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I Furovirus Diseases of Sugar Beets 
i 
I 

in the United States 

Sugar beets (Beta vulgaris L.) comprise 
a major segment of the sweetener industry 
in the United States, ouqwhg sugarcane 
in total value by almost 50%. In 1993,24 
million metric tons (26.4 m i l t i  tons) of 
wgar betts were harvested from 566,802 
ha (1.4 m i o n  acres), at an average yield 
of 42 tha (18.7 tons per awe). Appraxi- 
mateIy 65,000 individuals were employed 
in the production and promsing of the 
1993 beet crop, which was worth over two 
billion dollars (35). 

In the United States, sugar bects am 
produced in 6w distinct geographic re- 
gions (351. The &at Lakes @on, which 
includes Michigan and Ohio. pmdum 
approximately 13% of the crop annually. 
The Red River Valley region of North 
Dakota and Minnesota constitutes the most 
intensive sugar beet production area, pm- 
ducing 32% of the mp on approximately 
230,769 ha (570,000 acres). The Great 
Plains is the largest geographical region 
and indudes Montana, Wyoming, Ne- 
braska, Colorado. New Mexico, and Texas. 
This region pmhws approximately 22% 
of the sugar beet crop on 114.170 ha 
(282,000 m). The Northwest region, 
encompassing Idaho and Oregon, products 
approximately 19% of the mnual sugar 
ket mop. This region is especially impor- 
tam ID the U.S. sugar beet industry be- 
Muse all U.S. sugar beet seed i s  pduced  
in Oregon. The Solithwest region includes 
only California since Arizona cearPed sugar 
beet production in the early 1980s. This 
region produced approximately 14% of the 
1993 s u m  beet crop and i s  unquea- 
tionably the most agronomically and 
climatically diverse, with year-round sugar 
beet production. Of all the major sugar 
beet production regions, the Southwest is  
the only one that has experienced a steady 
d d n t  in production o w  the last 10 
years. Although numerous factma have 
oontribukd to this decline, in a large part it 
has been due to rhimmania, a devamhg 
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disease of sugar beets caured by beet ne 
crotic yellow vein v i m  (BNYW), a 
membw of the furovirus group. 

Furoviruses are a defined taxonomic 
group of fingal-transmitted, md-shaped, 
singlestranded RNA virus= with divided, 
typicdly bipartite genomes (11,1215). 
The n m  was drst propod by Shimku 
and Brakke (45) in 1984 and was accepted 
by the International Cornmiltee on the 
Taxonomy of Vim= in 1987 (15). Furo- 
v i m  occur in ttmpcmk regions of fiw 
continents. and s e d  of the most impw- 
tant memhrs of the group are cosmopoIi- 
tan in distribution (41). The natural fungal 
vectors of these virus- belong to the gen- 
era PoIymym and Spongospom (5). Soil- 
borne wheat mosaic vims (SBWMV) is  
the type member of the fumvirus group. 
which a h  includes beet necrotic ycl1w 
vein virus (BNYW), bttt soilbomc virus 
(BSBV), broad bean necrusis virus 
(BBNY), fern m m l e  virus, H w h w r i s  
mosaic vim, peanut clump virus (PCV), 
Indim p m u t  dump v i w  (TPCV), Nim- 
tima vdutina mosaic virus [NVMV), ostt 
goiden stripe virus (OGSV), potato mop 
top virus (PMTV), and rice saipe necrosis 
virus W N V )  (15,41). Recently, sorghum 
chlorofic spot virus (SCSV) (32) and beet 
s o i l b  mosaic virus (BSBMV) were 
proposed to be furovi~se~ (43,50). 

Furovimsm infecting sugar k t  rue 
vectored by the soilborne fungus Polymyxa 
betae, a member of t h  Pfasmodi~phow 
mycetes (1.19,20). P betae is an obligate 
parasite and has a limited host range, pri- 
marily within the Chenopadiacae, Ama- 
mnthceae, and Portuiacaceae (2A5.17). 
The fungus only infects primary mot tia 
sue of young mats, and the optimum tem- 
perature for infection is around 2S°C (17). 

The relationship between i! krcke and 
B N W V  is repmentatiw of the disease 
cycle of most furovirusm (5). R beta 
surviw in field soil as cystmri. In the 
presence of a host and proper wviron- 
mental conditions, cysts give rise to mo- 
spores. which swim through free soil water 
until they contact a host root and ancyst. 
Encysted zoosporn product a structure 
called a stachel, through which m p r i c  

cytoplasm enters the host cell and becomes 
a phmodium. The host cell becomes 
infected with B W V  if R be& is 
virufifms. If a nontviruliferous zoospore 
infects a root Eell containing BNYVV, the 
plasmodium ean i~~ the vims. 
BNYW is not believed to replicate in I? 
berue, but the precise mechanism by which 
ff beme actually transmits or takes up 
virus particles is unknown. Aft= a period, 
the plasmdiurn develops iato a mspo- 
rmgium, which rcleasts additional zoo- 
spwes that repeat the infection cycle (5). 
However, mme plasmodia develop into 
cysts, and often nearly wery cell in tbe 
small feeder mts  will contain a cyst. As 
root cells senesce, cysts (which wntain 
BNYVV) are eventually released into the 
soiI (Fig. I), where they can remain viable 
for years without loss of virulence. 

Beet NecrotbYellow Vein Virus 
Unlike fu~ovimws, which possess 

bipartite, s i n g l ~ m m k d  RNA genom, 
wild type isolah of B N Y W  typicdy 
contain four dnglbsbanded RNA speck, 
although a fifth has been obsewed in some 
Japanese isolates (41). Partich of 
BNYW m u r e  85, 100, 265, and 390 
nm long and 20 nm wide. Comqmding 
RNB species are 1.5, 1.8, 4.7, and 6.8 kb 
and are 3' polyadenylatcd. The coat pro- 
tein is 22 kDa (1 1.41). 
The complete BNYVV genome is 

14,599 nucfeotides, excluding poly-A Ws 
(7). RNA I contains a shgIe open m%ng 
frame (ORP) encoding a protein hypothe- 
sized to be involved with RNA replication 
19). Six ORFs are located on RNA 2. in- 
cluding the 2-a mai protein gene 

Ffg. 1. Craworus of Polpnylre be- In 
a oell sloughing off the m l n  root 
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