
FENOTIPSKA I MOLEKULARNA KARAKTERIZACIJA OSJETLJIVOSTI GLJIVE CERCOSPORA 
BETICOLA SACC. SA ŠEĆERNE REPE NA FUNGICIDE 

SAŽETAK 

U ovom radu prikazana je fenotipska i molekularna karakterizacija osjetljivosti gljive Cercospora beticola 
Sacc., uzročnika pjegavosti lista šećerne repe na fungicide. Pjegavost lista predstavlja najznačajniju 
bolest šećerne repe u svijetu pa tako i u Hrvatskoj. Ova mikoza može uzrokovati značajne gubitke 
prinosa i kvalitete korijena, smanjenje sadržaja šećera te povećanje udjela melasotvornih elemenata. U 
radu je dan pregled biologije, morfologije i epidemiologije patogena s naglaskom na njegovu visoku 
genetsku varijabilnost, policikličku prirodu i sposobnost brzog razvoja rezistentnosti. Posebna pažnja 
posvećena je čimbenicima koji utječu na pojavu rezistentnosti, uključujući učestalost primjene fungicida, 
mehanizam djelovanja aktivnih tvari te biološke karakteristike patogena. 

Eksperimentalni dio istraživanja obuhvaća in vitro ispitivanje osjetljivosti populacija gljive C. beticola na 
različite aktivne tvari fungicida određivanjem EC50 vrijednosti, pokus u biokomori te poljske pokuse 
učinkovitosti fungicida. Osjetljivost populacije analizirana je u razdoblju 2018. – 2023., čime je 
omogućeno praćenje promjena u osjetljivosti kroz dulji vremenski period. Molekularnim istraživanjima 
utvrđena je prisutnost mutacija povezanih s rezistentnošću, osobito na fungicide iz skupine strobilurina 
i triazola. Dobiveni rezultati potvrđuju da su u Hrvatskoj prisutne populacije gljive C. beticola sa 
smanjenom osjetljivošću, odnosno rezistentnošću na određene aktivne tvari. Također je utvrđeno da 
postoji povezanost između fenotipskih pokazatelja osjetljivosti i prisutnosti specifičnih mutacija u 
genomu patogena. Usporedbom rezultata in vitro, pokusa u biokomori i poljskih pokusa dobiven je uvid 
u osjetljivost patogena u različitim uvjetima, što omogućuje pouzdaniju interpretaciju učinkovitosti 
fungicida. Rezultati rada ukazuju na potrebu sustavnog praćenja osjetljivosti populacija patogena te 
potvrđuju važnost kombiniranja fenotipskih i molekularnih metoda u istraživanjima rezistentnosti. 

Rad potvrđuje da je za uspješno suzbijanje pjegavosti lista šećerne repe nužan integrirani pristup koji 
uključuje pravilnu primjenu fungicida, rotaciju aktivnih tvari različitih mehanizama djelovanja, primjenu 
agrotehničkih mjera i izbor tolerantnih kultivara. Takav pristup ključan je za usporavanje razvoja 
rezistentnosti i očuvanje učinkovitosti dostupnih sredstava za zaštitu bilja. 

Ključne riječi: Cercospora beticola, pjegavost lista šećerne repe, cerkospora, rezistentnost na fungicide, 
EC50, molekularna karakterizacija, mutacije, strobilurini, triazoli, poljski pokusi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Phenotypic and molecular characterization of fungicide susceptibility of Cercospora beticola sacc. on 
sugar beet 

SUMMARY 

Introduction: 

Sugar beet leaf spot, caused by the fungus Cercospora beticola, represents the most important disease 
of sugar beet worldwide and one of the major phytopathological constraints in sugar beet production, 
including in Croatia. The disease significantly reduces yield and technological quality of the root, 
primarily through the loss of assimilative leaf area and the consequent reduction in sugar accumulation. 
Under favourable environmental conditions, the disease develops rapidly due to its polycyclic nature, 
which further amplifies its economic impact. 

Chemical control using fungicides remains the principal method for disease management; however, its 
long-term effectiveness is increasingly compromised by the emergence and spread of resistant 
pathogen populations. The development of resistance is strongly influenced by the biological 
characteristics of C. beticola, including high genetic variability, intensive sporulation, rapid reproduction, 
and a polycyclic disease cycle. In addition, repeated and frequent application of fungicides with similar 
or identical modes of action creates strong selection pressure, accelerating the evolution of resistant 
populations. 

The research problem addressed in this doctoral thesis relates to the limited and fragmented data on 
the current state and temporal dynamics of fungicide susceptibility in C. beticola populations in Croatia, 
particularly the lack of integrated phenotypic and molecular analyses needed for comprehensive 
resistance assessment and management. The motivation for the study arises from both practical 
agricultural challenges, reflected in reduced fungicide efficacy in the field, and from the scientific need 
to better understand the mechanisms, distribution, and stability of resistance. 

The thesis is organized into six main chapters. The introductory chapter defines the research problem, 
hypotheses, and objectives. The literature review provides a comprehensive overview of the pathogen’s 
biology, epidemiology, and resistance mechanisms, with emphasis on global and regional trends. The 
materials and methods chapter describes the experimental design, including laboratory assays, growth 
chamber experiments, field trials, and molecular analyses. The results chapter presents detailed findings 
on phenotypic susceptibility, EC50 variability, and molecular characteristics. The discussion interprets 
these findings in the context of current knowledge and highlights their practical implications. The final 
chapter summarizes the main conclusions and scientific contributions of the research. 

Materials and methods: 

The research was conducted over a six-year period from 2018 to 2023 and included the collection and 
analysis of C. beticola isolates from major sugar beet-growing regions in eastern Croatia. A total of 103 
isolates were obtained and subjected to both phenotypic and molecular analyses to achieve a 
comprehensive characterization of fungicide susceptibility. 

Phenotypic analyses were performed using laboratory assays in which the sensitivity of isolates to 
selected fungicide active substances was determined by calculating EC50 values. Particular attention 
was given to the distribution and variability of EC50 values, as well as the occurrence of isolates with 
markedly elevated or high values, which may indicate advanced stages of resistance development. 
Additional experiments were conducted under controlled growth chamber conditions to evaluate 
fungicide efficacy on artificially inoculated plants, while field trials were performed to assess fungicide 
performance under natural infection conditions. 

Field experiments were established according to standardized EPPO protocol and included multiple 
treatments, replications, and statistical evaluation of disease development 

using parameters such as the area under the disease progress curve (AUDPC). This experimental 
approach allowed a comparison between laboratory results and the responses observed on plants and 
under field conditions. 



Molecular analyses were carried out to detect mutations associated with resistance to key fungicide 
groups. DNA was extracted from fungal isolates, and polymerase chain reaction (PCR) techniques were 
applied to identify specific genetic changes, particularly in the cytb gene associated with resistance to 
strobilurins (QoI fungicides) and in the CYP51 gene related to reduced sensitivity to triazoles (DMI 
fungicides). The integration of phenotypic and molecular approaches enabled a detailed assessment of 
the relationship between resistance expression and underlying genetic mechanisms. 

Results and conclusions: 

The results of the study clearly demonstrated the presence of C. beticola populations in Croatia with 
reduced sensitivity and resistance to multiple fungicide groups, particularly strobilurins and triazoles. A 
significant proportion of isolates exhibited resistance, indicating strong and continuous selection 
pressure resulting from intensive and repeated fungicide use. 

The analysis revealed pronounced variability in EC50 values among isolates, reflecting a heterogeneous 
population structure with different levels of adaptation. In several cases, extremely high EC50 values 
were recorded, suggesting the presence of highly resistant isolates and advanced stages of resistance 
development. Such variability is consistent with findings reported in other regions and highlights the 
complexity of resistance evolution in C. beticola populations. 

Molecular analyses confirmed the presence of resistance associated mutations, including those in the 
cytb and CYP51 genes. A statistically significant relationship was established between these mutations 
and phenotypic resistance expressed through increased EC50 values, confirming that molecular 
markers can reliably indicate reduced fungicide sensitivity. The comparison of results obtained from 
laboratory assays, growth chamber experiments, and field trials provided a consistent and coherent 
picture of reduced fungicide efficacy, demonstrating that resistance detected under controlled conditions 
is reflected in practical agricultural environments. 

The main contribution of this doctoral thesis lies in the integrated application of phenotypic and molecular 
methods, which enabled a more precise, robust, and reliable characterization of fungicide resistance in 
C. beticola. The research provides the first comprehensive long-term insight into resistance 
development in Croatian populations of this pathogen and significantly contributes to the understanding 
of resistance mechanisms and their practical implications. 

The findings emphasize the need for systematic monitoring of pathogen sensitivity and the 
implementation of integrated disease management strategies. Effective control of sugar beet leaf spot 
requires the use of fungicides with different modes of action, including their rotation and use in mixtures, 
limiting the number of applications per season, appropriate application timing, agronomic practices, and 
the selection of tolerant cultivars. Such an integrated approach is essential to delay the development of 
resistance and to preserve the effectiveness of available fungicides in sustainable sugar beet 
production. 
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