundreds in number, were
rendered inferior in height, weight, constitutional
vigour, and fertility to their crossed offspring. More-
over, this belief cannot be extended to the strongly
marked advantages which invariably follow, as far
my experience serves, from intercrossing the ind
duals of the same variety or of distinct varieties, if
these have been subjected during some generations to
different conditions.
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It is obvious that the exposure of two sets of plants
during several generations to different conditions can
lead to no beneficial results, as far as crossing is con-
cerned, unless their sexual elements are thus affected.
That every organism is acted on to a certain extent by
a change in its environment, will not, I presume, be
disputed. It is hardly necessary to advance evidence
on this head ; we can perceive the difference between
individual plants of the same species which have
grown in somewhat more shady or sunny, dry or damp
places. Plants which have been propagated for some
generations. under different climates or at different
seasons of the year transmit different constitutions to
their seedlings. Under such circumstances, the che-
mical constitution of their fluids and the nature of
their tissues are often modified.* Many other such
facts could be adduced. In short, every alteration in
the funetion of a part is probably comnected with some
corresponding, though often quite imperceptible change
in structure or composition.

‘Whatever affects an organism in any way, likewise
tends to act on its sexual elements. We see this in the
inheritance of newly acquired modifications, such as
those from the increased use or disuse of a part, and
even from muhluhuns if followed by disease.f We
have abund how susceptible the repro-
ductive system is to changed conditions, in the many
instances of animals rendered sterile by confinement ;
so that they will not unite, or if they unite do not

+ * Numerous enses together with
references are in my ¢ Vari-
ation under Domestication, ch.
xxii. 2nd edit. vol. ii. p. 264
itk epect o' animals, Me

rackenridgo well shown
(‘A Contribation 1 the Theory of
Diathesis,’ Edinburgh, 1869) that

the different organs of animals
are excited into different degrees
SEactivity by diffvsucon ot tesapec
rature and food, and become 0 4
certain extent adapted to them.
+ ¢ Varintion under Domesticn-
tion, ch. xii. 2nd- edit. vol. i
p. 466,
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produce offspring, though the confinement may be far
from close ; and of plants rendered sterile by eulti-
vation. But hardly any cases afford more striking
evidence how powerfully a change in the conditions of
life acts on the sexual elements, than those already
given, of plants which are completely self-sterile in
one country, and when brought to another, yield, even
in the first generation, a fair supply of self-fertilised
seeds.

But it may be said, granting that changed conditions
act on the sexual elements, how can two or more
plants growing close together, either in their native
country or in a garden, be differently acted on, inasmuch
as they appear to be exposed to exactly the same
conditions ?  Although this question has been already
considered, it deserves further consideration under
several points of view. In my experiments with
Digitalis purpurea, some flowers on a wild plant were
self-fortilised, and others were crossed with pollen
from another plant growing within two or three feet’s
distance. The ecrossed and self-fertilised plants raised
from the seeds thus obtained, produced flower-stems
in number as 100 to 47, and in average height as 100
to 70, Therefore the cross between these two plants
was highly beneficial ; but how could their sexual
elements have been differentiated by exposure to
different conditions? If the progenitors of the two
plants had lived on the same spot during the last
score of generations, and had never been crossed with
any plant beyond the distance of a few feet, in all
probability their offspring would have been reduced to*
the same state as some of the plants in my experiments,
—such as the intercrossed plants of the ninth genera-
tion of Ipomeea,—or the self-fertilised plants of the
eighth generation of Mimulus,—or the offspring from
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flowers on the same plant,—and in this case a cross
between the two plants of Digitalis would have done
no good. But seeds are often widely dispersed by
natural means, and one of the above two plants or
one of their ancestors may have come from a distance,
from a more shady or sunny, dry or moist place, or from
a different kind of soil containing other organic or
inorganic matter. We know from the admirable
researches of Messrs, Lawes and Gilbert* that different
plants require and consume very different amounts of
inorganic matter. But the amount in the soil would
probably not make so great a difference to the several
individuals of any particular species as might at first
be expected; for the surrounding species with
different requirements would tend, from existing in
greater or lesser numbers, to keep each species in a
sort of equilibrium, with respect to what it could obtain
from the soil. So it would be even with respect to
moisture during dry seasons ; and how powerful is the
influence of a little more or less moisture in the soil
on the presence and distribution of plants, is often
well shown in old pasture fields which still retain
traces of former ridges and furrows. Nevertheless, as
the proportional numbers of the surrounding plants in
two neighbouring places is rarely exactly the same, the
individuals of the same species will be subjected to
somewhat different conditions with respect to what they
ean absorb from the soil. It is surprising how the free
growth of ome set of plants affects others growing
mingled with them ; T allowed the plants on rather
more than a square yard of turf which had been closely
mown for several years, to grow up; and nine species

*,Journal of the Royal Agricultural Soe. of England; vol. xxiv.
part
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out of twenty were thus exterminated ; but whether
this was altogether due to the kinds which grew up
robbing the others of nutriment, I do not know.

Seeds often lie dormant for several years in the
ground, and germinate when brought near the surface
by any means, ns by burrowing animals. They would
probably be affeeted by the mere circumstance of having
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 course of their development to different degrees
of heat and moisture.

It was shown in the last chapter that pollen is often
carried by insects to a considerable distance from
plant to plant. Therefore one of the parents or
ancestors of our two plants of Digitalis may have been
crossed by a distant plant growing under somewhat
different conditions. Plants thus erossed often pro-
duce an unusually large number of seeds; a striking
instance of this fact is afforded by the Bignonia, pre-
viously mentioned, which was fertilised by Fritz Miller
with pollen from some adjoining plants and set hardly
any seed. but when fertilised with pollen from a dis-
tant plant, was highly fertile. Seedlings from a cross
of this kind grow with great vigour, and transmit their
vigour to their descendants, These, therefore, in the
struggle for life, will generally beat and exterminate
the seedlings from plants which have long grown near
together under the same conditions, and will thus tend
to spread.

When two varieties which present well-marked
differences are crossed, their descendants in the later
generations differ greatly from one another in ex-
ternal characters ; and this is due to the augmentation

20
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or obliteration of some of these characters, and to
the reappearance of former ones through reversion;
and so it will be, as we may feel almost sure, with any
slight differences in the constitution of their sexual
elements. Anyhow, my experiments indicate that
crossing plants which have been long subjected to
almost though not quite the same conditions, is the
most powerful of all the means for retaining some
degree of differentiation in the sexual elements, as
shown by the superiority in the later generations of the
intercrossed over the self-fertilised seedlings. Never-
theless, the continued intercrossing of plants thus
treated does tend to obliterate such differentiation, as
may be inferred from the lessened benefit derived from
intercrossing such plants, in comparison with that from
a cross with a fresh stock. It seems probable, as I may
wdd that seeds have mqmmd thur endless curious
ions for wide d ion,® not only that the
seedlings should thus be enabled to find new “ fitting
lmmcs, but that the individuals which have been long
jected to the same conditions should occasionally
intercross with a fresh stock.
From the foregoing several considerations we may,
I think, conclude that in the above case of the Digitalis,
and even in that of plants which have grown for
thousands of generations in the same district, as must
often have occurred with species having a much
restricted range, we are apt to over-estimate the
degree to which the individuals have been subjected
to absolutely the same conditions. There is at least
no difficulty in believing that such plants have been
subjected to sufficiently distinet conditions to differ-
entiate their sexual elements ; for we know that a plant.

* See Prof Hildebrand's excellent treatise, ¢ Verbreitimgsmittel der
Pflauzen,” 1873,
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plu'-‘lﬁll for some generations in another garden in
same district serves as a fresh stock and bas high
kﬁil-ag 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-
pmdndhmunndy.htthmdhﬂmhdm
species growing in astate of nature neaz together,
hnmmﬂyhu-b)miduﬂlgnndpnnm
generations to quite the same conditions.

Bome naturalists assume that there is an innate
tendency in l“ beings to vary and to advance in
organisation, i duﬁnﬂll‘-ﬂ- and
they would, I presume, thus explain the slight

which distinguish &1l the individuals of the
same species both in external characters and in con-
stitution, s well as the greater differences in both
respects  between nearly allied varieties. No two
individuals can be found quite alike; thus if we sow &
nnbud—dnhu-h-.nphuﬂlﬂul-dy
as possible the same conditions, they germinate at
different rates and grow more or less vigorously. They
resist cold and otherunfavourable conditions
'ﬂuywonldmlllpnhulibyunhuhht\n
case with animals of the same species, be somewhat
differently acted on by the same poison, or by the same
disease. They have different powers® of transmitting
their charucters to their offspring ; and many analogous
© fucts eould be given. Now, if it were true that
plants growing near Wu-mdmnhul
bau -bpaud du.nng many povu- generations to
s those

just specified wouldbequiumpﬁnhlo but they
 Vilmarkn, as quoted by Verlot, Des Varkétéa” pp. 32, 58, 19,
262
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are to a certain extent intelligible in accordance with
the views just advanced.

As most of the plants on which I experimented
were grown in my garden or in pots under glass, a few
words must be added on the conditions to which they
were exposed, as well as on the effects of cultivation.
When a species is first brought under culture, it may
or may not be subjected to a change of climate, but it
is always grown in ground broken up, and more or less
manured ; it is also saved from competition with other
plants. The paramount importance of this latter
circumstance is proved by the multitude of species
which flourish and multiply in a garden, but cannot
exist unless they are protected from other plants.
When thus saved from competition they are able to
get whatever they require from the soil, probably.
often in excess; and they are thus subjected to a great
change of conditions, It is probably in chief part
owing to this cause that all plants with rare excep-
tions vary after being cultivated for some generations.
The individuals which have already begun to vary
will intercross one with another by the aid of insects ;
and this accounts for the extreme diversity of character
which many of our long cultivated plants exhibit.
But it should be observed that the result will be
largely determined by the degree of their variability
and by the frequency of the intercrosses ; forif a plant
varies very little, like most species in a state of nature,
frequent intercrosses tend to give uniformity of
character to it.

I have attempted to show that with plants growing
naturally in the same district, except in the unusual
case of each individual being surrounded by exactly
the same proportional numbers of other species having
certain powers of absorption, each will be subjected to
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slightly different conditions. This does not apply to
the individuals of the same species when eultivated in
cleared ground in the same garden. But if their
flowers are visited by insects, they will intercross; and
this will give to their nex\ml olementu dunug n

iderable number of g ient amount
of differentiation for & eross to be bena&cuL More-
over, seeds are frequently exchanged or procured from
other gardens having a different kind of soil; and the
individuals of the same cultivated species will thus be
subjected to a change of conditions, If the flowers are
not visited by our native insects, or very rarely so,
as in the case of the common and sweet pea, and
apparently in that of the tobaeco when kept in a
hothouse, any differentiation in the sexual elements
caused by intercrosses will tend to disappear. This
appears to have occurred with the plants just
mentioned, for they were not benefited by being
crossed one with another, though they were greatly
benefited by a eross with a fresh stock.

I have been led to the views just advanced with
respect to the causes of the differentiation of the sexual
elements and of the vnmblhty of our garden plants,
by the results of my various experiments, and more
especially by the four cases in which extremely incon-
stant species, after having been nel!-tuﬁlind and
grown under closely similar conditions for several
generations, produced flowers of a uniform and constant
tint. These conditions were nearly the same as those
to which plants, growing in a garden clear of weeds,
are subjected, if they are propagated by self-fertilised
seeds on the same spot. The plants in pots were,
however, exposed to less severe fluctuations of climate
than those out of doors; but their conditions, though
closely uniform for all the individuals of the same
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differed hat in the ive gene-
nmum. Now, under these circumstances, the sexual
clements of the plants which were. lntexcroned in each

retained suffi ion during
several years for their offspring to be superior to
the self-fertilised, but this superiority gradually and
manifestly decreased, as was shown by the difference
in the result between a cross with one of the inter-
crossed plants and with a fresh stock. These inter-
crossed plants tended also in a few cases to become
somewhat more uniform in some of their external cha-
racters than they were at first. With respect to the
plants which were self-fertilised in each generation,
their sexual elements apparently lost, after some years,
all differentiation, for a cross between them did no
more good than a cross between the flowers on the
same plant. But it is a still more remarkable fact, that
although the seedlings of Mimulus, Ipomaea, Dianthus,
and Petunia which were first raised, yaried 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 an in-
comparably higher degree than do young or old beings

* I have given suicient evi- ation under Domestication, ch.
denco on this bead in my Vari-  xvili. vol. i. 2nd edit. p. 127,
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from a mere change in their conditions. In this
latter case we never see anything like the effect
which generally follows from a cross with another
individual, especially from a cross with a fresh stock.
This might, perhaps, have been expected, for the
blending together of the sexual elements of two dif-
ferentiated beings will affect the whole constitution at
a very early period of life, whilst the organisation is
highly flexible. Wc have, moreover, reason to believe
that changed condi lly act differently on
the several parts or organs of the same individual ;*
and if we may further believe that these now slightly
differentiatod parts react on one another, the harmony
between the beneficial effects on the individual due to
changed conditions, and those due to the interaction of
differentiated sexnal elements, becomes still eloser.

That wonderfully accurate observer, Sprengel, who
first showed how important a part insects play in the
fertilisation of flowers, called his book ‘The Secret
of Nature Displayed;’ yet he only occasionally saw
that the object for which so many eurious and beautiful
adaptations have been aequired, was the eross-fertilisa-
tion of distinet plants; and he knew nothing of the
benefits which the offspring thus receive in growth,
vigour, and fertility, But the veil of seerecy is as
yet far from lifted ; nor will it be, until we can say
why it is beneficial that the sexnal elements shonld
be differentiated to a certain extent, and why, if the
differentintion be carried still further, injury follows.
It is an extraordinary fact that with many species,
flowers fertilised with their own pollen are either
absolutely or in some degree sterile; if fertilised with

oS e instance, ‘Brackeuridge, * Theory of Diathosis, Ediuburgh,
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pollen from another flower on the same plant, they are
sometimes, though rarely, a little more fertile; if
fertilised with pollen from another individual or variety
of the same species, they are fully fertile; but if
with pollen from a distinet species, they are sterile
in all possible degrees, nntil utter sterility is reached.
We thus have a long series with absolute sterility at
the two ends ;—at one end due to the sexual elements
not having been sufficiently differentinted, 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 inereased fertility of the parent-plants and from the
increased powers of growth in the offspring, are favoured
by some degree of differentiation in the elements
which interact and unite so as to form a new being.
Here we have some analogy with chemical affinity or
attraction, which comes into play only between atoms
or molecules of a different nature. As Prof. Miller
remarks: “ Generally speaking, the greater the dif-
ference in the properties of twobodies, the more intense
is their tendeney 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

"“-L'll’.&w;mﬂfhmmm' ith  views with vespoct o chemical
3 p. 11 Dr.  affinity are generally acoepted
Fraskland informsme thatsimilar  chemitis ' 4
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individual which has been differentinted by exposure
to changed conditions, or by so-called

variation. But the analogy fails when we turn to the
negative or weak effects of pollen from one species on
o distinet species ; for although some substances which
are extremely dissimilar, for instance, carbon and
chlorine, have a very feeble aflinity 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 umt hotnwhylmmn
amount of di
for the chemical affinity or union of t'o 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-
eallmdgam—uﬂuthcmdfar mmhmmgdnl
athlnum and i active 1
change in the detached germ—a result which is
probably effected by mixing tha lllghtly-dll'amt
physiological units of slightly-different individ
But we must not allow this highly generalised view, or
the unalogy 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, a8 in the case of distinct species. We cannot
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say why the individuals of certain species profit greatly,
and others very little by being crossed. There are some
few species which have been self-fertilised for a vast
number of generations, and yet are vigorous enough
to compete successfully with a host of surrounding
plants,  Highly self-fertile varieties sometimes arise
among plants which have been self-fertilised and
grown under uniform conditions during several gene-
rations. We can form no conception why the
advantage from a cross is sometimes directed exclu-
sively to the vegetative system, and sometimes to the
reproductive system, but commonly to both. It is
equally inconceivable why some individuals of the same
species should be sterile, whilst others are fully fertile
with their own pollen; 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 distinet species
than with their own pollen. And so it is with many
other facts, which are so obscure that we stand
in awe before the mystery of life.

Undu a practical point of view, agriculturists and
may learn hing from the conclu-

sions at which we have arrived. Firstly, we see that
the injury from the close breeding of animals and
from the self-fertilisation of plants, does not necessarily
depend on any tendency to disease or weakness of con-
stitution common to the related parents, and only
indirectly on their relationship, in so far as they are
apt to resemble each other in all respects, including
their sexual nature. And, secondly, that the advantages
of eross-fertilisation depend on the sexual elements of
the parents having become in some degree differentiated
by the exposure of their progenitors to different
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conditions, or from their having intercrossed with
individuals thus exposed, or, lastly, from what we eall
in our ignomnce 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
abservation, 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 execllent results.®
This same plan is also uneonseionsly followed whenever
the males, reared in one place, ave let out for propaga-
tion to breeders in other places. As some kinds of
plants suffer much more from self-fertilisation than do
others, so it probably is with animals from too close
interbreeding. The effects of close interbreeding on
animals, judging again from plants, would be dete-
rioration in general vigour, including fertility, with no
necessary loss of excellence of form; and this seems
to be the usual result.

It is a common practice with horticulturists to
obtain seeds from another place having a very dif-
forent soil, 5o 08 to avoid mdng 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
difforent conditions as possible, and sow them in
alternate rows with seeds matured in the old garden.
The two stocks would then intereross, with a thorongh
blending of their whole organisations, and with no loss
of purity to the variety ; and this would yield far more

* * Varintion of Anfmals and vl 2ud edit. vol. ii. 105.
Plants under Domestication,’ ch. e
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favourable results than a mere exchange of seeds. We
have seen in my experiments how wonderfully the
offspring profited in height, weight, hardiness, and fer-
tility, by crosses of this kind. For instance, plants of
Ipomea thus ecrossed were to the intercrossed plants
of the same stock, with which they grew in competition,
a3 100 to 78 in height, and as 100 to 51 in fertility ;
and plants of Eschscholtzia similarly compared were
as 100 to 45 in fertility. In comparison with self-
fertilised plants the results are still more striking ;
thus cabbages derived from a ecross with a fresh stock
were to the self-fertilised as 100 to 22 in weight.

Florists may learn from the four cases which have
been fully described, that they have the power of fixing
each fleeting variety of colour, if they will fertilise the
flowers of the desired kind with their own pollen for
half-a-dozen generations, and grow the seedlings under
the same conditions, But a cross with any other in-
dividual of the same variety must be carefully pre-
vented, as each has its own peculiar constitution. After
a dozen generations of self-fertilisation, it is probable
that the new variety would remain constant even if
grown under somewhat different conditions; and there
would no longer be any necessity to guard against inter-
crosses between the individuals of the same variety.

With respect to mankind, my son George has en-
deavoured to discover by a statistical investigation *
whether the marriages of first cousins are at all in-
jurious, although this is a degree of relationship
which would not be objected to in our domestic
animals; and he has come to the conclusion from his
own researches and those of Dr. Mitchell that the
evidence as to any evil thus caused is conflicting, but

* «Journal of Statistical Soc nightly Review,' June 1875,
Juno 1875, p. 153; und * Forl-
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on the whole points toits being very small. From the
fucts given in this volume we may infer that with
mankind the marriages of nearly related persons, some
of whose parents and ancestors had lived under very
different conditions, would be much less injurious than
that of persons who had always lived in the same
place and followed the same habits of life. Nor can I
see reason to doubt that the widely different habits of
life of men and women in civilised nations, especially
amongst the upper classes, would tend to counter-
balance any evil from marringes between healthy and
somewhat closely related persons.

Under a theoretical point of view it is some gain to
science to know that numberless structures in her-
maphrodite plants, and probably in hermaphrodite
animals, are special adaptations for securing an occa-
sional cross between two individuals; and that the
advantages from such a cross depend altogether on the
beings which are united, or their progenitors, having
had their sexual elements somewhat differentiated, so
that the embyro is benefited in the same manner as is
a mature plant or animal by a slight change in its
conditions of life, although in a much higher degree.

Another and more important result may be deduced
from my observations. Eggs and seeds are highly
serviceable as a means of dissemination, but we now
know that fertile eggs can be produced without the
aid of the male. There are.also many othar mathods
by which i ean be p
Why then have the two sexes been developed, And
why do males exist which caunot themselves produce
offspring? The answer lies, as I can hardly doubt, in
the great good whmh is denvad ﬁ'nm the fusion of two
ls; and with the
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exception of the lowest organisms this is possible only
by means of the sexual elements, these consisting of
cells separated from the body, containing the germs of
every part, and capable of being fused completely
together.

It has been shown in the present volume that the
offspring from the union of two distinet individuals,
inlly if their itors have been subjected to
vury different conditions, have an immense advantage
in height, weight, constitutional vigour and fertility
over the self-fertilised offspring from one of the same
parents. And this fact is amply sufficient to account
for the develop of the sexual el that is, for

the genesis of the two sexes.
It is a different question why the two sexes are
bined in the same individual and are 1

sometimes separated.  As with many of the lowest
plants and animals the conjugation of two individuals
which are either quite similar or in some degree dif-
ferent, is & common phenomenon, it seems probable,
as remarked in the last chapter, that the sexes were
primordially separate. The individual which receives
the contents of the other, may be called the fémale;
and the other, which is often smaller and more loco-
motive, may be called the male; though these sexual
names ought hardly to be applied as long as the
whole contents of the two forms are blended into one.
The object gained by the two sexes becoming united
in the same hermaphrodite form probably is to allow
of oceasional or frequent self-fertilisation, so as to
ensure the propagation of the species, more especially
in the case of organisms affixed for life to the same
spot.  There does not seem to -be any great difficulty
in understanding how an organism, formed by the con-
Jjugation of two individuals which represented the two
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incipient sexes, mlght have given rise by budding first
to & moncecious and then to an hermaphrodite form ;
and in the case of animals even without budding to
an hermaphrodite form, for the bilateral structure of
animals perhaps indicates that they were aboriginally
formed by the fusion of two individuals,

It is a more difficult problem why some plants and
apparently all the Iuglwr animals, after becoming her-
maphrodites, have since had their sexes re-separated.
This separation has been attributed by some natural-
ists to the advantages which follow from a division of
physiological labour. The principle is intelligible
when the same organ has to perform at the same time
diverse functions; but it is not obyious why the male
and female glands when placed in different parts of
the same compound or simple individual, should not
perform their functions equally well as when placed in
two distinet individuals, In some instances the sexes
may have been re-separated for the sake of preventing
too frequent self-fertilisation; but this explanation
does not seem probable, as the same end might have
been gained by other and simpler means, for instance
dichogamy. It may be that the production of the
male and female reproductive elements and the
maturation of the ovules was too great a strain and
expenditure of vital force for a single individual to
withstand, if endowed with a highly complex organi-
sation ; and that at the same time there was no need
for all the individuals to produce young, and conse-
quently that no injury, on the contrary, good resulted
from half of them, or the males, failing to produce

offspring.
There is another subject on which some light is

thrown by the facts given in this volume, namely,
hybridisation. It is notorious that when distinet
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species of plants are crossed, they produce with the
rarest exceptions fewer seeds than the normal number.
This unproductiveness varies in different species up to
sterility so complete that not even an empty capsule
is formed; and all experimentalists have found that
it is much influenced by the conditions to which the
crossed species are subjected. The pollen of each
species is strongly prepotent over that of any other
species, so that if a plant’s own pollen is placed on
the stigma some time after foreign pollen has been
applied to it, any effect from the latter is quite obli-
terated. It is also notorious that not only the parent
species, but the hybrids raised from them are more or
less sterile; and that their pollen is often in a more
or less aborted condition. The degree of sterility of
various hybrids does not always strictly correspond
with the degree of difficulty in uniting the parent
forms.  When hybrids are capable of breeding inter se,
their descendants are more or less sterile, and they
often become still more sterile in the later generations ;
but then close interbreeding has hitherto been practised
in all such cases. The more sterile hybrids are some-
times much dwarfed in stature, and have a feeble con-
stitution. Other facts could be given, but these will
suffice for us. Naturalists formerly attributed all these
results to the difference between species being funda-
mentally distinet from that between the varicties 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-

@ Yhe Complete Work of Charles Darwin Online:




Crar, XIL GENERAL RESULTS, 465

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, Thu effects of pollen hmn the
same plant are obli y the

of pollen from another individual or nmny, although
the latter may have been placed on the stigma some
hours afterwards. The offspring from self-fertilised
flowers are themselves more or less sterile, sometimes
highly sterile, and their pollen is sometimes in an
imperfect condition ; but I have not met with any case
of complete sterility in self-fertilised seedlings, as is

first self-fertilised. The offspring of self-fertilised
plants suffer in stature, weight. and constitational
vigour more freqnondv and in a greater degree than

species.
the next ion, but I did not in whether
this applies to decreased fertility.
Ihnreolnvhem-hm' thnbymmmg in various
yled  plants,

ways
which belnng to v.lw 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

* “Journal Linn. Soe. Bot.' vol. x. 1867, p. 3'}'!
2n
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a species fertilised with pollen from a distinet genus.
The degree of sterility is much affected by the condi-
tions to which the plants have been subjected.* The
pollen from a distinet form is strongly prepotent over
that from the same form, although the former may
have been placed on the stigma many hours afterwards.
The offspring from a union between plants of the same
form are more or less sterile, like hybrids, and have
their pollen in a more or less aborted condition ; and
some of the seedlings are as barren and as dwarfed as
themost 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 eross and self fertilised
flowers, there is good evidence that this depends alto-
gether on whether the sexual elements of the parents
have been sufficiently differentiated, by exposure to
different condition or by spontancous variation. It
is probable that nearly the same conclusion may be
extended to heterostyled plants; but this is not the
proper place for discussing the origin of the long-
styled, short-styled and mid-styled forms, which all
belong to the same species as certainly as do the two
sexes of the same species.  We have therefore no right”
to maintain that the sterility of species when first

* ¢ Journal Linn, Sce. Bot." vol. viii, 1864, p. 180.
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crossed and of their hybrid offspring, is determined by
some cause fundamentally different from that which
determines the sterility of the individuals both of
ordinary and of heterostyled plants when united in
various ways. Nevertheless, I am aware that it will
take many years to remove this prejudice.

There is hardly anything more wonderful in nature
than the sensitiveness of the sexual el ts to external
influences, and the delicacy of their affinities. We see
this in slight changes in the conditions of life being
favourable to the fertility and vigour of the parents,
while certain other and not great changes cause them
to be quite sterile without any apparent injury to their
health. We see how sensitive the sexual elements of
those plants must be, which are completely sterile with
their own pollen, but are fertile with that of any other
individual of the same species. Such plants become
either more or less self-sterile if subjected to changed
conditions, although the change may be far from great.
The ovules of a heterostyled trimorphic plant are
affected very differently by pollen from the three sets
of stamens belonging to the same species. With
ordinary plants the pollen of another variety or merely
of anotherindividual of the same variety s often strongly
prepotent over its own pollen, when both are placed
at the same time on the same stigma. 1In those great
families of plants containing many thousand allied
species, the stigma of each distinguishes with unerr-
ing certainty its own pollen from that of every
other species.

There can be no doubt that the sterility of dis-
tinet species when first crossed, and of their hybrid
offspring, depends exclusively on the nature or affi-
nities of their sexual elements, We see this in the
want of any close correspondence between the degree

2H2
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of sterility and the amount of external difference in the
species which are erossed ; and still more clearly in the
wide difference in the results of crossing reciprocally
the same two species;—that is, when species A is
crossed with pollen from B, and then B is crossed with
pollen from A, Bearing in mind what has just been
said on the extreme sensitiveness and delicate affinities
of the reproductive system, why should we feel any
surprise at the sexual elements of those forms, which
we call species, having been differentiated in such a
manner that they are incapable or only feebly capable
of acting on one another? We know that species haye
generally lived under the same conditions, and have
retained their own proper characters, for a much longer
period than varieties. TLong-continued domestication
eliminates, as I have shown in my ‘Variation under
Dompmcaho\\, the mutual sterility which distinet
species lately taken from a state of nature almost always
exhibit when intercrossed; and we can thus understand
the fact that the most different domestic races of animals
are not mutually sterile. But whether this holds good
with cultivated varietics of plants isnot known, though
some facts indicate that it does. The elimination of
sterility through long-continued domestication may
probably be attributed to the varying conditions to
which our domestic animals have been subjected ; and
no doubt it is owing to this same cause that they with-
stand great and sudden changes in their conditions of
life with far less loss of fertility than do natural species.
From these several considerations it appears probable
that the difference in the affinities of the sexual
elements of distinct species, on which their mutual
incapacity for breeding together depends, is caused by
their having been habituated for a very long period
each to its own conditions, and to the sexual elements
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having thus acquired firmly fixed affinities. However
this may be, with the two great classes of cases before
us, namely, those relating to the self-fertilisation and

fertilisation of the individuals of the same species,
and those relating to the illegitimate and legitimate
unions of heterostyled plants, it is quite unjustifiable to
assume that the sterility of species when first crossed
and of their hybrid offspring, indicates that they
differ in some fundamental manner from the varieties
or individuals of the same species.

@ The Comblete Work of Charles Darwin Online:



Lo,

iy

Tl




INDEX.
ABCTILON, ENNETT,
e Bartonia auret, 170; mensuremonts,
170, 171 sl of experiments,
7
zil, 53 ‘moderat | Barilmwml?tlw,
b " sterility of Kalui
;x;\'n,lle !u. En; lnml,ua Iummd latif alnx S50+ on nm‘h" inxlu i
Aeacia .,um,.m.-. 404 “‘
Aeanthacaw, 96 B m m&... 152 et
oonitum napell s distinguish colours, 873 ; fre-
Alimia'cirh ""42‘5 uent the flowers of the s
Adonis esicali species, 415, 420: y
ents, 128; reht(ve he\glm of | colowred corolla, 420; s of
oy ind sttt ilised plants, | Vision und diserimiuation, 422;
2.'7; self-fertile, 565 memory, 423; Hllllh‘lclul |.,
Yeomphes) L B ot h
e (blood-red var.), industry, 424; protit by the co-
.4-«9«41:" lina (var. gmu)dw,n.)' ‘ Tl porforied by humhlm
217, 218 &
816, 523, 325 451 redxhk
Anderson, ., onthnCAlrwlnnx,&T' — humble, recognise varieties
removing the corollas, 420 | ne'of oue species, Alg; elous
Auemone, 194 not the sole suide, 421
)eumphilonu pl-um 400; often : L ) ;!.: i of nnwm
A.lm-m-un m,u (red var.), 363 skill -mundgmum,
perforated corolla, 429 |
~(white m,‘ o | Belt. Mr, tho hairs of Digitalis
— (pelorie var.), 863 | purpurea, 82 Phaseolus -
Apium petrosclinum, 172; result of = Horus, 131; not visited b
| Sperimonts, in Nicamgua, ham
o ol 3 | birds cucrsing pollnn,
s frogenting fowers | Croton wu 403
th
A:Lol:ch“mo b ; m“mr.m pufmnnn
5
A w417 Bennett, A. W., on Fiola tricalor,
128; wtructurs of Impatiens fulva,

3‘37 its flo i
Bafloy, e, prtoration of coral, el

st jienting flowers of
Sati species,

© The Complete Work of Chares Barwin Online.



472

TN,
Benthom, on protection of the
i 412

Borago ofiicinalis, 185, 276; mea-
nnm:;.‘ 86 eacly flowering
s, 5283 par-
ﬁ.uy lel{ rti 302
Bracke: i

self-fertile, 365

— rapa, 393

Brisout, M., insects frequenting
s of same specics, 419

Bntgman o, 713 g birda

2 the flowor, 452

Bulru-h, welght of s produced
ane plant, 405

Bandy, llr.. “Jilee petorsted by

Buhnlnh 0.‘ sexual relations, 409

e

Calibage, 98; affucted by pollen of
purple basturd, 378: : Brepotaney
of other pollen,

Bnggnl Juck, W
Calosolaria, ¥,

Galixna welperia

Campanula mr’nllhkvd, 174, 564

Campanulasee, 174

andolle, A. ‘de, ot asgending

CoRYuALS.
‘mountain the flowers of the same
pecics dis)

ce, 4
am..... «n-tm:l-. 102
G Jaitve poiod of
m. n-: Intive
tarity o th sexual e

in of,

Chiesernan, Mr., on Orchids in New
Zealand, 3590

c icem, 298

Cineraria, 355

Chxrkmel«y«l:mh;('
170; earl

tilised, sd

Clwﬁ
5:" et L

Colg- red clover never sucked
by hnmbm in New Zealand,

Colour wilform. of lowera o plants
self fertilised ane
nmlhrcnmllllovulunvu‘l‘m
Tatins,

Coloars of flowers attractive 1o in-
sects, rx not the sole guide to
bees, 421

Com, ,..mu-v 178

('Amif;{m.l wlu‘i"

Convolvulus major, 28

tricolor, 55

Ccmll-.unuwud.m ‘perforation

Commilind 103,
Corydalis cara, 381, 3

A The Complete Work of Charles Darwin Online:




INDEX. 473
= T -
CORYDALIS. DYER.

Coryalis solida, 358 | Delphiniam comclide, 120: men-
Corylus avellana, 350 rements, 100 sceds, 852

Cowslip, 219 tally, -mua, 858; comlla  re-
Crinum, 595 moved,

Crowsed plants, greater constitn-

Dnlgim.. Pmﬁm. lea tricolor,

)
Gomal vigour of, 285
Cross-fortlisntion, 370 : see Fertilisa-

tion.
Crossing flowers on  same ity
effects of, 207 B

n, 215; measure-
nwuh. im mly Bowering of
seeds, 817, 428

—— repa udum 215
Oytius laluruim, 362
.
Dandelion, number of pollen grains,
©C, sclf-frtilisation " in

rhids, 405; on_cross-ferti-
lh-(iﬂn. 438, ll& 451 hil\an-
wequired modi

tions,
L7 e e wnticar of
Ue bencal to piaats” und

S e s

—, G, on i with first

G, maringes

Decaisne on Delphiniam consolida,
129

e Candale,nectar as an excretion,
4

o -mg—m 156
Loblia._ramosa, 176; straoture
of the Cannaces, 230; wind and
water carrying_poilen, 571;
Ji emopl

3 i entomo-
diacious
D-M.n I‘d“ zonale, 142
[ D e anyo-m- le,
mean height of

Dilhgha nuryr?nhyll . 192; croseed
sod mitfe ud.m-ms 1855 mox.
it

IIJ lalll i 8 v
rea, 81; measure-
s, ’H—':mm of inter-
mn- , 85, superiority of
o 288, 447 selfsterile

‘ﬁ'b.. m.' !razwmﬁng flowens of
samo
Do, Dr. Ao

A, sexual reproduction,
409

Dulumel on Raphanus sativus,
Dumal, nectar s an exeretion,

|
Dyer, Mr., on Lolelia ramosa, 176;
‘on'Cineraria, 335

@ The Camplete Work of Charles Darwin Online



474 INDEX.
EaRLEY. ronams
- d,
means of cross-fertilisation, 370
Earley, ‘W, miffntilition of | bumminghinis 371; Austrs
e o Fringlea 408 ing birds, 371 ; in New Zeas
En Savelopeseat Of scua) | Jand by the 4 s
ol ; tranon o bright eoloun
e vitri o L to certain kinds of insects,
Jraga, a73; largs of pollen:
B Sive culy |  mina, 576,577: tmusport of
i s polln by insott,$77-570; hruc
Frict ey 1215 pesosted | owerd 1 ol Pu—s
ey dines lan 358 prepotant
il el 1095 | Fertili
ty, heights and weights,
T e il | " o i e
118: seeds, 113, 116, 315, 819, | freen slock S el
202 exparkvents on, 263, 275 orcromed  (Table C),
e E Ferility of plants e in
220 arieinlly wlfforte o e itk fuctition (A
xlud, 332; pollen “from other Ry ol
lised, 833 pallen frs o80T | scllfortiised parcats (Tablo E),
Sle i Beasll, D43, 504 =y Loy 519;
o ith s
ipheasie sficinalic; 303 relative, of flowers with
5"!“"/ "‘“”"‘"m from a distinet plant and
—feroz, their own pollen G), 520
of ormed and  self-fertilised
1, [Fmeonigetog sty o
A jowering, period of, su
crosod If-fe 1~
FMuonArMalole;l : b s
i ealy | Flowers, wiite, larger
hering of crowsd plant, 295 | smlling awcetly, 574 s
Faivre, Proomor, wit-driiion | - and conspioumemn o 361 ; con-
i e = i, | T e ‘pollen fiom a distinet {
ers, 5; inue H
e atlforus, 150, i 38 e e
sativum, 160 cross-fry MMMM]
tilieation of Lobelia ramosd, 176 ; §
Fermond, M, Phawolus wulti- ""' g "
;u-, o 15 b h'l-rldu\ i’mlwumu. o
S i -:r-nhla.
'ﬂl nr inl it
i, BO7-b0L: pants er |

@ The Combplete Work of Charles Darwin Online




INDEX.

oALION.
[

Galium aparine, 569

(u!lwo, ) Spontineoas cromtog of

G.Llwu, s, Liwnanthes douglasiy
16 eport onthe of

surements, 16-19, Hﬂ l‘ﬂ
witforilisol plunts; 230, 201,
superior vigour of crossed scod
lings yrus odarn!u, 853,

Girtner, excess of pollen injurious,

24 plants fertlising one L
at o considerablo distan
Lol ulgens, 179, mw terility

475

HOPFMANN.

Hnua].l Mr number of pﬂllrn-
and

76 . cight & of ol lhmhpmdwd

o me pant of Bulrus

Hnl'chlum sm
i, 361
i g kbec |
ﬁh il Dlants Tablo A)
Hclgm weights, and fertility,
ummary, 238-281
Henschel's sxpectments with pollen,
879
Henslow, Rev, G, cross fertlion-

scoparius,

e -grains to fertilise Geun
urbawn. 5T7; experiments with
pollon, 37

Centry, ey ‘perforation of corolla,

Gorebiomse 142

Geraniun i, 420

Gerardia pedicularia, 427

Gumimm period of,and relutive
ht of seeds from orossed an

n.l{-lertil.iaed flowers, 852-355
Geaneria pendulina, 92 ; measure-

ments, 92 soeds, 822

92

Gewn_wrbanum, wumber of pollen-
grains for fertilistion,
Glausi lteun,

Pﬁm intererossi h m‘rmi."tl”
ondif ra affected
llen of P, ]M

crome ftlsation, 7;
pollen hmm,hl fiom did
plants, 878 ; spontancous. emumg

of rhodod
Horo, desundate of the plant 47

Sh2:8; le sl tetiliontion,
”rtemecumm mezicanum, 361
Hibicus africanus, H0: e
s, 140; result of experiments,
z]'..n “early Joweeiag of ;u]rd
t, 202,206 num] len-

Frainsfor fercliantion, 577
Illl-lal.vmxd onpollen of Digitalia
unteryia alate,

5 cculentun, 228 oel! fmh-
sation of Zea

Gould, hummmg -birds frequenting
Im tiens,

ifferent hives
vgung different kinds of flowers,
4

ray, Asm sexual relations of trees
O g B  on sexual
reproduction, 439

H
Hullet, Major, on selection of grains
of ireals, 354

is lutea,
859 ; :pnm.nmn-h sel-fertilised
flowers, 360; varinus mechanical

structure to check self-fertilisa-
tion, 383 carly m]lov;\tmnuflhe
417;

e, 400
Trtiisation of the Graminem, 440,
Jide dissemtion of seeds, 450

Hottwann, Prof. I, self-feriilised
capsules of Papacer somniferum,
108, 866; Adonis astivaliz, 129,

© The Complete Work of Chares Narwin Orline



on
sexual m-mm of trees in New
Zealand, 41

et
Hum\vh\-hn 416
Hmboidh on the gratns o coreals,

Humming-birds a means of eross-
fertilistion, 571
Hymn:h. ¥
ybrid phnh. tendency to revert to
i parent forms, 579
Bypeoen grava{fore, 351, 359
—— procumbens,

I
Tveris wmbellata (var. kermesiana),
06 ;

tance, force o, in plants, 505
Tnsects, means of cross-fertilisation,
5717 attracted by bricht mlunn,
372¢ by odurs, 874:
spicnous flowers, o
caks und marks as guides for,
72 fowers adapted 1o certain
Kinds, 37

et

unif

tilised, 308 ; seeds, 314, 322, 824 ;

:Aiguly '»1{ rup:{‘xﬁ, 368 prepo-

ency of other pollen, 397
of saccharine

is, secrotion matter

Kalmia latifalia, 359
Kerner, on protection of the

gﬂlglen unmet‘ by wh:d. 405. 406,
1

Kidney-bean,
Kitehatr, Mr o|| the action ofthe
61

oy 1
xohmm, prepotency of pollen,

Kilreuter on ceom-fekllation, 73
number of pollen-grains necessary
for fertilisation, 24 ; sexual affini-
ties of Nicotiana, 210 ; Verbascum

cicem, i its
with pollen of Hibiseus ~cesi

carius, 377
Kuhn adopts the tem cleistogene,
90

Kurr, on excretion of neotar, 402;
removal of 420

@ The Complete Work of Charles Darwin Online



INDEX. 477

LABATE.
tion of
L o eper:

Labiate,
Lactuca sativa, 173, 369 ; measure-

265; poriod of
o, 205+ srose-toriisation,
 soods, 316, 825; self-fertile,

grandiflorus, 155, 360
rocrgpi

Lawes and Gilbert, Messrs., cos
‘ien plion of inorganio matier by
plants, 418

Laxton, M., arosing variotos of

305

0 dim, 215 ; on
"R’;.ur‘fi’u".'z.‘"m. il pani
rarely diaeions,

ia oryzoides, 50
Lr-.m, 147} summary on the,

Leighton, Rev. W. A., on Phasolus
mol:”l!lﬁarm,lsl + dodcia magnifica,
4

Leptosiphon androsaceus, 558

Leschenaltia formosa, 564

Lettuce,

Lilium auratum, 34

Llum.‘lulhnduuglmu. 145;
ments,

mensure-
flowering of
1

i
oymbalaria, 381, 422
Lindley on Fumariacex, 359
igk, hypopetalous ietary . in
Oliironia. deoussata, 403
Linum grandiflorum, 343
issimn, 366

Loasacer, 170

in sunshing
ments with bees, 420
Labdm  fulgens, 179 ; mensurements,

S
self-fertilised, 291, 295;
foads, 833 sorilo unlossvisited
Eyiuibla des, 80

o 170
177, 178; mﬂ, ﬂnmmg of
crossed, 2 + sceds, 525;
self-sterile, 864

—— tenuior, 176

Iamlom\-Da-lmnlmmp, on the
grains of cercals,

1751 bowe isneniebing coman:
distinguishing eolours,
373; \nlﬁne‘ of hees nn‘d insects
sucking nectar, 415
Tupinus letous, W1 monsaresasnts,
s uny foworing o sttt

— pa«.«, fri nllg-'urﬁla, 367
Lychnis dioiea, 411

'3
Mycraby 3r, on tho storter or
Longer stamons of rhododendrons,

Mahonia aquifolium, 395
sy by

[arcgraviaces,

Mr, fot kintion i
Pisum sativwm, 161; cabbages
affected by pollen at a distance,

oy D Maswel,on Boney-dow,
Mikrsesie summary of, 241 ;
Table A, 240-243; " Table l]
244 Tsl‘leC 2|B— 52
y»duw [
Petunia

ke by nlgm ot 188

@) The Combplete Wark of Charles Darwin Orline




hWy sltertl, 348, 300
ather pallen, 392, 397

uu.-r. Mr. red elover never sucked
by hive-Doos in the United States,

Alieait, dvarted plants aisd by
uing ion o pollon-grains, 205
Bunber of giains

Trtston, 7

Mitehell, Dr., on first cousin inter-
marrying, 460

Monochatum ensiferum, 264

Moore M om Chncrarin, 855

Hllllor, imx on P
ine, 5, 891 ; experiments s
by u.m».- and Bignanias,
o, ot o
sterile
llldr native home, also Bix\wnn
and Tl tana echinata,
831;  sterility of
mw s, 8%, 343 Abutilon
periments m

lulf—(urtlhuumx 510 selbsterilo

ies in Coeropia, 404
Miller, | Hcm-nn. fertilstion of

Digitatis purpurea’ §2; Caleeo-

lhmm. Mr., some species of Onci-
lml luﬂlaia sterile

uyrr.m-. 2
N
Nigelion odoursattactng insects

; sexnal
)-uml -lm&m,dmt npun nl!-
.mnn, ‘and self-fertilisation, 345,

Nnndin on number of

en-graine
necessary for
Petunia violacea, 188

ition, 24 ;

@ The Comblete Work of Charles Darwin Online:




479

: X
Baouy, mumber of - pollengraiag,

I‘apﬂm dlphmm. 831, 858
noides, 36

soorls, experi-
ot on. 510 el fortle, 308
Noluna prostrata, 186;

mensurs-

ments, 187; crossed and self-

fertilisod plants, 277; number of

eapsules and_sceds, 821, 828;
self-frtile, 368

lanaces, 156

Nymphaea, 358, 865

0.

Odours emitted by flowers attractive
o inscots, 574

Onagracea,
e espomy 08 o pollen,

Ononis minutissima, 167 ; measure-
its, 168 seeds, 8‘!3 self-
fortile, 567

Oplirys apifera, 350,369, 439

——  muscifora, 581, 406
Oranges, qumhnuml crossing, 304

Orchides, 364, 369: excretion of
saccharine matter, 402
Orelis, fly, 406

cross
intererosemg, 801

- 108, 831, 365
wagum, 107; "
100; number of enpsules, 815;
458 ¢ 'y of other
pollen, 597
Papillo of the Viola tricolor at-
M“";; insects, 124
Forsiflor st 30,
—— gracilis, 171
1715 cromod and
% i soods, 828; self - fertile,
Passifloracew, 171, 357
Pea, common, NIO.
P ium sonale, “2.
ments, 143; effocts of inter-
crossing, 301 alurst self-sterile,

perforated co-

Pentstemon a

rolla, 426, 4 ml

Petunia rlohmu. ‘measure-

it 189-208; ro{ghto(ned.
cross with fresh 196

m: el fmmly, m m
nin, 265, 2741 s

ments, nn

erossed D'ﬂr self-f ftﬂrgﬁ ‘—‘Sﬂ

carly flowering, 203, 20¢; uniform

golour of mu_ fortlised, 800

el 916, 810, 23, 805;

Pty oariensi, 25
ments, 206, 237 sarly flowering

l‘la-vln;‘ mdn-. 150

: measurcment,
1% pm.uy crile, 168, 360
rosted and selffertlised, 276

@ The Comblete Work of Charles Darwin Online



480

INDEX.

PHASEOLUS.

enrly flowering of crossed, 203 ;
yﬂ 316; perforate | by humble*
Phsston vulgaris, 15%; self-fertile,
168, 367
Pisum satioum, 160 ; rements,
1o arliom _ tatereroes, 1607
summary of experiments, 264,
278 ; self-fertile,

Plants, greater  consti-
tutioual vigmu, 285
Dleroma, 364

I’ollen, ool fammy of flowers
m o distinct plant, or
wvt.h their o
Ofsesulisin Nolana prosirata, 521,
;o and” self-fertilised
plants, from
distinct plant and their own pol-
len, 824 sterile with their own,
380938 senisellterle, 355
340; i bunber of
grains in Dnndehnn, Pmny.
b e

anemophilous plants, 405
Polyantius, propolency over cov

l'ulygonr_w
Posoqueria. frﬂy‘mn!. 5,891
Potato, 357

Poterium sanguisorba, 407

of Anthornis melanura

Potts, heml
covered with pollen, 3
Primrose, Ohincso, 925

I"Ilmuln elatior, 422, 427

mdiflord, 578

. oficinalis), 219 ;
Tesult of ex-

‘measurements, 22|
periments, 267, 268; early flower-

| Pheris aquilina,

SALYVIA.

ing of crossed. 203; sceds, 317:
selt‘l'erhll!y, H51; prepotency of
ik red polyunthus, 396
Prinnsserots.
Pringlea, 408
Protauceie of Australia, 412
Prunus avium,
P Jaurocerdsus 404

R.

Radish, 393

Ramunculace, 198

Ranuneulus acris, 363

Raphanus sativus, 363, 3

Reinke, nectar-secreting gmm of
Prunus avium, 403

Reseda lutea, 117; measurements,
118, 119 result of experiments,
8995 sl ertly 363

. 119; measurements,

28 result
steniionnd uuh' fertile, 358, 365
Resedaces, 1

| Rheun rlmplmlinum, 401

Tihezia glandulosa, 36+
Rhododendron, spontaneous cross-

in

Rlododendron asaloide, 432

Rhubarb. 394, 401

I{th nurw‘rm 432

pollenr carried by wind,

lm.bn. moth,

crs, Me. socoton of netar in
Vm.n.,

Rye, e\penmem on pollen cf,

76

Salvia cosened, 03 mensusemets
3; early flowering of o
203 “socds, 315, 552 partially
selbsterile, 363
— glutinosa, 427

@ The Complete Work of Charles Darwin Online




INDEX,

SALYIA,
Saleia grahami, 426, 428, 433
— tenori,

s scoprius, 163; mea-
surements, 165-167 ; superiority
of i , 2803

soods, 823 solCaterile, 300
ro-purpurea, 172; mea-

suremonte, 175,175
Soutiebrunner 180 A
s somnferun 106

storilify ey i On

i and Ses i 30
Primula soti-a aod Cortuss
thioli, 362

Serophulariacei, 63
Saletorile varicties, appearance of,

Sell-fertilisation, mechaical strue-
ture o check, 382
-sterile plants, 520-347: wide

Sell
distribution  thronghout  the

necessity of differentiation in llw
sexual clements, 347

populifoli
—hmims
arpe, Boms, precautions sgainat
interorssing, it
Snow-fake, 176

e,
Solamm taberowum, 362, 387
Specularia W/au..lu, 174

, 174; measurement
m Tro: cromed asd sttt
m sarly fowaring of

seeds, 823; self-

fortile
anwr‘ Horbert, chonsical aflinity,
457

Spiranthes autumnalis, 391, 421
tilisation d

attret and guide inseets, 372,
378, i

481

nna,
o apele, 425 mportance of
- L;m';" ilitng Mowerse 155
e coceis 426, 4 m
sceu..’r:a-ed'-:' i
rorated lowers

eneral, per
S mml.y., 134
Suruwberr, 404
et feiied by the Noctvin-

Structure of its lﬂu 0 cross.
wnd sell h‘tﬂm P“‘i

Termites, imperfectly developed
malos and fomales,
T%Mrnbvmila alata, 96, 277, 831

on Solanwm tuberosum,

Tobaceo, 203
Transmission of the good «fects of
u cross to later generations, 303
sexes, 411
Trolian areeuse, 367, 384
— incarnatun, 861
—— minus, 368

—pnumn.w,l 426, 454

NI
lom winss, 144: monsn
U0 varly Sowering o
crossed, 293
—— tricolor, 427 wed

Talips, 594
Typha, 105

1,»,

il 172

rhan, Ig,, furtilisation of Medicagu
Tupulina 365

21

@ The Complete Waork of Charlee Darwirn Online



INDEX.
VANDELLIA, e
erosed and_ self-fertilised, 276
v S . e e, 307
Vandellia 90, 278 % -
sveds, 815, 592 self-fertile, 369
Vel secttion of ncar 408 -
—— nigrum, 89, 330, 41 '

Viola canina, 357

—— tricolor, 123; measurements,
126, 127 ; superiority of erossed
plants, 286, 289: period of
Howering, 292, 206; effects of
cross-fertilisation, 804 ; seeds,
316, 825; partially sterile, 858
corolla removed, 420

Violacew, 123

Viscaria

ooulata, 130; measure-
ment, 132; average height of

Wallace, Mr, the beaks and faces
o b ed lories_ coversd
Wi M'hyxp.puwm-

Wi Fmittre: st
quuphn 244, 288;
gormination of

LONDON: FRINTED NY WILLIAN CLOWES AXD 0%, STAMIORD STRKFT
AXD CHARING CROSS.

@ The Complete Work of Charles Darwin Online












@ The Complate Wark. of Chares Darwin Online



@ The Combplete Waork of Charles Darwin Orline






	1876_Fertilisation_F1249_001.jpg
	1876_Fertilisation_F1249_002.jpg
	1876_Fertilisation_F1249_003.jpg
	1876_Fertilisation_F1249_004.jpg
	1876_Fertilisation_F1249_005.jpg
	1876_Fertilisation_F1249_006.jpg
	1876_Fertilisation_F1249_007.jpg
	1876_Fertilisation_F1249_008.jpg
	1876_Fertilisation_F1249_009.jpg
	1876_Fertilisation_F1249_010.jpg
	1876_Fertilisation_F1249_011.jpg
	1876_Fertilisation_F1249_012.jpg
	1876_Fertilisation_F1249_013.jpg
	1876_Fertilisation_F1249_014.jpg
	1876_Fertilisation_F1249_015.jpg
	1876_Fertilisation_F1249_016.jpg
	1876_Fertilisation_F1249_017.jpg
	1876_Fertilisation_F1249_018.jpg
	1876_Fertilisation_F1249_019.jpg
	1876_Fertilisation_F1249_020.jpg
	1876_Fertilisation_F1249_021.jpg
	1876_Fertilisation_F1249_022.jpg
	1876_Fertilisation_F1249_023.jpg
	1876_Fertilisation_F1249_024.jpg
	1876_Fertilisation_F1249_025.jpg
	1876_Fertilisation_F1249_026.jpg
	1876_Fertilisation_F1249_027.jpg
	1876_Fertilisation_F1249_028.jpg
	1876_Fertilisation_F1249_029.jpg
	1876_Fertilisation_F1249_030.jpg
	1876_Fertilisation_F1249_031.jpg
	1876_Fertilisation_F1249_032.jpg
	1876_Fertilisation_F1249_033.jpg
	1876_Fertilisation_F1249_034.jpg
	1876_Fertilisation_F1249_035.jpg
	1876_Fertilisation_F1249_036.jpg
	1876_Fertilisation_F1249_037.jpg
	1876_Fertilisation_F1249_038.jpg
	1876_Fertilisation_F1249_039.jpg
	1876_Fertilisation_F1249_040.jpg
	1876_Fertilisation_F1249_041.jpg
	1876_Fertilisation_F1249_042.jpg
	1876_Fertilisation_F1249_043.jpg
	1876_Fertilisation_F1249_044.jpg
	1876_Fertilisation_F1249_045.jpg
	1876_Fertilisation_F1249_046.jpg
	1876_Fertilisation_F1249_047.jpg
	1876_Fertilisation_F1249_048.jpg
	1876_Fertilisation_F1249_049.jpg
	1876_Fertilisation_F1249_050.jpg
	1876_Fertilisation_F1249_051.jpg
	1876_Fertilisation_F1249_052.jpg
	1876_Fertilisation_F1249_053.jpg
	1876_Fertilisation_F1249_054.jpg
	1876_Fertilisation_F1249_055.jpg
	1876_Fertilisation_F1249_056.jpg
	1876_Fertilisation_F1249_057.jpg
	1876_Fertilisation_F1249_058.jpg
	1876_Fertilisation_F1249_059.jpg
	1876_Fertilisation_F1249_060.jpg
	1876_Fertilisation_F1249_061.jpg
	1876_Fertilisation_F1249_062.jpg
	1876_Fertilisation_F1249_063.jpg
	1876_Fertilisation_F1249_064.jpg
	1876_Fertilisation_F1249_065.jpg
	1876_Fertilisation_F1249_066.jpg
	1876_Fertilisation_F1249_067.jpg
	1876_Fertilisation_F1249_068.jpg
	1876_Fertilisation_F1249_069.jpg
	1876_Fertilisation_F1249_070.jpg
	1876_Fertilisation_F1249_071.jpg
	1876_Fertilisation_F1249_072.jpg
	1876_Fertilisation_F1249_073.jpg
	1876_Fertilisation_F1249_074.jpg
	1876_Fertilisation_F1249_075.jpg
	1876_Fertilisation_F1249_076.jpg
	1876_Fertilisation_F1249_077.jpg
	1876_Fertilisation_F1249_078.jpg
	1876_Fertilisation_F1249_079.jpg
	1876_Fertilisation_F1249_080.jpg
	1876_Fertilisation_F1249_081.jpg
	1876_Fertilisation_F1249_082.jpg
	1876_Fertilisation_F1249_083.jpg
	1876_Fertilisation_F1249_084.jpg
	1876_Fertilisation_F1249_085.jpg
	1876_Fertilisation_F1249_086.jpg
	1876_Fertilisation_F1249_087.jpg
	1876_Fertilisation_F1249_088.jpg
	1876_Fertilisation_F1249_089.jpg
	1876_Fertilisation_F1249_090.jpg
	1876_Fertilisation_F1249_091.jpg
	1876_Fertilisation_F1249_092.jpg
	1876_Fertilisation_F1249_093.jpg
	1876_Fertilisation_F1249_094.jpg
	1876_Fertilisation_F1249_095.jpg
	1876_Fertilisation_F1249_096.jpg
	1876_Fertilisation_F1249_097.jpg
	1876_Fertilisation_F1249_098.jpg
	1876_Fertilisation_F1249_099.jpg
	1876_Fertilisation_F1249_100.jpg
	1876_Fertilisation_F1249_101.jpg
	1876_Fertilisation_F1249_102.jpg
	1876_Fertilisation_F1249_103.jpg
	1876_Fertilisation_F1249_104.jpg
	1876_Fertilisation_F1249_105.jpg
	1876_Fertilisation_F1249_106.jpg
	1876_Fertilisation_F1249_107.jpg
	1876_Fertilisation_F1249_108.jpg
	1876_Fertilisation_F1249_109.jpg
	1876_Fertilisation_F1249_110.jpg
	1876_Fertilisation_F1249_111.jpg
	1876_Fertilisation_F1249_112.jpg
	1876_Fertilisation_F1249_113.jpg
	1876_Fertilisation_F1249_114.jpg
	1876_Fertilisation_F1249_115.jpg
	1876_Fertilisation_F1249_116.jpg
	1876_Fertilisation_F1249_117.jpg
	1876_Fertilisation_F1249_118.jpg
	1876_Fertilisation_F1249_119.jpg
	1876_Fertilisation_F1249_120.jpg
	1876_Fertilisation_F1249_121.jpg
	1876_Fertilisation_F1249_122.jpg
	1876_Fertilisation_F1249_123.jpg
	1876_Fertilisation_F1249_124.jpg
	1876_Fertilisation_F1249_125.jpg
	1876_Fertilisation_F1249_126.jpg
	1876_Fertilisation_F1249_127.jpg
	1876_Fertilisation_F1249_128.jpg
	1876_Fertilisation_F1249_129.jpg
	1876_Fertilisation_F1249_130.jpg
	1876_Fertilisation_F1249_131.jpg
	1876_Fertilisation_F1249_132.jpg
	1876_Fertilisation_F1249_133.jpg
	1876_Fertilisation_F1249_134.jpg
	1876_Fertilisation_F1249_135.jpg
	1876_Fertilisation_F1249_136.jpg
	1876_Fertilisation_F1249_137.jpg
	1876_Fertilisation_F1249_138.jpg
	1876_Fertilisation_F1249_139.jpg
	1876_Fertilisation_F1249_140.jpg
	1876_Fertilisation_F1249_141.jpg
	1876_Fertilisation_F1249_142.jpg
	1876_Fertilisation_F1249_143.jpg
	1876_Fertilisation_F1249_144.jpg
	1876_Fertilisation_F1249_145.jpg
	1876_Fertilisation_F1249_146.jpg
	1876_Fertilisation_F1249_147.jpg
	1876_Fertilisation_F1249_148.jpg
	1876_Fertilisation_F1249_149.jpg
	1876_Fertilisation_F1249_150.jpg
	1876_Fertilisation_F1249_151.jpg
	1876_Fertilisation_F1249_152.jpg
	1876_Fertilisation_F1249_153.jpg
	1876_Fertilisation_F1249_154.jpg
	1876_Fertilisation_F1249_155.jpg
	1876_Fertilisation_F1249_156.jpg
	1876_Fertilisation_F1249_157.jpg
	1876_Fertilisation_F1249_158.jpg
	1876_Fertilisation_F1249_159.jpg
	1876_Fertilisation_F1249_160.jpg
	1876_Fertilisation_F1249_161.jpg
	1876_Fertilisation_F1249_162.jpg
	1876_Fertilisation_F1249_163.jpg
	1876_Fertilisation_F1249_164.jpg
	1876_Fertilisation_F1249_165.jpg
	1876_Fertilisation_F1249_166.jpg
	1876_Fertilisation_F1249_167.jpg
	1876_Fertilisation_F1249_168.jpg
	1876_Fertilisation_F1249_169.jpg
	1876_Fertilisation_F1249_170.jpg
	1876_Fertilisation_F1249_171.jpg
	1876_Fertilisation_F1249_172.jpg
	1876_Fertilisation_F1249_173.jpg
	1876_Fertilisation_F1249_174.jpg
	1876_Fertilisation_F1249_175.jpg
	1876_Fertilisation_F1249_176.jpg
	1876_Fertilisation_F1249_177.jpg
	1876_Fertilisation_F1249_178.jpg
	1876_Fertilisation_F1249_179.jpg
	1876_Fertilisation_F1249_180.jpg
	1876_Fertilisation_F1249_181.jpg
	1876_Fertilisation_F1249_182.jpg
	1876_Fertilisation_F1249_183.jpg
	1876_Fertilisation_F1249_184.jpg
	1876_Fertilisation_F1249_185.jpg
	1876_Fertilisation_F1249_186.jpg
	1876_Fertilisation_F1249_187.jpg
	1876_Fertilisation_F1249_188.jpg
	1876_Fertilisation_F1249_189.jpg
	1876_Fertilisation_F1249_190.jpg
	1876_Fertilisation_F1249_191.jpg
	1876_Fertilisation_F1249_192.jpg
	1876_Fertilisation_F1249_193.jpg
	1876_Fertilisation_F1249_194.jpg
	1876_Fertilisation_F1249_195.jpg
	1876_Fertilisation_F1249_196.jpg
	1876_Fertilisation_F1249_197.jpg
	1876_Fertilisation_F1249_198.jpg
	1876_Fertilisation_F1249_199.jpg
	1876_Fertilisation_F1249_200.jpg
	1876_Fertilisation_F1249_201.jpg
	1876_Fertilisation_F1249_202.jpg
	1876_Fertilisation_F1249_203.jpg
	1876_Fertilisation_F1249_204.jpg
	1876_Fertilisation_F1249_205.jpg
	1876_Fertilisation_F1249_206.jpg
	1876_Fertilisation_F1249_207.jpg
	1876_Fertilisation_F1249_208.jpg
	1876_Fertilisation_F1249_209.jpg
	1876_Fertilisation_F1249_210.jpg
	1876_Fertilisation_F1249_211.jpg
	1876_Fertilisation_F1249_212.jpg
	1876_Fertilisation_F1249_213.jpg
	1876_Fertilisation_F1249_214.jpg
	1876_Fertilisation_F1249_215.jpg
	1876_Fertilisation_F1249_216.jpg
	1876_Fertilisation_F1249_217.jpg
	1876_Fertilisation_F1249_218.jpg
	1876_Fertilisation_F1249_219.jpg
	1876_Fertilisation_F1249_220.jpg
	1876_Fertilisation_F1249_221.jpg
	1876_Fertilisation_F1249_222.jpg
	1876_Fertilisation_F1249_223.jpg
	1876_Fertilisation_F1249_224.jpg
	1876_Fertilisation_F1249_225.jpg
	1876_Fertilisation_F1249_226.jpg
	1876_Fertilisation_F1249_227.jpg
	1876_Fertilisation_F1249_228.jpg
	1876_Fertilisation_F1249_229.jpg
	1876_Fertilisation_F1249_230.jpg
	1876_Fertilisation_F1249_231.jpg
	1876_Fertilisation_F1249_232.jpg
	1876_Fertilisation_F1249_233.jpg
	1876_Fertilisation_F1249_234.jpg
	1876_Fertilisation_F1249_235.jpg
	1876_Fertilisation_F1249_236.jpg
	1876_Fertilisation_F1249_237.jpg
	1876_Fertilisation_F1249_238.jpg
	1876_Fertilisation_F1249_239.jpg
	1876_Fertilisation_F1249_240.jpg
	1876_Fertilisation_F1249_241.jpg
	1876_Fertilisation_F1249_242.jpg
	1876_Fertilisation_F1249_243.jpg
	1876_Fertilisation_F1249_244.jpg
	1876_Fertilisation_F1249_245.jpg
	1876_Fertilisation_F1249_246.jpg
	1876_Fertilisation_F1249_247.jpg
	1876_Fertilisation_F1249_248.jpg
	1876_Fertilisation_F1249_249.jpg
	1876_Fertilisation_F1249_250.jpg
	1876_Fertilisation_F1249_251.jpg
	1876_Fertilisation_F1249_252.jpg
	1876_Fertilisation_F1249_253.jpg
	1876_Fertilisation_F1249_254.jpg
	1876_Fertilisation_F1249_255.jpg
	1876_Fertilisation_F1249_256.jpg
	1876_Fertilisation_F1249_257.jpg
	1876_Fertilisation_F1249_258.jpg
	1876_Fertilisation_F1249_259.jpg
	1876_Fertilisation_F1249_260.jpg
	1876_Fertilisation_F1249_261.jpg
	1876_Fertilisation_F1249_262.jpg
	1876_Fertilisation_F1249_263.jpg
	1876_Fertilisation_F1249_264.jpg
	1876_Fertilisation_F1249_265.jpg
	1876_Fertilisation_F1249_266.jpg
	1876_Fertilisation_F1249_267.jpg
	1876_Fertilisation_F1249_268.jpg
	1876_Fertilisation_F1249_269.jpg
	1876_Fertilisation_F1249_270.jpg
	1876_Fertilisation_F1249_271.jpg
	1876_Fertilisation_F1249_272.jpg
	1876_Fertilisation_F1249_273.jpg
	1876_Fertilisation_F1249_274.jpg
	1876_Fertilisation_F1249_275.jpg
	1876_Fertilisation_F1249_276.jpg
	1876_Fertilisation_F1249_277.jpg
	1876_Fertilisation_F1249_278.jpg
	1876_Fertilisation_F1249_279.jpg
	1876_Fertilisation_F1249_280.jpg
	1876_Fertilisation_F1249_281.jpg
	1876_Fertilisation_F1249_282.jpg
	1876_Fertilisation_F1249_283.jpg
	1876_Fertilisation_F1249_284.jpg
	1876_Fertilisation_F1249_285.jpg
	1876_Fertilisation_F1249_286.jpg
	1876_Fertilisation_F1249_287.jpg
	1876_Fertilisation_F1249_288.jpg
	1876_Fertilisation_F1249_289.jpg
	1876_Fertilisation_F1249_290.jpg
	1876_Fertilisation_F1249_291.jpg
	1876_Fertilisation_F1249_292.jpg
	1876_Fertilisation_F1249_293.jpg
	1876_Fertilisation_F1249_294.jpg
	1876_Fertilisation_F1249_295.jpg
	1876_Fertilisation_F1249_296.jpg
	1876_Fertilisation_F1249_297.jpg
	1876_Fertilisation_F1249_298.jpg
	1876_Fertilisation_F1249_299.jpg
	1876_Fertilisation_F1249_300.jpg
	1876_Fertilisation_F1249_301.jpg
	1876_Fertilisation_F1249_302.jpg
	1876_Fertilisation_F1249_303.jpg
	1876_Fertilisation_F1249_304.jpg
	1876_Fertilisation_F1249_305.jpg
	1876_Fertilisation_F1249_306.jpg
	1876_Fertilisation_F1249_307.jpg
	1876_Fertilisation_F1249_308.jpg
	1876_Fertilisation_F1249_309.jpg
	1876_Fertilisation_F1249_310.jpg
	1876_Fertilisation_F1249_311.jpg
	1876_Fertilisation_F1249_312.jpg
	1876_Fertilisation_F1249_313.jpg
	1876_Fertilisation_F1249_314.jpg
	1876_Fertilisation_F1249_315.jpg
	1876_Fertilisation_F1249_316.jpg
	1876_Fertilisation_F1249_317.jpg
	1876_Fertilisation_F1249_318.jpg
	1876_Fertilisation_F1249_319.jpg
	1876_Fertilisation_F1249_320.jpg
	1876_Fertilisation_F1249_321.jpg
	1876_Fertilisation_F1249_322.jpg
	1876_Fertilisation_F1249_323.jpg
	1876_Fertilisation_F1249_324.jpg
	1876_Fertilisation_F1249_325.jpg
	1876_Fertilisation_F1249_326.jpg
	1876_Fertilisation_F1249_327.jpg
	1876_Fertilisation_F1249_328.jpg
	1876_Fertilisation_F1249_329.jpg
	1876_Fertilisation_F1249_330.jpg
	1876_Fertilisation_F1249_331.jpg
	1876_Fertilisation_F1249_332.jpg
	1876_Fertilisation_F1249_333.jpg
	1876_Fertilisation_F1249_334.jpg
	1876_Fertilisation_F1249_335.jpg
	1876_Fertilisation_F1249_336.jpg
	1876_Fertilisation_F1249_337.jpg
	1876_Fertilisation_F1249_338.jpg
	1876_Fertilisation_F1249_339.jpg
	1876_Fertilisation_F1249_340.jpg
	1876_Fertilisation_F1249_341.jpg
	1876_Fertilisation_F1249_342.jpg
	1876_Fertilisation_F1249_343.jpg
	1876_Fertilisation_F1249_344.jpg
	1876_Fertilisation_F1249_345.jpg
	1876_Fertilisation_F1249_346.jpg
	1876_Fertilisation_F1249_347.jpg
	1876_Fertilisation_F1249_348.jpg
	1876_Fertilisation_F1249_349.jpg
	1876_Fertilisation_F1249_350.jpg
	1876_Fertilisation_F1249_351.jpg
	1876_Fertilisation_F1249_352.jpg
	1876_Fertilisation_F1249_353.jpg
	1876_Fertilisation_F1249_354.jpg
	1876_Fertilisation_F1249_355.jpg
	1876_Fertilisation_F1249_356.jpg
	1876_Fertilisation_F1249_357.jpg
	1876_Fertilisation_F1249_358.jpg
	1876_Fertilisation_F1249_359.jpg
	1876_Fertilisation_F1249_360.jpg
	1876_Fertilisation_F1249_361.jpg
	1876_Fertilisation_F1249_362.jpg
	1876_Fertilisation_F1249_363.jpg
	1876_Fertilisation_F1249_364.jpg
	1876_Fertilisation_F1249_365.jpg
	1876_Fertilisation_F1249_366.jpg
	1876_Fertilisation_F1249_367.jpg
	1876_Fertilisation_F1249_368.jpg
	1876_Fertilisation_F1249_369.jpg
	1876_Fertilisation_F1249_370.jpg
	1876_Fertilisation_F1249_371.jpg
	1876_Fertilisation_F1249_372.jpg
	1876_Fertilisation_F1249_373.jpg
	1876_Fertilisation_F1249_374.jpg
	1876_Fertilisation_F1249_375.jpg
	1876_Fertilisation_F1249_376.jpg
	1876_Fertilisation_F1249_377.jpg
	1876_Fertilisation_F1249_378.jpg
	1876_Fertilisation_F1249_379.jpg
	1876_Fertilisation_F1249_380.jpg
	1876_Fertilisation_F1249_381.jpg
	1876_Fertilisation_F1249_382.jpg
	1876_Fertilisation_F1249_383.jpg
	1876_Fertilisation_F1249_384.jpg
	1876_Fertilisation_F1249_385.jpg
	1876_Fertilisation_F1249_386.jpg
	1876_Fertilisation_F1249_387.jpg
	1876_Fertilisation_F1249_388.jpg
	1876_Fertilisation_F1249_389.jpg
	1876_Fertilisation_F1249_390.jpg
	1876_Fertilisation_F1249_391.jpg
	1876_Fertilisation_F1249_392.jpg
	1876_Fertilisation_F1249_393.jpg
	1876_Fertilisation_F1249_394.jpg
	1876_Fertilisation_F1249_395.jpg
	1876_Fertilisation_F1249_396.jpg
	1876_Fertilisation_F1249_397.jpg
	1876_Fertilisation_F1249_398.jpg
	1876_Fertilisation_F1249_399.jpg
	1876_Fertilisation_F1249_400.jpg
	1876_Fertilisation_F1249_401.jpg
	1876_Fertilisation_F1249_402.jpg
	1876_Fertilisation_F1249_403.jpg
	1876_Fertilisation_F1249_404.jpg
	1876_Fertilisation_F1249_405.jpg
	1876_Fertilisation_F1249_406.jpg
	1876_Fertilisation_F1249_407.jpg
	1876_Fertilisation_F1249_408.jpg
	1876_Fertilisation_F1249_409.jpg
	1876_Fertilisation_F1249_410.jpg
	1876_Fertilisation_F1249_411.jpg
	1876_Fertilisation_F1249_412.jpg
	1876_Fertilisation_F1249_413.jpg
	1876_Fertilisation_F1249_414.jpg
	1876_Fertilisation_F1249_415.jpg
	1876_Fertilisation_F1249_416.jpg
	1876_Fertilisation_F1249_417.jpg
	1876_Fertilisation_F1249_418.jpg
	1876_Fertilisation_F1249_419.jpg
	1876_Fertilisation_F1249_420.jpg
	1876_Fertilisation_F1249_421.jpg
	1876_Fertilisation_F1249_422.jpg
	1876_Fertilisation_F1249_423.jpg
	1876_Fertilisation_F1249_424.jpg
	1876_Fertilisation_F1249_425.jpg
	1876_Fertilisation_F1249_426.jpg
	1876_Fertilisation_F1249_427.jpg
	1876_Fertilisation_F1249_428.jpg
	1876_Fertilisation_F1249_429.jpg
	1876_Fertilisation_F1249_430.jpg
	1876_Fertilisation_F1249_431.jpg
	1876_Fertilisation_F1249_432.jpg
	1876_Fertilisation_F1249_433.jpg
	1876_Fertilisation_F1249_434.jpg
	1876_Fertilisation_F1249_435.jpg
	1876_Fertilisation_F1249_436.jpg
	1876_Fertilisation_F1249_437.jpg
	1876_Fertilisation_F1249_438.jpg
	1876_Fertilisation_F1249_439.jpg
	1876_Fertilisation_F1249_440.jpg
	1876_Fertilisation_F1249_441.jpg
	1876_Fertilisation_F1249_442.jpg
	1876_Fertilisation_F1249_443.jpg
	1876_Fertilisation_F1249_444.jpg
	1876_Fertilisation_F1249_445.jpg
	1876_Fertilisation_F1249_446.jpg
	1876_Fertilisation_F1249_447.jpg
	1876_Fertilisation_F1249_448.jpg
	1876_Fertilisation_F1249_449.jpg
	1876_Fertilisation_F1249_450.jpg
	1876_Fertilisation_F1249_451.jpg
	1876_Fertilisation_F1249_452.jpg
	1876_Fertilisation_F1249_453.jpg
	1876_Fertilisation_F1249_454.jpg
	1876_Fertilisation_F1249_455.jpg
	1876_Fertilisation_F1249_456.jpg
	1876_Fertilisation_F1249_457.jpg
	1876_Fertilisation_F1249_458.jpg
	1876_Fertilisation_F1249_459.jpg
	1876_Fertilisation_F1249_460.jpg
	1876_Fertilisation_F1249_461.jpg
	1876_Fertilisation_F1249_462.jpg
	1876_Fertilisation_F1249_463.jpg
	1876_Fertilisation_F1249_464.jpg
	1876_Fertilisation_F1249_465.jpg
	1876_Fertilisation_F1249_466.jpg
	1876_Fertilisation_F1249_467.jpg
	1876_Fertilisation_F1249_468.jpg
	1876_Fertilisation_F1249_469.jpg
	1876_Fertilisation_F1249_470.jpg
	1876_Fertilisation_F1249_471.jpg
	1876_Fertilisation_F1249_472.jpg
	1876_Fertilisation_F1249_473.jpg
	1876_Fertilisation_F1249_474.jpg
	1876_Fertilisation_F1249_475.jpg
	1876_Fertilisation_F1249_476.jpg
	1876_Fertilisation_F1249_477.jpg
	1876_Fertilisation_F1249_478.jpg
	1876_Fertilisation_F1249_479.jpg
	1876_Fertilisation_F1249_480.jpg
	1876_Fertilisation_F1249_481.jpg
	1876_Fertilisation_F1249_482.jpg
	1876_Fertilisation_F1249_483.jpg
	1876_Fertilisation_F1249_484.jpg
	1876_Fertilisation_F1249_485.jpg
	1876_Fertilisation_F1249_486.jpg
	1876_Fertilisation_F1249_487.jpg
	1876_Fertilisation_F1249_488.jpg
	1876_Fertilisation_F1249_489.jpg
	1876_Fertilisation_F1249_490.jpg
	1876_Fertilisation_F1249_491.jpg
	1876_Fertilisation_F1249_492.jpg
	1876_Fertilisation_F1249_493.jpg
	1876_Fertilisation_F1249_494.jpg
	1876_Fertilisation_F1249_495.jpg
	1876_Fertilisation_F1249_496.jpg
	1876_Fertilisation_F1249_497.jpg
	1876_Fertilisation_F1249_498.jpg
	1876_Fertilisation_F1249_499.jpg
	1876_Fertilisation_F1249_500.jpg
	1876_Fertilisation_F1249_501.jpg
	1876_Fertilisation_F1249_502.jpg
	1876_Fertilisation_F1249_503.jpg
	1876_Fertilisation_F1249_504.jpg
	1876_Fertilisation_F1249_505.jpg

