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ABSTRACT 

A number of crown and root rot diseases reduce yield in 
sugarbeet. Many of these diseases are limited to small 
geographic areas and their incidence is often sporadic. 
Hence, development of resistant cultivars has not been a 
high priority. Rhizoctonia, Aphanomyces, and Erwinia 
root rots are exceptions. Commercially useful resistance to 
Rhizoctonia and Aphanomyces originated from only a few 
sources. Erwinia resistance is available from numerous 
sources and is relatively easy to select for. Selection for 
resistance to prevalent storage rot fungi is possible but has 
not received much attention from commercial sugarbeet 
breeders. Knowledge of the inheritance of root or storage 
rots is frequently incomplete and sometimes inconsistent. 
Results of systematic screenings of the USDA Beta 
collection confirm the scarcity of resistance to Rhizoctonia 
and Aphanomyces and the difficulty of broadening the 
currently narrow genetic base of sugarbeet. Genetic 
engineering techniques probably will no t make a 
contribution to the development of root rot resistant 
ge rm plasm in the near future. Understanding the 
biochemical basis of resistance will eventually improve 
selection efficiency and hasten the application of genetic 
engineering technologies to the problems of host plant 
resistance. 
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generation breeding populations be subjected to less severe disease 
pressure than more advanced (resistant) populations and lines. 
Greenhouse screening procedures may provide preliminary results in a 
short time (Campbell and Altman, 1976) but cannot be substituted for 
field testing. 

Gas kill (1968) did not find any substantial Rhizoctonia resistance 
among 226 accessions, including 19 Beta vulgaris ssp. maritima 
accessions. Resistance was observed after two or three cycles of selection 
within 'GW674-56C' and a line derived from 'GW359' (C817), both 
commercial open-pollinated cultivars. After four cycles of mass 
selection for Rhizoctonia resistance, this material was released as 
germplasm lines FC701 and FC702 (Hecker and Gaskill, 1972). These 
lines provided a basis for much of the subsequent improvement in level 
of resistance and ag ronomic characteristics . FC704, a red-root 
Rhizoctonia resistant germplasm line, was the product of two cycles of 
select ion from 'German red beet ', the only unselected sugarbeet 
germplasm observed with a significant amount of inherent resistance 
to Rhizoctonia (H ecker and Smith, 1979). FC71 2 was selected from a 
composite cross of obsolete open-pollinated cultivars plus a small B. 
maritima contribution (Hecker and Ruppel , 1986). FC706 also was 
selected from a population that included some B. maritima genes 
(Hecker and Ruppel, 1979). FC711 was developed from breeding lines 
brought to the United States from Japan (H ecker and Ruppel, 1983), 
and provides a source of resis tance distinct from previously available 
lines. FC710 also is a resistant germplasm line selected from parental 
material that includes lines not previously utilized in a Rhizoctonia 
breeding program (Hecker and Ruppel, 1991). Rhizoctonia resistant 
cytoplasmic male-sterile (CMS) lines (H ecker and Ruppel, 1981) and 
tetraploid lines (Hecker and Ruppel, 1979) are available to commercial 
breeders. Immunity to R. solani has not been observed in sugarbeet. 

Gaskill et al. (1970) reported that the Rhizoctonia resistance found 
in FC702/3 was almost completely dominant. In hybrids with FC70l/3 
as a parent, dominance was not as strong and the F I 's exhibited a level 
of resistance intermediate to the parents. It was concluded the 
Rhizoctonia resistance could be transferred with relative ease and was 
inherited independently of res is tance to Cercospora leaf spot 
(Cercospora beticola Sacc.) and Curly top (BCTV). Hecker and Ruppel 
(1 975) reported that resistance was conditioned by two or more loci with 
some additive gene action. The partial dominance for resistance 
observed in F I 's was thought to be sufficient for the production of 
useful commercial hybrids. Hecker and Ruppel (1976) found no 
difference in resistance between diploid and tetraploid lines but 
observed a dosage effect in triploid hybrids. No cytoplasm by ploidy 
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level interactions were observed. They recommended using resistant 
tetraploid pollinators for the production of triploid hybrids for 
sugarbeet production areas were Rhizoctonia resistance would be 
beneficial. 

APHANOMYCES ROOT ROT 

Black root or Aphanomyces root rot (Aphanomyces cochlioides 
Drechsler) development is favored by high soil moisture and warm 
temperatures. Control measures include enhancing drainage, controll­
ing weed hosts, and crop rotation. Resistant cuItivars are available 
for some regions. Selecting for Aphanomyces resistance has involv­
ed both field and greenhouse evaluations. Schneider (1954) describ­
ed optimum conditions for disease development in greenhouse tests. 
Greenhouse results corresponded closely with field results (Schneider, 
1954; Henderson and Bockstahler, 1946). Schneider and Hogaboam 
(1983) argued that annual selection within most breeding populations 
should be routine for hybrid development programs in areas where 
Aphanomyces root rot causes frequent damage. By eliminating the 
most severely damaged one-fourth of the breeding lines they were 
able to maintain an average level of resistance only slightly below 
'USH20', a moderately resistant commercial hybrid. Caution must 
be exercised when comparing hybrids to inbred lines as heterosis may 
partially compensate for lack of resistance (Coe and Schneider, 1966). 

The Aphanomyces resistance observed in US216, a Cercospora 
leaf spot resistant inbred line, stimulated resistance breeding efforts 
that led to the release of US1l77 (Coons, 1953). Bockstahler and Reece 
(1948) successfully selected for resistance within US216, Minnesota 
synthetic 1, and Minnesota synthetic 3. More recent releases of paren­
tal lines with at least moderate resistance to Aphanomyces include 
SP6322-0 (Coe and Hogaboam, 1971), SP8030 (Coe,1981a), and EL4Q 
(Hogaboam et aI., 1982). Resistant CMS lines are also available (Coe, 
1974; Coe, 1981b). Immunity to Aphanomyces has not been observed. 

Hybrids with US216 as a pollinator expressed a level of 
Aphanomyces resistance comparable to US216 (Coons et aI., 1946). 
This observation and the results of Bockstahler et al. (1950) indicated 
that resistance was dominant. However, Coe and Schneider (1966) 
obtained high levels of resistance only after many selection cycles and 
concluded that resistance was not simply inherited. 

ERWINIA ROOT ROT 

Bacterial vascular necrosis and rot or Erwinia root rot (Erwinia 
carotovora (Jones) Holland) is the only sugarbeet root rot caused by 
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a bacterium. Recognition of Erwinia root rot as a serious disease 
problem followed the introduction of two virus yellows (BYV) resistant 
hybrids, USH9A and USH9B, in the late 1960's in California. The 
pollen parents of these hybrids were more susceptible to Erwinia root 
rot than the parental material from which they were derived and other 
widely used parental lines (Whitney and Lewellen, 1977). The severity 
of the disease prompted efforts to screen germplasm (Whitney, 1982) 
and determine the inheritance of resistance. Breeding populations 
responded to selection rapidly with much of the improvement occurring 
in the fi rst selection cycle, evidence for control by a single locus. The 
higher levels of res istance obtained with additional selection cycles 
suggested that additional genetic factors controlled the rate of disease 
development (Whitney and Lewellen, 1978a). Further study indicated 
th a t resistance was simply inherited, with a large domi nance 
component. A second, primarily additive, component determined the 
amount of rot in susceptible individuals. This additive component may 
confer useful levels of resistance in the absence of a major resistance 
gene (Lewellen et aI. , 1978). Two Erwinia root rot resistant pollinator 
lines have been released, both were selected from C13, the susceptible 
pollinator of USH9A (Whitney and Lewellen, 1978b). 

FUSARIUM ROOT ROT 

Fusarium oxysporum Schlecht is a soil borne fungus that invades 
the vascular system. It frequently occurs as a stalk blight in seed 
production fields but also can cause losses in grower's fields. McFarlane 
(1981) observed responses fro m near immuni ty to dead among inbred 
lines screened for resistance to Fusarium stalk blight. Selection for 
resistance was effective and relatively easy. Resistance appeared to be 
dominant and was not linked to the monogerm trait. C566, a selection 
from C563, was released as a stalk blight resistant germ plasm lille. 

STORAGE ROTS 

Storage rots caused by three fungi are major contributors to 
deterioration during sugarbeet storage. Phoma betae (Oud.] Frank is 
potentially the most devas tating because its disease cycle is closely 
associated with the life cycle of the sugarbeet. While many species of 
Penicillium can cause storage rot, Penicillium clavijorme Bainier has 
been identified as the most damaging in somr regions. Botrytis cinerea 
Pers. ex Fr. is more aggressive than Phoma or Penicillium and is able 
to rot tissue quickly over a wide temperature range. Bugbee (l979a; 
1979b) described methods for evaluating individual roots for response 
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Table 1. Response of accessions from the USDA Beta collection 
screened for reaction to three root-rot organisms, 1987-1991 (Source: 
USDA/ARS GRIN database). 

Disease Beta Resistant Intermediate Susceptible 
agent species (1 - 3); (4 - 6) (7 - 9) Total 

Rhizoctonia 
B. vulgaris 
B. maritima 
B. cicla 
B. macrocarpa 

12 14 
32 

no. 

265 
30 

5 

291 
63 
2 
6 

Total 13 48 301 362 

Aphanomyces 
B. vulgaris 
B. maritima 
B. macrocarpa 

9 
162 
20 
3 

50 
2 

212 
31 
4 

Total 9 185 53 247 

Erwinia 
B. vulgaris 
B. maritima 
B. cicla 
B. macrocarpa 
B. parellaris 

100 
31 
1 
7 

11 
5 

112 
37 

1 
8 

Total 140 17 2 159 

"Rating scale of 0 = immune to 9 = severe; no O's were recorded. 

are required for commercial production. Erwinia resistance is available 
in many breeding populations and parental lines and relatively high 
levels of resistance frequently occur among the accessions in the 
collection; thus breeding for Erwinia resistance should not require a 
serious restriction of the genetic base of the commercial crop. 

The development of root rot resistant germplasm has been achieved 
by utilizing long established greenhouse and/or field screening 
techniques and traditional breeding methods. For most root rots only 
a few sources of resistance have been utilized and knowledge of the 
inheritance of resistance is limited. Germplasm collections have 
contributed very little, in part because of the difficulty of eliminating 
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undesirable traits (Lewellen, 1992; VanGeyt et al., 1990). Genetic 
engineering techniques might overcome these difficulties in some in­
stances; however, the present technology is best adapted to the transfer 
of simply inherited traits, a major constraint in transferring resistance 
to many sugarbeet diseases. Bugbee (1993) identified a pectin lyase 
inhibitor protein in sugarbeet cell walls that is active against pectin 
lyase produced by R. solani. The concentration and activity was 
greater in FC712, a Rhizoctonia resistant line, than in a susceptible 
line. This inhibitor was also active against a pectin lyase produced 
by P. betae, providing a feasible explanation for combined resistance 
to Rhizoctonia root rot and Phoma storage rot (Bugbee and Camp­
bell, 1990). Knowledge of the biochemical basis of disease resistance 
could provide more efficient screening techniques, clarify the in­
heritance of resistance, facilitate the utilization of new technologies 
for transferring genes, and allow germplasm collections to make a 
significant contribution to the genetic base of commercial sugarbeet. 
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