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Introduction

High yield of sugar per acre combined with high purity and
a high degree of disease resistance is the ultimate goal of sugar
beet breeders, farmers, and processors. These three factors may
be equally important to the economy of a healthy industry, but
usually a compromise is made in choosing the best variety to
grow in a given area. Under epidemic disease conditions, disease
resistance may be the controlling factor in obtaining high yields.
In this case quality is most likely to suffer. Recent increases in

_the use of nitrogen fertilizers have also favored high yields ol
lower quality beets. For a long time sugar beets have been
referred to as “yield types” or “sugar types” because these two
characters do not usually occur together. However, recent
progress in hybrid breeding has shown that these characters are
not entirely incompatible. Controlled hybridization by use of
genetic male sterility (4, 5)* offers many new possibilities For
synthesizing desirable combinations of characters. A second-
generation backcross from the Ovana fodder beet to sugar beets,
designated SL 630, may be considered an example of such pos-
sibilities.

Normally the roots of sugar beets do not increase in size very
rapidly until they develop a fairly large canopy of leaves. How-
ever, a rather wide heritable variation exists with regard to the
time required to reach this stage of rapid root growth. Savitsky
(9) has shown that yield types reached this development stage
earlier than sugar types and that fodder beets reached this stage
much earlier than either type of sugar beets. From June until
September fodder-beet roots were more than twice the size of
sugar beet roots. Obviously any decrease in the time required
from planting to the stage of rapid root growth should be equiva-
lent to an extension of the growing season and should increase
yields accordingly. If heterosis depends upon synergy between
dissimilar genes, hybrids between fodder beets and sugar beets
might be expected to produce some valuable new material from
which selections can be made for desirable characters.
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Breeding Materials and Methods

Included in the parentage of the hyhud SL 630 was the Ovana
fodder beet, the sugar type mucL} Us 35, and the high-sugar
hwlpuui}f imbred CT8. Secd of the Ovana fodder bccl was
obtained from Dr. K. |. Frandsen of the Otoltegaard Brecding
Station, Taastrup, Denmark. In commoen with other VIgOTOUS-
erowing fodder beet varieties the Ovana has a prodigious growth
potential but is low 1n sugar and purity. It is alse highly suscep-
tible to curly top. Unlike roots of many other Furopean fodder
beet varieties the Ovana voots are not highly colored with red
Or orange piomem They are white like sugar beets but are
charactertzed by green color on the upper part of the roots ex-
posed to smzhght because of their protrusion above the soll
surface.

Roots of the Ovana fodder beet variety have certain character-
istics similar and dissimilar to those of sugar beets. They are
sitnilay to sugar beets in amine aitrogen, very much lower in
vespiration rate, much higher in sodium content, and shightly
higher in potassium. However, the potassium content of Ovana
roots is much lower than one might expect in sugar beets with a
very low sugar and high sodium content.

US 35 is a sugar-type, curly-top-resistant variety developed by
selection [rom 118 22/3. After the discovery ol Mendelian male
stevility in U'S 35 a backeross population was developed in which
50 percent of the plants were aa recessive with aborted pollen.
Mendchian malessterile an segregates from this hackeross popula-
tion were hybridized with Ovana pollinators for the prndu(‘ti(m
of the F, generation hybrid. The F, hybrid was used to pollinate
other malesterile TS 35 plants for production of the b, genera-
tion hybrid (See Figure 1).

The inbred C'T8 (6, 8} was derived from a single selfdereile
beet sclected in 1952, It is a high-sugar type, high- purity inbred
raoderately low in amino nitrogen. sodium, potassium, and res
piration rate. Previous feld tests with hybrids of CT8 have
indicated only average to poor combining ability. Beets of the
inbred CI8 were yelatively high in curly-top resistance, but at
Jerome, Idaho, they were readily dwarfed by the disease without
showing typical leal symptoms. Mendelian male sterility was
observed in selfed progeny of the original CT8 This inbred
can, therefore, be used as a male or female parent in hybrid
~ombinations.

A single beet from the b, popu]uion US 30 X (U'S 35
Ovana) was used as the female in producing the hyl rid ST 650.
Details of the selection were as Lollows: From a field planting
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Figure 1.—Parentage of the b, generation hybrid sugar beet SL 630. The
b, parentage consisted of one highly selected beet. (See Table 1)

of approximately 2,000 beets of the b, population, 158 individuals
were selected for desirable root type. Some of the larger in-
dividuals resembling fodder beets as well as smaller ones more
typical of the sugar beet parent were rejected. A preliminary
test for dry substance was made with the Abbe refractometer
(10) and the 15 highest were chosen for more complete chemical
'malysis Sugar, total soluble solids, amino nitmgcn sodium, and
potassium were determined. The highly superior beet No. 487
became the female parent of hybud SL 630. The outstanding
qualities of beet No. 487 in comparison with the average of the
selected group of 15 from which it was chosen is shown in Table
1. Beet No. 487 was not only much larger but was superior in
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Table 1.—Record of parental beet number 487 sclected from the by generation [US 35
(US 35 aa x Ovana)| compared with the average of 15 selected sister beets from the
same population grown at the same location.

Beet Root Sugar Purity  Amino N Na K
number weight
grams percent percent  percent _||p|; ppm ;
487 RRAO0L * . THRBr. ohe .00k SRE o SERE
Average of 15 selected beets 1771 17.0 H3.4 0.46 290 3280

all the chemical characteristics related to quality that were
measured. Small longitudinal sectors, including crown buds,
were cut from each beet and these were grown in the greenhouse
for observation of male sterility. When flowering occurred in
March 1956, eight of the beets including No. 487 were found
to be male-sterile segregates. The larger portion of each of the
selected beets was themn]ly induced in the cold frame. These
larger portions of the eight aa segregates were then planted in a
ga.lcien isolation plot in April lJf)b, with the inbred CT8 as
pollinator. Beet No. 487 produced 532 grams of hybrid seed
which was labeled SL 630. Preliminary testing in 1957 showed
that SL 630 was the most outstanding hybrid. However, one sister
progeny, SL 631, was also very high in yield and quality. This
fortunate selection in the b, generation and the preliminary
progeny testing may be regarded as an important key to the
discovery of the superior hybrid SI. 630.

Methods of Evaluating Progenies

After preliminary field tests in 1957 had shown SL 630 and
its sister hybrid SL 631 to be superior to other hybrids, SL. 630
was extensively tested at Jerome, Idaho, and at Salt Lake City,
Utah, in 1958. All parental lines and hybrids except the inbred
CT8 were included in the test. The inbred CTS8 was not in-
cluded in the replicated test because of its poor vigor but it was
included in adjacent unreplicated plots for general observation.
The five varieties were replicated in randomized blocks. The data
at Salt Lake City were based on twenty replications of 2-row
plots 22 feet long; at Jerome, Idaho, eight replications of 2-row
plots 50 feet l(}t‘lU’ The rows were 20 inches apart at Salt Lake
City and 22 2 inches apart at Jerome, Idaho. The Jerome plots
were planted on soil classified as Portneuf silt loam, deep phase,
good drainage (1). The soil was low in salinity and high in
fertility but not excessive in nitrogen. The plots at Salt Lake
City were planted on Welby fine sandy loam (3) which was very
high in salinity and fertility. Two spacings, 10 inches versus
15 inches between beets, were compared. An extra amount of
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nitrate was added to half these plots. The varieties were ran-
domized within each spacing and the spacings were alternated
systematically within fertility levels. The extra-high fertility
made practically no difference in yield or chemical analysis,
and 15-inch spacing gave the same yield as the closer spacing
with only a small reduction in quality; so the data for spacings
and fertility levels were combined in Table 2. Spacings within
the rows at Jerome was uniform. The beets were spaced approxi-
mately 12 inches apart.

Two 10-beet samples per plot were taken for sugar and other
chemical analyses at both Jerome and Salt Lake City. Pulp
samples from the Jerome plots were frozen and all chemical
analyses were made at Salt Lake City. In addition to the usual
sugar and apparent purity determinations, analyses were made
for amino notrogen, sodium, and potassium by methods previously
described (11). Amino nitrogen as glutamine reported here is
based on the molecular weight of __g,lutamlne rather than its
amino nitrogen content. Since glutamine contains only 9.59 per-
cent amino nitrogen the true amino nitrogen values are only
9.59 percent of those reported.

Experimental Results

Curly top was moderately severe at Jerome, Idaho, in 1958.
This degree of infection was expected because the experimental
plot 1dJ0nlcd the desert breeding arca of the beet leafhopper
(Cerculifer tenellus). On August 1, 94 percent of the Ovana
fodder beets were obviously affected by the disease. In contrast
only 15 percent of the F, hybrids (US 35 > Ovana) and still
smaller percentages of the other varieties were obviously affected.
By harvest time all the Ovana fodder beets were severely injured
but since the infection came late in the season most of the beets
survived and a yield of 13.1 tons per acre was produced.

Curly-top exposure at Salt Lake City was rather severe but
even later in the season than at Jerome. At harvest all Ovana
fodder beets were injured so that they yielded cnly 15.9 tons per
acre. At Salt Lake City some F, hyi)nds showed mild curly-top
symptoms before harvest in 1958 but apparently yielded nearly
normally.

Yield and sugar percentage

At Jerome, Idaho, all the F,, b.. and b, hybrids produced
yields in excess of 30 tons per acre (Table 2). The yield of 27.3
tons per acre and 18.7 percent sugar by US 35 is considered an
excellent yield. US 35 produced 9,995 pounds of sugar per acre.
However, SI. 630, with a yield oof 33.2 tons and 18.3 percent
sugar, yielded 11,865 pounds of sugar per acre. The low yield



Table 2.-—Sccond-generation hybrid SL 630 comparcd with the Ty and bu hybrids and with parental varieties LS 35 and the Ovana fodder beet at

Jevome, Idaho, awd Salt Lake City, Utah, 1958,

Current

Beots per

81, Acre Yield Curiy-top  100-fect
nunber Desaription S(siém Tons Sucrose Purity  Amino N Na K Awogust 1 of vow
Pounds Beets Poreent Pereemt Poreent Ppm S Poereent
Jerome, Idaho—8 veplications each
308 Ovana 8,305 18.1 131 HO8 33 54 228 4.1 86
30843 » Ovana) G915 321 1.9 Y2.0 S 24 218 IR 98
A31+5 e {'L?i 34 10510 4 17 92.6 X 23 225 9.9 s
024 8 35 4,995 3 187 G2.3 A2 16 194 7.9 100
630 (e C18) FL8AS 185 g4.1 A 14 174 3.5 06
LD 5, 1040 .54 0.97 AN 3 h%!
Salt Luke Ciry, Utah—20 replications each
508 Ovana 2939 15.9 8.4 0.8 02 267 294 Bevere: 71
SOR-L5 T (U8 33 o Ovana) 0,982 117 1 i R 125 3499 109
43145 b (US55 w ! 35w Ovanall 4,652 R 12.7 81.2 b 1 107 i
24 US 35 0,168 B8 14.1 B8 82 hit} L) 104
65 ehow OF8) 12,084 0.4 IR bAR 04 73 332 105
LS1 3¢ ®56 5.59 {154 160 R 18 i3
AL Sl Lake Ciny neardy all Ovana planty were badly injured by curly top, In the Foohvbrids verv mild svmproms were evidens on maost plants, but

this degree of infection did not appear to interfere with growth, Nild curly-top svinpross were evident on only pceasional plants of the other threc

mare bighhy vesistant varictics.
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ol I3.1 tons per acre and abnorally high sugar percentage of
the Ovana fodder bects may be explained by the eftect of curly
top. At harvest most ol the leaves were dead and the roots were
somewhat desiccated.

Yiclds were all higher and sugar percentages were lower at
Salt Take City than at Jerome, Idaho. Hybrid SL 630, in spite
of its extremely high yield, had a sugar percentage ol 14.8 per-
cent compared with 14.4 percent for variety US 35, The difference
of 0.4 percent sugar is not statistically significant buat the fact thar
the high-yiclding beets ol hybrid SI. 630 were equal to that of
the sugar type variety US 35 was surprising and rather remark-
able. The sugar per acre vield for SI. 630 was 12,084 pounds in
comparison with 9468 pounds for US 35, This difference is
highly significant and amounts to an increase of 28 percent over
rhdt of US 35

In 1959 um‘ep]icated plots of SL 630, SL. 631, and Ovana
were planted at Salt T.ake Citve The data obtained confirmed
eavlier replicated tests. SL630 indicated a yield of 12,760 pounds
ol sugar per acre in comparison wich 11,184 pounds for SI. 631,
Curly-top exposure was very lieht in 1959, Under these condi-
tions and lacking comuvetition the Ovana variety yielded 78 tons
per acre with 5 7 percent sugar for a gross sugar yicld of 8.960
pounds per acre.

Purity and components of purity

The hybrid SL 630 was significantly superior in purity to the
sugar-type variety US 35 at both locations under widely different
conditions ol salinity and nitrogen fertiliy. This high purity
ob hybrid SI. 630 may be partly explained by <0x1s1d(‘1mw some
ol the individual compenents of mmmlty (6). Differences in the
three individual components of impurity were not statistically
significant at Jerome, but at Salt Lake Ciwv under both high
salinity and nitrate fevcility which depressed both sugar percent-
age and quality of all varieties SI. 630 was quite suverior. Both
amino nitrogen and potassium content were significantly lower
in SL 630 than in US 35, Althoueh the difference 1in sodium
content was not significant it favored SL 630 over US 35.

Discussion

Unless one considers the components of impurity individually,
it would seem mncredible that the low-purity Ovana \/m"luy should
have contributed anything toward improved purity in its hybrid
offspring. Undoubtedly a very significant factor was the highly
superior beet selected in the b, parental line (Table ). Since
CT8 hybrids have not been particularlv outstanding in previous
hybrid combinations, the superiority of SI. 630 might be con-
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sidered a rather specific case of genetic heterosis for quality
factors as well as for yield.

Previous studies of fodder beets and half-sugar beets have
shown them to be low in respiration rate (10). The respiration-
rate studied on individual beets in 1959 confirmed this general
observation for the Ovana variety. The Ovana fodder beet was
extremely low in respiration rate. This fact might be explained
on the basis of its very low sugar percentage, but three one-cighth-
Ovana hybrids, including SL 630 and SL. 631, were also low in
respiration in comparison with the sugar beet variety with which
they were compared. There is little doubt that the, low respira-
tion rates of the Ovana hybrids were inherited from the Ovana
rather than due to low sugar percentage. Respiration rates be-
tween 70 and 90 mg of CO. per kg per hour are usual for sugar
beets (10). In the 1959 tests the rates for US 41, Ovana, and
the three one-eighth-Ovana hybrids were 70, 50, and 60 to 62
mg CO. per kg per hour, respectively.

Development of the hybrid SI. 630 may therefore be con-
sidered an approach to the breeding of superior-quality and high-
yielding sugar beets. Valuable information may be lost by con-
sidering purity determinations alone without information on
some of the respective components of purity. Furthermore, the
determinations for amino N, Na, and K may be more accurate
than purity determinations because errors in sugar as well as dry-
substance determinations are involved in the purity values. The
ease and rapidity of the amino N, Na, and K determinations, and
the fact that they may be made with less than 20 ml of the same
clarified filtrate used for sugar analysis, make the separate deter-
minations especially well adapted for breeding and selection
work (10). If the trend toward excessive use of nitrogen fer-
tiliers ccontinues (2, 11), selection work for low amino N and
other constituents of impurity in the beet root should warrant
extensive investigation because it has been shown (11) that a
high uptake of nitrate increases the uptake of Na and K and
thus decreases the purity of the sugar beet and increases the
difficulties of sugar extraction (7).

Summary

A high-yielding curly-top-resistant sugar beet hybrid with
relatively high sugar percentace and exceptionallv high purity
was developed by utilizine the Ovana fodder beet in the parent-
age. The selection of a hiehly sunerior beet made in the b, gen-
eration hybrid US 35 % (US 35 % Ovana) for high root weight,
high sugar percentage, low amino nitrogen, low Na, and low K
was undoubtedly responsible for the superior performance of
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SL 630. These selected b, beets were then crossed to the inbred
CT8. All crossing was effected by the use of mendelian male
sterility. The final selected hybrid was higher in curly-top resist-
ance than either of the two curly-topresistant parents US 35

r CT8. This high degree of curly-top resistance and the re-
m.n]\dble yield and low respiration rate may be largely attributed
to hybrid vigor and high yield prepotency derived from the
Ovana fodder beet. The Ovana fodder beets were very high in
yle]d and sodium content. They were very low in sugar and
respiration rate. The selection in the b, generation and hybrid-
ization to the high-sugar, high-purity inbred CT8 produced a

hybrid that combined the (rood qualities of all three parents.

Literature Cited

(1) Barpwin, Mark and Younes, F. O. 1925, Soil survey of the Twin Falls
Area, Idaho. Field operations of the Bureau of Seils. 1921, pp.
1367-1394, U. S. Department of Agriculture.

(2) Happock, Jay, et al. 1959. The influence of cultural practices on the
quality of sugar beets. J. Am. Soc. Sugar Beet Technol. 10 (4) : 290-301.

(3) Jexnmves, D. S, et al. 1946. Soil survey, Salt Lake area, Utah. Series
1936, No. 22, 83 pp. U. S. Department ol Agriculture.

(1) Owexn, F. V. 1952, Mendelian male sterility in sugar beets. Proc. Am.
Soc. Sugar Beet Technol. 7:371-376.

(5) Owen, F. V. 1954. Hybrid sugar beets made by utilizing both cyto-
plasmic and Mendelian male sterility. Proc. Am. Soc. Sugar Bect
Technol. 8 (part 2): 64.

(6) Owex, F. V., et al. 1960. Interaction of components of impurity and
location in hybrids from inbred lines of sugar beets. J. Am. Soc.
Sugar Beet Technol. 11 (1): 37-43.

(7) Rounps, Hucn G., et al. 1958. A study and economic appraisal of the
effect of nitrogen fertilization and selected varieties on the produc-
tion and processing of sugar beets. J. Am. Soc. Sugar Beet Technol.
10 (2) : 97-116.

(8) Ryvser, Grorge K., et al. 1959. Some chemical and physiological char-
acteristics of inbred lines of sugar bects. J. Am. Soc. Sugar Beet
Technol. 10 (6) : 525-543.

(9) Savrrsky, V. F. 1950. A method of selection for earliness of root de-
velopment in sugar beets. Proc. Am. Soc. Sugar Beet Technol. 6:
195-197.

(10) Stout, Myron. 1954. Determining respiration rate and sampling for
chemical analysis of sugar beets. J. Agr. and Food Chem. 2 (26):
1324-1528.

(11) Stout, Myron. 1961. A new look at some nitrogen relationships affect-
ing the quality of sugar beets. J. Am. Soc. Sugar Beet Technol.
11 (5) : 388-398.




