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masticatory apparatus of Echinus, with its five jaws,
each traversed by a tooth, and all moved by an
elaborate arrangement of muscles, is still, probably,
only a very specialized hardening of epithelial
membrane. (&) A similar statement may be made
in relation to the odontophare (é8ovs, @ #footh :
¢pépw, £ bear) of the higher Mollusca. This struc-
ture, with its cartilaginous support, its long elastic
strap, its transverse rows of teeth, seems to com-
bine, to some extent, the functions of teeth and of
tongue. (¢) The mouths of the higher Annulosa
present a higher type of masticatory apparatus.
Their jaws are appendages of the body-segments.
They are modified limbs. (i.) The simplest con-
dition is that met with in the Myriapoda (uvplos,

wimberless), as the Centipede (centum, ¢ a hundred ?).
A small labrum (ladrum, ‘the brim of a vessel’)
above the mouth opening, a pair of mandibles
(mando, ‘1 chew’) or hard, crushing jaws, a labium
(‘a lip’) below the mouth-openjng, with four side
lobes. (1.) The Arachnida (spider and scorpion)
have labrum and mandibles, and two pairs of more
delicate jaws, known as maxillee. These are the
four side lobes of the labium of Centipede special-
1zed 1nto distinct lateral jaws, In Arachnida, the
mandibles are extended into;prehensile and offen-
sive claws. The maxillee in' spider are related in
a remarkable manner to the function of reproduc-
tion. The specialization i§ therefore incomplete.
(i11.) Crustacea, as the lobster, have labrum, two
mandibles, four maxille (representative of the split
labium of Myriapoda), andj in addition, three pairs
of feet-jaws (maxillipedes). These last represent
the six legs of Insecta. The somites, which in the
latter bear motor organs, carry in the Crustacea
organs that serve for mastication, but are in struc-
ture closely allied to the truie legs on the succeeding
somites. (iv.) In the Insecta, the labrum, labium,
mandibles, maxille, are all met with, and present
numberless modifications far too complex to be
even mentioned here. All these modifications are,
in the main, subservient to the function of taking
in or crushing food. (/) Finally, whilst all the
jaws mentioned above move in a horizontal plane,
in the cuttle-fish (Cephalopoda) the jaws move in
a vertical plane.

(6) Stomach.—A dilation of the alimentary canal
is a stomach. No such dilation 1s found in some
of the Echinodermata, and a very slight one 1n the
Ascidioida. Forms of stomach.—(a) The most

necessary and constant form of stomach is an ex-
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pansion of the alimentary canal, where the food is
delayed, and whereinto digestive fluids are poured.
This 1s the true stomach, present in the majority
of Mollusca and Annulosa, with the exceptions just
mentioned. (&) The gizzard.—This has been re-
ferred to. (¢) The crop.—An expansion of the
alimentary canal, very generally a lateral one,
whereinto no digestive fluid 1s poured. The crop
serves to store up the rapidly-swallowed food until
time is afforded for that fooed to be passed on to
the true stomach. The crop does not digest. It
1s seen In the higher orders of Insecta.

(7) The Intestine—The narrowed part of the
alimentary canal succeeding the stomach. (a) It
s straight and without convolutions in many Mol-
lusca and Annulosa, as the star-fish, the scorpion,
the centipede, and even the Crustacea. (&) It pre-
sents convolutions in some. (These cases are more
particularly met with in thé Mollusca, in which
group the digestive apparatug on the whole presents
a higher type than that seen 114 the Annulosa. Even
the lower Mollusca have a flexure or bend in the
intestine. (¢) Lastly, the didtinction between the
small and large intestine, a distinction founded on
their relative diameters, not on their relative
lengths, is observable in the Insecta and in many
Mollusca.

THE FERTILIZATION OF PLANTS.
By Rev. GEorceE HEensLow, M.A., F.L.S., F.G.S.

R. DARWIN has lately published an import-
h ant book, which will take its place by the
side of his former ones as a standard botanical work.
It treats of Cross and Self-fertilization of Plants,
and embodies an enormous amount of facts based
upon an elaborate series of most carefully con-
ducted experiments ; and although one may demur
to a few of his inferences, yet no one can fail to
derive 1immense advantage from 1t who 1s at all
interested in the subject. I purpose giving as
briefly as possible some few of his conclusions.
Seven kinds of union may be enumerated between

the stamens and pistils of flowers: (1) Between
two genera; (2) between two species ; (3) between

two varieties ; (4) between two individuals of the
same stock ; (5) between two individuals of different
stocks ; (6) between two flowers on the same plant;
(7) ‘self-fertilization,’ or the union of the stamens
and pistils of the same flower,

The first and second kind of unions constitute
hybridization, the offspring of the first kind being

! Cross and Self-Fertilization ¢f Flants. By C. Darwin.
Murray.

Cambridge University Library




78 SCIENCE

AND ART.

[MAY 1, 1877

e e e —

— e —

called a bigener, and is rare; that of the second
kind, a Aybrid, and is much more common. The
third kind of union, between two varieties, usually
designated as a ¢ross, is practised very extensively
in horticulture. None of these, however, form the
subjects of Mr. Darwin’s experiments, which are
confined to the last four kinds of union.

Dean Herbert (in 1836) remarks, in his Amaryl
lidece, p. 371: ‘I am inclined to think that I have
derived advantage from impregnating the flowers
from which I wished to obtain seed with pollen
from another individual of the same variety, or at
least from another flower rather than its own, and
especially from an individual grown in a different
so1l or aspect.’

Now, just as Mr. Darwin by his researches on
orchids and other insect-visiting plants established
on sclentific grounds the great value of insect
agency, first advocated by Sprengelin 1590 ; sonow
he has placed on a similar scientific basis these sur-
mises of Dean Herbert ; and his conclusions have
in general almost entirely confirmed them.

The most important results are obtained when
plants of the same species, but grown in different
localities, that 1s, which are of different stocks, are
crossed. Mr. Darwin thus experimented on twelve
different species, and then tested the results by
comparing the heights of the full-grown plants, their
welghts, their degrees of fertility in the production
of seeds, and 1n some cases their hardiness in
withstanding cold and intemperate weather or a
sudden removal from a hothouse to the open
ground, also the period of flowering, etc.; and
the general result was that they were immensely
superior both to plants derived from #nfercrossing
individuals of the same stock, as well as to plants
resulting from self-fertilization.

These results, however, were not without excep-
tion. Thus, while cultivating for ten generations
(pomea purpurea (the so-called Convolvulus major),
in the sixth generation an individual appeared
which had great self-fertilizing powers, and whose
descendants surpassed in every way not only inter-
crossed plants of the same stock, but even the
offspring from a cross with a different stock.

Again, Eschscholtzia Californica is a plant which
1s self-sterile in Brazil. Plants grown from seeds sent
to Mr. Darwin by Fritz Miiller set some seed in Eng-
land by self-fertilization, and the offspring of these
soon acquired vigorous constitutions and beat their
opponents (for pairs of plants were always put in
competition 1n the same pot)in every way except in
fertility.

Such exceptional cases do not, however, nullify
the general conclusion arrived at, viz. that a vast
improvement is secured to the offspring derived
from a cross with a new stock.

The explanation appears to be, that by such
unions new but unknown constitutional elements

T T

are introduced into the system which invigoratc
the offspring. There 15 no good In the mere acf

of crossing ; that is, the sexual process is only &
means to an end, and 1s useless unless the cross
bring with it some constitutional elements different
from what are already present in the female. Similas
results are secured by crossing varieties—that is,
plants of the same species which differ in some
slight perceptible qualities, as the size or shape of
the leaves, or difference 1n the colour of the flowers,
etc. Such unions, like those of different stocks, 1s
also highly beneficial, and from a horticultural
point of view extremely important. New varieties
of all sorts are being continually thus raised, and
with flowers the colouring is rendered excessively
various.

The union upon which Mr. Darwin made the
oreatest number of experiments was that between
individuals of the same stock. He -culfivated
fifty-four species of thirty orders for this purpose
some for as many as ten generations; and the
general result was, that the crossing benefits the
plant at first, or for some few generations, but that
the difference 1n favour of the crossed offsprings
eradually disappears in later years, and they become
more nearly equal to the self-fertiized mm every
way. An example will illustrate this. The mean
ratio of the heights of the intercrossed to the self-
fertilized plants of Zpomea purpurea for the first
three generations was as 100 : 743, that for the
next three generations was as 100 : 77°6, and that
for the third three generations was as 100 : 81°6;
that is, fixing the height of the intercrossed plants
at 100, the heights of the plants derived year after
year by perpetual self-fertilization gradually approxi-
mated to the same standard. The same result
appears from fertility; for while a similar ratio
gives 100 : 93 for the first year, it was 100 : 94 in
the third and fourth years, and even at 100 : 107 in
the fifth. A third peculiarity was seen in the
colouring of the flowers : for, when they were first
intercrossed, they showed great variability of colour,
but they gradually became more and more uniform
in tint In successive generations, but never so
absolutely 1dentical as was the ‘rich dark purple
colour’ of all the self-fertiized offspring. From
this latter feature Mr. Darwin deduced an im-
portant fact for horticulturists, that, if they wish
to perpetuate any strain, they must carefully select
1t and then propagate it by self-fertilization. Ar
1dentical fact had long been doze, if not recognised
as a principle before; for many years ago Mr. A.
Knight raised new varieties of peas by crossing
varieties then existing, and the offspring subse-
quently kept true for more than sixty vears,
because the pea (LFisum sativum) 1s habitually pro-
pagated in this country by self-fertilization alone.,

The ratios of the weights were even more striking
than those of the heights of plants intercrossed with
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others of the SaMmY stoc k, and of self-fertilized plants.
Mr. Darwin ﬂl‘g— es a tab 1:_ of seven plants which h-::
welghed ﬁhL,“l fully grown ; thus, for example
Brassica .:’:’,nr.: Z abl yage). The ratio of the nter-
crossed (foo) to the m_lt-h_rt]l];cc | plant 1 Aeicht
and wweight respectively, was as 1oo :95 and : 37.
Reseda litea, do. do. as 100:85 and : 21,
Dianthus caryophylius, do. do. as 100 :99 and : 40.

‘These three cases show that the estimate of
heights, though generally good, 1s not always a
fair one of the differences of vigour; for, had Mr.
Darwin not measured the Mlé]lin, the ratios of the
heights appearing as 100:95 and as 100: 99 v.'c:ullu:'i
lead one to suppose that there was prac tically little
or no difference between the result of intercrossing
and self-fertilization.

The next kind of union is that of crossing flowers
on the same plant. It has been generally supposed
that such would benefit the offspring ; hul: as far as
the few cases Mr. Darwin tried can be trusted for
generalizations, it would seem that, for the most
part, such a union 1s useless. With Jpomea picr-
purea and Mimulus [ufeus, the result was shghtly
in favour of the self-fertilized ; with Digitalis pur-
®urea, in favour of the crossed plant; with Reseda
and Abutilon there appeared to be no benefit ; but
with Eschscholtzia, Corydalis cava, and Oncadium,
a slight benefit. Now, it 1s observable that these
last three plants are more or less ]J]naml}uuh]n
self-sterile, while Dicitalis 1s morphologically so,
as the stamens mature much before the stigma.
Hence, perfiaps, 1t would prove that when any
benefit is derived from crossing flowers on the
same plant, such plants are more or less naturally
self-sterile, a fact whh'h indicates that the essential
organs are more highly differentiated than usual ;
so that a cross between separate flowers become:
mutually beneficial.

Mr. Darwin’s experiments, unfortunately, are toc
few for any safe generalizations on this kind o
Crossing.

There now remains but one more kind of unio:
to be considered—that of self-fertilization. Mr
Darwin’s experiments having proved incontestabl;
the value of crossing, he draws an opposite conclu
sion for self-fertilization — namely, that such ¢
process is ‘injurious ;’ and he speaks often of th
supposed ‘evil effects’ of it. Now here, as 1#
seems to me, the facts do not warrant these expres-
sions. When we consider how self-fertilization 1s
habitually and largely carried on 1n nature, we find
as positive facts, that—

1. The majornty of
fertile.

2. Very few are known to be physiologically self-
sterile, z.e. incapable of setting seed with their own
pollen ; though there are many morphologically
self-sterile, but which can seced m’uh 1t al im-:m].‘a
impregnated.

flowering plants are self-

3. Self-sterile plants may become highly self-
fertile by ua]uua causes, such as (@) the withering
of the corolla, (&) its excision (probably), (¢) its
closing, (d) by never opening, (¢) in the absence of
insects, ( /) by grafting, (¢) ln loss of ¢dichogamy.’
4. ]ll“h} self-fertile forms may arise under cul-

tivation. Mr. Darwin prm{,d this in more than
one instance, when certain self-fertilized plants
1

beat their competitors in several ways.

¢. Special adaptations occur for securing self-
fertilization, not less curious than some of those for
intercrossing by msect aid.

6. Inconspicuous flowers and ‘weeds’are highly
self-fertile.

7. ¢ Cleistogamous’
]1{-_&11'.' self-fertile.
The fertility of self-fertilized plants does not
ase, but may increase In successive generations,
dichc gamous’

flowers are habitually and

En"{ I'C
¢ if the plant had been previously ¢
and then re-acquired self-fertility.
9. Free from competition, self-fertilized plants
u:J"_U:n L:c]uul the intercrossed in height and vigour.
They are perfectly healthy.
Naturalized abroad, they may gain great
English watercress in New Zealand
and three inches in

IT.
vigour, as our
grows to ten or more feet long
diameter,

12, Lastly, on dispersion, the self- fertilizing
plants prove themselves the best fitted to survive.

Such being the case, the interpretation I would
propose 1s, L]mtq assuming a plant to hfn a certain
standard of height, 'l_Llulll_‘-, etc., then intercrossing
increases those elements of 1'5;;{}111‘} and the }}IJ.HL
is thereby benefited in various degrees by the cross
introducing new constitutional pecuharities by

- # . -
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ICH, as given above (excepling Thesc I
cerning self-fertilization), are some of the results
arrived at by Mr. Darwin ; and I would conclude
by observing that botanists and horticulturists are
more than ever indebted to our great naturalist and
experimenter, for his untiring zeal in advanci Ing our
kne mhd% both scientifically and practically of the

various phenomena -ﬁflﬂ.l 1t life,

Thomé's Botany.—Botanical teachers are often
puzzled by the question, ¢ What 1s the best book to
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