
Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 110, 133—139, 2006

UDC 633.63:632.4]:632.95

G e o r g e S. K a r a o g l a n i d i s1

D i m i t r o s A. K a r a d i m o s2

1 Hellenic Sugar Industry S. A., Sugar Factory of Platy
Plant Protection Department, 59032, Platy Imathias, Greece

2 Hellenic Sugar Industry S. A., Sugar Factory of Larissa
Plant Protection Department, 51110, Larissa, Greece

CONTROL OF SUGAR BEET POWDERY MILDEW
WITH STROBILURIN FUNGICIDES*

ABSTRACT: Powdery mildew, caused by Erysiphe betae is a major foliar disease of
sugar beet in areas with dry and relatively warm weather conditions throughout the world.
In the present study, four fungicides belonging to the relatively new class of strobilurin fun-
gicides, azoxystrobin, kresoxim-methyl, pyraclostrobin and trifloxystrobin were evaluated in
three different application doses (100, 150 and 200 mg a.i. ha–1) during 2003—2004 for the
control of the disease. Among the four strobilurin fungicides tested, trifloxystrobin and
kresoxim-methyl were the most effective with control efficiency values higher than 94%
compared to the control treatment even when applied at lower application dose of 100 mg
a.i. ha–1. Azoxystrobin and pyraclostrobin showed a poor to modest activity against the di-
sease even when applied at the highest application dose of 200 �g a.i. ha–1. Disease seve-
rity, in terms of AUDPC values was significantly correlated to decreased root yield, while
no significant correlation existed among disease severity and sugar content of the roots or
sucrose yield. In addition, the efficiency of tank mixtures of four strobilurin fungicides ap-
plied at 100 �g a.i. ha–1 with two sterol demethylation — inhibiting fungicides (DMIs), di-
fenoconazole and cyproconazole applied at 62.5 and 25 mg a.i. ha–1, respectively, was eva-
luated. The mixtures of azoxystrobin and pyraclostrobin with either difenoconazole or
cyproconazole provided a better control efficiency compared to the single application of
each mixture partner, while the tank mixtures of trifloxystrobin and kresoxim-methyl with
either difenoconazole or cyproconazole provided a better control efficiency compared to
single application of difenoconazole or cyproconazole and similar control efficiency compa-
red to the efficiency obtained by single application of the strobilurin fungicides.

KEY WORDS: azoxystrobin, chemical control, Erysiphe betae, kresoxim-methyl,
pyraclostrobin, trifloxystrobin

INTRODUCTION

Sugar beet powdery mildew, caused by Erysiphe betae, is among the
most important foliar diseases of sugar beet worldwide. In the conditions of
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high disease pressure and in the absence of control measures, the reduction of
root yield may exceed 22% and root sucrose content may exceed 13% (F o r -
s t e r, 1979). Disease development is favored by dry conditions and relatively
high temperatures. The control of disease is mainly achieved by applications
of broad spectrum of systemic fungicides, mainly belonging to the ergosterol
biosynthesis inhibitors class (EBIs) which are also active against Cercospora
leaf spot caused by Cercospora beticola or by applications of the protective
fungicide sulfur which is powdery mildew specific (B y f o r d, 1996). Qo inhi-
biting fungicides (strobilurin and strobilurin-related fungicides) constitute a re-
latively new fungicide class that inhibits mitochondrial respiration by binding
at the Qo site of cytochrome b, possessing an extremely broad spectrum of ac-
tivity against several fungal classes (B a r t l e t t et al., 2002). The current
study was conducted to test: i) the efficiency of four strobilurin fungicides,
azoxystrobin, trifloxystrobin, pyraclostrobin and kresoxim-methyl against the
pathogen in the field conditions and ii) the efficiency of tank mixtures of four
strobilurin fungicides with two triazole fungicides, difenoconazole and cypro-
conazole.

MATERIALS AND METHODS

Fungicides: Fungicides used in the study were commercial formulations
of trifloxystrobin (Flint 50 WG), pyraclostrobin (F-500 25), kresoxim-methyl
(Strobby 50WG), azoxystrobin (Ortiva 25 SC) difenoconazole (Score 25 EC),
cyproconazole (Caddy 10 SL) and sulfur (Thiovit 80 WG).

Plant material: Sugar beet cultivar selected for the experiment was “Ri-
val", a cultivar sensitive to powdery mildew. Field plots consisted of six
11-meter rows spaced 45 cm apart and arranged in a randomized block design
with four replicates per treatment.

Time of application: Fungicides were applied preventively. Spray applica-
tions initiated before the appearance of any disease symptom on the plants, af-
ter the “closing" of rows and repeated at intervals of 15—20 days. In total, fo-
ur spray applications per treatment were carried out. Fungicide solutions were
applied using an AZO precision sprayer, at a volume of 0.4 L per plot and
pressure 4 atm.

Disease assessment: For the assessment of powdery mildew severity, a
six-category scale disease index suggested by H i l l s et al. (1980) was used.
Scale categories indicated leaf area covered by fungus mycelium (R0 = 0%,
R1 = 10%, R2 = 35%, R3 = 65%, R4 = 90%, R5 = 100%). Area Under Dise-
ase Progress Curve (AUDPC) was calculated for the assessment period as
follows: AUDPC = an i = 1[(Yi + 1 + Yi)/2][ti + 1 -ti] where Yi = disease se-
verity at the ith observation, Ti = time (days) at the ith observation and n =
total number of observations.

Data on AUDPC values were subjected to an analysis of variance (ANOVA)
and compared using the Fischer's least significant difference (LSD) procedure
at p = 0.05.
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RESULTS

Control efficiency of strobilurin fungicides. During both years of the
study, AUDPC values in plots treated with fungicides were significantly lower
(P < 0.05) than in the uintreated control plots. Among four strobilurin fungi-
cides tested, kresoxim-methyl and trifloxystrobin were the most effective.
AUDPC values in plots treated with kresoxim-methyl and trifloxystrobin were
extremely low in all of three application rates and control efficiency had valu-
es higher than 94% during both years of the study. Pyraclostrobin showed a
modest activity against powdery mildew since AUDPC values in plots treated
with that fungicide ranged from 907 to 380 in 2003 and from 910 to 450 in
2004, significantly lower (P < 0.05) compared to the respetcie values in plots
treated with the same rates of either kresoxim-methyl or trifloxystrobin. Azo-
xystrobin showed weaker (P < 0.05) activity against powdery mildew compa-
red to remaining three strobilurin fungicides tested, with AUDPC values ran-
ging from 1585 to 1075 in 2003 and 862 to 698 in 2004. Data on Area Under
Disease Progress Curve (AUDPC) are summarized in Table 1. and Table 2.

Table 1. Area under the disease progress curve (AUDPC)a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with strobilurin fungicides in 2003

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3840 685 fb 72.1

azoxystrobin 100 1585 b 35.4

azoxystrobin 150 1300 c 47.0

azoxystrobin 200 1075 d 56.2

pyraclostrobin 100 907 e 63.1

pyraclostrobin 150 525 g 78.6

pyraclostrobin 200 380 h 84.6

kresoxim-methyl 100 125 i 95.0

kresoxim-methyl 150 105 i 95.8

kresoxim-methyl 200 80 i 96.8

trifloxystrobin 100 117 i 95.3

trifloxystrobin 150 85 i 96.6

trifloxystrobin 200 56 i 97.8

control — 2452 a —

a AUDPC values were calculated according to W o l f and V e r r e e t (2002).
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.
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Table 2. Area under the disease progress curve (AUDPC)a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with strobilurin fungicides in 2004

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3840 100 gb 93.3

azoxystrobin 100 862 c 41.5

azoxystrobin 150 795 d 46.0

azoxystrobin 200 698 e 47.0

pyraclostrobin 100 910 b 38.2

pyraclostrobin 150 469 f 68.2

pyraclostrobin 200 450 f 69.5

kresoxim-methyl 100 42 h 97.0

kresoxim-methyl 150 36 h 97.6

kresoxim-methyl 200 0 i 100

trifloxystrobin 100 91 g 94.0

trifloxystrobin 150 91 g 94.0

trifloxystrobin 200 36 h 97.6

control — 1471 a 0.00

a AUDPC values were calculated according to W o l f and V e r r e e t (2002)
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.

Control efficiency of mixtures of strobilurin and triazole fungicides. The
trials were designed in order to test the control efficiency obtained by tank
mixtures of four strobilurin fungicides used in the study and two DMI fungici-
des, difenoconazole and cyproconazole. Difenoconazole, applied alone, showed
a weak to modest activity against E. betae during both years of the study with
control efficiency values ranging from 21.1 to 55.7% in 2003 and from 40.3 to
69.9% in 2004, while cyproconazole showed a better performance particularly
when applied at the dose of 50 gr a.i ha–1. The addition of the DMI fungicides
into the spray solution did not affect the efficacy of trifloxystrobin and kre-
soxim methyl significantly, since they showed extremely high control effici-
ency even when they were applied alone at 100 gr a.i ha–1. In contrast, in plots
treated with tank mixtures of azoxystrobin or pyraclostrobin and difenoconazo-
le or cyproconazole, disease severity in terms of AUDPC values was signifi-
cantly lower (P < 0,05) compared to that in plots treated with either azoxystro-
bin, or pyraclostrobin applied at 100 gr a.i ha–1 during both 2003 and 2004.
Data on Area Under Disease Progress Curve (AUDPC) are summarized in Ta-
ble 3. and Table 4.
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Table 3. Area under the disease progress curve (AUDPC)a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with tank mixtures of strobilurin and DMI fungicides in
2003

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3.840 420 hb 81.9

difenoconazole 62.5 1832 b 21.1

difenoconazole 150 1030 e 55.7

cyproconazole 25 1060 e 54.4

cyproconazole 50 340 h 85.4

azoxystrobin 100 1620 c 30.2

azoxystrobin + difenoconazole 100 + 62.5 1300 d 44.0

azoxystrobin + cyproconazole 100 + 25 890 f 61.7

pyraclostrobin 100 950 ef 59.1

pyraclostrobin + difenoconazole 100 + 62.5 767 g 67.0

pyraclostrobin + cyproconazole 100 + 25 695 g 70.1

kresoxim-methyl 100 80 i 96.6

kresoxim-methyl + difenoconazole 100 + 62.5 40 i 98.3

kresoxim-methyl + cyproconazole 100 + 25 40 i 98.3

trifloxystrobin 100 60 i 97.4

trifloxystrobin + difenoconazole 100 + 62.5 16 i 99.3

trifloxystrobin + cyproconazole 100 + 25 0 i 100

control — 2320 a 0.00

a AUDPC values were calculated according to W o l f and V e r r e e t (2002).
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.

Table 4. Area under the disease progress curve (AUDPC) a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with tank mixtures of strobilurin and DMI fungicides in
2004

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3.840 270 gb 84.4

difenoconazole 62.5 102 b 40.3

difenoconazole 150 529 e 69.3

cyproconazole 25 850 c 50.6

cyproconazole 50 170 h 90.1

azoxystrobin 100 952 b 44.7

azoxystrobin + difenoconazole 100 + 62.5 836 c 51.4

azoxystrobin + cyproconazole 100 + 25 650 d 62.3

pyraclostrobin 100 620 d 64.0

pyraclostrobin + difenoconazole 100 + 62.5 480 e 72.1

pyraclostrobin + cyproconazole 100 + 25 350 f 79.7

kresoxim-methyl 100 70 i 96.0
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kresoxim-methyl + difenoconazole 100 + 62.5 45 ij 97.4

kresoxim-methyl + cyproconazole 100 + 25 0 j 100

trifloxystrobin 100 65 ij 96.3

trifloxystrobin + difenoconazole 100 + 62.5 10 ij 99.5

trifloxystrobin + cyproconazole 100 + 25 0 j 100

control — 1720 a 0.0

a AUDPC values were calculated according to W o l f and V e r r e e t (2002)
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.

CONCLUSIONS

• Significant reduction of powdery mildew incidence in all the fungici-
de-treated plots compared to the untreated control plots.

• Trifloxystrobin and kresoxim-methyl showed better performance compa-
red to remaining two strobilurin fungicides, azoxystrobin and pyraclostrobin
that showed a poor to modest activity against the disease, during both years of
the study.

• Differences in the level of control efficiency, obtained by several strobi-
lurin fungicide treatments can be explained by variation in the level of intrin-
sic activity of each fungicide against the pathogen.

• The mixtures of trifloxystrobin or kresoxim-methyl with either difeno-
conazole or cyproconazole had excellent performance against the disease.

• When cyproconazole or difenoconazole were applied in mixture with
azoxystrobin or pyraclostrobin, a significant improvement of control efficiency
was achieved compared to the control.
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Rezime

Pepelnica koju prouzrokuje Erysiphe betae je u celom svetu osnovna bolest
lišãa šeãerne repe, u podruåjima sa suvim i relativno toplim vremenskim
uslovima. U sadašwem ispitivawu åetiri fungicida koji pripadaju relativno
novoj klasi stobilurinskih fungicida, azoksistrobina, kresoksim-metila, pi-
raklostrobina i trifloskistrobina, tokom 2003—2004, u ciqu suzbijawa ove
bolesti ispitane su u tri razliåite koliåine primene (100, 150 i 200 �g a.i.
ha–1). Od åetiri ispitana, trifloksitrobin i kresoksim-metil su bili najde-
lotvorniji u suzbijawu sa efikasnošãu veãom od 94% u poreðewu sa kontrol-
nim tretmanom åak i prilikom primene niÿe koliåine od 100 �g a.i. ha–1.
Azoksistrobin i piraklostrobin bili su slabo ili umereno aktivni protiv
ove bolesti åak i prilikom primene najviše koliåine od 200 �g a.i. ha–1. Ja-
åina bolesti, u terminima vrednosti AUDPC, bila je u znaåajnoj korelaciji sa
smawenim prinosom korena, dok nije postojala znaåajna korelacija izmeðu jaåi-
ne oboqewa i sadrÿaja šeãera korena ili prinosa šeãera. Uz to, ispitana je
efikasnost mešavina åetiri strobilurinska fungicida primewena sa 100 �g
a.i. ha–1 sa dva sterol demetilacion-inhibirajuãim fungicidima (DMIs), di-
fenokonazolom i cirpokonazolom primewenima sa 62,5 i 25 �g a.i. ha–1. Me-
šavine azoksitrobina i piraklostrobina sa difenokonazolom ili ciprokona-
zolom obezbedile su boqu efikasnost u suzbijawu u poreðewu sa pojedinaånim
primenama svakog fungicida u mešavini, dok su mešavine trifloksistrobina
i kresoksim-metila sa difenokonazolom ili ciprokonazolom pokazale boqu
efikasnost u poreðewu sa pojedinaånim primenama difenokonazola ili ci-
prokonazola i sliånu efikasnost u suzbijawu u poreðewu sa onom postignutom
prilikom pojedinaånih primena strobilurinskih fungicida.
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