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Inbreeding and Heterosis and Their
Relation to the Development of
New Varieties of Onions'

By H. A. Joses, principal alericullurist, Division of Fruit and Vegetable Crops and Dis-
awses, Burenu of Plant Indusiry, Seoils, and Agriculivral Engineering, Agricultural
Research Advrnistration, and Guex XN, Davis, eollnborator, Pivision of Fruil and
Vegetably Crops and Diseases, and assistant oleviculturiet, Colifornin Agricwdtural
Ezxperiment Stulion

United States Department of Agriculture, Agricultural Research Admin-
istration, Bureau of Plant Industry, Soils, and Agricultural Engineering,
in cooperation with the California Agricultural Experiment Station.
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CROSSING INBRED AND MALE-STERILE LINES TO DEVELOP
BETTER ONLONS

Onion (Alliom cepa 1) is one of the oldest cultivated erops, but little
has been known about its hreeding beohavior. In 1922, breeding studies
were begun by the Calilornin Agriewltural Isxperiment Station, and in
16936 the work was established on a cooperutive basis befween that station
and the United States Department of Agriculture as o part of it coop-
eralive enion-breeding program wilh various States. The objective of this
program is the development of resistant high-vielding vavieties adapted
to corlsin regions and Tor certain purposes. New breeding methods have
been developed to facilitate pollinution, and inbreeding has beeu con-
ducted to determine its inluence on vigor and to isolate good homozygous
fines for use in breeding, These lines have been u=ed 1o introduee valuable
renes into commereial varictios and to determine their vadue in the pro-
duetion of hybrid seed.

Shortly after the breeding program was begun in (his country [Ko-
towski (M2 published the results of his study of the effeets of one genera-
tion of inbreeding on onions. He found that bulbs from open-pollinated
seed avernged 137 g, in weight, wherens those from selfed seed of the
same plant averaged only 120 gm. Subscaquent analysis of these data by
the authos of this paper revealed (hat the difference was highly signifi-
cunt.

In 1937 Jones and Emsweller €3) presented preliminary data comparing
hulh yiells of hybrids and parents when a mule-sterite elonal line of
Italian Red 13-53 and various nale-fertile svavietios were wsed, Tn most
crosses the nean weight of the hyhrid bulbs was much greater than that
of either parent. The pereentage of hybrid plants holting was much less
than Uhat ol those of the pollen parent. These studies on hybrid vigor have
heen conlinued, and the results obtained are presented as part of this
hulietin.

1n furthor studies witly this male-sterile line of Ttalian Red 13-53, Jones
and Clarke (23 observed 1hat when it was crossed with male-fertile plants
three types of brecding behavior were present in the 1%, somne progenies
heing entirely male-fertile, others being entirely male-sterile, and others
producing both male-fertile and male-stetile in a ratio of 1 to 1. This type
of behavior was explained by assuming that the male-sterile condition
results from an interaetion betwoeen a recessive nuelear gene and a non-
nuelear, or eytoplasnie, factor.

The results of the studies reported in this bulletin may be summarized
as [ollows:

Trom 1922 to 1934 six varietios of onions were inhred one {0 six genern-
tions. Some vears certain inbred lines yielded as mueh as the commereial
parent, but in general weight became leas with inbreeding, Usually the
loss in weight was greatest in the fivst generation of inbreeding. Many
inbred lines of onions that were superior to the corumercial parent in many
characters exeept vigor were solated. These characters ineluded bolting
habit, keeping quality, and uniformity of <ize, shape, und eolor. These re-
sults indicate that the probability of developing good high-vielding com-
mercial lines hy inbreeding is remote, hut that superior lines can be
isolated Tor hybridization purposes,

Vigor of onions can often be greatly increased by evossing male-fertile
inbreds, but quantity production i= not feasible beeause of the necessity
of emascutation.

A mule-sterile elonal line of Halian Red 13-53 has been used experi-

* Tewlic nombers in parentheses refer o Literature Cited, . 28
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mentally as the female parent in erosses with various mule-fortile inbred
varieties. Iis use in the production of hybrid seed, however, is rather
limited. Some of the hybrids were more vigorous and bolted less than the
pollen parent. The hybrid Italian Red 13-53 X Lord Howe I=land has
been introduced as Culifornia Hybrid Red No. 1 by the California Agri-
cultural Experiment Station and the United States Department of
Agricuiture.

By backerossing, the mule-sterile character of Ttalinn [ed 13-53 has
been incorperated into a number of commercial varieties so that this
character ean be perpetuated in the seed. Backeross populations of crosses
hetween male-sterile and eertuin male-fertile lines are always 100 pereent
male-sterile. The latler can be used in combination with desirable pollen
parents {or the produrtion of hybrid xeed.

WHAT GROWERS SHOULD KNOW ABOUT ONION INBREDS
ANIY HYBRIDS

"The results of inbreeding show that in general a graduad toss of vigor is
to be expected with inbreeding ape that the chanees of obtaining improved
varieties from inbreeding nlone are rather remote. Methods of improve-
ment that inerease rather than decreuse vigor must be adopted.

In the production of hybrid seed inbreeding becomes an integral part
of the program. As a rule most lines e sufficiently uniform after two
generntions of inbreeding, but if inbreeding is conlinued, most of the lines
become rather wenk and are difficult to propagate. This is especially true
of white varietics, After about two generations of inbreeding the plants
can be massed to prevent further loss of vigor.

Crosses between male-fertile inbred onion varieties usually showed
greatly increased vigor when compared with the parents aned great uni-
formity in size, shape, and color of the bulbx and in muny other char-
acters. These crosses between malo-fertile plants showed great inherent
possibilities in the production of hybrid seed. However, sy emasculation
15 necessary, quuantity production of hybrid seed from crossing maje-
fertile varieties is nat practicable.

"The disadvantage of emasculation is not present when a male-steriie
line, such as Italian Red 13-53, is available us o female parent. This male-
sterile clonal line, which is inereased hy bulbils produced in the seed head,
15 now being used to o Jimited extent in the production of hybrid seed. Its
use, however, is limited to the production of mild red types. Being a poor
storage onion, it cannot be used in the production of hybrid seed of the
storage types.

The male-sterile character found in Ttalian Red 13-53 has now been in-
corporated in practically all important commercial varieties and is per-
petuated through the =eed rather than in clones. This not anly makes
possible the combining of those lines that are resistant to the attack of
various insects and diseases but also provides a method of obtaining the
expression of the maximum amount of vigor. The production of hybrid
seed opens up an almost unlimited field for the production of improved
onion varieties,

MATERIALS AND METHGDS

The varieties of onions used most in the ear) ¥ studies on inhreeding and
hybridization were those im portant in Cuiifornin, although some attention
was given to most of the commercial varieties. Most of the varieties have
been characterized recently by Magruder and others (). The intermediate

3




varieties, such as Red 21 {California Farly Red), Stockton Yellow Clobe,
and Italian Red, were used extensively. These are culled intermediate
because they muture after the early varieties and before the late ones.
Because of its importance in California, Australian Brown was the chief
storage variety used. At the fime these studies were begun Yellow Danvers
Tlat was being vsed us a dry set variefy, but in recent years it has been
replaced almost entirely by Bbenezer. The yellow globe types, as well as
Sweet Spanish, were also used to some extent. The early varieties used
were Early Grano, Lord Howe Island, Yellow Bermuda, and Crystal Was.
The muale-sterile clonal ine Italian Red 13-53 has been used very ox-
tensively in the development of male-sterile lines for the production of
hybrid seed. It has also been used in breeding for resistance to downy
mildew, caused by Peronospora destructor (Berk.) Casp. (6), and to purple
bloteh, eaused by Alternaria porrt (211} Cii.

The methods for selfing deseribed by Jones and Emsweller (3, 4) were
modified from time to time as better teehniques were developed. In the
earlier years self-pollination was accomplished chiefly by enclosing the
fower head in a manila paper bag and tapping it onee or twice each day
to distribute polien. This methed, however, did not always provide suffi-
cient quantities of seed for testing; so in recent years all selting has been
done by the use of fies, In the greenhouse ab Beltsville, Md., single heads
to be self-pollinated were enclosed in 2-pound permeable cellophane bags.
When two or more heads of a plant were used they were enclosed in small
cloth ecages. Tlies were added to do the pollinating in both the cellophane
baps and the cloth cages. The latter, however, have proved to be more
salisfactory in the greenhouses nt Beltsville and are now being used al-
most exclusively.

Most first-generation inbred lines were discarded because of varlous
defects. The data on inbreeding included herein were obtained from lines
that had been rather rigidly selected as Lreeding parents or as potential
varicties.

In the earlier studies on hybrid viger the male-sterile character was not
available, and crosses werc made between self-fertile varieties. Timnuscu-
lation was not practiced, but the plants {o he erossed were grown under
cloth cages with flies introduced to do the crossing. When this method
was used eonsiderable selfing oceurred, but the hybrids could be recognized
when the bulbs maturved. Tn later crosses between scli-fertile varieties,
however, the Howers were emasculuted, and consequently the hybrid and
selfed seedl could be planted scparately. A limited supply of hybrid seed
was also ohtained by enclosing the male-sterile clonal line Italian Red
13-53 under eloth eages with male-fertile plants and later by alternating
rows of male-sterile and malefertile plants in the open.

The intermediate varicties were seeded in a field nursery at Dawvis,
Calil., in late August or early September, and the seedlings were trans-
planted in the late fall or carly winter. Early varieties were usually seeded
at the same fime or somewhat later than the Intermediate ones. Late or
storage varietics were usually seeded in coldirames in November or De-
cember and transplanted in eurly spring. In 1920 the late types were
seeded direetly in the field, but that was the only year when this procedure
was followed beesuse it prevented the economical use of small quantities
of seed and made impossible o uniform spaeing of plants in the row,

On sedirenlary soils requiring surfaee irrigation the plants were usually
set on raised beds. These were 3 fect from eenter to center, and the two
rows on the bed were 12 inches apart, On subirrigated muck soils where
level cultivation was practiced the rows were spaced 15 inches apart.
The large-bulb types, such as Hed 21, lialian Red, Stockion Yellow (Globe,
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and Sweet Spanishy, were spaced 4 inches apart in the row. The smaller
varieties, such ns Yellow Danvers Flat and Australian Brown, were
spaced 3 inches apart. Irvigation was usually necessary during the late
spring and summer.

The system of pedigree numbering is one commonly used. The first
number of & pedigree indicates the variety; for example, the number 13
was assigned to Italian Red., The pedigree 13-52-9-6-8, denotes five
generations of inbreeding. The sceond number indicatos that it was the
fhfty-second plant of the original lot selected for inbreeding; the third
number indicates that it was the ninth plant of the 13-52 inbred popula-
tion selected or further inbreeding; the fourth number indicates that it
was the sixth plant of the 13-52-0 inbred population svlected for further
inbreeding. To avokl long pedigrees the number of selfings alter three
generations s indicated by S and a subnumeral. When selected bulbs of
an inbred line were massed for seed increase the letior m was inserted
after the pedigree.

The bull weights of inbrad Iines an hyhrids were usnally compared
by intermingling, planting in adjacent rows, or planting in replicated
plots and weighing the bulbs ndividually, n order to obiain sufficient
seed for four or fve replieates for yield tests the best individuals of an
inbred population were usuwally massed under eloth eages. This massed
seed is consequently not a true inbred line but is simply the result of in-
terpollinations within an inbred population. At first the plots for the yiekd
tests were replicated systematically, hut in latoer years they were ran-
domized. Besitdes transplants, dry sets of the Yellow Danvers Flat vo-
riety were also used for planting the plots to eompare the vigor of inlred
lines and the commercial parent. Dry sets were grown ab Davis, Calif.
They were harvested, storedl, and graded to a unilorn size, and at plant-

ing they were set in shallow furrows. Spacing was the sume as for green
sectllings.

Onion bulbs were always stared in shallow slat-hottom Frays in a ware-
honse where the storage conditions Huetuntod with the weather.

The stundard errors of the coefficients of variability were caleulated
from the fables published by Brown {{).

EFFECTS OF INBREEDING ON VARIOUS CHARACTERS
BULE WEIGIIT AND YIELD
YELLOW DANVEKRS FLAT

Plants of the Vellow Danvers Flat vartety of onion were selfed in 1923,
and the progenies were grown in 1924, Line 1-10 wis one of the best; the
337 bulbs had a mean weight o 32.9 pin. Another line, 122, had a popu-
lation of 383 bullx with o menn weizht of 20.7 gm. A nuinber of the best
bulbs of these two lines were seleeted aml selfodd in 1025, and the progenies
were grown in 1426, Line 1-10-25 produced the heaviest bulbs (tuble 1),
Aost of the lines derived from 1-10 had heavier bulbs than those I'rom
1-22, and the dilference in the mean weight per bulh between the two
groups was highly significant. Inbreeding was continued [or six ganern-
tons, and comparisons were made among the inbreds and with the com-
mercial strain from whierh the original selections wore made.

In 1330 and 1931 eommereial Yellow Danvers Iat was wrown [rom
transplants for comparison with five lines of 1-10 and with three others
from this same variety (table 2). As indicated, ail these lines had been
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Tanne 1,—Mean weight per bl and percentage sprouled during storage of inbred lines
of Yellow Danrers Flai, Daws, Caiif., 1920

i b Mean Bulls
Line Bulbs ¢ wpight per sprowiedl
storad Hulb {Dec. 12)

Rulls i Mean Bulls i
u ? T avelght per sproated
slored i Ttk (Dec. 12} 1

Mumber Granis Perecut Nurther Creoms Pereent
101 81,

247

T b e o 5 0 B B2 e S e i
oEE ] :
[ESIEN Fau ¥ o Eoan T R Yy L B

E e |
Y LR R E AT PYoR RPN

Mean, .| ... 6.1 = 12,06 F 34 W Mesn. .| ..., an.d = 8.9

TapLe 2.—Mean weight per bidk of commercial and inbred lines of Yellow Danrers Flat
grotwn from lransplants, Daeis, Caldf., 1930 and 1931

130 1431

Cenerntions

intered Bulls per |3oan weight| Thbs per 1dlonn weight

plot per bull plot per bulh

, Aumber Number Crams Numbor Graws
G6

©

Commerrial
1=10-2Gm
1-10-23

1=10-1-2m
1-24—-15=2m
=17 =l
1-14=10-1m

AL T I LD
e G TS D -
Lo S T

Difference renuired for sig-
nilvancy:
Seprerreint level
I-percent level

1+ o significant diferenve.

inbred two or three generations and then massed. In both years 1-10-26m
was heavier than the commercial parent. In 1930 the difference was not
significant, but in 1931 it was highly significant. Plant 1-10-26 evidently
had a combination of very fnvorable growth factors, so that when it was
selfed and the best bulbs of the inbred population were mass-pollinated
the vigor surpassed that of the parent variety. The mean bulb weight of
1-10-25m was below that of the commercial in both 1930 and 1931, but
in neither year was the difference signifizant. When 1-10-25 and 1-10-4
were inbred another generation a considerable reduction in vigor oceurred.
All butb weights were considerably smaller in 1931 than in 1930, owing
primarily to a very severe thrips attack.

In 1931, when the same lines of Yellow Danvers Flat were grown from
dry sets (table 3), the hulb sizes were considerably larger than when they
were grown from transplants. Tine 1-10-26m again had much heavier
bulbs than the commereial parent. There was no significant difference in
weight of bulb between lines 1-10-25m and 1-10-25~17m, which had
been inbred two and three generations, respectively, but there was a
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TanLE 8.—Comparison of commercial anul inbred lines of Yellow Danyers Flat grown from
dry sets, Davis, Calif., 1531

. Iy eers ; ;
Gencrations -y Ee,h Planis Balters Aean weight
planterd

inbrerl perplot | terplat per plot per bulb

Number Crimy Nuraber Fercent : Crims
Commercial '

]—10:2.
1=10=23=17m

=0

LTS L TS NI
Db e b My

Differenes reauired for sig-
niliensiee:
S-petrent level
l-percent level

t No significant difference.

significant difference in mean weight of hulb between 1—10-4m amd
1-10-4-2m. In 1931, 1-24-15-2m produced the smallest bulbs—grown
from transplants or from dry sets.

In 1932 a number of comparisons of buliy weights were made between
lines inbred two to five generations and between cortain of these inbred
lines and the commercial variety (table 4), As in preceding years, 1-10-4m
showed considerable loss in weight from two generations of inbreeding,
When 1-10-4 was inbred three more generations oie of the lines showed
& highly significant loss in weight of bulb whiie the other did not. Bulbs
of 1--10-25-17m weighed considerably less than those of 1-10-25m . When
they were still further inbred, loss of weight continued; it was significant
between the third and fourth generations and highly significant between
the fourth and fifth. Bulbs of 1-10~11-2-8, weighed only about one-half
as much as those of commercial. Bulbs of 1-10-26-7-8. weighed approxi-
mately one-half as much as those of 1-10-26m.

Tanue t—Wean weight per budh of commervial and inbred lines of Yellow Dunrers Flat,
Lavis, Calif., 1952

|
Generntions Bulbs | . . o
inbredd weignedd | Mean weight per hulh |Coeflicient of variation

N L
Nimber Number Grerany Pereent

05 132 = 3] 1.8
146 : #1143 = 3, T
14 ! [ETRETS 874
27 : : 31,
201
T
102

102
a5

=1

[=3=]
[ S
Sl =3

1-10-23m, ...
I-10-25-17m, ..

=15

1=-10-34-1¥m
1-10-253-17-8m
L-10=25-17-5m
1-14=-3 =it
1-10~25-17=51

-y LETI e

[ X

[ArA ]
WLy DD et S S

Hnl
37T
8%
fAS

e

it ke

Commereint. ., ..., ...,
PR TEE DR S S,

L

1003
105

Lo i

* Signifienntly different from pitrent Line or viriety al F-pereent level,

** Bignificantly different from parent line or variene ot 1-pereent feve],
L 5il: lines,
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In 1934, comparisens were made between commercind Yellow Danvers
Flat and lines inbred two, three, five, and six generations (fable 5). The
data seem to show logs of vigor with cach additional one or two generations
of inbreeding, but as there was only one plot of each of the inbred lines it
was impossible to determine whether or not the differences were signifi-
cant.

Tavpe fo—>Mean weight per dull of connuercial ard inbred Hnes of Yellow Donvers Flal,
Daris, Calif., 1934

Cencinliony

Algan wright
inbyrad

Line per bully

. |
Replivntes - Bulbs per plot

) 08 G5.7
L . us
1a1

55
1qn

=
Number l Number ; Nuanber Grans
]
i

i E 1
I-10-25-17-Fam...o o i 3
-10-25-1F %1, ... .ocn e i 1

EBENEZER

In 1930 three lines of Ebenezer which had been selfed one generalion
and another which had been selfed two genevitions were compared with
two commnercial straing of this variety {tuble 6). The inbred lines were
lower yvielding than the conuuercial, hut the difference between 11-6-3m
and the lower yielding commereial was not signifieant,

Tanng Go—Meun weight per bulb, wicld per acve, und percentage of bulbs sprovied during
storage of commercinl and fnbred Lines of Hhenezer, Duvis, Culif., 1930

"okl thytn : Slorage vestls

L3
Budizs Mgan { ikt linlhs ; ETTTEES
por plot ¢ weighe ik storatl © o spronied
i 1

t
Number Grams  00-ponnd Nuwmber ! Perceat
1 N sucks
Comnercial a0 . 3 330 18.1
Do o : ;i ) 540 1.5
11-6=m ! i 307 2L N
M-8 . . 10 : INT sl 2.
1 : i -1 ¥ 518 ;
b 1 T T : N . nay 440

Difference peqeized for sl
nificanes:
Sepereeol Jovel .
I-pereentdevel ..o ...

t ¥o sienifivant dilTerapnee.

YELLOW GLOBE DANVERS

In 1920 and 19830 three commercial straine of Yellow Globe Dunvers
were compared with virious fines inbred one and two generations {fable
7). In 1929 the three commercial strains were abou’ alike in weight of
bulb and vield per acre, bul in 1930 strain o was significantly higher
yielding than the other commercial strains. Both years line 15-8m had
the henviest bulbs of the inbreds. In 1930 a significant difference in weight
per bulb and yield per aere oceinred between 15-8m and 15-8-2m. All
inbred lines produced lower yields than the commercial strains. In some
cases the differcnees were harely significant; in others, highly significant.
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TasLe 7.—Mean weight per bulk and yield per acre aof commerciol and inbved Hnes of
Yeltow (lobe Danvers, Davis, Calif., 1529 and 1550

1939 | 14530
Genern- t
Elans H
. ; il i Bulbs
inbred | Bulbs Mean Vil ;}L.,\ Mean Viekl
weizlit " plot weight

100-ponnd Nundeer Giroems ! Ve peveeeed
s e Y mrks

3 4432

417 i M

. S35

1Y

. . }
Namber 1N iuub{ri Grns

|

!

i

B 15t |
By

i

|

Comine
15=-8m, ..
V3-8-2in.
15-G8m, ...

) l

6
0%
4

LIRS =T ]

Differenvg  reauired
for stnificance: :
Sepereent lavel . (H] . iy
Y-ypercent levoel . O] . B |

' No signifieant diference.

The various lines alined themselves somewhat different] ¥ for mean weight
per bulb and yield por aere. This is to be expeeted, sinee the order of ar-
rangement {or bulb weight depends upon one variable, while that for yield
per acre depends upon two varinbles—stand and mean weight per bulb.
Stnce reduced stund probably resulted from inhierent weak nesses it may be
assumed that yield per acre represents the better index of performance,

In 1931 the same three commereial straing were planted with four fines
inbred one generation, foar lines inbred two generutions, and one line
inbred threc generations (kable 8). The commereials did not wary signifi-
cantly among themselves in mean woeight per bulb or yield per acre. The
mean bulb weight of line 15-24m was significantly lower than that of
commercial ¢ but not than that of @ or b, The bulb weight of line 15-27m
was significantly lower than that of commercial  and ¢ but not than that
of b. When 15-24 was inbred another penerntion a significant reduction
in bulb weight oceurred ; 15-27 also lost vigor with two additional genera-
tions of inhreeding.

Tanre 8.—3Mean weight per bulb and yichi per acre of commercial awd inlired Fnes of
Yellow Globe Danvers, Daris, Calif., 1931

Cenernlipne - . ]
LE:tIJ::::io" ~ Bolls per plod I Menn wojelit Yieh!

Nabor Numtber Graung F03-pornd sucks
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In 1929 and 1930 threc commereial straing of Australian Brown were
compared with lines that had been inbred one and two generations (table
0. In 1929 the seed was sown directly in the ficld in early winter, The poor
stands of most of the inbred lines show thatl theyv gave poor germinabion
or were nol able to withstand the rigors of winter, Al the inbred lines ex-

AUSTRALIAN BROWN

cept H—34m were greably reduced in weight of bulb. This line, however,

was not significantly different from any of the cominereinl steains. In
1930, 5-34m again had the heaviest bulbs of the nbred lines, but they

wore significantly fighter than those of conunercial b, Better stands and

Lanns G.—Weon weight per bulh and yicki per arve of commerciol and inbred lines of

Australien Brown, Deeis, Colif., 19285 mud 1530

: (i) 1430
| Claner-
Line JHong T
inlwed Harltes Mean Vil | JFean .
per plot weiglil per plod % weight I Yiekd
Naniber Number I Greams Nuwbor  Grams | 100-ponad
v sneghs
Comaereind o0, e 4] a5 135 104 i 15t 370
Coumerein) b oot a a4 134 102 150 413
Commeretal e e o ien L] R 154 100G 158 39y
Sddm. ... e e e 1 i 146G ! G4 ial 34
: ~2 2 : [ALH ; ol 122 it
1 i 112 iga 114 282
L e 1 [iin 262
| I SR [ i U] 2085
2 113 02 22 2G4
2 102 uy 164 i3]
2 a3 ‘ . OUU B
a 2 e .
5 : T ! :
5 O S IS s
2 X . I I i3 [T
Difference required for sig- ! . ! )
piicance: . .
Sepereent level, ., ... ! s nero 4.6 15.6 350
Yeperernb level. ..ol . 1.4 I 5.5 I $.2 210 a1.1

Tanns 10— ean weight per bkl and yield per ucre of commerciol und inbred lines of

Aunstralien Broun, Davis, Celif., 1931

Line Crocralipns Bulbs per plot l Mean waigh! Yield
Nuutber i Nrenther rams 100-pond seeks
Commeremmla ... ........ 2] 104 47.8 7
Commereid b oveven s ] 185 465.0 ita
Comumertinl e, ... ....... . 8 162 03
1 165 i1
3 142 105
1 104 1Y
2 [1{}] 113
1 104 108
2 i g2
o 197 i3
] 130 ! H
1 L4} f 103
I} Hr - 80
I 115} ! 51
1 i t G3
S=l1i=13m. . ... .o PR 2 94 o8
Fia B T 1477 T, o 2 1 Ay
Dilference  toeuired  for ; I
sipnilicniee: 1
A-pervent level... ... . . 1.8 6.2 1G.4
I-pereent devel . L] . 6.3 5.2 23,1




heavier hulbs made two of the commereial sirains significantly higher
yielding than 5-34m. Line 5-87m inbred one generation was lower yielding
than other lines inbred two generations.

In 1931 the same three commercial strains of Australian Brown were
compared with eight lines inbred one generntion and six lines inbrod Ewo
generations (fable 10). Line 5-34m produced the heaviest bulbs and
highest yield per zeve, and when it was compared with the highese yield-
ing commereial strain the differences in bulb weight and yield per acre
were highly significant. The bull weight and vield per neve of 5—24m ware
also significantly higher than any of the commerrial strains, Planis 5-34
and 5-24 no doubt carried a very Tuvorable combination of growth factors.
The vigot of both of these lines was greatly reduced, however, when in-
bred another generntion, us is shown by the performance of 5-34-2m and
5-24—1m, In each case the difference in mean weight of hulb between the
one- and two-generation inbreds was highly signtficant,

[TALIAN RED

In 1030 four lines of Ttalian Red that had been inbred three generations
and another line that had been inbred two generations were compared
with the commaercial parent (table 11}, Three of these lines were not sig-
nificantly different lvom the parent wvariety in weight of bulb, but the
weights of two were lighter. In all five comparisons the commercial parent
was the same, but the data could not be averaged because n separate plot
was used Tor each comparison,

Tavre 1 L—MWenn weight per bulb of commercinl and inhreid fnes af Holion Red, Daris,
C'nlif., (150
! . 1 .
Generations Buths AMean weight C'uellicivit of varialion
inbred woittiied ,

Nwmber  Numbur fFraams
Commerrial . 1 ' A2y x 171
13=20-34—~...... ... . . .: K] ! : : dil = X
Commereipl . .. ! 1} { ; i
13=43-4-G : ] 1K S

Comnerednl. ..., .., ! i b . H1
I-20-3-i .. ... ..., .. ¥ : i ) B -

Commer ; . 36+
i=20-3 . ; ; DT w

Commereinl...... ... . . ) i 241 -
13-5—m. F T

4 Bignificantly different from commercial 91 {he Fapervent level,

In 1931 commereial Ttalinn Red was compared with 13-5-4m and with
10 sib lines of 13-5-4-1-8, (table 12). All nbred lines had lighter bulbs
than the commereial, and all but 1 of the dilferences were significant.
The differences in vigor between the commercial strain and inbred lines
growing in the field are shown in hgure 1.

In 1932 a number of inbred lines of Italian Red were again compared
with the commereial parent (table 13). For the third conseeutive vear the
bulb weighis of 13-5-4m were significantly lighter than those of the com-
mercial varicty. In 1930 (table 11) the line 13-52-0-8 produced bulbs af
the same weight as the commereial; in 1932 two of the selections from this
line which was inbred five generations preduced bulbs that did net differ




Frarng Lo--A, Commereial Halian ed: 8, Tadinn Ked 13005 8145, selfed four gen-
cralicns; €7, Ualian Red 13=3—1 selfed fwo generations, Davis; Calil, June 26, 1031,

stgnifieantly in weight rom the commereind parent. The line 13-20-3m
produced hulbs vonsiderably =malter (han the originad variety. but a <e-
leetion. 13-20 343 -8, produeed hulbs stgnificantly beavier than 13-20-
smoand not stgnifieantdy different from the eommereial parent.

Tanni 120 Mo weight pev bl and pécled pee oere of conpmeveind el inbed nes af
Hulion Red, Dacis, Calif., Linit

Laenetaiing-

Tl Tallim o pelinat . Aownn woight Yicld

Noergeto o AN 3 Ereetms b usar g
il o 2an
2 19y

22
PN
142
100
(g
¥y
171
H
117
120

requined o

A-puer
L-guerviese fevel

1L FIETEN i
i N mgnitieant il eove,

In 19034 eommereial Tialinn e was compared with 13-20 -3 (table
147, wnd the Latter was eonpared with five progeny lines that had beea
inhred six generalions. The mean weight per hudb of 1320 -3m was only
53 percent of that of the commereind, whereas in 103230 wis 80 pereent.
This 13-20-3m Hne consiiently vielded somewhat less than the com-
mereind variely when tested Gl further, Tn eertain seleeted lines inbred
an additional Tonr genertions. vigor was maintained on o level with
1320300 in other enses, howoever, a considerable reduction ocewrved.
The same seed stock of 13-20-3m was used Tor all the comparisons shown
in table 14.
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TaBLE 13.-—Mean weight per bulb and yicld per weve of commereinl and inbred lines af
ftaHan Red, Davis, Calif., 1932

C'e;::’i’;;'::f’ s Buthas per plot Afean weight Yicld

Numbor Nuemiber {Frama 100-pound secks
Commergind B G} vy a7l
13-5—im. +2 o] 3R3
13-28=%m 2t S 437
13-20-4—f3- ] A a9
1 7 412
Tt [
T3 Kk 38
R S04 300G
33 Rl
) a2

Ll iain g

E =3 -5pt .
W-82-0-8-Fa ...,

Difference  resprired  for
sipnifieance:

B-puctent level . 1] ! 115

L-pervent level . &3] s 1032

' &ily lines,
2 No sfgnikennt dilference.

Tanre 1—>MWean weight per bull of coimmercial and inbred tines of flalian Red, Dams,
Calif., 193]

{
Generntions 1 . X : -
Ge E:ﬁé:;ﬂ"" “}Ji';:hl:[ Menn weight Cooffivient of variation

Number Nuwber firamts Frereeit
! 212
Biti]

13-20-0m, . . g 263
18=20 35— . 3 { 22
13=20~3m . ; 210
13-20-3 =+ E H [N

206}
212

kB BB

-1 ]

w151

B FE

[ R

13-20-Fwm, ..
13-20-3-10-5;,

* Significnntly differeut froin 33-20-3m st the 5-porvent lovel,
¥+ Significantly different from t3-20-3m ot the I-percent jevei,

RED 21 (CALIFORNIA EARLY RED)

The vartety Red 21 (9) is an inbred line of California Barly Red re-
leased by the California Agricultural Wxperiment Station tn 1935. The
pedigree number 21-22-1m is used in table 15 rather than Red 21, in
order to show relationships of two and six inbred generations. It has not
been possible to compare these inbred lines with the commercial strain
of California Early Red formerly grown in California because seed has
not been available for some time, this variety having been replaced by the
improved variety Red 21. In 1934, 21-22-1m was compared with 14 of
its progenies inbred 6 generations (table 15). In 12 of the 14 comparisons
there was either a signifieant or a highly significant difference in mean
weight of bulb between 21-22-1m and the 6-generation inbreds. The
fluctuation in bulb weight of 21-22-1m in the different plots is rather
striking. No doubt soil variation was partly vesponsible, but whatever the
;ause the effect on the 6-generation inbreds was not so pronounced as on
21-22-1m.
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TanLE 15.—Mean weight per bulb of inbred lines of California Burly Red, Davig, Calif,,
1934
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i ntly different fron 21-22-Tm at the f-peeeent level.
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MEAN LOS5 IN WELCGHT OF BULB FOR ALL VARIETIES TESTED

The pertinent data in tables 2 to 14 have been summarized and pre-
sented n table 16 to show the rate ol loss in mean weight per bulb with
centinuous inbreeding. Loss of weight was most pronouncec in the first
inbred generstion, although the lots seem to show the greatest percentage
of loss between the fifth and sixth inbred generations. Only a few lines
that had been inbred four, five, and six generations were avatlable for
comparison. No doubt the rate of loss would be shown to be more regular
if there had been 2 larger number of lines available for comparison.

TaBLE 16.—Suwmmicry luble sharwing loss of vigor wilh continuows inbreeding

Generation inbred c _— Weight in pereentape
( muinler) ‘OmRrEans of cotnmerelul stotin

MNumber Porecat
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KEEPING QUALLITY

YELLOW DANVERS FLAT

In 1924 a number of Yellow Danvers Flat lines inbrod 1 generation
were stored until November 11 Line 1-10, with a population of 337, had
5.6 percent of the bulbs sprouted: line 1-22. with a population of 383, had
23.5 percent of the bulbs sprouted. Line 1-22 started {o sprout before
1-10, wid at the time of removal from storage the sprouted bulbs had
much longer tops. Inbreeding within these lines eomtinued for o nuumber
of years, unsprouted bulbws alwass being =clected Tor planting. Jlother
bulbs {rem these 2 flines were selecterl and set in the fckd and the plants
were selfed in 1923, and progenies were grown in 1926, Fifteen =ib lines
of 1-10 andl 14 sib lines of 1-22 were stoved until Decomber 12, A con-
siderable variation in the pereentage of sprouting oceurred (table 1)
among the 1-10 sib lines. Line 1-10-17 had onlyv 3.4 percent ol the bhulbs
sprouted, whereas line 1-10-24 had 844 pereent sprouted. The mean
number of buils sprouted for the =10 51 lines was 331 percent and that
for the 1-22 lines, 864 pereent. From the stornge behavior of the progenies
the mother bulb 1-10 appenrs to have been heferozygous for lengih of the
rest period. The 1-22 sily lines sproufed earlier and imore uniformly. The
dificvenee between the 2 groups was highly signifieant.

By 1032 some of the progeny lines of T-10 hugd heen inbred for five
generalions. These, along with lines inbred twen, three, and four genera-
tions, were eompared with {he commercial variety ttable 17). A nwber
of these lines were exeeptivnally good keepers, Line 1-10-13-3 &, was
expecially cutstanding over 2 period of years.

TanLe Lr.—Peveentuge of bulles speovted diring sforage of comemercial od inbred nes of
i i f LARR L
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AUGSTRALIAN BROWN

Tn seleeling inbred lines of the Australian Brown variety, long-keeping
qunlity i o very important considderation, breause this variety is generndly
used as a latestorage lype. Storage dala fur lines inbred one, two. and
three generations for 1925, 1927, and 1024 are presented in table 18, In
1625 the inbred lines 521 and 5-22 i not have any of the bulths sprouted
at time of removal from storaze on December 12, Selections from these
lines inbred two and three generations kept as well as fhe pavent lines in
1627 and 1020, Alsa, a number of other lines, espocially 5-34 and 5-37.
had only a small pereentage of bulbs sprouting. These data seem to in-
dieate thnt there is no deerease in keeping quality asa result of inbreeding,
beeanse lines inbred two and fthree generations have kept as well as the
first-generation iubreds. On the other hamd, certain lines, such as 5-16
andd 5-19, and seleetions lrom them were consistently poor keepers,

Tt 1Nem=Tdal shrinkuge and perecatage of bulbs sprewted duving storage of indved
fines of Austrilion Broweg, Daeis, Calff, 225 (027, el 5.2

e j92y i
Yinite , edis- Tomad ) {1l Taial
Line | sprotied, Live i Nwimler sprosiel, ivhare,  Eine  DNumber sproniel, ishrinkaee
Na. | by count Niw [ of dines Ly ettt i wenpd Mo, - oof lines Ny eonnt o weipln
[Ehem, 10 : Nov, 2N o Nov, sNpv. At Ny, 21
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s o e LA ] it 1i .
a4 3 2.0 3 11 &,
1.1 a N 4 v,
0 s N 1 .
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Poke2 1 Y.l 1 L] 15.5
ot 2 Ril z 1.2 1.3
ER n 1.4 14 a N a{.l
i 1.6 T ) ) Ht a0
At i il bid 17 15,4

In determining tofal shrinkuge ot of slornge, vnly those bulbs that
were neither sprouted nor rotled were weighed, This weight was compared
with that of (he bulbs when first placed in storage. As a rule, the least
shrinkage was iu those lines that haed the fewest sprouted bulbs (table 18).
Unsprouted bulbs lose weight from respiralion, loss of moisture, and Joss
of the outer dry seales. The 5-24=humn lines were cgpecially susceptible to
fusarium rot, and the large storage losses shown by these lines in 1926
were due chiefly to this organism. Greab uniformify In time of sprouting
axists in the lines that have beep inbred a number of generations.

From 1930 to 1932 the sprouling behavior of o number of inbred lines
of Austratian Brown was compared with that of the comnmercial strains
(table 19). Tn 1930 the percentuge of bulbs sprouting with the exception
of lines 5-24—1m and 5-31m was rather low. The bulbs were removed
from storage somewhat sooner in 1930 than in 1931 anl 1932; this may
account partly for the lower percentage of sprouting. In 1931 ihe per-
centage of bulbs sprouling in all {he stored lots, with the exception of
5-22m, was very high, This poor keeping quality was due chiefly to the
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severe thrips attack which prevented the bulhs from maturing properly.
Bven under these adverse conditions. however. line 5-22m hal only 2.4
“percent ol the bulbs sprouted. In 1932 four of the inbred lines had a smaller
percentage of bulbs sprouting than the best of the commercial strains. It
will be noted that certain lines were consistently good keepers.

TanLe 19.—I'ercentnge of bulbs sprouled during storage of commercial and inbred [ineg af
Austretion Brown, Dords, Calif., 1930-32
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SWEET SPANISH

Sprouting in storage was especially variable among different inbred
lines of Sweet Spanish. Records are not presented, but a typical example
of the difference in amount of sprouting between first-generation inbreds
is shown in figure 2.

BoLTIiNG HanrT

The variety Sweet Spunish tends to bolt rather readily, and inbred
lines behved about the same as the parent variety, showing that the va-
riety is fairly homosygous for this character. Conversely, the variety
Itaban Red has a delayed Dolting habit, and the inbred lines were uni-
formly nonbolting. In the variety Yellow Danvers Flat, however, the
inbred lines varied considerably in their bolting behavior. Comparisons
of percentages of bolting can hest be made from plants grown from dry
sets, as these can easily be graded to a uniform size, thus eliminating the
size factor as one of the variables. The data in table 3, column 5, indicate
that all the lines except onc were significantly lower in percentage of
bolters than the commercial parent. Line 1-16-7—4m was significantly
bigher than the commercial. Year after vear these lines were consistently
low or high in percentage of holters when compared with the parent va-
riety.

UNIFORMITY OF SIZE AND SIIAPE

Occasionally one or two generations of inbreeding produce lines of re-
markable uniformity, but vsually four or five generations were required.
Line 21-22-1m of California Early Red, introduced as Red 21, showed
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Fraean 2—Two lines of Sweet Spanish onion inbred one generation, showing differ
eiee i kovping quality in stgengge. Thuse Hnes were grows iir Lhe same plot ou Liberty
E<bunsel, Clali, in 3433, stored jn the saoie by, and removed Trom sturoge al the sume
titag,

remarkable uniformity for many important eonmerciad characters afler
lwo generations of breeding, The coeflicient of varintion figures in table
15 show very little differenee in uniformily ol size when lines inhred six
and two generations are pomparad, The sinoe holds trae for Jnes of 1talian
o inbrod fwo md siv generalions tiable 14). The greal uniformity of
size and shape browght abeut in a line of Yellow Danvers Flay {-10-11-
9-8a by inbreeding for five generations is ilastrated in fignre 3

HETEROSIS

CROSSES BETWEEN MALE-FERTILE TNRBRED LINES

Cros<os have been made hetween o nober of Jines to study hybrid
vigor in the onion. Before the males{erile eharactor was wvailuble, erosses
wore mde between male-Tertile plants: the vesults of some of these latter
vrossos are presented below,

Slockion Yellow 21-10 and Tinlian Red 13-20-3-45-5, were croseed
by interpollinating from plwnt {o plant so {hat reeiproeal erossing ot-
enered. The seed on eael variety was harvested and planted separately.
Thus, the Ivbrids belween the varielies were distpibnited ol rudom in the
field planting. OF the progeny Tron the Sockion Yellow planis, 24 pereent
were hvbrids, whereas of the progeny from the Ltadian Tted plants, 28
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percent were hybrids. Stockton Yellow bulbs weighed 242 em. and the
hybrids 775 pm., a difference of 533 gm. in favor of the hybrid (table 20).
The Italian Red buibs weighed 202 gm. and the hybrids 641 gm., o dif-
ference of 430 gm. in favor of the hyhrids. The hybrid bulbs could be dis-
tinguished from the Stockton Yellow parent by their red color and globe
shape and from the Jtalian Red parent by their globe shape (6g. 4).

Tasie 20.—(omparison of seifed lines of Steckton Yellow and Nolien Red onions and
their hybrids, Davis, Calif., 1932

: . . Polnr
Variely or hybrid Pertizres Popula- | Menn weight | Coeflivient eiuztorial
lion per bullh  jof varistion ratio

H ]
Number Pereout
Stockion Yellow 3 Tialinn
od : 2170 X 13~0-845-8 Th
Stockton Yellow., ...... ... 211t 244
Iralian Red X Sockton

Yelow . . .., . ... ..., I-20=3=10-5 X =10 ¥ 1|

fraltap Hed. ..., ..., [RE i Sl A Ty esen2
H ;

4 Signiticantly different from hybrid al the T-poreent Jove,

The hybrids growing among the Stockton Yellow 2110 plants averaged
134 grams heavier than these growing mmong the Italian Red 13-20-3-
45-8: plants, The difference in the mnean weight of hybrid bulbs between
the iwo adjoining blocks may have been due in part to soil hetero-
geneily but wos probably due chiefly to a difference in competition be-
tween the selfs and the hybrids. The 21~10 plants were in the proper stage
for harvest on July 2 and the hybrid plants on July 12, a difference of 10

Figune 3.—VYellow Danvers Flat 1-10-11-2-8, finbred five gencrations). Nate uni-
formity of size and shape resulting Mrom inbreading.




Treonae 4. L, Stoekton Yellow 23-10; 82, Halian Red 13-20-3-35-H; ¢, 1.

days in time of maturity. The 13-20-3-45-5, bulbs matured later than
the hybrid bulbs, and for this reason competition for the latter was mueh
MOre SCeVEre,

The bulbs of both pareats and the hybrids were measured in two di-
ameters—polar and equitorial—by the use of n sliding micrometer; the
results are presented as the pular-equatorial ratio (table 20). The bulbs of
the Stockion Yellow are oblate in shape, wherens those of Italian Red are
torpedo- or bottle-shuped. The Iy is o slightly flattened globe, infer-
mediate bebween the two parents (fig. 4).

Ciant White Ttalian Tripoli 27-5 and Red 21 {21-32-1-8-8,) were also
crossed by interpollinating. The seed from each variety was harvested and
seeded sepnrately, and the seediings were transplanted scparately. Of the
plants from the 21-22-1-8-5, Jot, 68 percent were hybrids, amd of those
from the 27-5 parents, 28 pervent were hybrids, As there was no signifi-
ennt difference in the mean weight per bulb of the hybrids of the reciproeal
crosses, the dala fur the two lobs of hybrids were combined (table 21). In
this eross the white buib eolor was incompletely dominant; the hyhrids
had o pinkish ting, especially in the neck region, which made it possible
to identify them.

In bwo other crosses, Ttalian Red 13-20-3-15-8; X Stockton Yellow
Cilobe 36-34—15 (table 21) and Ttalian Red 13-52-4-6-8, X Italian Red
13-20-3-45-8. (table 21), the differences between the hybrid and the
pareuts were highly significant. In both of these erosses the female parent
was emasculated, miwd the hybrid and sclfed seed were hurvested and
planted separately.

In cortain other crosses the hybrid was not significantly heavier than
hoth parents. In the cross Stockton (36 X Yellow (ilobe Danvers
15-108—1 the hybrid was beavier than the Yellow Globe Danvers parent
but lighter than the Stockton (336 parent (fable 22). In the cross Stockion
Yellow 21-10 X Red 21, the bulbs of the hybrid were sygnifieantly heavier
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Tanve 2l—Comparison of varicus selfed lines aof ondons and their hybrids, Duvis,
Culif., 1934

N Fopula- . Mean weielit | Cocfficiend,

Variely or hybrid Podigrae fon  per budl of variztion
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Digling fed L
o}

§ C o
1a=Nea.. oo L0 L. |

*+ slgeifienntly different from hybrid ot (e f-pereent Tovel,

than those of Stockton Yellow but not much heavier than those of the
Red 21 parent (tuble 22).

TapLe 22.—Compurison of various selfed Hnes und their b yhrids, Davis, Calif.

Variety or hybrid ¥ Putliren

i i
Poguda- - Menn weiphy Coelfivient
ton ; rer Lull ! of varistion

Numbor Grams Ferecnt
Srackion GG X Yellow Giebr Dunvers. . i~ X 1a-108-1 S8 2 = §.85::
Stockwon G36, .. ... ... Lol 14, . . e T LI 1
15-108-1, . i [ 11 BT

Stovkton Yellow X lied 21 i ik B0 e 0 gy
Rrockion Yellow, . Lot T i HITR =+ X017
Bl 21 . ;=231 e ¥h ; iy 2 G,

* Bignificanily different from hbeid at the Sopereent lovel,
** Bignificanily Jilferent from hybrd ab the T-pereen Tovol,

CROSSES BETWEEN A MALE-STERILE CLONAL LINE AND MALE-
FERTILE VARIETIES

Data presented in the preceding section show that hybrid bulbs of large
size can be obtained by making the proper erpsses. bhub when emaseuin-
tion is necessary to obtain crossed seed, quantity production is imprac-
tical beeause of the labor requirements. This disadvantage, however, is
overcome when male-sterile varicties or clones are available for use as
female parents. A male-sterile clonal line, Itulian Red 13-53, has been
available for some tine and is being used experimentally for the produc-
tion of hybrid seed. As described by Jones and Emsweller {5), this clonal
line is also being used in breeding for resistance to downy mildew. Tt is
the most highly resistant selection found to date: the seed stems are im-
mune, and the folinge is highly resistaut. This male-sterile seleetion is
propagated by top sets, or bulbils. Because of its malo-sterile character,
mother bulbs may be interplanted in the feld with mule-fertile varieties.
Cross-pollinating is done entirely by insects, and good yields of seed are
obtained. Varieties or inbred lines, planted in alternate rows with the
male-sterile plants to provide pollen, remain uncontaminated.

In 1940, Italian Red 13-53 X Red 21 and Italian Red 13-53 X Lord
Howe Island were compared with their pollen parents and with four other
varieties at five locations in California. Yickds per acre were determined
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by the weight of the nonbollers per plot. The hybrid Ltalinn Red 13-53
X Led 21 produccd cxeeptionally lirge yields at Shafter and Miipitas
(table 23). lslsewhere there was no signilicant difference in yiekds belbween
the two hybrids. At all Tocutions the bighest yielding hybrid oubyielded
by a considerable margin the best producing commercial variety. Ab
Shafter the Tealian Red 13-53 X Red 21 hybrid yiclded 915 106-pound
sacks per acre, while San Joaquin, the highest yielding commercial va-
rieky, produced 759, At Milpitas Italian Red 13-53 X Red 21 produeed
480 100-pound sacks, while Blockton (336, the highest yielding commercial
variety, produced 361, At every loeation the two hybrids showed a highty
significant increase in yleld over their respective male parvents.

TauLe 28.—Yield per acre of onion hybrids and varielies in Culifornio, 1940
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That the nonbolting character of Italizn Red 13-53 behaves as an in-
complete dominant can be seen by comparing the hybrid Ialian Red
13-53 X Lord Howe Isiand with the highly bolting pollen parent (fable
24). At all locations in 19040 the hybrid bolted a great deal less than Lord
Howe [sland, and in all comparisons the difference was highly significant.
The Italiun Red 13-53 X Red 21 plants bolted less than the Red 21

Tanne 2t—Rolting of onion hybwids and varieties in California, 1040
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parent at Milpitas, Davis, and Tracy, but not on Liberty Island. Stockton
G36 produced practically no bolters at any of the locations, Because of
mild climatic conditions very little bolting occurred at Shafter, except on
Lord Howe Island.

In 1941 the hybrids Italian Red 13-53 X Red 21 and Ttalian Red 13-53
X Lord Howe Island and several varietios adapted to that distriet were
grown at Shafter, Calif., (tahle 25). Berause of the planting arrangement
it was not possible to use the data from Crystal Wax and the hybrids in
the analysis. Despite this, the differences in yiell bebween the hybrids
and the other varicties were so large that there does not seem to he any
question as to their significance.

Tanne 25.—Compurison of onion hybrids and varieties in percendnge of hofiers, smean
weight per bilb, and yield per urre, Shajter, Calif., 1541
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In 1142 a sufficient number of plants of Ttalian Red 13-53 were avail-
able to compare with the hybrids and pollen parents {table 26). Bulbs of
Italian Red 13-53 X Lord Howe Istand and Ttalian Red 13-53 % Red 21
weighed about the same as Italian Red 13-53. The bulbs of the hybrids
and Italian Red 13-53 were much heavier than thosc of the pollen parents.

TanLe 26.—Comperison of onion varicties and their hubrids in perceniage of bolters,
mean weight per bulb, and yield per acre, Davis, ( wlif., 1342
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The hybrid Italian Red 13-53 X Tord Howe Island has Deen intro-
duced cooperatively by the California Agrieulturn! Experiment Station
and the United States Department of Agriculture as Californis Hybricd
Red No. 1 (fig. 5).

The male-sterile clonal line Ttalian Red 13-53 has nade possible the
study of hybrid vigor, but its use does have certain limitations i a gen-
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eral program lor the pro-
duction of hybrid seed,
because Italian Red, the
vaviety Trom which it is
derived, is nol widely
adapted for commercial
egrowing in the United
Stutes on account of its
late maturity and ox-
tremely  poor  keeping
quality. A vecent publicn-
tion by Jones aml Clarke
(21 discusses the mode of
inheritanee of this male-
sterile eharncter and out-
lines o breeding proredure
which makes possible the
perpetuation of the male-
sterile eharacter through
the =eed.

CHROSSES BETWEEN
MALE-STERILE AND
MALE-FERTILE INBRED
LINES

GENETIC INTERPRETA-
TION OF MALE-
STERILETY

According Lo Jones and
Cluke (2), when male-
sterile plants of the clonal
line Italian Red 13-53
woere erossed with various
male-lertile  plants  three
types of breeding bhehavior
were oheerved in the Ifg:
Some progenics were en-
tirely mutle-foriile, others
were enlively male-sterile;
and still others produced
bath  malesterile  and
male-fertile planis in a1
to 1 ratio.

When o sell-fertile Ty
plant I8 selfedl the 1
approximates the ratio 3

Finune 5.—4, Lord Howe 1slamd; B, 1% (California
Hvbrid Wed No. 1Y; ¢, madesstertie Htalian Red.

normal to 1 male-sterile. When o male-sterile T, is bacleerossed to the
male-fertile parent three types of segregation are obtained s in the Iy,
When the Italian Red 13-53 malesterile parent is backerossed with an
T, male-fertile plant o 1 to 1 segregation is obtained. In crosses between
certain Iy mule-fertile plant2 as the {emale parent and the male-fertile
parent line o ratio of 1 male-fertite to ! male-sterile is obtained, but.in the
reciproeal baekeross when the Fy male-fertile plant is used as the polien
parent all the progeny arc male-fertile.
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These results may be accounted Tor by assuming that the male-sterile
condifion results from an interaction between a recessive nuclear zene
and a nonnuclear, or cytoplasmic, factor. On this hypothesis i is assume
that there are two types of cytoplasm. Al plants with normal eytoplasm
(V) produce viahle pollen. All malp-sterile plants possess the sterile type
of eytoplasm (S). The experimental results throw no light on the nature
of the nommmelear, or eytoplasmie, faetor which differs in the two types,
A gene for male-sterility (ms) also influences pollen development when
carried by plants with § eytoplasin but has no effect when carmied by
plants with A" eytoplasm. Consequently, the Italian Red 13-53 male-
sterile plants belong to the genotype S ms ms. Plants with ¥ eytophism
are male-fertile always and may helong to the genotypes N s s,
N Msms, ov N s s, sinee the ms gene has no effeet in the N cytoptasm.
Plants with the genetie constitution & s Ms and S Vs ms will alko be
maie-fertile in spite of the S eyloplasm, because they carry the dominant
gene s,

The nennuclear, or cytoplasmie, fctor is inherited only through the
ege {maternal inheritance and not through the male puvent, presumably
owing to the very small amount of evtoplasm present in the male gamete.
From the cross S ms ms X A 3Ms Mg all ¥) plants will be S s ms and, in
spite of the N eytoplasm. are male-fertile because they earry the gene Vs,
Soms s X N s ms gives all male-sterile, and & ms ms X N Ms mis pives
Emale-sterile to 1 male-fertile. When a male-feriile Iy plant (8 s ms)
is selfed. the expected Fa ratin is 3 novmal to 1 male-sterile.

All male-stertle 1% plants belong o the genatvpe 8 ms ms aud behave
the same as the eriginal male-sterile parent. When the Italian Red 13-53
male-sterile parent is backerossed with an Iy, male-fortile plant, N ins ms
X S s ms, alto]l segregation is expeeted.

When an Fy male-fertile plant, 8 .W/s ms, is used as the femade parent
and backerossed to N s ws o ratio of 1 male-fertile Lo | male=sterile is
obtained. But in the reciprocal backeross N ms ms X N Ms ms all the
progeny are male-Terlile, sinee alj earry N eytoplusn. The anlike behavior
of thesc reciproeal hackerosses ix eritienl evidenee in support of the va-
tcdity of this hypothesis,

Second backerosses of the type S me ms X N Vs ms gavea | to 1 segre-
gation, Second hackevosses of the type N ms ms X N ms ms aave all male-
steriles. Thix confirms the expeetation that 100-pereent male-sterile
progenies can be obiained in repeated backerosses to a stoek with the $ze-
netic constitution N ms ms. As shown in the next sertion, this is of
great practieal importance in developing a breeding prosram.

METHOD OF PRODUCING TIYBRID SEED COMMERCIALLY

Male-sterile lines have now been develuped from Ltalian Red 13-53 for
practically all the important commercial varietics, Fortunately, male-
fertile piants with the genotype .V mes ma have hoen Tound in most varie-
ties so far tested, namely, Brigham Yellow Globe, Earty Yellow (Globe,
Sweet Spanish, Bouthport White Globe, Crystal Wax, Yellow Bermuda,
Red Creole, and Stockton (:36. The last variety appears to be homozy-
gous for Vs ms, as all the plants tested have produced 100-pereent nmale-
sterile progenies when crossed with malesterile plants. The only means
of determining whether o fertile line i pure for N s ms is by a breeding
test. This method of incorporating the mulesterile character of Italian
Red 13-53 into different varieties is ilustrated sraphically in figure 6, the
variety Crystal Wax being used as an example. The rate at which the
Crystal Wax genes are incorporated into the male-sterile line is somewhat
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Fémole porent Maoie porent
{male-sterila line}
Itation Red 13-53 % Grystal Wox
5 ms ms N ms ms
L ]
id |
50 gercent 13-53 genes
50 percent Cryctol Wox ganes 3 c;;stnl wax
& ms ms ms m3
First bBockeross
I -f

25 pergent 13-53 genes
75 parcent Grystal Wox genes Cryatal  Wax

X
S ms ms N ms ms
Second bockcross l

125 percent |3—53 genes
t
87.5 percent Crystol Wox genes | X c:;’ ol Wax
& ms ms ) ms ms
.Third bockcroas l
6,25 percent 13-53 genes
5375 percent Grystal Waox genes i G;::sral Wex
& ms ms |y ms
Ete. £tc.
Producing line S5-1 Producing lins N-I

Tiauns t—>Methad of developing male-sterile Tines of Crystal Wax from halian Red
13-53, showing the rate al which Crystal Wayx genes are incorporated into the male-
sterile line by backerossing.

faster than indicated in figure 6, because in all the backeross progenies
selection is for the Crystal Wax type. The numbers given in the figure
show the rate expected for random sampling. After being backerossed two
or three times to the male-fertile parent, the male-sterile and male-fertile
lines appear almost identical.

The production of hybrid onion seed of all types and in quantity is now
possible. To perpetuate the pure male-sterile line two lines (a male-sterile
line of the genotype S ms ms and a fertile line of the genotype N s ms)
must be carricd along. All the progeny of this cross will be male-sierile.
Figure 7 illustrates the method of perpetuating the male-sterile line
through the seed.

As the male-sterile plants cannot be selfed, seed is_obtained by con-
tinually backerossing to the normal, or male-lertile, line. Backerossing
continues as long as the particular male-sterile line is to be perpetuated.
After o few backerossings the male-sterile line should be practically
identical with the male-fertile except for the sterility factor of the cyto-
plasm. This backeross seed makes it possible to perpetuate the male-
sterile line, as well as to produce the male-sterile female parents used in the
production of hybrid seed.

The next step is to make crosses between the male-sterile line and other
selected lines to determine which combination produces the best com-
mercial hybrid (fig. 8). The constitution of the male parent that enters
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Femaile porent

Crystal Wag
g ms ms

Crystal Wax
§ms ms

Crystal Wax

Male porent

{maie-sterile line S-1} {mecle-fertile line N-1}

Crystal Wax
N ms ms

Crystal Wox
X ms ms

Grystgl Wax

& ms ms N ms ms

l

o Ete. Etc,
Fraore 7.—Method of perpetunting & male-sterile line of the variety Crystal Wax,

into the.cross for the production of commercial hybrid seed may be N
ms ms, N Msms, or N Ms Ms, the particular one selected boing based
on progeny tests. The bebavior of the commercial hybrids as to fertility

Femole parent Mole parent
{maie-sterile Hne S-1} {male—fertile line X)

N AMs Ms

Crystal Wox ar

S ms ms N M5 ms
or

N ms s

Hybrid seed for
commercial ¢rop

‘Fraore 8.—>Method of producing hybrid seed for the commereinl crop.

is not important, beeause the commeraial crop must be grown from hybrid
seed each year. It is important, however, to get 2 favorable combination
of growth factors.
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