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Triazoles are a group of fungicides that inhibit ergosterol synthesis in fungi by affecting lanosterol 14 alpha-
demethylase encoded by the cyp51A gene (Bowyer and Denning 2014). These fungicides, also known as 
demethylation inhibitors (DMIs), inhibit cell wall formation and are classified in Fungicide Resistance Action 
Committee (FRAC) Group 3 (FRAC 2018) based on the mode of action. Since triazole fungicides have activity 
against a diversity of fungi, including many plant pathogens such as mildews, rusts, and soilborne pathogens of 
cereals, fruits, vegetables, and ornamentals (Hof 2001; Paul et al. 2008), these chemicals have been used widely in 
agriculture (Parker et al. 2014). In human medicine, many antifungal drugs are triazoles. Medical triazoles are 
particularly useful against the ubiquitous saprophyte Aspergillus fumigatus, an opportunistic human pathogen 
(Snelders et al. 2012). However, resistance to triazole fungicides has been detected in many fungi, including cross 
resistance among triazole fungicides (Snelders et al. 2012). Since the late 1990s, resistance to triazoles has been 
detected with increasing frequency in isolates of A. fumigatus recovered from aspergillosis patients (Howard et al. 
2009). Studies in the Netherlands found a common resistance mechanism in the cyp51A gene in the resistant 
isolates, i.e., a 34 bp tandem repeat in the gene promoter and a leucine/histidine substitution in the coding region 
(TR34/L98H) (Snelders et al. 2008). Investigations demonstrated that the three-primary medical triazoles 
(itraconazole, posaconazole, and voriconazole) exhibit a similar binding mechanism to five triazole fungicides used 
widely in agriculture, i.e., they bind to lanosterol 14 alpha-demethylase, with a high level of cross resistance to 
agricultural and medical triazoles (Snelders et al. 2012). Resistant isolates of A. fumigatus have also been found on 
agricultural products such as ornamental bulbs harvested from crops treated routinely with triazole fungicides 
(Dunne et al. 2017). This has been hypothesized as a link between the development of triazole resistance in 
agricultural isolates of plant pathogenic fungi and non-target fungi in surrounding environments, as well as a mode 
of dissemination of resistant isolates on infected bulbs (Dunne et al. 2017). Evidence indicates that resistant 
isolates of A. fumigatus (TR34/L98H) have emerged as a result of widespread exposure to triazole fungicides in 
agriculture, forestry (to preserve wood products), and veterinary medicine (Ford 2004; Woo et al. 2010). It is 
important that plant pathologists contribute to developing guidelines for triazole fungicide use in agriculture (FRAC 
guidelines) and other applications order to avoid misuse of these fungicides and, thereby, reduce selection 
pressure for resistance in target and non-target fungi. This will extend the utility of triazoles for disease control while 
also minimizing threats to human and animal health. 
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