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INTRODUCTION
The most destructive disease of sugar beet (Beta vulgaris L.) worldwide is Cercospora leaf
spot disease (CLS), caused by Cercospora beticola (Holtschulte 2000). In areas with favorable
conditions for disease development such as high relative humidity and daily temperatures,
CLS can lead to significant yield losses up to 50% (Byford 1996). Over the last two years,
sugar beet production in Serbia was faced with dramatic decrease in efficacy of fungicides
intended for C. beticola control. Cercospora leaf spot disease management over the last years
based on intensive use of three groups of fungicides with different modes of action,
benzimidazoles (MBCs), triazoles (DMIs), and strobilurins (QoIs) imposing, consequently, C.
beticola resistance selection pressure. In Serbia, benzimidazoles were used in C. beticola
management since 1971, but only three years later resistant isolates have been recorded (Marić
et al. 1976). At the begining of the 1980s, triazoles were successfully introduced in CLS
management (Marić et al. 1984), but the occurrence of C. beticola isolates resistant to DMIs
have been recently reported in all sugar beet regions in Serbia (Trkulja et al. 2009). Fungicides
from the QoI group have been used for CLS managament since 2006, and still without any
detection of decreased sensitivity. The aim of this study was to verify a possible decrease in
the sensitivity of C. beticola populations to MBC, DMI, and QoI fungicides as well as of
isolates resistant to two or all three fungicide groups.

MATERIAL AND METHODS
Sampling, pathogen isolation, and sensitivity testing
In this sensitivity monitoring, after apearance of first simptoms of CLS, samples of sugar beet
leaves with sporulating lesions of C. beticola were collected from commercial sugar beet
fields. Collection took place in 2014 in the districts of South Bačka and North Bačka, and in
2015 in the districts of Srem and South Banat (Table 1). After 24h of incubation on potato
dextrose agar (PDA), pieces of medium bearing single germinated conidia were excised with
the aid of a microscope and transferred onto new PDA plates. The single-conidia isolates were
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incubated at 25oC in the dark. Fungicides used in the study were commercial formulations of
a) the QoIs trifloxystrobin (Zato 50WG, Bayer AG, Germany) and pyraclostrobin (Retengo,
BASF, Germany), b) the DMIs flutriafol (Impact 12.5SC, Cheminova, Denmark) and tetraconazole (Eminent 125 EW, Isagro, Italy), and c) of the MBCs carbendazim (Galofungin
500SC, Galenika Phytopharmacy, Serbia) and thiophanate-methyl (Galofungin T 450SC,
Galenika Phytopharmacy, Serbia). Sensitivity testing was set up as a mycelial growth
measurement for C. beticola isolates at a discriminatory concentration (DC) of 1 mg/l for the
MBCs and DMIs, and mycelial growth was measured after 7 days of incubation at 25°C in the
dark. Isolates with relative growth >50% compared to the control were considered as resistant.
Test of conidial germination was used to detect sensitivity differences of the isolates to both
QoIs, trifloxystrobin and pyraclostrobin, at DC= 5 mg/l. Isolates with germination of conidia
greater than 50% were considered as resistant.
Table. 1

Number of tested isolates in four different districts of Serbia with sampling year.

District of Serbia year of sampling

Number of isolates

South Bačka

2014

44

North Bačka

2014

30

Srem

2015

26

South Banat

2015

73

RESULTS AND DISCUSSION
In 2014, frequencies of C. beticola isolates resistant to MBC, QoI, and DMI fungicides in the
district of South Bačka were 61%, 82%, and 98%, respectively, and in North Bačka 50%,
90%, and 100%. Isolates collected during 2015 in South Banat were resistant to MBC, QoI,
and DMI fungicides in frequencies of 38%, 90%, and 96 %, and in Srem in frequencies of
54%, 77%, and 96%, respectively (Figure 1). These results indicate a significant decrease of
the sensitivity of C. beticola populations to fungicides used today to control the disease.
Previous surveys, which have been conducted from 2008 to 2011, recorded high frequencies
of resistance to MBCs, only low resistance frequencies to DMI fungicides, and no QoI
resistant isolate (Trkulja et al. 2009; 2013; 2015). Results evidently show an emergence of C.
beticola populations resistant to all three groups of fungicides applied to control the pathogen
over the years and provides a new insight into the development of highly frequent resistance of
C. beticola to MBC, QoI, and DMI fungicides which, consequently, had a strong impact on
the decline of the compounds´ efficacy in sugar beet fields in Serbia. In other European sugar
beet growing regions with favorable disease conditions for CLS, e.g. in Italy or Greece, as
well as in the USA (Minnesota and North Dakota), resistance to MBCs was also detected in
high frequences (Rossi et al. 1995; Karaoglanidis and Ioannidis 2010; Secor et al. 2010).
Resistance to DMIs is also known in all these regions, but the frequency of resistance detected
was significantly lower compared to the resistance frequency found with MBCs. However, a
significant decrease in the sensitivity to DMIs has been already detected in Greece more than a
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decade ago, with frequencies of resistance over 70%, causing reduced fungicide efficacy in the
field (Karaoglanidis et al. 2002). A crucial record of this monitoring is the appearance of field
isolates of C. beticola resistant to two or all three fungicide groups (MBCs, DMIs, QoIs), as
the frequency of C. beticola isolates resistant to all three groups of fungicides ranged from
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33% to 41%, the frequency of strains being resistant to QoIs and DMIs from 41% to 58%, and
the frequency of isolates resistant towards DMIs and MBCs from 5% to 19%. On the other
hand, the amount of isolates being sensitive to all three fungicide groups decreases (Figure 2),
suggesting a development of multi-resistance of C. beticola populations in sugar beet fields in
Serbia. These findings indicate the need for intensive changes in the management strategy in
accordance to the growing resistance of populations to multiple fungicidal mode of action.
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