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Influence of Beet necrotic yellow vein virus on Sugar Beet Storability

Carl A. Strausbaugh, United States Department of Agriculture—Agricultural Research Service NWISRL, Kimberly,
ID 83341; Eugene Rearick, Amalgamated Research, Inc., Twin Falls, ID 83301; Stacey Camp, Amalgamated Sugar
Co., Paul, ID 83347; John J. Gallian, University of Idaho, Research and Extension Center, Twin Falls 83303; and
Alan T. Dyer, Montana State University, Bozeman 59717

ABSTRACT

Strausbaugh, C. A., Rearick, E., Camp, S., Gallian, J. J., and Dyer, A. T. 2008. Influence of Beet
necrotic yellow vein virus on sugar beet storability. Plant Dis. 92:581-587.

Rhizomania caused by Beet necrotic yellow vein virus (BNYVV) and storage losses are serious
sugar beet production problems. To investigate the influence of BNYVYV on storability, six sugar
beet cultivars varying for resistance to BNYVV were grown in 2005 and 2006 in southern Idaho
fields with and without BNYV V-infested soil. At harvest, samples from each cultivar were
placed in an outdoor ventilated pile in Twin Falls, ID and were removed at 40-day intervals start-
ing at the end of October. After 144 and 142 days in storage, sugar reduction across cultivars
averaged 20 and 13% without and 68 and 21% with BNYVYV for the 2005 and 2006 roots, re-
spectively. In the December samplings, frozen root area was 1 and 2% without and 25 and 41%
with BNYVYV for the 2005 and 2006 roots, respectively. Root rot was always worse with stored
roots from BYNV V-infested soil in December, January, and February samplings. Root weight
loss was variable in 2005; however, in 2006, an increase in weight reduction always was associ-
ated with BNY'V V-infested roots. In order to prevent losses in rhizomania-infested areas, culti-
vars should be selected for storability as well as rhizomania resistance.

Preventing sucrose losses in long-term
storage is critical to the viability of the
sugar beet industry. Loss of sucrose be-
yond normal respiration can be attributed
to the physiological state of the root, dehy-
dration, microbial activity, harvest condi-
tions (mud, frost, high temperatures, and
so on), and injuries from harvest and
cleaning operations (4,5,9—-13,26).

In the pile, storage fungi reduce recov-
erable sucrose levels of stored beet. The
major causes of storage decay have been
identified as Phoma betae A. B. Frank,
Penicillium claviforme Bainier, Botrytis
cinerea Pers., and Fusarium spp. (4). For
instance, it has been reported that the res-
piration rate of stored sugar beet roots will
double when approximately 20% of their
surface area is infected by Penicillium and
Botrytis spp. (15). These infections also
lead to a threefold increase in reducing
sugars, which are problematic to sucrose
extraction (15). Recently, the influence of
fungal infections in the field on storability
of sugar beet was investigated in Germany
under controlled storage conditions. Stor-
ability was found to be impaired by
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Rhizoctonia solani J.G. Kiihn but not by
Cercospora beticola Sacc. (12).

In southern Idaho, much of the sugar
beet crop is stored from mid-October to
mid-March in piles 6.1 m high by 36.6 m
wide at the base (24.4 m wide at top) (17).
In southern Idaho, approximately one-third
of the sugar beet roots are directly proc-
essed, one-third are held in short-term
storage, and one-third are held in long-
term (>90 days) storage (17). For 2006,
one-third of the sugar beet roots for south-
ern Idaho would have been approximately
1.7 million metric tons (16). The factory
processing campaign begins in late Sep-
tember with roots directly from the field
but eventually shifts to using only stored
roots sometime in November. The extrac-
tability of sugar from stored beet will vary
depending on impurities such as potas-
sium, sodium, amino-N, invert sugars, and
substances associated with rot organisms
such as dextran (5). Maintaining sucrose
concentration and root quality during stor-
age is important for maintaining factory
efficiency.

Rhizomania, caused by Beet necrotic
yellow vein virus (BNYVV), has become
one of the most serious diseases of sugar
beet worldwide (14,18,19,22). The primary
means of controlling this disease is
through host resistance based largely on
the Rzl gene (18,19). However, strains of
BNYVYV that overcome the Rz/ gene have
been documented (14). Concerns also have
been raised that BNYVV may influence
the storability of sugar beet. A preliminary
report suggesting that disease agents may

compromise storability of sugar beet
prompted this investigation on the influ-
ence of BNYVV on the storability of sugar
beet (21).

MATERIALS AND METHODS
Treatments. The study examined 12
treatments, consisting of six commercial
sugar beet cultivars from fields with and
without rhizomania-infested soil from the
2005 growing season, and was repeated
with roots from the 2006 season. One of
the six cultivars, HM Owyhee, was suscep-
tible to rhizomania and is among the best
commercial cultivars for resistance to curly
top. The other five cultivars contained
resistance genes to rhizomania and also
were selected for their performance against
curly top. Rhizomania was uniform and
evident throughout the infested field in
both years. Curly top, caused by Beet se-
vere curly top virus and closely related
species, also was present at moderate lev-
els in the 2005 fields but only at trace lev-
els in the 2006 fields. The influence of
curly top was ameliorated by host resis-
tance and the use of the insecticide Temik
15G (15% aldicarb). Powdery mildew,
caused by Erysiphe polygoni DC., also was
present in the 2005 infested field; however,
the most susceptible cultivars (Beta 4490
R and Beta 4199 R) had the least sucrose
loss in the storage work. Thus, powdery
mildew should have had very little influ-
ence on the storage work. Root rots and
other fungal and bacterial diseases were
not evident in the fields and the roots were
free of visible root rot at harvest. At both
the disease-free and rhizomania fields, the
six cultivars were arranged in a random-
ized complete block design with four rep-
lications as four-row plots, 10.4 m long,
with rows 0.6 m apart. The fields were
managed using standard commercial cul-
tural practices. At harvest, six eight-beet
samples were collected in nylon mesh
onion bags from each plot. Two of the
samples were submitted to the Amalga-
mated Tare Lab for sugar analysis. The
storage samples were piled inside a metal
corrugated ventilation pipe (0.9 m in di-
ameter) on top of plywood in the same
experimental design and blocks as ar-
ranged in the field. The samples inside the
pipe covered an area of 6.1 m, with the
initial 6.1 m of the open end of the pipe
unused. The open end of the pipe was cov-
ered with straw bales. The pipe was lo-
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cated on top of a 30-cm layer of beet. The
pipe was covered by roots piled to a height
of 6.1 m. The pile was ventilated using the
same perforated pipe placed 3.7 m on cen-
ter. The storage pipe with the samples was
placed between the two ventilation pipes.
The roots surrounding the pipe were from
commercial cultivars and healthy in ap-
pearance (no visible rhizomania or rot
symptoms). The samples were retrieved at
40-day intervals beginning on 31 October
2005 and 1 November 2006. Temperature
inside the storage tube was recorded on a
Hobo temperature sensor (Onset Computer
Corp., Bourne, MA) at 1-h intervals. Cv.
HM 2980 RZ was not available in 2006;
thus, we included HM 2984 RZ in place of
this cultivar.

2005 Rhizomania field samples. The
field was located on a research farm at the
College of Southern Idaho in Twin Falls.
Barley had been grown on the field the
previous year. Sugar beet was planted on
3 May 2005. The insecticide Temik 15G
was applied at 22.4 kg/h during bedding
on 19 April 2005. The field was mechani-
cally topped and harvested on 5-6 Octo-
ber with a small-plot harvester. Storage
samples were held outdoors in a shaded
area until they were placed inside the pipe

in the Twin Falls ventilated pile on 17
October.

2005 Field samples disease-free in ap-
pearance. The plots were within a com-
mercial field 14.5 km north of Rupert, ID.
The field had been in potato in 2004 and
was planted to sugar beet on 5 April 2005.
The insecticide Temik 15G at 15.7 kg/h
was applied during cultivation on 28 May
2005. The plants were hand topped and
harvested on 7 October. The storage sam-
ples were held outdoors in a shaded area
until they were placed inside the Twin
Falls ventilated pile on 17 October.

2006 Rhizomania field samples. The
trial was located in a commercial field 11.3
km north of Rupert, ID. The field had been
in spring barley in 2005 and was planted to
sugar beet on 10 April 2006. The insecti-
cide Temik 15G was applied at 16.8 kg/h
on 20 June 2006. The plants were hand
topped and harvested on 6 October. The
storage samples were held outdoors in a
shaded area until they were placed inside
the Twin Falls ventilated pile on 19 Octo-
ber.

2006 Field samples disease-free in ap-
pearance. The plots were within a com-
mercial grower’s field located 6.4 km
south of Nampa, ID. The field had been in
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Fig. 1. Average daily temperature (°C) during storage A, from 5 October 2005 to 28 February 2006
and B, from 6 October 2006 to 26 February 2007 in an outdoor commercial sugar beet pile in Twin
Falls, ID. Arrows designate when storage samples were retrieved.
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corn in 2005 and was planted to sugar beet
on 27 March 2006. The insecticide Temik
15G was applied at 16.8 kg/h on 15 May
2006. The plants were hand topped and
harvested on 12 October. Storage samples
were held outdoors in a shaded area until
they were placed inside the Twin Falls
ventilated pile on 19 October.

Rhizomania, rot, and freeze damage
ratings. After being retrieved from the
storage pile on each sampling date, the
roots were evaluated for rhizomania symp-
toms using a 0-to-9 disease index, where 0
= no symptoms; 1 = root growth normal,
minor bearding, and no discoloration; 2 =
taproot slightly constricted and bearded; 3
= taproot moderately constricted, bearded,
and discolored with very little adhering
soil; 4 = similar to 3 except more adhering
soil; 5 = taproot wine-glass shaped, discol-
ored, and brittle and feeder roots bearded
with soil adhering; 6 = damage to taproot
severe and probably nonfunctional, with
severe bearding just below the crown; 7 =
taproot destroyed and severe bearding
below the crown, with root area a ball of
soil; 8 = similar to 7 except root necrotic
into the crown area; 9 = root dead. The
index is similar to one published previ-
ously (23) and was utilized in a continuous
manner rather than categorically. At the
same time, surface rot also was evaluated
as the percentage of root area associated
with rot damage such as dry black rot, wet
bacterial rot, or tissue covered with fungal
growth. The percentage of root area asso-
ciated with freeze damage (frost on root
surface, tissue translucent, and so on) also
was established at the time of retrieval
from storage. No freeze data were obtained
on the first sampling date because no
freezing had occurred. No attempt was
made to analyze the roots for frozen root
area in the February samplings, because
the roots had deteriorated too badly from
rot.

Weight analysis. Prior to placing the
storage samples in the pile, each sample
was weighed. The samples were reweighed
when retrieved from the storage pile.
These weights were used to determine
reduction in root weight.

Sugar analysis. Two of the six samples
collected from each plot were submitted to
the Amalgamated Tare Lab in Paul, ID at
the time of harvest. Percent sugar was
determined using an Autopol 880 po-
larimeter (Rudolph Research Analytical,
Hackettstown, NJ) and a half-normal
weight sample dilution and aluminum
sulfate clarification method (ICUMSA
Method GS6-3 1994; 2). Percent sugar for
samples coming out of storage was deter-
mined by Amalgamated Research Inc. in
Twin Falls, ID using gas chromatography,
because polarimeter readings can be af-
fected by impurities that accumulate dur-
ing storage. The gas chromatographic
method was similar to ICUMSA Method
GS4/7/8/5-2 (2002) with the following



modifications: the internal standard used
was D(—)-salicin (2-[hydroxymethyl]phenyl-
B-D-glucopyranoside) and equal volumes
(to £0.01 ml) of a solution of internal stan-
dard in dimethylformamide were dis-
pensed into weighed samples and stan-
dards using a volumetric dispenser (2). To
compare the two sugar analysis techniques,
16-beet samples were pulled from 24 dif-
ferent plots. The samples were split and
then analyzed with the polarimeter and gas
chromatograph. The gas chromatography
analysis averaged 1.395% higher. To estab-
lish percent reduction in sugar at harvest
versus storage, only samples from within
the same plot were compared. Percent
sugar reduction was established using the
following equation: percent reduction in
pounds of sugar = (1 — {[(% sugargorage
sample 1395) X Weightstomge sample]/(%
SUgarharvest sample X Weightharvest sample)}) X
100.

Data analysis. Data were analyzed in
SAS (20) using the general linear models
procedure (Proc GLM), and Fisher’s pro-
tected least significant difference was used
for mean comparisons. Single degree-of-
freedom contrasts also were conducted.
Bartlett’s Test was used to establish homo-
geneity of variance.

RESULTS

Temperature. During the 2005-06 stor-
age season, there was a cold period that
began on 8 December 2005 (Fig. 1). The
average daily temperature in the pipe
ranged between —6 and —8°C for 10 con-
secutive days. Temperatures then moder-
ated and the average temperature remained
above 0°C for 25 days between 1 January
2006 and 6 February 2006. During the
200607 storage season, temperatures in
the pipe dropped below 0°C on 26 No-
vember 2006 and stayed below zero for 71
of the next 76 days (Fig. 1). The lowest
average daily temperature during this pe-
riod was —5.9°C.

Rhizomania ratings. Rhizomania rating
data for 2005 differed between sampling
dates (P < 0.0001). Rhizomania rating data
for 2006 did not differ between sampling
dates (P = 0.2157) and variances were
homogeneous (P = 0.8837). In 2005 and
2006, all six cultivars from the rhizomania-
infested field had significantly higher rhi-
zomania root ratings than the same six
cultivars from a field lacking foliar and
root symptoms of rhizomania (Table 1).
The rhizomania-susceptible check, HM
Owyhee, had the highest rhizomania rat-
ings in the infested fields both years. Sin-
gle degree-of-freedom contrast also
showed that cultivars from the infested
field (mean rating of 2.6) had more rhizo-
mania root symptoms (P < 0.0001) than
those from the noninfested field (mean
rating of 0.0).

Surface rot. Surface rot data were ana-
lyzed separately for the two storage sea-
sons because experiments were different

on all four sampling dates (P = 0.0026,
0.0009, 0.0033, and 0.0001, respectively).
On the 31 October 2005 sampling, five of
the cultivars from the rhizomania-infested
field had more root rot than those from the
noninfested field (Table 2). In the 1 No-
vember 2006 sampling, no root rot was
evident (Table 3). In the 9 December 2005
sampling, all cultivars from the infested
field had more root rot (19 to 25%) than
those from the noninfested field (2 to 6%).
In the 12 December 2006 sampling, HM
Owyhee and HM 2984 from the infested
field had more root rot than from the non-
infested field, whereas the other cultivars
did not differ. In the 18 January 2006 sam-
pling, all cultivars from the infested field

(51 to 70%) had considerably more root
rot than those from the noninfested field (4
to 14%). In the 22 January 2007 sampling,
only HH Meridian R had more rot from the
infested field than from the noninfested
field. In the 28 February 2006 sampling,
root appearance of the cultivars from the
infested field was poor (72 to 88%). Culti-
vars from the noninfested field also had rot
(25 to 42%) but it not as severe as in those
from the infested field. In the 26 February
2007 sampling, there was more root rot on
five of the six cultivars from the infested
field (25 to 40%) than on the previous
sampling date, whereas those from the
noninfested field still had very little root
rot (7 to 14%). Comparisons across culti-

Table 1. Severity of rhizomania symptoms for sugar beet roots harvested from disease-free and rhizo-

mania-infested trials

Rhizomania visual root rating"

2005 roots
Cultivar Virus* 31 Oct 05 9 Dec 05 18 Jan 06 28 Feb 06 2006 roots
HM Owyhee BNYVV 32a 42a 50a 42a 48a
HM 2980 RZY BNYVV 12¢ 34D 34D 22D 2.7b
Beta 4490 R BNYVV 1.9b 29b 3.1b 1.8 bc 24c¢
Beta 4199 R BNYVV 1.4 be 30b 30b 2.0 be 23¢
HH Acclaim R BNYVV 1.2¢ 19¢ 2.0c 1.9 be 1.7d
HH MeridianR BNYVV 12¢ 290 3.1b 1.6¢ 1.5d
HM Owyhee None 0.0d 0.0d 0.0d 0.0d 0.0e
HM 2980 RZ None 0.0d 0.0d 0.0d 0.0d 0.0e
Beta 4490 R None 0.0d 0.0d 0.0d 0.0d 00e
Beta4199 R None 0.0d 0.0d 0.0d 0.0d 0.0e
HH Meridian R None 0.0d 0.0d 0.0d 0.0d 0.0e
HH Acclaim R None 0.0d 0.0d 0.0d 0.0d 0.0e
P>F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
LSD (P <£0.05) 0.5 0.5 0.5 0.5 0.2

“Rhizomania visual root rating based on a scale of 0 to 9 (0 = healthy and 9 = dead) determined when
retrieved from storage. Sugar beet roots were harvested and put into storage between 5 and 12 Octo-
ber. Data from 2005 sampling dates were not analyzed together because they differed (P < 0.0001).
Data from 2006 sampling dates were analyzed together because they did not differ (P = 0.2157) and

variances were homogeneous (P = 0.8837).
* BNYVV = Beet necrotic yellow vein virus.

¥ Cv. HM 2980 RZ was not available in 2006; therefore, cv. HM 2984 RZ was used instead.
P > F was the probability associated with the F' value. LSD = Fisher’s protected least significant

difference value.

Table 2. Percentage of root surface exhibiting rot on sugar beet roots harvested in October 2005 from
disease-free and rhizomania-infested trials after storage in an outdoor commercial pile in Twin Falls, ID

Surface rot (% )*

Cultivar VirusY 31 Oct 2005 9 Dec 2005 18 Jan 2006 28 Feb 2006
HM Owyhee BNYVV 24 a 25a 66 ab 88 a
HH Acclaim R BNYVV 10b 21 ab 62 abc 86 a
HH Meridian R BNYVV 10b 23 ab 70 a 85a
HM 2980 RZ BNYVV 4cd 19b 54 cd 82 ab
Beta4199 R BNYVV 11b 19b 51d 75 be
Beta 4490 R BNYVV 9 be 24 ab 59 bed 72 ¢
HH Acclaim R None 0d 6¢ 9 ef 42d
HH Meridian R None 1d 4c 13 ef 42d
Beta 4490 R None 0d 2¢ Sef 41d
Beta 4199 R None 0d 2¢ 4f 38 de
HM 2980 RZ None 1d 2¢ 6ef 30 ef
HM Owyhee None 2d 2c l4e 25¢f
P>F* .. <0.0001 <0.0001 <0.0001 <0.0001
LSD (P <£0.05) 6 6 9 9

* Surface rot = percentage of root area covered with fungal growth or rotted tissue. Sugar beet were

harvested 5 to 7 October 2005.
Y BNYVV = Beet necrotic yellow vein virus.

z P > F was the probability associated with the F' value. LSD = Fisher’s protected least significant

difference value.
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vars based on contrasts show that surface
root rot was greater (P < 0.0001) in roots
from the infested fields on all sampling
dates both years, except for the 1 Novem-
ber 2006 sampling. A diversity of fungi
were isolated from the rotted tissue (data
not shown) and root rots were evident only
in storage and not prior to placement in the
storage pile.

Frozen root area. Data between ex-
periments for frozen root area were ana-
lyzed separately because experiments dif-
fered on both the December and January
sampling dates (P = 0.0082 and 0.0100,
respectively). On the 9 December 2005
sampling, four of the six cultivars from the
rhizomania-infested field had more frozen
root area than those from the noninfested
field (Table 4). On the 12 December 2006
sampling, all cultivars from the rhizoma-

nia-infested field had more frozen root
area than from the noninfested field, ex-
cept for Owyhee (Table 5). Data collected
in January both years did not differ be-
tween treatments. Based on contrasts, the
two December samplings (P < 0.0001 for
2005 and 2006) had more frozen root area
on roots from the infested field (25 and
41%, respectively) than the noninfested
field (1 and 2%, respectively). A similar
trend was evident in January 2006 (P =
0.0247) but not in January 2007 (P =
0.3443) based on contrasts.

Root weight reduction. Data between
storage seasons for root weight reduction
were analyzed separately because experi-
ments were different on all sampling dates
(P = 0.0014, 0.0050, 0.0001, and 0.0003,
respectively). In the first experiment, there
were some minor differences in weight

Table 3. Percentage of root surface exhibiting rot on sugar beet roots harvested in October 2006 from
disease-free and rhizomania-infested trials after storage in an outdoor commercial pile in Twin Falls, ID

Surface rot (% )*

Cultivar VirusY 1 Nov 2006 12 Dec 2006 22 Jan 2007 26 Feb 2007
HH Meridian R BNYVV 0 3.4 abc 25.0a 395a
HH Acclaim R BNYVV 0 45a 20.5 ab 33.5 ab
HM Owyhee BNYVV 0 4.1 ab 8.0c 30.2 ab
Beta 4490 R BNYVV 0 2.2 abcde 10.5 be 27.0 abc
Beta4199 R BNYVV 0 2.1 bede 10.0 be 26.2 abc
HM 2984 RZ BNYVV 0 4.0 ab 95¢ 25.0 be
HM 2984 RZ None 0 1.2 cde 72¢ 142 cd
Beta 4490 R None 0 03e 30c¢ 8.2d
HH Acclaim R None 0 3.0 abed 11.2 be 7.2d
HH Meridian R None 0 1.5 cde 72¢ 7.2d
Beta 4199 R None 0 0.8 de l4c 7.2d
HM Owyhee None 0 1.0 de 2.8¢c 7.0d
P>F N/A 0.0052 0.0025 <0.0001
LSD (P <0.05) 2.3 10.7 13.8

* Surface rot = percentage of root area covered with fungal growth or rotted tissue. Sugar beet roots

were harvested 6 to 12 October 2006.
Y BNYVV = Beet necrotic yellow vein virus.

z P > F was the probability associated with the F value; N/A = not applicable. LSD = Fisher’s pro-

tected least significant difference value.

Table 4. Percentage of frozen root tissue in sugar beet roots harvested in October 2005 from disease-
free and rhizomania cultivar trials that were stored in an outdoor commercial pile in Twin Falls, ID

Frozen root area (% )*

9 Dec 2005
Cultivar VirusY Normal Transformed 18 Jan 2006
HH Acclaim R BNYVV 52 72a 52
HH Meridian R BNYVV 26 43b 45
HM Owyhee BNYVV 24 43b 59
HM 2980 RZ BNYVV 22 42b 49
Beta4199 R BNYVV 16 3.1bc 24
Beta 4490 R BNYVV 8 1.9 be 39
HH Meridian R None 6 2.0 bc 48
HH Acclaim R None 1 1.0c 35
Beta 4490 R None 1 1.1c 28
Beta 4199 R None 0 0.7¢ 20
HM 2980 RZ None 0 0.7¢ 21
HM Owyhee None 0 0.7¢ 32
P>F 0.0006 0.3328
LSD (P <0.05) 2.9 NS

* Frozen root area = percentage of outside area of the root frozen based on frost or tissues with wet,
water-soaked appearance. Sugar beet were harvested and put into storage on 17 October 2005. Trans-
formed = square root transformation to reduce variability and increase normality.

Y BNYVV = Beet necrotic yellow vein virus.

2 P > F was the probability associated with the F' value. LSD = Fisher’s protected least significant

difference value. NS = not significantly different.
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loss depending on sampling date but there
were no apparent trends (Table 6). In the
second experiment, there were significant
differences on all sampling dates (Table 7).
On the 1 November 2006 and 12 Decem-
ber 2006 sampling dates, roots of all culti-
vars from the rhizomania-infested field lost
more weight than roots from the nonin-
fested field. Differences between treat-
ments were smaller as time in storage in-
creased. Based on contrasts, the 2005
experiment did not reveal any trends; how-
ever, on all sampling dates (October 2006
to February 2007) in the 2006 experiment,
roots from the infested field (10, 12, 18,
and 17%, respectively) lost more (P <
0.0001 on all dates) weight than those
from the noninfested field (4, 6, 6, and
10%, respectively).

Sucrose reduction. On the first sam-
pling date, there were no significant differ-
ences between treatments (Tables 8 and 9).
On the 9 December 2005 sampling, only
the susceptible check, HM Owyhee,
showed a significant loss in sugar when
comparing roots from the infested and
noninfested fields. In the 12 December
2006 sampling, HM Owyhee and HH Ac-
claim R both showed a reduction in su-
crose when harvested from a rhizomania-
infested field (Table 9). In both January
samplings, HM Owyhee and HH Meridian
R from the rhizomania-infested fields both
showed a reduction in sucrose. In the 28
February 2006 sampling, five out of the six
cultivars grown in the infested field lost
substantially more sucrose (43 to 94%)
than roots from the same cultivars from the
noninfested field (15 to 31%). In the 26
February 2007 sampling, HM Owyhee,
HH Meridian R, and Beta 4490 R all
showed a significantly larger reduction in
sucrose (19 to 31%) than the same culti-
vars from a noninfested field (8 to 18%).
The January (2006 and 2007) samples
show that storing roots from a rhizomania-
infested field (17.3 and 14.3%) reduced (P
= 0.0035 and <0.0001) sucrose compared
with those from a noninfested field (15.9
and 7.7%) based on contrasts. The Febru-
ary (2006 and 2007) samples show that
storing roots from a rhizomania-infested
field (67.7 and 20.6%) reduced (P <
0.0001 and 0.0050) sucrose compared with
those from a noninfested field (20.1 and
13.8%) based on contrasts. Contrasts for
the 12 December 2006 sampling also
showed that sucrose losses (8.5% from
infested versus 4.6% noninfested; P =
0.0128) due to rhizomania could be docu-
mented by early December. Differences
among cultivars could not be proven with-
out the influence of rhizomania. However,
HH Acclaim R and HH Meridian R ranked
the worst both years when averaging the
rankings over all samplings without the
influence of disease (average ranking in
2005 and 2006): HH Meridian R (1.25 and
2.25), HH Acclaim R (2.25 and 2.75), Beta
4199 R (3.5 and 3.25), HM 2980 RZ (4.25



and no data), HM 2984 RZ (no data and
3.75), Beta 4490 R (4.25 and 6.0), and HM
Owyhee (5.5 and 3.0).

DISCUSSION

Rhizomania caused by BNYVV had a
significant negative impact on the storabil-
ity of sugar beet based on sucrose loss,
susceptibility to freeze damage and rot,
and weight loss. The storage losses were
evident in not only the rhizomania-
susceptible commercial cv. HW Owyhee
but also cultivars considered resistant to
BNYVV. Finding that cultivars considered
resistant to BNYVV were negatively influ-
enced by this virus problem should not be
viewed as completely unexpected because
even cultivars with the best resistance are
not immune to BNYVV. Because rhizo-
mania is now present in all major produc-
tion areas, the potential for sugar loss in
stored sugar beet roots could easily reach
tens of millions in dollars in revenue lost
annually. These data highlight the need for
further research to develop criteria for the
selection of cultivars with good long-term
storability and rhizomania resistance, con-
sidering storage-related losses as well as
performance in the presence of BNYVV
infection.

Sucrose loss in sugar beet traditionally
has been studied through influences on
respiration and storage decay fungi (5).
Now the influence of disease problems in
the field on the storability of sugar beet is
beginning to be studied. In Germany,
Rhizoctonia root rot increased storage
losses, while Cercospora leaf spot had
little influence (12). These data and a lot of
previous storage data have been generated
under controlled conditions. The rhizoma-
nia data presented in this research not only
confirm that disease problems in the field
can be important in storage but also show
that storage problems can be studied under
ambient conditions. Work under ambient
conditions is likely to be necessary to es-
tablish real-world losses; however, to es-
tablish criteria for selecting cultivars, work
under more controlled conditions may
prove to be more beneficial because of
reduced environmental influence. The
commercial sugar beet piles in the sur-
rounding area also struggled with break-
down problems beginning in mid-
December 2005 and early January 2006. In
December 2006 and January 2007, with
continuous freezing temperatures, the
outer portions of the commercial piles
froze but were processed in a timely man-
ner. The roots in the storage study re-
sponded in a similar manner in both sea-
sons and seemed to be representative of
what was occurring in the surrounding
area.

The sucrose loss data reported in this
study, while quite dramatic, does not in-
clude the potential for additional sugar loss
in processing. The level of impurities that
negatively impact the extraction of sugar in

stored roots was not assessed. Previous
research showed that roots infested with R.
solani sustained a reduction in root quality
(3,12). Thus, the total loss of sugar in roots
infected with BNYVYV is likely to be even
greater than we report here. Given the loss
in sugar established in this report, factories
should consider processing roots from
fields infested with BNYVV directly and
avoid storing roots, if possible.

The impact that ambient temperatures
had on these data cannot be ignored, par-
ticularly with the impact freeze damage
can have on sugar beet. The sugar beet
crop grown in 2005 endured a brief but
severe cold period (average ambient tem-
perature in pile was —6 to —8°C) in mid-
December followed by 25 days with
above-freezing temperatures in January
and early February. The 2006 crop dropped

below 0°C in late November and stayed
below 0°C for 71 of the next 76 days, re-
sulting in fairly ideal storage conditions.
Healthy sugar beet roots continue respira-
tion down to around —8°C, at which time
respiration drops to near zero but does not
completely stop until —18°C (24). How-
ever, cell damage and loss of sugar begins
occurring at —1 to —3°C (24). Considerable
freeze damage occurred both years by the
time the December sampling was con-
ducted, despite the differences in tempera-
tures between the 2 years. This freeze
damage was largely associated with sugar
beet that had been produced in BNYVV-
infested ground. Roots compromised by
BNYVYV apparently froze more readily, as
indicated by the December data from both
years; therefore, the temperature at which
serious freeze damage occurs should be

Table 5. Percentage of frozen root tissue in sugar beet roots harvested in October 2006 from disease-
free and rhizomania cultivar trials that were stored in an outdoor commercial pile in Twin Falls, ID

Frozen root area (% )*

12 Dec 2006

Cultivar VirusY Normal Transformed 22 Jan 2007
HH Acclaim R BNYVV 88 93a 56.2
Beta 4490 R BNYVV 60 7.8 ab 71.2
HH Meridian R BNYVV 42 6.3 be 82.5
HM 2984 RZ BNYVV 35 57c¢ 68.8
Beta 4199 R BNYVV 11 3.1d 57.5
HM Owyhee BNYVV 10 2.5de 68.8
HH Meridian R None 8 2.3 de 75.0
HH Acclaim R None 6 2.1de 88.8
Beta 4490 R None 1 1.1de 55.0
Beta 4199 R None 0 0.7e 53.8
HM 2984 RZ None 0 0.7e 48.8
HM Owyhee None 0 0.7¢ 25.0
P>F <0.0001 0.5259
LSD (P <0.05) 2.0 NS

X Frozen root area = percentage of outside area of the root frozen based on frost or tissues with wet
water soaked appearance. Sugar beet were harvested 6 to 12 October 2006. Transformed = square
root transformation to reduce variability and increase normality.

Y BNYVV = Beet necrotic yellow vein virus.

z P > F was the probability associated with the F' value. LSD = Fisher’s protected least significant

difference value. NS = not significantly different.

Table 6. Percent reduction in root weight in sugar beet roots harvested in October 2005 from disease-
free and rhizomania-infested trials and stored in an outdoor commercial pile in Twin Falls, ID

Reduction in root weight (% )*

Cultivar VirusY 31 Oct 2005 9 Dec 2005 18 Jan 2006 28 Feb 2006
HH Acclaim R BNYVV 34f 57b 7.1 13.8
HH MeridianR  BNYVV 4.9 bede 53b 6.8 12.0
HM Owyhee BNYVV 5.4 abed 7.7a 7.6 114
HM 2980 RZ BNYVV 4.1 def 56b 5.3 9.2
Beta 4490 R BNYVV 3.7 ef 5.1b 6.3 8.2
Beta4199 R BNYVV 4.7 cdef 47b 5.2 7.8
HH Meridian R None 5.3 abed 4.8b 7.5 13.7
HH Acclaim R None 6.1 abc 55b 8.2 10.9
Beta 4490 R None 6.5a 6.4 ab 8.1 10.6
HM Owyhee None 5.8 abc 7.7a 7.5 9.5
HM 2980 RZ None 5.2 abcde 59b 8.1 9.4
Beta 4199 R None 6.4 ab 6.1 ab 6.8 7.7
P>F* 0.0015 0.0133 0.1561 0.3306
LSD (P <£0.05) 1.5 1.7 NS NS

* Percent reduction in root weight of stored roots in relation to that determined at harvest. Sugar beet

were harvested 5 to 7 October 2005.
Y BNYVV = Beet necrotic yellow vein virus.

z P > F was the probability associated with the F' value. LSD = Fisher’s protected least significant

difference value. NS = not significantly different.
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Table 7. Percent reduction in root weight in sugar beet roots harvested in October 2006 from disease-
free and rhizomania-infested trials and stored in an outdoor commercial pile in Twin Falls, ID

Reduction in root weight (% )*

Cultivar VirusY 1 Nov 2006 12 Dec 2006 22 Jan 2007 26 Feb 2007
HM Owyhee BNYVV 13.0a 14.7 a 232a 224 a
HH Acclaim R BNYVV 9.7 bc 11.5 abc 14.5cd 18.3 ab
HH MeridianR  BNYVV 9.4 be 10.9 bed 19.3 ab 16.8b
HM 2984 RZ BNYVV 11.5 ab 12.9 ab 16.8 be 16.1 be
Beta 4490 R BNYVV 10.6 b 12.3 ab 16.4 be 15.4 bc
Beta 4199 R BNYVV 7.9 cd 12.7 ab 16.9 bc 15.1 be
HM Owyhee None 5.8 de 6.6¢e 12.0d 122 cd
Beta 4199 R None 53e 8.1 cde 119d 12.1 cd
HM 2984 RZ None 46e 6.8¢ 11.6d 12.0 cd
Beta 4490 R None 53e 7.5 de 14.1 cd 119 cd
HH Acclaim R None 5.7 de 57e 11.0d 10.1d
HH Meridian R None 37e 7.0e 12.6 cd 9.0d
P>F* <0.0001 < 0.0001 <0.0001 <0.0001
LSD (P <£0.05) 2.3 3.5 4.3 4.3

* Percent reduction in root weight of stored roots in relation to that determined at harvest. Sugar beet

were harvested 6 to 12 October 2006.
Y BNYVV = Beet necrotic yellow vein virus.

z P > F was the probability associated with the F value. LSD = Fisher’s protected least significant

difference value.

Table 8. Percent reduction in sucrose in sugar beet roots harvested from disease-free and rhizomania-
infested trials stored in an outdoor commercial pile in Twin Falls, ID

Reduction in sucrose (% )*

Cultivar VirusY 31 Oct 2005 9 Dec 2005 18 Jan 2006 28 Feb 2006
HH Meridian R BNYVV 6.5 13.5 ab 26.2 a 94.1a
HH Acclaim R BNYVV 6.4 11.0 abc 19.7 ab 90.9 a
HM Owyhee BNYVV 7.9 174 a 28.8a 82.0a
HM 2980 RZ BNYVV 2.3 8.6 bed 83¢c 55.1b
Beta 4199 R BNYVV 0.2 9.1 bed 8.9¢ 42.8 be
Beta 4490 R BNYVV 2.0 5.0cd 12.0 be 41.1 bed
HH Meridian R None 11.1 14.0 ab 14.2 be 31.2 bed
HH Acclaim R None 6.6 7.8 bed 14.9 be 24.4 cd
Beta 4490 R None 6.2 6.1cd 72c¢ 18.2 cd
Beta4199 R None 3.7 11.5 abc 12.1 bc 16.5d
HM 2980 RZ None 5.1 11.2 abc 10.0¢c 153d
HM Owyhee None 2.1 2.5d 10.8 bc 15.2d
P>F 0.2788 0.0121 0.0002 <0.0001
LSD (P <£0.05) NS 7.2 9.1 26.0

* Percent reduction in sucrose of stored roots in relation to that determined at harvest. Sugar beet were

harvested 5 to 12 October.
Y BNYVV = Beet necrotic yellow vein virus.

“ P > F was the probability associated with the F' value. LSD = Fisher’s protected least significant

difference value. NS = not significantly different.

assessed with sugar beet compromised by
disease problems in the field. HH Acclaim
R, a rhizomania-resistant cultivar, had 88%
of its surface area freeze damaged by 12
December 2006. In fact, roots from most
of the rhizomania-resistant cultivars grown
in rhizomania-infested fields suffered
greater freeze damage than the susceptible
check in 2006. Some may argue that this
freeze damage is a response to the culti-
vars’ lack of storability and others might
argue that it is a reflection of rhizomania
resistance. Cvs. HH Meridian R and HH
Acclaim R had better rhizomania resis-
tance ratings than the other resistant culti-
vars at times based on root observations
(Table 1). Yet these two cultivars per-
formed very poorly for most storage vari-
ables. In the absence of BNYVYV, estab-
lishing differences in storability between
cultivars was difficult. However, the trends
present in the data without disease pressure
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appear to be amplified in the presence of
BNYVV. During the 2006 growing season,
the plot areas sampled were not influenced
by other major disease problems. During
the 2005 growing season, both the infested
and noninfested field had exposure to
moderate levels of curly top (ameliorated
by host resistance and insecticide applica-
tions), but the primary difference should
have been a response to rhizomania. In
addition, HH Meridian R and HH Acclaim
R ranked the worst both years for sucrose
loss without the influence of rhizomania,
indicating that these cultivars potentially
have a storability problem. At times, these
two cultivars have fewer rhizomania root
symptoms than some of the other cultivars;
however, the lack of storability potentially
offsets this response leading to poor stor-
ability. If the research were conducted
under more controlled conditions, estab-
lishing differences between cultivars with-

out BNYVV present might be possible.
Nevertheless, conducting this research
under ambient conditions was insightful in
terms of freeze damage, rot potential, and
sugar loss potential.

The considerable root rot found associ-
ated with roots from the BNYV V-infested
field (72d to 88% in 2005 and 25 to 40%
in 2006) may be a reflection of the freeze
damage endured in December. Although
the apparent freeze damage on the 2006
sugar beet was considerably worse than
that for 2005, the fluctuations to above-
freezing temperatures in 2005 may explain
the increase in rot. Observations in the
field would indicate that, once sugar beet
roots are frozen, they must remain frozen
or be processed within 7 to 10 days or
microbial activity will eliminate the possi-
bility of economically extracting sugar
(data not shown). If roots are to be stored
in a frozen condition, it is important that
root temperatures be maintained at less
than —-5°C. Wyse (24) showed that cell
damage and loss of sugar occurs at —1 to
—3°C and that respiration does not stop
until root temperatures reach —18°C.
Freezing does not impair beet quality as
long as they remain frozen; however, roots
should be processed immediately upon
thawing (12).

In the 2006 roots, BNYVYV clearly was
associated with a reduction of root mass.
In the 2005 roots, a reduction in mass was
not established. Perhaps the inoculum
levels in the field and ambient temperature
differences between years can explain the
differential responses. Loss in mass among
sugar beet cultivars was 7 to 17% at 20°C
in Germany and, when infested with R.
solani, a 22% reduction in mass was evi-
dent (12).

Cultivars need resistance to storage rot
pathogens and a low respiration rate (5).
Heritable resistance to storage rot patho-
gens, as well as other diseases, is present
in the sugar beet gene pool (1,5). Germ-
plasm lines bred for resistance to Phoma,
Botrytis, and Penicillium spp. have been
developed (6). In the past, germplasm lines
with low respiration only and lines with
low respiration combined with storage rot
resistance have been developed and re-
leased (7,8). However, this research has
been phased out because of the industry’s
decision to place emphasis on physical
methods such as ventilation and freezing to
reduce storage losses (5). Sucrose loss in
storage occurs because of two general
changes: direct loss of sucrose via respira-
tion and loss of sucrose to molasses be-
cause of the accumulation of nonsucrose
components in the thin juice (25). It could
be argued that sucrose losses due to patho-
gens can rival sucrose lost to respiration.
Given the impact that BNYVV has on
storability, perhaps there should be a re-
newed emphasis on storability in sugar
beet. Genotypes that improve storability
have been established (12) but improving



Table 9. Percent reduction in sucrose in sugar beet roots harvested from disease-free and rhizomania-
infested trials stored in an outdoor commercial pile in Twin Falls, ID

Reduction in sucrose (% )*

Cultivar VirusY 1 Nov 2006 12 Dec 2006 22 Jan 2007 26 Feb 2007
HM Owyhee BNYVV 8.0 15.1a 20.5a 31.7a
HH Meridian R BNYVV 5.0 8.7 abc 22.2a 25.8 ab
HH Acclaim R BNYVV 10.2 14.6 ab 15.2 ab 19.7 bc
Beta 4490 R BNYVV 6.3 7.1 bed 9.7 bed 19.3 bc
Beta4199 R BNYVV 7.0 52cd 8.5 bed 14.5cd
HM 2984 RZ BNYVV 0.0 0.5d 9.6 bed 12.7 cd
HM Owyhee None 4.5 6.3 cd 6.6 cd 18.6 bed
Beta 4199 R None 2.4 4.7 cd 8.9 bed 14.5 cd
HH Meridian R None 6.1 7.0 bed 7.1cd 14.4 cd
HH Acclaim R None 6.1 6.2 cd 12.4 be 14.2 cd
HM 2984 RZ None 7.0 2.6cd 7.0 cd 13.7 cd
Beta 4490 R None 0.7 0.5d 43d 7.6d
P>F* 0.2046 0.0054 <0.0001 0.0133
LSD (P <£0.05) NS 7.6 7.0 11.2

* Percent reduction in sucrose of stored roots in relation to that determined at harvest. Sugar beet were

harvested 6 to 12 October 2006.
Y BNYVV = Beet necrotic yellow vein virus.

z P > F was the probability associated with the F value. LSD = Fisher’s protected least significant

difference value. NS = not significantly different.

storability could still be a challenge. Some
traits such as respiration and invert sugar
accumulation are correlated with sucrose
loss but are inherited independently (1). In
addition, some traits appear to be governed
by both additive and nonadditive gene
action. Thus, improving storability in sugar
beet will likely be a challenge (1).

Rhizomania negatively impacts harvest
yields, having almost eliminated sugar beet
production in California before resistant
cultivars became available in the 1980s
(19). Resistance-breaking strains of the
virus have been identified in major U.S.
sugar beet production areas (14). The main
control measure for this disease problem is
the use of resistant cultivars. However,
with the evidence for resistance-breaking
strains and additional problems with stor-
age, considerable financial losses due to
rhizomania are likely in both the field and
storage. Finding new sources of resistance
to BNYVV will be important; however,
selecting cultivars for varying levels of
resistance is difficult in the field. Using the
storability of sugar beet roots as a measure
for cultivar selection may prove to be im-
portant in limiting sugar losses in storage
but may enhance recovery of sucrose from
fields with a history of BNYVYV infection,
as well.
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