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GENERIC CROSSES.

It is a general rule with organic forms that whenever thefd’
systematic differences are very great, they will not hybridize with
sach other: It is & herd matter to determine how great the systematie
di fferences should be in order to prohibit hybridization. A learge
number of species will hybridize with other species of the same genera
tho the product obtained is nearly always sterile. The great ma-
jority of species will not hybridize with other species of the same
genera. In regard to crosses between different genera, & good many
heve been reported. Bach of these successful crosses represents hun-
dreds of unrcported feilures, owing to the great difficulty in effecting
gsuch & cross. These generic crosses have not been confined to any
certain family or families, but have been effected in various different
familiep, both in the Dicotyledons and in the Monocotyledons.

Burbank mede seve ral generic crosses one of which I will mention.
The parents were tobasco and petunia which are so distant that as &
rule, the pollination never results in good seeds. Among hundreds of
seedless capsules, he found one in better condition snd from its contents
reised one single plant. This, &s was expected, was absolutely sterile.

In the Cruciferas, I have found mention of only one generic cross,
. that between Raphanus &énd Bressica. Betwesen the two species of Raphsnus,
R. rephanistrum and R. sstivus, crosses heve been mede. Betwsen thres
of the species of Brass ica, ( B. napus, B. raps, anmd B. campestris)
crosses have also been made.

Sageret, a Germsn, reported & cross be tween Raphanus sativue and

Brassica oleracea‘many years ago. However he tells very little about
it, There seems to be some doubt sbout this cross in the mind of

Fockle, who reports Sageret's work. ﬁs;”
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The Botanical Location of the Two Parents.

The family Cruciferae belongs in the dicotyledons. It is a

| fairly large'family containing 127 genera eénd a large number of

species. It is made up of herbs with a pungent watery juice and tetra-
dynamous regular flowers.. One noticeable chearacteristiec oi" the flowers
is that the limbs of the four hypogynous petals form a cross. The
fruit is a silique.

The two genera concerned in this thesis fell under the tribe
Bragsiceas. The chief distinctions between the genera Raphanus and

Brassicea sre that the pod of the former is one c¢elled or with spongy

. transverse partitions and indehiscent while that of Brassica is long-

itudinally two celled snd dehiscent. Between the two species, Brassica

canpestris and Raphanus sativus, there are & good meny differences

such &s color of petals etec. but t hese will be noted later on.

The Origin snd History o f the Perents.

The cultivated cabbage was developed from & sumell plant vhich

grows wild on the ses cliffs of western and southern Furope, especially

| along the chalk cliffs of the Fnglish Channel. This wild plant is

a perennial with & tough root, a diffuse hebit of growth and thick,

deep lobed leaves. The diffuse habit and deep lobed leaves are two

characteristics very similar to the rsdish, which have been &lmost

entirely bred out of the cultivated cabbage. This wild plant was in

| cultivation &t the time of the earliest records end has been bred up

since thet time until todsy we hsve the finished produce in the form

| of the eunltivs ted cabbags.

The origin of the coumon garden radish, Rephanus sativue, is not
entirely clear. It is supposed by some that it was developed from

some wild plant, native to the tenpe rate paert of Asia, which wild

plaent is now extinet. Other people think that the common garden
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radish 1s just an improved form of the wild charlock, Raphanus raphanis-
. trum, which grows wild in southern Burope. M, Carriere carried on
experime nts with this wild plant fo: five years and in thet time he
. produced all the important radish shepes #nd colors. These experiments
prove that it is possble for the radish to hasve developed from the
| wild charlock. The hist oi'y of the redish detes back to 450 B. C.
. when Herodotus, in describing the building o f the great pyramid of
i Tgypt, mentioned an inscription which stated the amount expended in
\ radishes for the workmen.
Thus we see that these two parents, both developed frow native

wild plants of Furope, have been in cultivation since the begin:ning

| of history.

Ferly History of the Cross.

In March 1910 a é_.‘g&-age number of flowers of three different var-
ieties of radish were emasculated and bagged. Tw days later at
vhich most of the stigmes seemed to be in the proper condition, they
were pollinated with pollem from a hybrid cebbasge plant. This cabbage

was & first generation hybrid betweem the varieties "Volga Russien" e;;d
"Curled Savoy". DPerhaps the fact that the cabbage plant was a hybrid
had something to do with the fact thaet this generic cross was effscted.
i The bags were left over the pollinated flowers for two weeks. ‘At the
end of that time, 811 hed dropped off except two small pods of the
| vereity "Long Scarlet Short Top". A lerge number of cabbage flowers
were emasculs ted end pollinsted but none set.

In September 1910 the contents of these two pods consisting of
several swall shriveled seeds, were planted. Only one ceame up. From
the first it could be seen that it was & cross. It was very vigorous
and grew rapidiy. being trensferred frog lerger to larger pote until
in the later pert of Jamary 1911, it hed to be transferred from its
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twenty inch pot to a central bed.

Growth Hebit.

When still young the general growth hebit of the radish : nd of the
cebbage is guite similar. It is just & simple, spreading, diffuse
growth, It is not long however, before the cabbage begins to head up
and peacks most of its leaves into & solid bud-like fomation. Some
time after:this head reaches maturity, a shoot begins growing in the
center, by its developme nt breaks the head open, and then grows up-
ward rapidly, being nourished on the food stored in the thick leaves.

The radish differs from the cabbage in thet it reteins its open
diffuse habit of growth., Instead of forming & s0lid head of leaves,
it develops a tuberﬁggg{in this tebex stores its surplus food. Then
when the radish reaches maturity, a bloom stslk is sent up, being nourisk

ed mostly on food from the tuberows vool,

This reaedish cabbage cross is very much of & mean between the two
parentg. TLike both parents, at first it has am open, diffuse growth,
as shown by Fig. 1. Later on while the cabbage is foming head asnd the
| redish its
tuber, the
cross forms a
thick bushy
growth. At
first there
is only @
single elon-
ga ted axis
but somet ime
be fore blooming

namerous side




branches start out. Some of these brenches

bt

rave Just started in the
plant shown in Fig. The plant now become s still thicker &and
meny of the leaves die on account of lack of light. There is very
little tuber development.

A bloom stalk grows up from the main growing point of the stem
just as in
the case of the
parents. This

one is shortly

followed by

Thege bloom
shoots attain

a much greater
length then those
of eaither of

the parents as

shown by Fig. 2.

The plant
produced an enormous number of flowers throughout six months and seemed
9

like it would have kept on producing them if it had not been kills d

by &€ bacterial stinking rot of the root.

This cross produced & great abundamce of lerge leaves. In regard
to the size and shape of lesves, they sre much more similar to the
cebbage than to the radish. The shape and general character of the

leaves of the three plents are shown in Fig. 3. The largest leaf of




crose was five
feet nine 1inches
long by one foot
seven inches
broad. This
leef was measur-
ed at sbout

the time the
plent started
blooming. The

leaves on the

bloom stelk of

the cross are

Fig. .3. »¢. Radish. somewhat broad-
er than those of eRither of the
In regard to color the cross is a mean between the two parents,
the radish being & light green while the cabbage was & dark or blueish

; sodr-bago
green. The taste of the cross is somewhat more like that of the redish
end yet it reteins some of the radish pungency.
The radish leaf is pubescent with stiff hsirs while the cabbage
leaf is glabrous. The leaves of the cross are just about glabrous,
In regard to thickness, the cabbage leaf is much thicked then that
of the radish. The leaves of the cross are & mean be tween the two
pare nts . However, the individusl lssves vary somewhat in this respect.
The cabbsge parent had a puckered leaf, the radish & smooth
leaf and the cross has & leaf free from puckering.
The general microscopic features of the radish and cabbage leaves

gre not very different and the cross differs in no way from these.



Sections of the leaf of
this cross were made at 6 and 8
microns. These were stained
in haematoxylin &nd eosin. Fig.
4 shows the general features.
The upper layer of cells is
Athe epidermis. Below this is
the paliséde layer of elongated

~ | eells. In some ceses, there

seemed to be two layers of

pelisade cells. UNext comes the

region of the spongy cells of
Fig. 4 Cross Section of Leaf. the mesophyll through which

the veins passed. The last layer is the lower e pidermis.

Stem and Root.

It would seem likely that the hyerid would inherit some tendency
toward tuber formetion from its radish parent. However this does not
gean to be the case since the thickness of the root where the tuber
should be/ was no greater then the thickness of the stem. The hybrid
does not even show a well developed main tap root as the radish does
but divides into nume rous branches at & short distance below the sur<
face of the ground.

The stem of this hybrid is much larger then the cémbined stems of
the two parents. When the hybrid reached the size shown in Fig.
the circumference of the stem was 13 1/2 inches, measured at a distance
of one foot from the ground. The stem holds ite size for some distance
fromthe root. The lower pert or about the first two feet of the stem

is very thickly beset with leesves, being very similer to the cabbage
in this respect.
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These leaves drop off on account of shade from above leaving large ani

promine nt .scars. Starting from the root, the major portion of the

stem is a purplish red color just the sasme as that of the radish.

However, this purplish red color covers the stem of the hybrid much

more thoroughly and extends further up tham it does on the radish perent .
Sections of the smaller roots and of stems showed nothing peculiar

sbout the hybrid in regerd to the microscopic structure of these parts.

Flowsers.
The pediceled flowers of this cross ere borne on & greatly elonga=-
ted axis. In some ceses this axis attained & length of three feet.
The flowers of the perents are borne in the same way though the flower-
ing axig or reacme does not grow to such & length as with the cross.
Perhapg this greater length of the raceme of the cross 1is due to the
fact that no pods set and therefore #1l1l the food goes to the develop-

ment of flowers.

The buds of the radish are obovete in shape while those of the
cebbage are oblong elliptical eni a gee’é:b%% lsrger and longer. The
buds of the cross ars & good meen betwsen the two being somewhet el-
liptical in shape enl about intermediate in size. Near the top of the
bud of the radisﬁ, there sre several prominent hairs growing out from
the sepals. The cabbage end the radish cabbage cross do not heve these
heirs.

The cross has four sepsels, two being a little smaller than the
other and‘slightly overlaping as in both parents. The eross has four
petals, about inte mediate in size between those of the two parents.
In regard to color they are much more similar to the radish than to the

cabbage. The background color is white with & purplish tinge end ¥Veins,
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giving the flowér & purplish appearnsce. This is very similar to the
radish while the cabbage flower hes rich yellow petals.

Extérnally the pistil seemed to be normal and showed no charac=-
teristics differhing from thgyparents. It always turned yellow and
dropped off seon after the 5§§§@y did.

The radish and cebbage flowers each h=ve six stamens. Most of the
flowers of the crose had six stamens but a good many hsve two extra
stamens, meking eight. Tast year on the o0ld parent plent, about
157 of the flowers had eight stemens: The two plants:s grown this year
have not been near as vigorous as the parent due to sttack of ingects
and of rot. As the consequence of this lack of vigor, these two
extra stamens heve not developed to full size as they did on the parent
but are émall end aborted. Most of them are about theree fourths the
height of the others and about one fifth the size or thickness. On
a good many of the flowers the only indication of the extre stamens &re
two Tittle filaments, about one third the height of the normal stemen.

These two extra stemens bring up some interssting éuestidhé.

The normal number of stamnes of the Cruciferae is six, two of these
being inserted lower down and shorter then the others. However, in
some genera there are only two or four stemens while in at least

one genus there are ten stemens. Judging from these numbers, it would
seem thaet at some time in the past, the present genera of this family

were derived from plants thst had many stamens end that these stamens

heve been greduelly reduced in number.

The four sepals alternating with the four petals just about
place this flower in the quaternary type but there are many contradictory
theories as to how to explein the six normsl stemens of this femily

if it is to be placed under this type. De Candolle and Saint-Hilaire

e@mit the quaternary type for the sepals and petals and extend this
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type to the stamens, clainﬁing thet each pa:ir of long stamens represents
& double stamen.

Some. of the leter botenists, smong them Xrause and Duchartre, say
that there is no doubling of the long stemens. They claim that there
are two quaterna'ry whorls of stamens. The first of these contains only
the two short stamens and there sre supposed to be two others which
are undeveloped. The second whorl is mede up of the four lorﬂstamnes.
This view seems reasonsble since the four long stameﬁs ere situcted
on & higher level or on & different plane from the two short
stamens. As to the matter of two of the stemens being undeveloped,
this is & very comion state of affairs. Often stemens &re changed
into nectaries, petals or other perts. On the receptacle of the radish
and of the cabbage, there are located two prominent nectaries just
where the missing stamens should be. The following quotation from
"O“tlines'oi’ Classification™ by Goebel is of interest &t this point.

"Instances of this kind completely Jjustify us in assuming abor-
.tion in cases also in which the absent organ does not disappear during
development but is wenting fram the beginning provided that a compari-
son of the number e6nd position of the perts in nearly ellied plents
gives ground for supposing that there is something missing; but it is
the modern theory of descent which supplied certain ground for the
assunption of abortion of this kind ."

»However, these two lead ing theories do not explain very well the
radish cebbage cross with ite eight stamens. The two extrs stamens
seem to be located in the wrong plece. Their position is indiceted
by the two small cirecles, the six normel stamens by dots, and the two
large circles represent differences in elevation of the resceptacle.

If these two extra stemens brought

out by the disturbance of the equi~-

librium of the plant due to the ge n-
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s & 17
eric eross, indicate the position of the undeveloped stamens, fhen the
theory of De Candolle as to the four long stamens being Just twe
double stahens, must be wrong.

The s implest way to exPiain these two extra stamens is to assume
thet in the past there were two whorls of stemens of indefinite number
end that éZiis stemens have been reduced to the present number of six.
This guess may he strengthened by noting the faet that even now one
genus has only two stamens. 5 would be hard to explein the srrange-
ment of the eighdstamens of the radish cebbage cross if we were
working on the aésumption thet the originsl number of stamens were
eight.

It was noticed thet the pollen from this cross was not powdery
and light as that of the radish and cabbage, but stuck ?ogether end
had & tendency to ball up. There was often difficulty ¥3 gé%?the
pollen'spread out on the stigme; it wounld stick taogether in clumps.

On examination it was found that the pollen from the radish and thst
from the cabbage was very regular in size and shape while thet of the
hybrid was Qery irregular in both shape end size &s shown in Tig. 8.
Attenpts to germinete this pollen from the hybrid in verious solutionns

were & fuailnra.

rig. 6. Cabbage
Pollen.
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Method &.

In making the drewings, & camers lucides was used to secure the
general outlines snd the proportionsl size of the cells.

Sections were msde of the root, stem, leaf, bud &nd ovary, &
good many being mede of the lstter two. The meterisl was killd
&nd fixed in chromo-ecetic sodution (£5 ec. 1% chromiec, 10 ce. 1%
scetic, snd b5 ce. water), washed in wester, hardened end dehydraeted
in the grades of slcehol, cleared in xylol &snd imbedded in pareffin.
Sectione of the root and stem were mede at 6 and 8 microns end stained
in hesematoxylin and eosin. Sections of the buds for pollen develop=~
ment were rade at 4 and 6 microns. Sections of the ovary were cut
at 10, 12 end 14 micronge. These sections of the bud and ovaery were

stained in Flemming's safranin, gentien-violet end orange.

FTomat ion of the lMicrospores.

The first indication of an ant'}‘ér ie & very smell outgrowth from
the recgptecle. This outgrowth is mede up &ltogether of meristematic
tiessue or cells. Soon the outer leyer becomes differemtisted into
the epidermis end then the outgrowth begins to teke on the four lobed
shape of the anther. A cross section of an enther at thie stege shows
in the center & single hypodemmel ce¢ell or group of cells, of larger
size, richer protoplesmic content, end with lerger nucleii ther the
others. A longitudinel section shows this groups ie reslly & line
or sometimes = plate of cells, extending nearly the length of the
enther., This line of cells is cslled the archesporium.

This mrchesporium or hypodemel bend of cells divides throughout
its length by perieclinal walle, producing an outer primary wall leyer

and en inner primery sporogenous leyer.
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Fig. 9 shows this innerxr
sporogenous leyer in the center
of the lobe of the anther. The
outer primery wall leyer divides
rapidly end extends itself '
gbout 3/4 of the way around
the sporogenous leyer. This
outer lsyer now formg several
wall leyers. The innermost
- leyer nourishes the sporogenous

tissue end is known as tapetum.

This leyer is shown in Fig. 10.

The cells of the tapetum
Fig. 9. Cross Section of Young Anther

P are elonge ted in shape and

very rieh in protoplesm.
They sre of ten binudeste.
Ususlly by the time the pollen

tet rads heve 'formed. the tep-
etal leyer hes given up ¢11

ite food &nd just shrivels up.
This shriveled leyer is shown

' in Fig. 11. This appesred as

& 801id orange brown layer of

matter, the cells or nucleii

of vhich could not be mede out.
Fig. 10. Later Stage of Anther. On the outer side of the
tepetal leyer there e&re several

leyers of wall cells. These are known as the middle leyers &nd usu&ally




become flattened &¢nd disor-
genized on account of the
activity of the tapetunm.

Surreunding the middle

leyers is the endothecium
the Bells of which are
1arg§ and conspisuously
banded &s shows by Fig. 11.
These bands teke the gentian

violet stain. These bends

or fibrils seem to gtert

from 8 line right next to
Fig. 11 Cross section of Anther Showing

Pollen Grains, Tepetum & Wall. the tapetal lsyer. In many
cases they divide end branch. These bends sre not confined to the en~-
dothecium snd on the back side of the anther, they &re present on the
. cells for four or five leyers inwerd. These thickened bends on the
walls are hydroscopic and by their contraction effect the dehiscence
of the pollen sacs.

On the outside is the epidemis, composed of very irreguler end
suell cells. In some pleces it seems to be 1k cking.

While these surrounding walls ere forming, the cells of the primary
sporogenous lesyer divide several times snd then stop for & while,
forming the spore .mother cells. These mother cells now go thru the
verious steges of division. At first the contents of the nucleus
changes into threads, forming the espireme stege as shown in Fig. 1Z2.

Then the nuclear threads become segme nted into chromoz omés which
assemble et the equator. While the chromozomes are forming, the two

poles with their spindle formetion have made their appearance. Next

ccmes the mgtﬁphase vhere the chromozomes sepsrs te just before journey-
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ing to the oppos ite poles. The chromozomes go to: the opposite poles
&nd & wall begins to fom betwsen the two as shown by Fig. 18. The
chromozomes form & retieculum but this is hardly formed before it
breaks up &sgein into chramozomes preperetory ‘or the second divi-
sion. This éecond divisdon tekes place end we have the mother cell
conteining the four tetrads. Only three of these tetrads can usually
be seen in each cell. MThese mother cells now break, releasing the
tetrads which round off &nd become messes of pellen. The condition

of the pollen grein &t this time is shown in Fig. 156 a. It is just

simply & microspore with a single

> nucleus. Now this nucleus
: divides forming the generative
and tube nueleii. The generstive
cell now divides agein which

results in the formation of

two equal male cells. When the

anther sheds, most o€ the

pollen is in the two nuelested
cond ition but meny of the pollen

greins hed only one nuecleus end
Fig. 16. ©Pollen Grains.

sore few had the tube nucleus and

the two male cells,

Ovule Development

The pietil of the radish cabbage hybrid seems to be perfeetly
normel, consisting of style, stigme and ovary. Sections o0f the st igma
showed it to be similer to thet of its parents. Fig. 17 is a por -

tion of & eross seé tion of & stigma showing the large outer eells

vhiieh are charscteristic of this region.
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One of the chief generiec

distinctions be tween the two parents
is thet the overy or pod of the
radish is one celled or transversely
several celled, the partitions

being spongy or pithy which the
ovary of the cabbage is longitu-

| dinally two celled as & rule &nd
gégigf’ .~ has two marginal placente with
the fslse partition running from

one to the other.

; Fig. 18 showe & three celled
Fig. 17. Cross Section of Stigme.
ovary of this hybrid. The slide

ghow ing this condition of the

/,/’ e : overy hed & good many sections on
£ \ | it, £11 of which showed the same
f7<° s, \\ three cells, and three placentac
A:;;/q\ {A AN I suppose that &8 in the case of
,/ \'/\‘\_ NS < \\\\ \\
/ PN | the extra stemens, the hybrid
\ : -
\ df:i,f\ia ' hes had its equilibrium somewhat

/ | upset on eccount of its distent

SR g perents, and conseguently just

produced an extra cell. It would
Fig. 18. A Three Celled Overy of

be very intersting to know whether
This Hybrid.
in the ripe pod, the three valves
would separate fran the placenta.
In regard to the development of the egg in the ovule, my slides

were & fdilure, showing practicelly nothing. I am not sure vhere ths

feilure lies, whether in the killing and steining or in the matcriel

itself,
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- Fig. 19 shows &n ovule in one
7 ji of the eells of the hybrid overy.
: S e ‘\\\\\\ ; . The finer features were not at all

‘ \\\ . eclear. Out of a number of slides,
By | this was the only ovule that showed
\ | signs of en egg. The ovules were
b plentiful enough and the surrounding

wells seemed tQ be clear but that

was all.
Perhaps it should be noted

here that the cabbage ovary contsains

& good many more ovules than that
Fig. 19. An Ovule in one Cell
of the radish. The hybrid seems to
of the Ovary.
: be more closely related to the cabbage

in this respect.

Sterility of this Hybrid.

In March 1911 this hybrid started blooming in great profusicn.
Nearly every day & large number of flowers were pollinated with its
own poller and pollen from the redish, cabbege, cauliflower, collard,
Brussles spioutﬁ, and kohl-rabi. Not & single flower set altho several
thousand were pollinated during VMerch, April &nd May. Flowers of the
radish, cabbage end verious breassica crosses were emasculeated, begged,
end pollinated with radish-cabbage pollen. None of them set. Very
much the same process has been gone through with & root cutting of the
cld perent plant during the past season tho not as large a number of
flowers were worked with. This cutting was mede in the summer of 1911
and started blooming sometime in.Jenuery. Just the seme &s with the
perent plent, no pods set. It was concluded thet the Radish-Cabbsage

crogss was sterile.



ri:"viz"'a':éae;:a .DaVries says, "Whenever their systematie
?bveo. great, the crosses will be infertile, or at least
7 Tz"ids will refuse fertilization, even with the pollen
. Repeated crosses are'impossibla end no practical
f;_b.“btainad."' De Vries was speaking of crosses between
1+ he said the above. Generic crosses &re nearly always

i :
gt of them do not even produce flowers end if they do,:

L eI e e e R

re usually aborted in same way.

t of ite two celled ovary', this hybrid would prcbatly

at the stronger. As to the practical value of this
s seems to be none. If it were not sterile it would
ndid hog feed on account of its great vigor end the produc-

such s greet quantity of leaves.
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