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Introduction

During the Hletime of the American Socicty of Sugar Beet Technologists,
many reports have been made dealing with male sterility, selt fertility,
Mendelian male sterility and sell sterility, as these princples are related
to sugar beet breeding  (3) (1) (6) (7) (9% Tt i not the purpose ol this
paper 1o discuss technical aspeers of the principles mentioned above, but
to indicate how the various “breeding tools”™ have hccp adapied ro the com-
mercial production of sugar beet hybrids,

Sugar beet hybrids, made by use ol a cytop lasmic malesterile and a
self-fertite inbred, were first tLP()lIC(l by Owen in 1946 (5). In the years
1o lollow, muany new inbred lines were produced by utilizing the true seli-
fertile character, and as lines of promise were developed, malesterile
cquivalents of these hnes were produced by introducing the cytoplasmic
malestertlity fnctor and then backerossing three or four times to the inbred
line.

From this type ol a prograni, the inbred 19 and 1w malesterile
cquivalent were developed. Top aosses and true hybrids made with GT9
demonstrated,  that under  conwrolled  conditions  where the male  sterile
could be rogued carctully, hybrids could be produced that would vield ap
to 125 percent of the mass selected varicties in common use by the sugar
beet industry (1.

In 1952, Owen reported o osecond type of male sterility called by him,
Mendelian male sterility, because its inheritance was controlled entirely
by genes in the germ plasm or cell nudeus, in contrast o the major in-
fluence of the cytoplasm in cytoplasmic male sweribity {8y, While the T,
generation of o cytoplasmic malessterile and a wype O pollinating line was
completely male sterile, the F gcm;x'rui(m ol a Mendclian mualesterile and
a pollinating line was completely mule fertide. Owen pointed out the sig-
nificance of Mendelian male s{cni:lv in producing vigorous I, pollinators
for use in the commercial pmdu(tnm of hybrid varicties (9.

By 19852, the only apparent stwmbling block in the way of producding
cytoplasmic male-sterile hybrids on a commerdial scale was the occurrence,
in the GTY9 malesterile line, of an occasional pollen producer and more
frequently, plants dassed s semiomale steviles, which, under some condi-
tions, might produce some pollen (7).

The seriousness ol thoese semi-nlesterile plants was evaluaed by both
the Amalgamated and Uwab-Idabo Sugar Company.  Field hybrids were
produced and the male stevile in one ser of plots was carclully rogued,
while in the other plot, no roguing was done. The hybrids from these two
plots were then thoroughly tested in varicty plots and lound to be identical
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in performance {10y . This demonstrated thae the semi-male steriles m CT9
were not of commercial importinee so long as Llie seed increases were
rogued carclully to keep out any contaminants,

Hybrids were also produced 1o compare the value of keeping the
pollinator and male sterile separate, as compared to blending in the pol-
linator as the commercial seed increase was made. Subsequent tests of these
hybrids indicated, that where commoercial top cross parems were used as

pollinators, or where ¥ opollinators were uwsed, there was no advantage in
planting the male sterife and pollinator separate.

With this information as a background, the Umah-Idabo Sugar Compuny
decided, i the Fall of 1953, 16 begin commerdal production of multigerm

hybrid sugar bect sced.
Monogerm Hybrid Seed Development

From the relerences already cited, it is evident that many of the basic
principles cssentinl to the production of sugar beer hybrids were fairly well
developed by 1948 and that it had already been demonstrated, with mulu-
germ fubred lines. that hybrids ol superior vielding ability could be pro-
duced.

In the Fall of 1948, discovery ob the monogerm inbred lines SLOC 10
and SLOC 107 was made by Vo Foand Halen Savitsky (113, During the uext
six years, monogerm lines ol increased curly-top resistance and improved
sced charvacteristics were developed (2) (1) 0 Sclt fertilivy and male sterility
were principal breeding tools used in the development ol basic breeding
stocks [or the production of monogerm hybrids (12, By 1954, inbred lines
with improved vielding ability, high sucrose content, and curly-top resistance,
higher than UL 8. 33, had been released to the sugar beet industry (133,

In 1954, additonal monogerm lines, derived by Vo Fo Savisky from
backerossing the monogerm lines SLLA 600 and SLC 175 to such curly-top
varieties as UL S, 22/ and UL 80 85/2, were released by the USDAL wo the
sugar heet industry. The groumd was now laid for the commercial produc-
tion ol monogerm hybrid seed. Just two years alter commercinl production
of multigermy hybrids Degan, the Valeldaho Sugar Company shifted s
entire conmuercial seed acreage to the production of menogerm malesterile

hebrid seed. .
Production of Elite Sced Stocks

Elite seed increases ol cytoplasime male steriles are made on isolated
plots of about & acres in size. The following planting pattern is quite gen-
crally followed: 2 vows pollinator; 2 rows blank; 12 rows male steriler 2
rows blank; £ rows pollinator, cte, "This plot is rogued carclully to ciminae
pollen producers and as many as possible of the semiomule steriles. In cases
where monogerm elite stocks are being reproduced, the plot is also carclully
rogued for multigerm plants. All roguing is done as culy as possible o
prevent pollination from undesirable plants. Roguing is facititated i plans
in the malesterile strips are thinned o singles in the early spring.

Stock Seed Increases

Stock sced increases are made on fields of from 3 to I acres in size.
The general planting scheme, as wsed with Flite sced plots, is followed.
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Stock seed fields are too large to make detailed roguing practical. Some
roguing in monogerm stock seed increases may be done to eliminate stray
multigerm  plants.  Contamination with occasional multigerm seed will
possibly not be eliminated until multigerm seed is no longer being handled
in any of the same equipment that is being used for monogerm seed.

As stock seed increases are being made, it is important that the male
sterile, being produced for planting commercial seed acreage, has good vigor.
This can, of course, be accomplished by producing an F, male sterile for
commercial seed production. This can be illustrated by an actual example.
In 1952, 610 MSmm x 610 mm was increased at Saint George. In 1953,
610 MS x 91 mm was increased in Saint George. In 1954 (610 MS x 91
mm) x 91 mm was increased at both Saint George and in Oregon. In the
Fall of 1955, the monogerm stock seed increases were” (610 MS x 91 mm x
91 mm) x 108 mm. The Elite seed plot in Saint George, planted in the
Fall of 1955, was (610 MS x 91 mm x 91 mm) x 117 mm and, in the Fall
of 1956, the stock seed plot will be planted using this MS and 108 mm as
the pollinator. All of these monogerm inbreds, except SLC 117 mm, were
developed by V. F. Savitsky, working in cooperation with the Beet Sugar
Development Foundation and the Sugar Crops Section of the United States
Department ot Agriculture. The SLC 117 mm inbred line was developed
by Owen.

Use ol these respective lines so as to keep the male-sterile seed in the
F, generation insures a vigourous male sterile for both stock seed and com-
mercial seed acreage.

Pollinators for Hybrid Seed
In producing CT9 hybrids, two types of pollinators have been used:
Commercial varieties as top-cross parents and F, pollinators produced by
using the SLC 824 aa Mendelian Male sterile.

A ! ¢ b ¥
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Figure 1.—Elite seed plot for production of F, pollinator. The 824 aa
Mendelian male sterile pollinator strips on each side were 12rows wide.
The pollinator variety was a sugar selection of SLC 202. Approximately 60
percent of the plants were rogued from the 824 aa strip.
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In producing monogerm hybrids we have wsed almost exclusively
pollinators.  Varicty test results indicate that the F, 824 ax x €19 is one
of the best we have used ro date.

The production of ¥, pollinators Is o rather tedious procedure because
all the Mendelian midesterile plants must be inspecied for sterility while
still in the bud stage and approximately 30 percent of the plants rogued out.
However, we have found jo practical o produce 500 1o 600 pounds of ¥,
pollinator in any one yoy {Figure 1.

fu producing hybrid sced of either multigerm or monogerm. we have
dved the pollinator und then mixed it with the male sterile in dhe ratio
ol one pound of pollinator 1o twenty pounds of male sterile.

Practical Results of Hybrid Seed Program

Dewiled data obtamed from extensive field trials are mduded in another
paper and will not be repeated hereo However, o summauy ol the data
pertaining o four ol the CT9 hybrids s shown iu Table 1

The figures shown in Table T wre averages ol lour €19 hybrids as
comparcd to 3 and 6 of what might be listed as leading commercial vari-
ctios, Im cach case several ol the commercial varictics were used as top-
cross pollinators in making the T8 hybrids that were averaged lor com-
parison. v will be noted that the €19 hybrids gave an cncouraging per-
formance at all locations.

Tt was also interesting to note the porformance of top-cross hybrids
as compared o the connnercinl top-cross pollinator parent. These com-
parisons are given in Table 2,

Table l~—Comparison of the Average Perfonmance of Commercial Varicties With the
Performance of €T9 Male-Sterile Hybrids,

Tons Sucrose {ross Sugar

Location and Comparison Per Aare Percentage Per Acre
Washinaton

Average Commercial Vaviety? 1946 15.56 6060

Average Male-Sterile Hybrid 243, 15.69 6302
Idaho

Average Commercial Variety 20.4: I8.44 T4

Average Male-Sterile Fivinid 22, 1851 J126
Ceartand

Average Commercial Variery 21 6324

; age Male-Steriie Hybrid 22,58 6648
So. Dakota

Average Commercial Variety 17.56 15305 5376

Average Male-Sterile [Tybrid 149.80 15.02 5948
Nebrasks

Average Commercial Variety 17.61 15.00 5202

Average Mule-Sterile Fybrid 18.28 13.06 548¢
Combined Averages

Commercial varieties 1947 15.76 G153

Male-Stevile Fybrids 20.71 5.76 6541

e siv Commerciand Varictios compured in these 10sis weres

In Idabo, Nebraska, South Dakote--Ul S0 35/2; U 80 22/3; SO 202 G, W, 350 Kiein E,
amcd American No, 2

In Utah and Washington - U, S, 352, U S5 29/, SLOC 202, and Sugiy Sclection SLOC 202,
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Table 2.—Comparison of CT9 MS Top Crosses with the Pollinator Parent. Average of
Results from Idaho, Nebraska, and South Dakota Variety FTests (Total, 32 Replications).

Top Cross Pollinators and Tons Beets Sucrose Gross sagar
CT9 MS Hybrids Per Aore Percentage Per Acre
GAW, 350 16,14 6302
G199 NS < GLW, 358 15.02 6508
GO MS x Fi (824 aa x GW, 358) 16,14 6518

Awmeriean No, 2 544 5832
CHe S x American No. 2 3.16 8518
u. s, 4 359 5782
CTG M5 x UL S 8072 G266
Klein F BRI
CPo M8 x Klein F BH56
C1H MS x Fr (824 an x Klcin E) .04 6124
Average of Top Cross Pollinator 1914 16,19 654
Average of CT0 Flybrids 20,471 16.02 6540

Table 3.—~—Comparison of 610 mun MS Top Crosses with the Pollinator Parent. Resulis
from Shelley, Idaho, Test, 1955 (8 Replications),

Tons Bects Sucrose
Top Cross Pollinators and 818 Hoybrids Per Aue Pervcentage Gross Sugar
GUWL 858 2115 17.26 7302
610 AlS x G.W. 3530 2150 17.20
610 MS x Fi (824 a0 x G.W. 350) 19.82 17.79
Amcerican No, 2 1903 17.19
GI0 MS x American No. 2 22.01 17.00
U. 8. 35/2 (824) [8.53 17.36 1434
610 MS x U, 8, 35/2 20.62 17.29 7130
Kicin 2310 16.90 7808
410 M8 x Klein It 22.68 17.26 7830
G10 MS x ¥y (824 an x Klein &} 18.32 17.5¢ 6350
Average to Top Cross Pollinators 203,45 17.18 7021
Average of 610 mm MS Hyhrids 2170 17.20 7466

It will be noted that in every case the hybrids were higher than the
top-cross pollinators in vield, although the bybrid with Klein Fowas not
significantly higher than the Klein E parent. The iperease in tonnage was
strikingly higher when high sugar top-cross parcnts were used as comparcd
to when tonnage type varicties were used as the top-cross parent,

These same relationships were obtained when the monogerm 610 MS
was uscd in hybrids with these same top-cross parents, These results are
shown in Table 3. Tt should be noted that the hybrids with the monogerm
610 MS gave the sume percentage incresse over the wop-cross pollinator par-
ents as did the multigerm hybrids with €19,

In both Table 2 und Table 3. data are listed for a three-way hybrid
where SLC 824 an Mendelinn male sterile was used o produce an T, pol-
linator for the main purpose of increasing the sucrose percentage of the
hybrid. A farther summary of the effect of introducing a high sugar variety
into the pollinator is shown in Table 4. Tt is cvident Irom these data,
that the use of SLOC 824 aa to produce an F, pollinator did incrense the
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sucrose percentage, but ju also deercased wnmage sufficientdy to result in
less gross sugar per acre, This does not mean that some combinations can-
not be made where results would be more favorable, or that a different
Mendchian male sterile might uot veact differently,

Table 4 —Comparison of Two-Way and Three-Way Hoybrids Based on Results with
G.W, 358 and Klein E Hybrids Planted at Four Locations.

Tons Beets Sucrose Perceniage Gross Sugar
Location Two-Way ThreeWay Two-Way  Thrce-Way TwoWay Three-Way

of Test Hybrids Fivbricds Hybrids Hyhrids Hybrids Hybrids

Shelley, Tdaha

8§ Replications 2260 V277 1841 7iat 8354
8] Replications 19.82 17.240 15.74 7396
A Replications 20,26 17.81 1851 8400
8 Replications 18,52 17.4% 17.26 7RGN
Ncbraska
12 Replications 17.75 1852 15,01 15.08 55806
12 Replications 20.81 18,74 14,51 14.86 5906 5584
Senath Dakata
12 Replications 2164 19149 14.98 15.08 6484 5788
12 Replications 21.90 1837 11.43 14.85 6504 5156
Garland, Utah
15 Replications 24.01 22.25 Pt t4.51 6750 G456
Combined Average
of 45 Plots 2170 19,80 15,42 16.24 6910 6432

Commercial Seed Acreage Planted in 1955

D the Fall of 1935, 588 acres of sugar beer seed were phnted for the
purposce of producing commercial monogerm hyvbrids. Based on monogerm
seed viclds obtained in 19534, this acreage should produce well in excess of
1,000,000 pounds of monogerm sced. This seed will be harvested in 1956
and will be put to commercial use in 1957 and 1938, No data are available
on the performance of the exact hybrids being produced, However, we have
already seen in comparing data in Tables 2 and 3 that, when the same
pollinators were used, hybrids with CT9 MS and 610 MS were very similar,
Data are available on the pollinators used for the 1935 sced plantings. The
Monogerm male sterile used in the seed plantings was 91 MS rather than
the 610 MS, for which data are availuble. However, Irom available data
{1951 Government Report to Beet Sugar Development Foundation) the 91
MS averaged 103 percent of 810 MS i both yield and suerose percentage,
We can expect, therefore, that hylrids produced using 91 MS will, in gen-
eral, bo three percent hetter than hybrids produced using 610 MS.

Actual performance of the pollinators used in 1955 sced plantings of
610 MS hybrids and their calculated performance with 91 MS are shown
in Table 5. These data indicate that monogerm hybrids, now planted for
sced production, will exceed the present comnmercial variety in hoth ton-
nage and sucrose percentage wnd that their performance will be equal to
the best €19 hybrids which we have produced.
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Table 5.—Comparison of {71, 8 22H Commercial with Monogerm Hybrids Using 610 MS
and Multigerm Pollinators Used in Commuercial Seed Plantings in Fall of 1955 (Shelley Tost,
§ Replications).

Tons Beots Sucrose Gross sugar
Variety and Hybrid Fer Acre Pereentage Pevy Aove
U5 221 Commercial 19.09 1748 G638
GI0 MS x ¥ (821 aa x C10) 22.57 17.34 7817
G10 M5 x Sug. Sel. 202 237 17.2% T482
610 MS x U-T 11 2150 I7.20 7394
610 MS x Ty (824 aa x UL TH) 19.82 17,79 7018

Calculated Performance of Actnal Monogerm Hybrids Planted for Seed Production in
Fall of 1935 Based on Use of 91 MS$ Rather Than 610 M$

Tons Beets Suerose Gross Sugar
Hybrid Per Acre Percentage Per Acre
L. 8. 22H Commercial 19.0G 17.43 6638
91 M8 x ¥ (824 aa x OUI'D 25.25 17.86 8286
O1 M5 T (824 aa x 8.5, 202) 22.42 17,75 FERT
91 MS x U 114 2215 17.72
O MS x Fi (824 an x U1 114 20041 18,32 RN

1 Calculations shown above ave based on the improved performance of 91 MX over 618
MS as shown by Government tests in 1054, These comparisons are shown bolow,

Comparison of §10 MS and 91 M$ in Hybrid Combinations When 610 mm and 91 mum
Lines Were Used to Pollinate o Common Muligerm Male Sterile—1954 Gov. Report,

610 mm 91 mm
Location Touns Beets Sucrose Sugar Beets Sucrose Sugar
Taylorsville, Utah 20,70 14.60 8652 $2.00 14.03 O824
Twin Falls. Idaho 31,40 17.77 {1160 30,00 18,18 1236
Brawley, California 24.90 14,33 7130 24,40 15,02 7330
Average 28.67 15.57 2028 Y40 16.04 9432
Percent Increase 159, RENLEA 10697,
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