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ABSTRACT

Field experiments were conducted to determine the opti-
mal timing of strobilurin fungicide application to sugar-
beet (Beta vuligaris L.) for suppression of Rhizoctonia root
and crown rot (RRCR) caused by the fungus Rhizoctonia
solani AG 2-2. Fungicide application timings were made
relative to cultivation operations that introduce soil-borne
inoculum onto the crown, thus, initiating disease develop-
ment. Sugarbeet crowns were inoculated with R. solani AG
2-2 at times coincident with cultivation in an effort to sim-
ulate the natural infection process. Field plots were estab-
lished near Torrington, Wyoming under sprinkler irriga-
tion in 1999 through 2002 and in Scottsbluff, Nebraska
under furrow irrigation in 1999 and 2000. Fungicide appli-
cation timings most effective for RRCR suppression were
those made at the time of inoculation or, alternatively,
when a half-rate split application was made at the time of
inoculation plus 2 weeks later. Disease incidence decreased
64 % to 96% and total root yields increased 67 % to 1853%
compared to the nontreated control (P < 0.05). Fungicide
applications made at planting were too early and had little
effect on disease that developed following inoculation and
cultivation. When the application timing was optimal, the
different strobilurin fungicides had similar efficacy.
However, when the timing was not optimal, azoxystrobin
had greater efficacy than did trifloxystrobin and pyra-
clostrobin applied at similar rates. Thiophanate-methyl
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was less effective than the strobilurins for season-long
RRCR management (P < (.05).
Additional Key Words: in-furrow, foliar broadcast. foliar banded .
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hizoctonia root and crown rot (RRCR) of sugarbeet (Beta vulgaris

L.) is caused by the soil-borne fungus Rhizoctonia solani AG 2-2
(Schneider and Whitney, 1986). A survey of the Western United States
sugarbeet production areas revealed that RRCR was problematic on
42% and 30% of the sugarbeet crop in 1998 and 1999, respectively
(Jacobsen et al., 2001). Crown rot of maturing sugarbeet plants can
occur when R. solani infested soil is deposited in sugarbeet crowns dur-
ing cultivation (Schneider et al., 1982). Infection of the crown is
favored by temperatures of 25 to 28 C and moist soil (Parmeter, 1970).
In addition to crown and root rot of maturing sugarbeet plants, early-
season infection of sugarbeet by R. solani causes post-emergence damp-
ing-off in young seedlings.

Since R. solani is a persistent soil inhabitant and the fungus is
endemic to all sugarbeet growing areas, crop rotation is of limited value
for control (Rush and Winter, 1990). Cultural management strategies to
avoid loss from damping-off and/or crown infection include early
spring planting, proper soil fertility, and avoiding the movement of
infested soil into the crown during cultivation. Resistant varieties also
are available but, in the absence of disease, yields are typically lower
than those for adapted more susceptible varieties (Panella and Ruppel,
1996). None of these cultural techniques will totally prevent infection
and subsequent RRCR development, but can contribute to RRCR sup-
pression.

Fungicides that suppress R. solani potentially offer growers an
additional tool for RRCR management. The strobilurin fungicide class
(azoxystrobin, Quadris”, SYNGENTA: trifloxystrobin, Gem®, BAYER:
pyraclostrobin, Headline®, BASF), is effective against a wide range of
fungi, including R. solani. For example, research in Montana revealed
that azoxystrobin suppressed RRCR following its application to the
sugarbeet crown (Kiewnick et al, 2001). Disease suppression was vari-
able, at least in part, due to timing of the fungicide application. The
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study reported herein was initiated due to the lack of information on
proper fungicide application timing for suppression of crown rot.
Because most inoculum for crown rot infection is introduced into the
crown during cultivation for weed control (Schneider et al., 1982), it is
logical to time fungicide applications to coincide with cultivation.
Therefore, the primary objective of this study was to determine the opti-
mal time to apply strobilurin fungicide to sugarbeet for RRCR manage-
ment in relation to the introduction of inoculum during cultivation.
Secondary objectives were to determine the relative efficacy of various
fungicides and the effects of fungicide rates on disease suppression.

MATERIALS AND METHODS

Field experiments were conducted at Torrington, WY, in 1999
through 2002, and Scottsbluff, NE, in 1999 and 2000. Treatments
evolved from year to year based on prior results and also to accommo-
date changes in manufacturer fungicide use recommendations. Field
plots were planted with a R. solani susceptible cultivar “Monohikari’
and plants were inoculated with R. solani AG 2-2, to increase disease
pressure and to reduce in-field variability. These inoculations coincided
with the final cultivation pass to simulate the natural infection that
occurs following soil movement into the sugarbeet crowns (Schneider
et al., 1982). Table 1 summarizes inoculation dates and other relevant
dates, environmental conditions, and growth stage at the time of fungi-
cide application for all experiments.

Rhizoctonia inoculum was prepared by culturing four R. solani
AG 2-2 isolates on potato dextrose agar and then inoculating wheat or
rye grain using the procedure described below (E.G. Ruppel, personal
communication). Fungal isolates used in the study were provided by the
USDA-ARS Sugarbeet Research laboratory in Fort Collins, CO. Three
isolates were initially recovered from diseased sugarbeet in Colorado
and one isolate was recovered from diseased sugarbeet in Nebraska. For
production of inoculum for each fungal isolate, grain (3 kg) was washed
in tap water and then placed into a spawn filter-patch bag (Fungi
Perfecti, Olympia, WA) along with 1.63 1 distilled water. After soaking
overnight, the bag was autoclaved for 1.5 hr. Once sufficiently cool,
grain was inoculated by thoroughly mixing agar from one of the fungal
culture plates into the grain. The top of the bag was sealed by stapling,
and the grain culture was incubated 2 to 3 weeks at room temperature
with periodic agitation to break up clumps and to encourage fungal
growth that permeated the grain. After incubation, grain was poured
from the bag into paper trays where it was allowed to air-dry for sever-



Table 1. Inoculation dates and other important environmental conditions, and sugarbeet growth stage at the time of fungicide application for Wyoming and

Nebraska experiments.

Location Year Planting Inoculatien Application Application timing Air temp. Wind speed (kph)
date date date (C)
Wyoming 1999 6 May 29 June 6 May at planting NRT NR
. 9 June 4-6 leaf 17.2 8.0
7 July closure within row 28.9 5.6
Wyoming 2000 18 April 7 June 31 May G-leaf 211 56
7 June 6-9 leaf 3L 5.6
14 June 8-10 leaf 283 8.0
21 June closure within row 20.6 0.0
28 June closure within row 20.6 0.8
7 July closure within row 30.0 8.0
Wyoming 2001 20 April 13 June 20 April at planting 12.2 4.8
30 May 6-leaf 21.1 9.7
6 June 8-10 leaf 21.1 3.2
13 June 10-12 leaf 16.7 6.4
20 June closure within row 144 32
28 June closure within row 33.9 0.0
4 July closure between rows 23.9 3.2
Wyoming 2002 14 May 21 June 21 June 6-10 leaf 25.7 1.6
5 July 15-leaf 27.3 5.6
Nebraska 1999 20 April 3 June 24 May 2-leaf 244 4.8
2 June 4-leaf 26.7 24.1
16 July closure between rows 234 438
Nebraska 2000 24 April 7 June 19 May 2-leaf 16.7 L6
2 June 4-leaf 217 209
12 June 6-leaf 322 4.8
7 July closure between rows 211 8.0

+NR= Not recorded.
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al days. The grain was then pulverized with the aid of a Thomas-Wiley
mill to produce a particle size of approximately I mm.

Torrington, WY site:

The soil type at Torrington, WY is a Dwyer Mitchell sandy
loam soil with pH 7.8 and 1.4 percent organic matter. The experimental
design was a randomized complete block design with four replicates.
Field plots were two rows wide (0.8 m wide row-centers) by 9.1 m long.
with two nontreated rows between each plot. Fungicides were applied
to the two center rows of each plot. Sugarbeet ‘Monohikari® was plant-
ed at a rate of 168.000 seeds/ha on 6 May 1999, 18 April 2000, 20 April
2001. and 14 May 2002. Plots area received 168.3 kg/ha of total N and
56.1 kg/ha of P,O; prior to planting. Plots received overhead irrigation
as needed, and weed control was accomplished with standard post
emergence herbicide applications plus cultivation.

On 29 June 1999, 7 June 2000, 13 June 2001, and 21 June
2002 Rhizoctonia inoculum (0.8 g/plant) was applied to the crown of
each plant in one randomly selected row of each plot except in 2002
when both rows were inoculated. Plots were immediately cultivated
after inoculation to introduce soil into the sugarbeet crowns.
Immediately after inoculation and cultivation, plots were sprinkler-irri-
gated with 2 cm, then within 72 hours an additional 2 c¢m to favor infec-
tion. In 1999, 2000, and 2002 sugarbeet in the 6-10 leaf stage were inoc-
ulated, and in 2001, inoculations were made in the 10-12 leaf stage.

Azoxystrobin treatments made at planting (in-furrow) in 1999
and 2001 were designed to protect young seedlings from damping-off
and to aid in plant establishment. The at-planting treatment effects were
determined by measuring early season sugarbeet populations, and by
measuring RRCR incidence and severity prior to row closure. Sugarbeet
populations were determined by counting the number of plants for 3 m
of row for each of the two rows. Disease incidence and severity was
determined for a five-root subsample taken from the noninoculated row.
The number of roots with RRCR decay symptoms (incidence) and the
percentage of root surface-area decayed (severity) was estimated.

Disease data for RRCR development during the remainder of
the season and yield data were collected from the inoculated row(s).
Non-destructive RRCR disease incidence ratings were determined by
counting the plants in 6.1 m of row with wilting leaves, darkened peti-
oles, and/or decayed crowns following infection by R. solani. Sugarbeet
roots were harvested by hand from the center 1.5 m of the inoculated
row(s) and root yields were determined.

The azoxystrobin treatments in 1999 consisted of applications



Table 2. Effects of azoxystrobin treatments on sugarbeet stands, RRCR development, and sugarbeet yield (Torrington, WY;
1999).

Treatment Timing and application Stand count RRCR RRCR incidence Sugarbeet yield
rate (a.i.)’ (per 6.1 m)  severity (%) (per 6.1 m) (Mg/ha)
26 May 24 Jun 9 Aug
1. Nontreated Control NA 48.0 a* 1.0a 165a 257b
2. Azoxystrobin at planting (2.13 g /304 m) 520a l.2a 14.5a 202 b
3. Azoxystrobin at planting (4.25 g /304 m) 485a 1.3a 173 a 208D
4. Azoxystrobin 3 weeks prior to inoculation 525a 1.0a 153 a 31.1 ab
(2.13 g /304 m)
5. Azoxystrobin 3 weeks prior to inoculation 46.3 a 1.2a 163 a 21.1b
(4.25 g /304 m)
6. Azoxystrobin at planting (2,13 g /304 m) plus
| week after inoculation (0.17 kg/ha) 495 a 1.0a 25b 449 a
7. Azoxystrobin 3 weeks prior to inoculation (2.13 g /304 m) plus
I week after inoculation (0.17 kg/ha) 548 a 0.8a 58b 437 a

‘The at planting timings were made as banded (18-cm) in-furrow applications on 6 May. Applications made prior to inoculation were made
in a 18-cm band. Applications made after inoculation were made as a broadcast. Timings are approximate, actual dates listed in Table 1.
Plants were inoculated with R. solani on 29 June; NA= not applicable.

‘Severity was determined by a visual estimate of the percent surface area of a sugarbeet root affected by rot. Mean percentage data for
Rhizoctonia disease symptoms (RRCR) were converted from Horsfall-Barratt ratings (0-11).

* Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05).
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made: at planting (in-furrow), 3 weeks prior to inoculation (foliar band-
ed), and 1 week after inoculation (foliar broadcast), compared to a non-
treated control for RRCR management. The one week after inoculation
treatment timings were preceded by either an at-planting application or
a before inoculation banded application (Table 2). The at-planting treat-
ments were applied to open furrows on 6 May with a hand-held spray
bottle in a total volume of 0.25 | /49 m of row. Furrows were filled in
by hand with a hoe, and then a commercial planter was used to place
seed into the treated soil at a depth of 2.5 cm. Band treatments (18 cm
wide) were made 3 weeks before inoculation on 9 June with a backpack
sprayer (CO,) in a total volume of 0.5 1 /49 m of row at 276 kPa boom
pressure. The boom was equipped with a single #730077 flat fan noz-
zle. Broadcast treatments were made on 7 July using a backpack sprayer
in a total spray volume of 402 | /ha at 207 kPa boom pressure (four
#8004 flat fan nozzles spaced at 0.5 m). Sugarbeet population counts
were taken on 26 May for 6.1 m row. Early season RRCR incidence and
severity was measured as described above for five root samples collect-
ed on 24 June. Mid-season RRCR incidence ratings were taken on 9
August. and root harvest was on | October.

Treatments in 2000 (Table 3) consisted of nine foliar fungicide
broadcast applications. including treatments initiated two weeks before
inoculation and concluding three weeks after inoculation. A half-rate split
application of azoxystrobin at the time of inoculation plus two weeks later
was also tested. Additionally, two rates of trifloxystrobin were made at the
tume of inoculation. All fungicides were applied with a backpack sprayer
in a spray volume of 402 | /ha at 207 kPa boom pressure (four #8004 flat
fan nozzles spaced at 0.5 m). The mid-season incidence of RRCR was
determined on 19 July and root harvest was on 3 October.

Three field studies were conducted in 2001. These studies
included an azoxystrobin timing study similar to the one done in 1999, an
azoxystrobin and wifloxystrobin timing study similar to that conducted
for azoxystrobin in 2000, and a wifloxystrobin rate study which also
included azoxystrobin and pyraclostrobin treatments for comparison of
efficacy. Fungicide was applied with a backpack sprayer in a total spray
volume of 206 1 /ha at 345 kPa boom pressure. The boom was equipped
with a single #8002 flat fan nozzle with an effective band-width of 18 cm.

The five treatments of the azoxystrobin timing study consisted
of two rates banded at planting (in-furrow) and at inoculation, a half-
rate split application at planting plus at inoculation, and a nontreated
control (Table 4). The at-planting treatments were applied on 20 April
as described for 1999. Foliar band treatments were applied just prior to
inoculation on 13 June when plants were in the 10-12 leaf stage.



Table 3. Effects of azoxystrobin and trifloxystrobin application timings on RRCR development and sugarbeet root yield
(Torrington, WY; 2000).

Treatment Timing and application rate RRCR incidence Sugarbeet yield

; (kg a.i./ha)’ (per 6.1 m) (Mg/ha)

19 Jul
L. Nontreated Control NA 343 a* 0.0d
2. Azoxystrobin 2 weeks prior to inocularion (0.17) 17.3 be 9.4d
3. Azoxystrobin 1 week prior to inoculation (0.17) 195b 16.8 bed
4. Azoxystrobin at inoculation (0.17) l13e 519a
5. Azoxystrobin I week after inoculation (0.17) 7.0 de 50.7 a
6. Azoxystrobin 2 weeks after inoculation (0.17) 16.5 be 39.8 ab
7. Azoxystrobin 3 weeks after inoculation (0.17) 21.0b 34.0 abc
8. Azoxystrobin at inoculation (0.08) plus
2 weeks after inoculation (0.08) l.3e 52.2a

9. Trifloxystrobin at inoculation (0.09) 10.8 cd 12.9 cd
10. Trifloxystrobin at inoculation (0.18) 5.8 de 6.2d

'All applications were made as a broadcast. Plants were inoculated with R. solani on 14 June; NA= not applicable.
'Treatment means followed by diffcrent letters differ significantly (Fisher’s protected LSD, P=0.05).
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Table 4. Effects of azoxystrobin in-furrow and banded treatments on sugarbeet stand establishment, RRCR development, and
sugarbeet yield (Torrington, WY; 2001).

Treatment Timing and application Stand count RRCR severity RRCR incidence Sugarbeet yield
rate (g a.i./304 row m) (per 3 m) (%) (per 6.1 m) (Mg/ha)
31 May 3 Jul 8 Aug
1. Nontreated Control ~ NA 22.8 af 0.2a 283 a 125b
2. Azoxystrobin at planting (2.13) 238a 0.1a 33.0a 22b
3. Azoxystrobin at planting (4.25) 26.5a 0.la 348 a 42b
4. Azoxystrobin at inoculation (2.13) 18.8 a 00a 30b 50.0a
5. Azoxystrobin at inoculation (4.25) 21.0a 00a 20b 54.0
6. Azoxystrobin at planting (2.13) plus
at inoculation (2.13) 233 a 0.1a 1.5b 383a

"The at planting timings were made in-furrow on 20 April. All fungicide applications were made in a 18-cm banded spray.
Plants were inoculated with R. solani on 13 June; NA= not applicable.

‘Severity was determined by a visual estimate of the percent surface area of a sugarbeet root affected by rot. Mean percent-
age data for Rhizoctonia disease symptoms (RRCR) were converted from Horsfall-Barratt ratings (0-11).

¥ Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05).
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Population counts were taken on 31 May. To measure early season
RRCR, five sugarbeet roots per plot were collected on 3 July. The mid-
season RRCR incidence was rated on 8 August for 6.1 m of row and
roots harvested on 24 September.

The azoxystrobin and trifloxystrobin timing study consisted of
seven different timings for each fungicide (Table 5). Plants were inocu-
lated on 13 June. and foliar band treatments were applied on 30 May, 6,
13, 20, and 28 June, and 4 July, coinciding with timings that started 2
weeks before inoculation and concluded three weeks after inoculation.
Rhizoctonia crown rot incidence was rated on 22 August over 6.1 m of
row. Harvest was on 25 September.

The trifloxystrobin rate study consisted of four trifloxystrobin
rates compared to one treatment each of azoxystrobin and pyra-
clostrobin (Table 6). All were applied as foliar band applications (18
cm) made at inoculation plus 2 weeks later (13 and 28 June). The mid-
season RRCR incidence was rated on 22 August over 6.1 m of row.
Harvest was on 24 September.

Treatments in 2002 included: at inoculation applications of
azoxystrobin, pyraclostrobin, and 3 rates of thiophanate-methyl, half-
rate split applications made at inoculation plus 2 weeks later of the three
strobilurins and thiophanate-methyl, and pyraclostrobin made at 2
weeks after inoculation (Table 7). Mid-season RRCR incidence was
rated on 16 July, and harvest was on 3 October.

Scottsbluff, NE site:

The soil type in Nebraska was a Tripp silt loam with 1.0%
organic matter and pH of 7.8. The experimental design was a random-
ized complete block design with five replicates. Plots were three rows
wide (0.6 m row-centers) by 13.7 m long. Sugarbeet ‘Monohikari® was
planted to stand at a rate of 93,898 plants/ha on 20 April 1999 and 24
April 2000. Weed control was accomplished with standard herbicides
and cultivation. In 2000, the crop was treated with aldicarb at 1.18 kg/ha
on 5 June for sugarbeet root maggot. In mid-July for both years maneb
plus triphenyltin hydroxide (1.6 + 0.21 kg a.i/ha) was applied for
Cercospora leaf spot (Cercospora beticola) management. Plots were
watered as needed by furrow irrigation.

On 3 June 1999 and 7 June 2000, R. selani AG 2-2 inoculum
was applied over each plant in the three rows of each plot at a rate of 12.8
g per 4.3 m of row. Plants were in the 4-leaf stage at the time of inocu-
lation. Plots were cultivated with a rolling cultivator on the day follow-
ing inoculation. Azoxystrobin treatments were applied post-emergence
in a 20.3 cm band with a tractor mounted sprayer calibrated to deliver



Table 5. Effects of strobilurin fungicide timing on RRCR development and sugarbeet yield (Torrington, WY; 2001).

Treatment

Timing and application
rate (g a.1./304 row m)

RRCR incidence
(per 6.1 m)

22 Aug

Sugarbeet yield

(Mg/ha)

1. Nontreated Control
2. Azoxystrobin
3. Azoxystrobin
4, Azoxystrobin
5. Azoxystrobin
6. Azoxystrobin
7. Azoxystrobin
8. Azoxystrobin

9. Trifloxystrobin

10. Trifloxystrobin
L1. Trifloxystrobin
12. Trifloxystrobin
13. Trifloxystrobin
14. Trifloxystrobin
15. Trifloxystrobin

NA

2 weeks before inoculation (4.25)
| week before inoculation (4.25)
at inoculation (4.25)

I week after inoculation (4.25)

2 weeks after inoculation (4.25)

3 weeks after inoculation (4.25)
at inoculation (2.13) plus

2 weeks after inoculation (2.13)
2 weeks before inoculation (4.25)
| week before inoculation (4.25)
at inoculation (4.25)

1 week after inoculation (4.25)

2 weeks after inoculation (4.25)
3 weeks after inoculation (4.25)
at inoculation (2.13) plus

2 weeks after inoculation (2.13)

28.8 ab:
26.8 abc
24.8 a-d
6.5 fg
153 d-g
17.8 b-e
17.8 b-¢

53¢g
26.0 a-d
323a
12.8 efg
24.0 a-d
18.8 b-e
19.5 b-e

17.0 c-f

10.5 de
7.6¢
33.4 ad
493 a
54.4 a
452 a
39.6 abc

524 a
00e
17.9 b-e
41.4 ab
19.7 b-e
15.9 cde
90e

49.1 a

‘All applications were made in a 18-cm band, NA= not applicable. Plants were inoculated with R. solani on 13 June.

‘Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05).
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Table 6. Effects of varied trifloxystrobin rates on RRCR development and sugarbeet yield (Torrington, WY; 2001).

Treatment Timing and application RRCR incidence Sugarbeet yield

rate (g a.i./304 row m)’ (per 6.1 m) (Mg/ha)

21 Aug

1. Nontreated Control NA 278 a 12.1 b
2. Trifloxystrobin at inoculation (3.12) plus

2 weeks after inoculation (3.12) 9.5 be 419a
3. Trifloxystrobin at inoculation (4.54) plus

2 weeks after inoculation (4.54) 8.3 be 60.5 a
4. Trifloxystrobin at inoculation (5.95) plus

2 weeks after inoculation (5.95) 40¢c 56.4a
5. Trifloxystrobin at inoculation (7.65) plus

2 weeks after inoculation (7.65) 33¢ 573 a
6. Azoxystrobin at inoculation (5.39) plus

2 weeks after inoculation (5.39) 38¢ 53.1a
7. Pyraclostrobin at inoculation (5.39) plus

2 weeks after inoculation (5.39) 158 b 513 a

'All applications were made in a 18-cm band, NA= not applicable. Plants were inoculated with R. solani on 13 June.

‘Treatment means followed by differcnt letters differ significantly (Fisher's protected LSD, P=0.05).
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Table 7. Effects of banded fungicide applications on RRCR development and yield (Torrington, WY: 2002).

Treatment Timing and application RRCR incidence Sugarbeet yield

rate (g a.i./304 row m)’ (per 6.1 m) (Mg/ha)

16 Jul

1. Nontreated Control not applicable 39.6 a° 07¢
2. Thiophanate-methyl at inoculation (6.65) 194b 6.7 be
3. Thiophanate-methyl at inoculation (10.32) 12.5 be 13.7b
4. Thiophanate-methyl at inoculation (13.30) 143 b 9.4 be
5. Azoxystrobin at inoculation (4.25) 2.1d 50.7 a
6. Thiophanate-methyl at inoculation (6.65) plus

2 weeks after inoculation (6.65) 17.8b 11.2 be
7. Azoxystrobin at inoculation (2.13) plus

2 weeks after inoculation (2.13) 25d 522 a
8. Trifloxystrobin at inoculation (2.13) plus

2 weeks after inoculation (2.13) 3.3d 426 a
9. Pyraclostrobin at inoculation (2.13) plus

2 weeks after inoculation (2.13) 5.8 cd 419 a
10. Pyraclostrobin at inoculation (4.25) 2.84d 42.1a
11. Pyraclostrobin 2 weeks after inoculation (4.25) 36.1a 4.0 be

‘All applications were made in a 18 cm banded spray. Plants in the two center rows of each treatment plot were inoculated
with R. solani AG 2-2 on 21 June, 2002 immediately after the first fungicide application.
! Treatment means followed by different letters differ significantly (Fisher’s protected LSD, P=(.05).
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390 /ha of spray solution at 248 kPa using #40015E flat fan nozzles.

Sugarbeet stand loss due to RRCR was evaluated by compar-
ing the number of dead plants to the initial plant population. All plant
populations and root yields were based on three rows by 13.7 m long.

Treatments in 1999 and 2000 compared azoxystrobin rates
and timing. Complete treatment descriptions for 1999 and 2000 are
summarized in Tables 8 and 9, respectively. In 1999, sugarbeet stand
loss due to RRCR was evaluated on 12 September. Sugarbeet roots were
harvested on 8 October. Additionally, a random subsample of 10 har-
vested roots was evaluated for RRCR disease severity using the proce-
dure of Harveson and Rush (1994) to calculate a sugarbeet root disease
index. In 2000, sugarbeet stand loss due to RRCR was evaluated on 9
August. Sugarbeet roots were harvested on 27 October.

All data were analyzed by analysis of variance (ANOVA)
using the statistical program SAS. Mean scparations were based on
Fisher's protected LSD (P=0.05): for the sugarbeet root disease index
(Table 7), mean separations were done at P=0.10 because of the small
and variable sample sizes. Where applicable, linear contrasts were con-
structed at P=0.05 to compare treatment timings and fungicide efficacy.

RESULTS

Torrington, WY site:

Azoxystrobin applications at planting and 3 weeks prior to
inoculation had no significant effect on plant populations and early sea-
son root decay (Table 2, P=0.05). Following artificial inoculation of
sugarbeet crowns on 29 June, disease development substantially
increased. However, azoxystrobin applied prior to inoculation still had
no effect on mid-season RRCR incidence (P=0.05). The split treatments
with the 1 week after inoculation broadcast applications (treatments 6
and 7) reduced mid-season RRCR incidence compared to the nontreat-
ed control (P<0.05). Total root yields for these treatments were
increased by an average of 72%, compared to the nontreated control
(P<0.05).

In 2000, RRCR was evident on 19 July and all fungicide treat-
ments reduced disease incidence from 39% to 96% compared to the
nontreated control (Table 3, P<0.05). Azoxystrobin applied at the time
of inoculation, one week after inoculation, or as a half-rate split appli-
cation, were better than azoxystrobin applications made either earlier or
later (P<0.05).

Disease destroyed all or most plants in the nontreated control
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Table 8. The effects of azoxystrobin rates and timings on RRCR development and sugarbeet yield (Scottsbluff, NE; 1999).

Treatment Timing and application rate Sugarbeet Sugarbeet Root yield
(g a.i./304 row m)' stand loss root disease (Mg/ha)
due to index
RRCR (%)
12 Sep 8 Oct
1. Nontreated Control NA 36.6 a* 1.88 a 323 4
2. Azoxystrobin | week prior to inoculation (2.13) 226b 1.38 a 46.4 ¢
3. Azoxystrobin | week prior to inoculation (4.25) 10.9 cd 0.74 b 59.1 a
4, Azoxystrobin at inoculation (2.13) 129 ¢ 0.90 b 479 ¢
5. Azoxystrobin at inoculation (4.25) I4c 1.16 ab 49.7 be
6. Azoxystrobin I week prior to inoculation (2.13) plus
2 weeks after inoculation (4.25) 8.6 cd 0.72b 48.8 ¢
7. Azoxystrobin at inoculation (2.13) plus
2 weeks after inoculation (4.25) 354 0.59b 58.0 ab

'All azoxystrobin applications were made in a 20.3 cm band. Plants were inoculated with R. solani on 3 June, NA= not appli-
cable.

‘A weighted average of 10 sugarbeet roots were rated individually for Rhizoctonia using the procedure of Harveson and Rush
(1994). Greater values indicate increased disease development.

‘Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05).

Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.10).
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Table 9. Effects of azoxystrobin rates and timing on RRCR development and sugarbeet yield (Scottsbluff, NE; 2000).

Treatment Timing and application rate Sugarbeet stand Root yield

(g a.i./304 row m)’ loss due to (Mg/ha)

RRCR (%)
9 Aug 27 Oct

1. Nontreated Control NA 23.7 ab 60.0 be
2. Azoxystrobin 2.5 weeks prior to inoculation (2.13) 34.6a 56.4c
3. Azoxystrobin 2.5 weeks prior to inoculation (4.25) 12.5 be 75.0a
4. Azoxystrobin I week prior to inoculation (2.13) 14.8 be 71.7 ab
5. Azoxystrobin | week prior to inoculation (4.25) 15.4 be 73.2a
6. Azoxystrobin | week after inoculation (2.13) 10.4 ¢ 78.6 a
7. Azoxystrobin | week after inoculation (4.25) 16.8 be 70.6 ab
8. Azoxystrobin 2.5 weeks prior to inoculation (2.13) plus

4 weeks after inoculation (4.25) 13.3 be 76.6 a
9. Azoxystrobin | week prior to inoculation (2.13) plus

4 weeks after inoculation (4.25) 14.5 be 78.6 a
10. Azoxystrobin I week prior to inoculation (2.13) plus

4 weeks after inoculation (2.13) 12.2 be 72.4 ab
1. Azoxystrobin 4 weeks after inoculation (4.25) 15.0 be 73.7 a

'All azoxystrobin applications were made in a 20.3 ¢cm band. Plants were inoculated with R. solani on 7 June, NA= not appli-
cable. Timings are approximate, actual dates are listed in Table 1.
“Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05).
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plots and no root harvest was possible. Azoxystrobin applied at time of
inoculation, up to 3 weeks later, or as a half-rate split application,
improved the average sugarbeet root yield compared to the nontreated
control and azoxystrobin application 2 weeks before inoculation
(P<0.05). Although trifloxystrobin treatments applied at the time of
inoculation reduced mid-season disease, compared to the nontreated
control (P=0.05). trifloxystrobin treatments resulted in an average of
82% reduction in root yield compared to the similarly-timed azoxys-
trobin treatment (P<0.05).

Results for the 2001 azoxystrobin timing study are shown in
Table 4. Similar to the 1999 study. applications of azoxystrobin made at
planting had no significant effect on plant populations or on early sea-
son RRCR disease severity when measured on 3 July (P= 0.05). Root
infection due to natural inoculum was low and inoculation of sugarbeet
crowns on |3 June resulted in substantial RRCR development. Banded
azoxystrobin treatments made at the time of inoculation suppressed dis-
ease incidence on 8 August compared with RRCR incidence for the at-
planting treatments and the nontreated control (P<0.05).

Root yields of treatments that included at inoculation applica-
tions of azoxystrobin were higher than those of the nontreated control
(P<0.05). Average yield increased 279% compared to the nontreated
control. Treatment applications made at planting had no effect on root
yields, compared to the nontreated control (£=0.05).

The results for the 2001 azoxystrobin and trifloxystrobin tim-
ing study are shown in Table 5. Treatment applications made one to two
weeks before inoculation as well as those made two or more weeks after
inoculation resulted in disease incidence levels similar to the nontreat-
ed control (P=0.05). The data suggests that these treatments were made
either too early or too late. The most effective treatments were those
made at the time of inoculation or as a split-application compared to
treatments made after inoculation for all data collection dates (P<0.05).
At the same use rates, azoxystrobin treatments overall resulted in an
average of 24% less RRCR incidence and 84% greater root yields com-
pared with trifloxystrobin treatments (P<0.05).

All fungicide treatments suppressed RRCR development com-
pared to the nontreated control in 2001 (Table 6, P<0.05). The two low-
est rates of trifloxystrobin (treatments 2 and 3) had disease incidence
equivalent to pyraclostrobin (P=0.05). With increasing rates of trifloxy-
strobin there appeared to be a corresponding decrease in disease inci-
dence, however, this trend was not significant (P=0.05). At harvest, all
treatments increased total sugarbeet root yield compared to the non-
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treated control (P<0.05).

Results for the 2002 study are shown in Table 7. On 16 July,
most fungicide treatments reduced RRCR incidence compared to the
nontreated control, however thiophanate-methyl treatments generally
had greater disease incidence than did most strobilurin fungicide class
treatments (P<0.05). Disease suppression afforded by split (half-rate)
applications of a fungicide made at inoculation and 2 weeks later did not
differ from the single full-rate application of the same fungicide made
at the time of inoculation (P=0.05). Disease suppression by pyra-
clostrobin applied 2 weeks after inoculation (treatment 11) did not dif-
fer from the nontreated control, in sharp contrast to the same rate of pyr-
aclostrobin applied at the time of inoculation (treatment 10: P<0.05).
Therefore, results for treatments 10 and 11 reveal that most infection
occurred shortly after inoculation and that fungicide applications made
2 weeks after inoculation (on 5 July) contributed very little to season-
long disease suppression.

Strobilurin fungicide treatments that included a fungicide
application made at the time of inoculation resulted in the greatest
yields (P<0.05). Thiophanate-methyl treatments generally improved
yields compared to the nontreated control but only thiophanate-methyl
at 10.32 g ai/304 row m (treatment 3) increased yields compared to the
nontreated control (P<0.05).

Scottsbluff, NE site:

In the nontreated control. stand loss due to RRCR was 36.6%
on 12 September (Table 8). Stands were improved an average of 25%
following azoxystrobin treatment compared to the nontreated control.
Azoxystrobin (2.13 g a.i./304 m) applied one week prior to inoculation
(treatment 2) was less effective in protecting against stand loss and dis-
ease development on harvested sugarbeet than the other azoxystrobin
treatments (P<0.10). However, when the rate was doubled for this tim-
ing, there was 52% less stand loss than with the lower rate treatment
(P<0.05) and this difference was statistically equivalent to the other
timings for protecting against stand loss (P=0.05). By harvest, most fun-
gicide treatments had a reduced sugarbeet root disease index compared
to the nontreated control (P<0.10). All fungicide treatments resulted in
greater sugarbeet root yields compared to the nontreated control
(P<0.05).

Disease pressure in 2000 was less than that observed in 1999,
and azoxystrobin (2.13 g a.i./304 m) applied one week after inoculation
(treatment 6) was the only treatment that significantly suppressed stand
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loss due to RRCR compared to the nontreated control (Table 9, P<0.05).
There was a trend for all azoxystrobin treatments to have improved
stands compared to the nontreated control, with the exception of azoxy-
strobin (2.13 g a.1./304 m) 2.5-weeks before inoculation (treatment 2).
However, when the rate was doubled for this timing there was a 65%
reduction of stand losses due to RRCR and a 33% higher sugarbeet
yield than the 2.13 g a.i./304 m treatment applied at the same time
(P<0.05). All azoxystrobin treatments except treatment 2 had higher
root yields than the nontreated control, but not always statistically so.

DISCUSSION

Properly timed strobilurin fungicide applications are effective
in reducing RRCR losses even under severe disease pressure. In-furrow
applications of azoxystrobin made at the time of planting had no effect
on crown rot development of maturing sugarbeet plants, presumably
because they were made too early (P<0.05). Azoxystrobin is effective
for reducing sugarbeet seedling losses due to Rhizoctonia damping-off
(Brantner and Windels, 1999 and 2003); however no seedling loss was
detected in the study reported herein. Stobilurin applications made at
the time of inoculation, or made as a split half-rate application at inoc-
ulation and 2 weeks later, provided the most consistent and effective
RRCR management. Therefore it appears that the most effective fungi-
cide applications would coincide with cultivation operations that
deposit soil into the crown. thus, initiating infection that can be sup-
pressed with fungicide up to two weeks after. In production areas where
several cultivation operations are necessary, split half-rate applications
may provide greater flexibility and better season-long disease suppres-
sion than a single application of fungicide.

Differences in fungicide efficacy were detected. At approxi-
mately the same use rates and under severe disease pressure, azoxys-
trobin was more effective than trifloxystrobin for RRCR management
when averaged over the various application timings (P<0.05). However,
when applied at inoculation in 2001 or as a split application during
2002, trifloxystrobin provided equivalent suppression of mid-season
RRCR incidence and had equivalent root yields compared to azoxys-
trobin. Pyraclostrobin was not always as effective as the other strobil-
urins for disease suppression but final yields were equivalent to azoxy-
strobin and trifloxystrobin (P=0.05). Thiophanate-methyl provided ini-
tial disease suppression but by the time of harvest, yields were not dif-
ferent from the nontreated control (P=0.05).

When applied at inoculation or as a split application, increas-
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ing the rate of strobilurin fungicide did little to improve efficacy. In the
2001 placement study, doubling the foliar banded application of azoxy-
strobin did not affect RRCR control or root yields (P=0.05). In the 2001
trifloxystrobin rate study, there was no significant improvement of dis-
ease suppression or yield with increased rates (P=0.05). However, for
applications made before inoculation, a time not optimal for disease
suppression. azoxystrobin efficacy improved with increased rates for
the 1999-2000 Nebraska studies. These results suggest that for azoxys-
trobin applications that are made before cultivation events that intro-
duce inoculum onto sugarbeet crowns. disease management efficacy
may increase with higher use rates.

The RRCR pressure reported herein was greater than that
experienced by growers. In the recent work by Kiewnick et al. (2001),
sugarbeet yield results from their Sidney, MT site indicate marginal
returns with azoxystrobin applications under low Rhizoctonia disease
pressure. Additional work is needed to address the use of the various
strobilurin fungicides in an integrated management approach to
Rhizoctonia management. The economics of fungicide use needs to be
explored when fungicides are integrated with other methods for RRCR
suppression, such as crop rotation and resistant varieties.
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