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Introduction

Much of the sugar beet seed grown in the United States is
produced by uuluatx()n of cytoplasmic male sterility (CMS)
F. V. Owen (3)* first vreported on CMS in 1945, indicating its
usefulness in obtaining commercial hybrids, and postulated L} at
two gene pairs mﬂucnced pollen production in crosses with CMS
plants. Owen (4) labeled plants with genes which caused CMS
in crosses as type 0. In crossing some of these type 0 lines to
CMS lines, a few pollen producing plants as well as {requent
semi-male sterile plants were produced. Since predominantly
self-fertile lines are used by the Utah-Idaho Sugar Company, it
is important that lines used in the production of stock seed be
perfect type 0. Therefore, a testing program was cstablished to
attempt to produce perfect type 0 lines.

Materials and Methods

In the fall of 1960, plants of monogerm and multigerm inbred
and open-pollinated lines of sugar beets were crossed in the
areenhouse with annual cytoplasmic male-sterile testers to make
preliminary selections for type 0. Some of the lines crossed had
been selected previously for type 0 while others had had no
previous selection.

Approximately 30 plants from each line were crossed with
annual CMS testers. The crossing was done by exchanging bags.
Pollinator genotypes were maintained by selfing. In the summer

1961, progeny from these crosses were grown in the green-
house and classified for anther color and pollen production’.

Originally, OQwen (4) had established three classes, 0, T and
IT with the offspring from the “0” class being all CMS. Olde-
meyer (2) used a classification having three classes, but also
arbitrarily set up ten classes based on microscopic description of
pollen. Owen later set up five classes as follows:

1. Anthers white, no pollen
Anthers off white, no pollen
Anthers yellow, no pollen
Anthers yellow, some pollen
Anthers yellow, abundant pollen
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?Plant Breeder and Assistant Plant Breeder, Utah-Idaho Sugar Co., Salt Lake City,
Utah, respectively.
2 Numbers in parventheses refer to literature cited.
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This latter classification was used in the Utah-Idaho Sugar
Company testing program.

On the basis of progeny tests, type 0 pollinators were selected
for further testing. In 1962, only pollinators which produced
progeny classified as 1 or 2 were selected. These selected lines
were crossed with annual and biennial CMS testers. In some
instances selected sublines were bulked and crossed in the field
isolations with several biennial CMS lines.

Several investigators have observed environmental effects
upon dcgrce of male sterility {1, 5). This interaction was in-
\(,‘»tlUdtLd y indexing crosses phmlul at Salt LaLc Caty, Utah;
St (yemgc Utah; and Salem, Oregon.

Results and Discussion

Table 1 indicates the scope of the Type 0 testing proor;ml
Approximately 110 Wpc ) selected and non-selected pupulations
have been evaluated for presence of the type 2 genotype.

Typical populations are shown in Figures 1. 2 and 3. These
curves represent a pnpul;«xtion in which no type 0 sublines were
found, (Figure 1) a pupu lation which resulted in many CMS
plants but few type 0 lines (Figure 2) and a population which

had re ’uwel} Few semi-CMS plants and many type 0 sublines
(Figure 3). With a population skewed toward non-type 0 readings

600 A

S1.010

500

400

3606

Numper of Plants Read

62 Crosses
No Type 0
100

[RAY o8

1 2 3 4
Type 0 Reading

Figure I.-—Sugar beet populadon producing no type @ selections,
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Table 1L,—Type 0 indexing of sugar beet plants for 1961 and 1962,

No previous Liney Plants Type § Plants sel.  Total progeny
selection indexed per line line per Jine checked
1461 32 30 409% 5 24.000
16962 26 I8 329 3 16,000
Designared
type 0
1961 7 35 859F 10 6,000
1962 38 G0 8594 20 37000
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Figure 2.—Sugar beet population producing {ew type 0 selections.
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Figure 3.~—~Sugar beet populations producing many type 0 selections.
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as in Figure 1 it is extremely difficult to isolate any type 0 sub-
lines.

Lines, which had been released by the USDA at Salt Lake
as type 0 lines, were tested again by use of an annual CMS tester
{444{}() 110y, S1.126, SL129 and SL.133 plzzms checked for degree
of male sterility were not uniform for the type 0 character.
Selected sublines from these three lines were crossed to several
CMS lines in field isolation plots. All three lines were improved
by only one selection for type 0 (Table 2). Other lines released
by the USDA such as SL127 and SL128 were exc eptionally good
lines. Lines developed by other breeders have been emhmtcd
but most of the testing program concerned lines from Owen.

Table 2-—Results of {urther selection of sugar bects in designated Type 0 lines.

Pereent CMS

SLI2OMS SLI33MS CT3MS Average
SL126 94 9% a1 92.6
Sclected SL126 100 a6 99 8.3
S1.129 ag 95 100 086
Sclected S1.124 104 99 100 996
SLE33 94 92 e 893
Selected 81.133 100 97 160 GG

The annual CMS tester was used in 1960-61 exclusively. In
the following years biennial testers were also used. Table 3
compares readings obtained with annual and biennial testers.
With rigorous selection of lines, it was possible to obtain lines
which, when crossed to the CMS anpual, resulted in 1009, male
sterile plants. These same type 0 plants weve crossed with six
biennial male sterile lines with varying results. SL129 CMS
gave results adentical to the annual CMS while the other biennial
crosses differed according to the particular cross made. The
annual CMS is an excellent tester to screen populations for type
0 and to develop lines to cross with pertect CMS lines. The

Table 3—Annual versus biennial male steriles for testing for the Type # charvacter
in sugar bects,

44460H0O Percent UMS
Annual S1.126 SL127 SL328 SLIZ9 S$L183 cTs
oisl 100 03 90 o1 100 78 42
1861 100 93 100 o8 100 93 160
2161 ' 100 96 06 99 100 a7 88
2061 100 94 100 100 100 a7 ga
3061 100 83 100 9] 100 97 43
9161 100 100 97 87 100 74 49

3561 100 80 79 100 100 88 7
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possibility exists that an annual tester carrying one or more
minor modifying genes [or pollen restoration could be created
which would be a more critical tester than the CMS now being
used.

Some sublines selected for the type 0 character on the basis
of the annual tester may produce only CMS plants (Table 4).

Tabie 4.~Results of crossing a sclected Type 0 pollinator (3061-33) with various CMS
fines of sugar bect.

Type O classification

1 2 3 4 5 Pereent
’ CMS$
Aunnual MS ] 26 0 1] 0 100
15 MS 26 16 8 4] 0 100
SLIZ26 NS 8 10 &} 0 0 100
SL127 MS 19 2 0 0 0 100
SI.128 MS 3 } 0 0 5} 100
ST129 MS 8 3 0 0 0 100
ST.183 MS 17 7 0 0 4] 100
Original pop.
xannual MS 243 427 257 84 0 80

Other sublines with equally good readings when crossed with
the annual CMS may result in pollen producing plants when
crossed to the same range of CMS biennials (Table 5). Table 6
shows segregation of a typical type 0 line and differences obtained
by use of various CMS testers. Such interactions necessitate
either the production of perfect CMS lines or the testing of all
specific combinations ol Diterest.

Table 5—Results of crossing a sclected Type 0 pollinator (2161-42) with various CMS
lines of sugar bects.

Type 0 classification

1 2 3 4 3 - Percent
CMS
Annual Ms 9 11 0 0 0 100
CT35 MS 2 b 7 3 0 41
SE126 MS 16 28 2 0 0 44
SL.127 NS 11 14 0 0 0 100
SE12% MS 30 20 0 0 0 100
SL129 MS Bl 21 [ 0 G 100
SI.133 MS 1t 25 2 0 0 95
Oviginal pop.
o annual MS 154 602 352 108 0 64

Inheritance of the basic type O character apparently is not
too complex since in populations such as SP6045, it was possible
to obtain sublines which were type 0 and sublines which were
non-type 0 in crosses with the annual CMS tester (Tables 7 & 8).
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Table 6—Typical variation in percent CMS in sublines of sugar beets selected for
Type § character.

Percent male sterile

1268 12788 FT2BMS  120MS  133MS8  CT5MS  SP6121-01 Annual MS$

8161-3 . 100 . 100 100
3161-10 96 100 4 az 0
3161-11 00 100 86 190
3461-15 100 e 100 31 100
316116 100 92 16 100 52 a3 L 100
316131 . o 100 160 e 190
316152 100 , 100 72 100 100
3161-46 100 100 100 100 . 100
Average 100 97 81 106 70 9% 100 100

Table 7.-—Results of crossing 2 selected Type ¢ pollinater (SP6045-1) with vadous
CMS fines ol sugar beets.

Type 0 classification

1 2 3 4 5 Percent
CM$
Annual 11 24 0 0 4] 100
51,126 MS 23 24 0 & 0 1o
SLI2T NS 3 9 1 0 0 73
SL128 MS il 13 0 i {1 1no
SLISE MS 1 Hd { 3 0 67
SPGIZL MS 9 N 0 4] {1 100
Original pop.
¢ annual MS 92 a1 103 528 52 35

Table §.—Results of crossing a sclected Type 0 pellinatgr (5P6045.26) with various
CMS lines of sugar beets.

Fype 0 classification

1 2 3 4 5 Percent

TMS

Annual M$ 0 G 3 50 ] 0

G5 M8 & 1 i 15 ] G

51129 MS 0 0 9 1 R G

SL13% M8 0 0 1 37 [ 0

Original pop.

o annual MS§ 92 211 193 528 42 35

Other sublines, such as SP6045-18, produced approximately the
same distribution as the original population (Table 9). Owen's
hypothesis of one or two major genes seems to be generally con-
sistent with observed results. However, it appears that a plateau
is reached where the majority of the progeny are CMS, but
where a few progenies are either semi-CMS or pollen producers
in crosses with particular CMS lines.

Owen (3, 4) [elt that minor modifying genes might affect
the type 0 character and Oldemeyer (2) reported that such
genes were important in CMS lines. It appears that several such


http:SPG04'i.26

wl
~-¥

Jourxarn oF 1t AUS. S BT,

Table 9.—Results of crossing a selected Type 0 poliinater (SP6045-18) with various
CMS Hines of sugar beets,

Type U classification

1 2 3 4 5 Percent
CMS
Annuad MS 10 20 5 L [ 43
L3 NS {1 i 4 IR 3 20
SEF28 MS 2 t 14 12 0 21
SE129 MS 23 10 4 2 ( 89
SLI33 MS 2 R 22 57 O 25
Original pop.
soannual MS 42 511 193 598 32 35

genes, having an additive action, are involved in producing a
perfect type 0 line or a perfect CMS line. Table 2 shows the
results obtained from selection in lines which were designated
as type 0. Although these lines produced predominantly CMS
offspring in crosscs with various testers, sufficient semi-CMS pol-
linator plants remained which would have resulted in a small
proportion of inbred plants in the inal commercial cross. Perhaps
a small number of inbred plants in commercial populations is
unimportant but since perfect CMS lines and perfect type 0
lines are obtainable it seems that they should be the uwlumate

objcctive,
Table 10 presents results obtained in varvious reciprocal
crosses. SLIZ28 and SLL127 were good lines for type 0 and CMS

while 81,126, 51,133 and €15 were relatively poor. In all crosses
the CMS lines wore rogued to white anther plants. Where the
poor line was used as the CMS and rogued the production of
CMS plants was always greater than for the reciprocal cross.
Poor type O plants, of course, could not be rogued out. When
two relatively poor lines were crossed the results [rom reciprocal
crossing were almost identical. Tt appears possible that a CMS
fine might carry a minor gene for pollen restoration but still be

Table H-Comparisen ol reciprocal crosses of sugar beet for percent CMS.

Percent CMS

SLIZHCMS 5 SL128 93
SLIZRCMS % 81126 84
SLIZSCMS w0 SL128 81
SLOIZROMS ¢ SL1S3 7ii
SLIZOCMS o S1127 87
SEI27CMS o STA26 i
ETUHONS w SL127 a5
SEI27TCMS 3¢ C'Fsmm 84
CPHCNMS 3¢ S1.128 04
SLIZBCMS » UFdmm 83
CT3CMS e SLESS ]1]

SLASSCMS w Clomm 80
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CMS. Thercfore, it is important that the CMS line be mmproved
as well as the type 0 line.

Several plant breeders have reported environmental cffects
on CMS. Table 11 shows such a location interaction in one
of two years. On several stock seed lots grown in two years at
three locations, the percent CMS varied considerably in 1962
but very littde in 1963, In 1962, Orcgon produced the lowest
percent CMS while Salt Lake-grown seed was about 209 better,
In 1965 this wide difference was not present.

Table 1L.—Comparison of CMS$ in stock sced of susar heets grown at three locations
in 1962 and 1963,

vegon Salt Lake St Genrge

1962
stock seed
A 12 K]
B a7 83
@ 61 ]
n 8O i
65.0 218
1963
stock sced
D 80 86 70
E 80 84 84
¥ 68 68 67
1€} a3 G5 95
I 62 RN 74
76.6 77.2 79.8

Table 12.~Comparison of five CMS lines of sugar brets crossed with
pollinators grown ab thyee locations in 1962,

various Type 0

Percent CMS

SLIZ6MS SL127M8 SLI2BMS  SLI2aMs SLI33MS Averare
Oregon ar.s B4U.G 43.4 46,2 8505 G0
Salr Lake 9.l 845 364 b5 955 a1
5t George 857 96,3 82.2 97 .8 1000 g1.2
Average R 87.9 87.2 46 8 R

Table 13.—~—Comparison of five Type 0 pollinators crossed with vavious CMS$ lines of
sugar bects grown at three Jocations in 1963,

Percent CMS

SL 129 SL 133 CT 5 SLo127 SLo128 Average
Oregon 80.2 847 g1.2 50.0
Salt Lake 97.5 02.7 BT H8.7 B2.0
51, George 100.0 83.8 91.3 u7.2 93.7
Average 98.7 85.6 88.9 G2.4
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Except for cross & in 1963, all of the stock seed crosses pro-
duced a relatively low percentage of CMS plants. There was a
locations by cross interaction in one of the two years in which
the crosses were tested. However, in crosses between good CMS
and good type 0 lines there were no significant differences from
one location to another in either 1962 or 1963 (Tables 12 and
13). Crosses in Oregon tended to be slightly lower in percent
CMS. SL129 CMS had the highest degree of GCMS and the least
amount of variation from location to location.

In 1963, readings of several hundred biennial crosses were
made in the greenhouse at Salt Lake City, Utah and in the
field on the same crosses at St. George, Utah. Readings from
these two different locations were very similar.

Summary
1. On the basis of results obtained from more than 4,100
crosses to find perfect type 0 lines, inheritance of the type 0
character in sugar beets seems to follow Owen's theory of two
major genes. However, inbreeding and testing for two or more
generations 1s important since minor modilying genes appear
to play a large role in the production of perfect type 0 lines.
2. Development of perfect CMS lines also is necessary since
minor modifying genes present in CMS plants interact with
similar genes in type 0 plants to produce semi-CMS progenies.
3. The annual CMS$ tester was excellent for preliminary
screening but lines designated type 0 on the basis of annual
crosses resulted in semi-CMS and pollen-producing plants in
crosses with particular biennial CMS lines. It may be possible
to create an annual tester which will identify perfect type 0 lines.
4. Environment by line interactions appear to be important
when lines are not perfect type 0 or perfect CMS. Lines which
are perfect type 0 or perfect CMS do not seem to be influenced
by environment. )
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