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Among cereals, wheat and triticale suffer from most diseases followed by rye and barley. Although 

powdery mildew (Blumeria graminis) (MLD) can infect all cereals due to its different formae 

specialis, it nevertheless is one of the least important pathogens regarding its yield loss effects. This is 

mainly due to successful breeding by using quantitative resistances, at least in wheat (Miedaner and 

Flath 2007), and the increasingly adverse weather conditions for successful infestation of MLD, 

because powdery mildew needs a high humidity of 95-100% for becoming epidemic (Serfling et al. 

2017).  

In wheat, brown (leaf) rust caused by Puccinia triticina and Septoria leaf blotch caused by 

Zymoseptoria tritici are currently among the most important fungi (Miedaner 2018). Yellow/stripe rust 

caused by Puccinia striiformis, was in previous times only episodically a problem for wheat (Figueroa 

et al. 2018), but became increasingly important in the last decade due to the advent of the aggressive 

Warrior race from the Himalayan region in Europe (Hovmøller et al. 2016). The Warrior race (named 

PstS7), took over the European yellow rust population within one year and has more virulence genes 

than previous European populations, while it also infects triticale. Also today, still descendants of the 

Warrior race (namely PstS10) are predominant in Europe (https://agro.au.dk/forskning/internationale-

platforme/wheatrust/yellow-rust-tools-maps-and-charts/races-changes-across-years/, accessed 

03.03.2021).  

The situation of variety resistance for rusts in wheat and barley is similar. Mainly race-specific 

resistances are used that are, however, not durable in most instances (Serfling et al. 2017, Figueroa et 

al. 2018, Singh et al. 2019). Additionally, quantitative resistances are available that are non-race 

specific, conferring a reduced pathogen development but are prone to high environmental variation 

(Serfling et al. 2017). Similarly, for Septoria leaf blotch, 21 major genes have been mapped that 

contribute to qualitative resistance (Brown et al., 2015), but sources of quantitative resistance have 

also been identified (Risser et al. 2011).  

In triticale, the same fungi as in wheat play a major role. The biotrophic fungi adapted to this man-

made cereal (Oettler 2005) during the last decades either by hybridization (e.g. powdery mildew, 

(Menardo et al. 2016) or by host jump (e.g. leaf rust, Visser et al. 2012). It must be noted, that these 

diseases of triticale were not available during the whole period of this investigation. Powdery mildew 

firstly appeared 2001 in Germany (Klocke et al. 2013) and in Belgium one year later (Audenaert et al. 

2014). Similarly, the first infections with yellow rust occurred in 2001 and with leaf rust already in 

1998 (Audenaert et al. 2014). Until that time, and for some time after, there was no resistance breeding 

against these diseases, because triticale was previously completely free of powdery mildew and rusts. 

For the necrotrophic Z. tritici, triticale was susceptible from the beginning (Fuentes 1973, Eyal and 

Talpaz 1990). 

https://agro.au.dk/forskning/internationale-platforme/wheatrust/yellow-rust-tools-maps-and-charts/races-changes-across-years/
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For rye, brown rust (P. recondita) and Rhynchosporium scald (Rhynchosporium secalis) are among 

the most important leaf diseases (Miedaner and Wilde, 2019). In brown rust, race-specific resistances 

are available that are, however, only of restricted durability because of the high virulence complexity 

of the leaf rust population in Germany (Miedaner et al. 2012).   

In winter and spring barley powdery mildew (B. graminis f.sp. hordei), leaf rust, also called 

dwarf rust (P. hordei), net blotch (Pyrenophora teres) and Rhynchosporium scald (R. commune) are 

among the most prominent fungal diseases (Sing et al. 2019). For the two latter, race-specific 

resistances occur (Sing et al. 2019, Zhang et al. 2020a). Additionally, 148 QTLs from 34 studies were 

reported for scald resistance to date (Zhang et al. 2020a). 

Despite the immense knowledge that has accumulated on disease resistance in cereals, the 

resistance situation in the current German variety spectrum and especially the development over the 

last decades is unclear. 

Lodging occurs in all cereals; it is a complicated phenomenon that is influenced by many factors 

including: wind, rain, topography, soil type, previous crop, husbandry and disease (Berry et al. 2004). 

Lodging can partially be caused by fungal pathogens that attack the basal shoots already during early 

vegetative growth: eyespot caused by Oculimacula spp. in wheat and rye (Serfling et al. 2017), 

additionally Microdochium nivale and Fusarium spp. can play a role in all cereals (Miedaner 2018). 

Progress in lodging tolerance in winter wheat has been reported by Berry et al. 2004, Berry et al 2015 

and Zhang et al. 2020b mainly in consequence of reduced plant height and improved application of 

growth regulators, while higher nitrogen application rates and increasing yield potential have raised 

the risk for lodging. 
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