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ABSTRACT 
 

Tatarstan Republic is the largest region for the rye production in Central Russia. Problem of increasing 
infection Claviceps purpurea on winter rye has become very important in this region. The aim of this work was 
to evaluate the occurrence and harmfulness of ergot in Tatarstan. Our experimental findings revealed the 
ergot of rye to be widespread in Tatarstan Republic. The Russian standard for food grain is 0.05% ergot by 
weight and there are strict limits on ergot in certified rye seed. Ergot on rye developed in close connection 
with environmental factors (amount of precipitation, average temperature and relative humidity). We studied 
that presence one sclerotia in spike significantly reduced the number of grain (19%) and the kernel weight per 
ear (18.4%). When the number of sclerotia per ear increased to 6, the amount of winter rye grains decreased 
by 51.4% as compared to healthy ears. We investigated the variability of the infection reaction to C. purpurea 
in more than 90 cultivated varieties Russian and Foreign selection, aiming to find possible sources of resistance 
for use in the rye breeding program. We identified 6 Russian and 7 foreign varieties with the smallest defeat 
ergot (0.01-0.03%). 
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INTRODUCTION 
 

Ergot is invoked widely specialized fungus Claviceps purpurea (Fries ex Fries) Tulasne. Pathogen is 
capable of infecting more than 400 species of plants, but most of them are rye in connection with the nature 
of cross-pollination. Economically most important is the infection of rye (Secale cereale L.) which is a major 
crop in Germany, Russia, Poland, Belarus, Scandinavia and Ukraine [1]. 

 
Ergot has a negative impact on the quality of causing contamination of grain toxic alkaloids to humans 

and animals [2-4]. The toxic properties of ergot alkaloids are the most limiting factor restricting the use of 
contaminated grain in baking and feed purposes [5-7]. 

 
The spread of the disease observed in Europe, Asia, North America (except for the Far North) [8], in 

North Africa, parts of Australia and South America (Argentina, Mexico) [9]. The most favorable for the 
development of ergot are areas with high relative humidity (>70%) and moderately warm weather during the 
flowering rye (22-24 °C) [10, 11]. 

 
Resistance to ergot should be treated with the attention on rye genotypes with high pollen ability 

[12]. Susceptible to defeat by a fungus Claviceps purpurea male sterile plants significantly exceeds the level of 
destruction of rye population [13-15]. This is especially the case when a hybrid cultivar is not fully restored to 
fertility and the flowering times of the seed and pollen parent are not fully synchronized [16]. In recent years, 
with the creation of hybrid varieties, priority is given to increase the completeness of pollination using 
effective genes of fertility restoration for which are molecular markers [17].  

 
The introduction the minimum methods of soil tillage, ergots imported in the seed, the growth of 

non-cultivated land, the lack effective machines for grain cleaning and fungicides causes the resumption of 
pathogenesis [18]. 

 
The most toxic ergot is a year of harvest [19]. Dried sclerotia stay infectious for 9–12 months [20]. 

Viability physiologically ripe sclerotia reaches 90%, the number of sclerotia germinated last year is less than 
10%, while keeping sclerotia for two years makes them completely non-viable. The situation is further 
complicated because all of these mechanisms are highly affected by weather shortly before and at flowering. 
Complex interactions between weather, fungal infection and spread, and pollen availability must be 
considered. In all crops, rainy weather at flowering time reduces pollen shedding and pollen movement [18]. 

 
A genetic source of resistance to ergot within genus Secale L. (cultivated and wild species of rye) is still 

not detected. There are no resistance genes known in cereal crops; obviously, the fungus has adapted 
optimally to its hosts. For improving disease resistance in plant breeding, following steps are required: 
evaluation of genetic resources and selection of resistant germplasm; crossing selected genotypes with elite 
breeding materials and evaluation of segregating progeny and selection of the most promising progenies and 
using the best ones as resistance donors in cultivar development [16]. 

 
The objective of this work was to determine spread of Claviceps purpurea and harmful of ergot fungus 

in central part of Russia. The study reported about the occurrence of ergot in outstanding rye region in 
Tatarstan, which provides great value for farmers and industry. 

 
MATERIALS AND METHODS 

 
The study was carried out at the Tatar Research Institute of Agriculture. Tatarstan is situated in the 

centre of Russia Federation, in place of confluence two largest Europe rivers - Volga and Kama (latitude 
55_◦47_19__ N, longitude 49_◦07_19 __ E). 

 
According to methodology, specialists of the Russian State Plant Protection Station annually assessed 

the ergot incidence in commercial fields at the ripening growth stage (GS 87-89) of cereals. The incidence of 
ergot was observed in 150 commercial fields of winter rye in different regions of Tatarstan Republic annually 
over the period of 1998-2012. The incidence of ergot and percentage of infected ears were determined in 
winter rye varieties of own selection Tatar 1, Estafeta of Tatarstan, Radon, Tantana,  Ogonek.  
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With a view of estimating the effect of ergot on the number of grain and kernel weight per rye ear, the 
spikes with different incidence of ergot from 0 (control) to 6 sclerotia were collected and evaluated. The amounts 
of grain per ear, the grain weights on the ear were found to have equal variances and distributions and were 
analyzed by ANOVA. A relationship between the sclerotia weight per ear and kernel weight was determined by 
linear regression and correlation analysis. Statistical significance of linear trends was assessed by Student's test, 
which, if the sample size in 15 years, corresponding to the value of R

2
 ≥ 0.26 at a significance level of 95%. 

 
For evaluation of genetic resources we were examined varieties breeding of Tatar Research Institute 

of Agriculture, samples obtained from N.I. Vavilov Russian Scientific Research Institute of Plant Production 
(Saint Petersburg) in the competitive strain testing of rye and collection nursery in 2008-2012 in natural 
infectious background. For this purpose, we investigated 200 plants of each variety in two replications. 
Average of the sample of grain (not less than 100 g) stood out weighed and infestation of sclerotia was 
calculated using the formula:  

 
X = 100 x P / A, 

 
where P - sclerotia weight in grams; A - grain weight in grams; X - the percentage of infestation. 
 

RESULTS AND DISСUSSION 
 

The winter rye is a unique agricultural crop for Russia with exclusively greater economic value, and 
the increase in manufacture of its grain was and remained an actual problem of agriculture. In addition, the 
main cereal crop in the Volga region of Russia is a winter rye, the potential for productivity and quality of grain, 
which is caused by genetics of varieties. The first place among all the regions of Russia on rye production takes 
Tatarstan [21]. 

 
Problem of increasing infection Claviceps purpurea on winter rye has become very important in many 

regions of Russian Federation. The analysis showed that until 1996 ergot was not economically significant 
disease. It was found that over the past 15 years have been reported four strong epiphytoties (2003, 2007, 
2011, 2012) and only three years (1998, 1999, 2010) there was no disease (Fig.1). The Russian standard for 
food grain is 0.05% ergot by weight and there are strict limits on ergot in certified rye seed. Five years from 15 
ergot contamination on average exceeded maximum permissible norms for food rye. Depressive disease was 
observed in years with strong summer drought. Complex interactions between weather, fungal infection and 
spread, and pollen availability must be considered [16]. 

 
One reason for disease amplification is the weather conditions favorable for development pathogen. 

Correlation between ergot susceptibility and average daily temperature 2 ten days of June (beginning of 
flowering) r = -0,689** ± 0,256 (F =3.9), relationship between infestation ergot and average temperature June 
r = -0,614* ± 0,196 (F = 3.13). An increase in temperature during flowering rye reduces the defeat ergot. 
Negative correlation was found between the defeat of ergot and relative humidity in 3 ten days of June r = 
0,691** ± 0,176 (F = 3.94). Consequently, ergot on rye developed in close connection with environmental 
factors (amount of precipitation, average temperature and relative humidity). 

 
Regression analysis of long-term data showed that an increase in temperature during flowering rye 1 

degree Celsius is reduced ergot infected plants by 0.13% (Fig.2). The regression equation between parameters 
relative humidity - number of infected plants has the form: y = 0,0511x - 2,635 (Fig.3). Therefore, if the relative 
humidity of air increases at 1%, those infestations increase of 0.05%. 

 
Claviceps purpurea is a ubiquitous pathogen of cereals, causing ergot disease, which results in 

substitution of grains by sclerotia [23]. We studied the influence of the amount of sclerotia per spike on the 
number of grains as well as kernel weight per ear (fig.4). Presence one sclerotia in spike significantly reduced 
the number of grain (19%) and the kernel weight per ear (18.4%). When the number of sclerotia per ear 
increased to six, the amount of winter rye grains decreased by 51.4% as compared to healthy ears.  

 
Yield losses consist of direct damage (no grain, instead of which is formed sclerotia) and indirect (as a 

result of a large number of empty spikelet, adjacent to those which form ergot). Increasing the number of 
sclerotia in the ear reduces the number of grains per spike and grain weight from the ear (r = -0.76-0.80). We 
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have established significant damage from ergot on the rye ear productivity The increase in infestation of ear 1 
sclerotia reduced the weight of grain from the ear to 0.19 g and the number of grains per ear by 4.73 (Fig.4).  

 
Currently plant breeders need to investigate their potential varieties for ergot resistance; they make 

systematic assessment of the flowering characteristics that may be associated with escape ergot. Prerequisite 
for the successful breeding of winter rye for resistance to Claviceps purpurea is to identify resistant samples 
from the collection of VIR [24]. Therefore, we investigated the variability of the infection reaction to C. 
purpurea in the cultivated varieties Russian and Foreign selection, aiming to find possible sources of resistance 
for use in the rye breeding program. 

 
Field observations have indicated that some varieties of winter rye are more susceptible than others, 

but experimental evidence of resistance has not been reported. During 2008-2012 were estimated more than 
90 varieties in natural infectious background. Absolutely resistant genotypes have not been found. Most of the 
Russian samples were moderately susceptible varieties. Infestation of grain mass ergot sclerotia varied from 
0.01 to 0.76%. Were identified 5 Russian (IL 23/94, Ilmen, Kama 3, Siberian, 82, Ržanka) and 7 foreign varieties 
((Pallada (Ukraine), Pudmericke (Czech Republic), J03374 (Finland), P-8, A-8 (Netherland), Frederick (USA), 
Gaderovo (Poland)) with the smallest defeat ergot (0.01-0.03%). Among of own population varieties of rye for 
resistance to ergot should be allocated variety Tatar 1. The mechanism of resistance to ergot this variety is a 
great synchronicity of stems, a short time of flowering and high pollen shedding ability. Research by Mirdita et 
al. showed that among 245 rye entries ergot severity ranged from 1.19%–8.07% sclerotia in grain by weight. 
Analyses of variance revealed high heritability despite high genotype–environment interactions [24]. 

 
Miedaner et al. believe that the ergot incidence (percentage of affected heads) and ergot severity 

(percentage of sclerotia in grain by weight) are the most representative resistance traits when using pollen-
shedding material. In rye, both traits are highly correlated (r = 0.69–0.97) and have similar heritability (h

2
 = 

0.90 and 0.89, respectively) [25]. The situation is further complicated because all of these mechanisms are 
highly affected by weather shortly before and at flowering. Further studies need to be conducted to complex 
interactions between weather conditions, fungal spread, pollen shedding availability and synchronicity of 
stems. 

 
 

 
 

Fig.1: Dynamics of destruction ergot of winter rye in Tatarstan (%) 
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Fig.2: Dependence of winter rye ergot defeat on the air temperature in June 

 

 
 

Fig.3: The dependence of the defeat of winter rye ergot the relative humidity in June 

 

 
 

Fig.4: Dependence of grain weight and number of grains per ear 
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CONCLUSIONS 
 

Ergot fungus of rye is widespread in Tatarstan Republic, which is the largest region for the rye 
production in Central Russia. The Russian standard for food grain is 0.05% ergot by weight and there are strict 
limits on ergot in certified rye seed. It was found that five years from 15 ergot contamination on average 
exceeded maximum permissible norms for food rye. Problem of increasing infection Claviceps purpurea on 
winter rye has become very important in this region. Ergot significantly reduced the number of kernel and 
weight of grain per ear by 51.4% as compared to healthy spikes in winter rye crops. Spread of Claviceps 
purpurea on rye developed in close connection with environmental factors during flowering (amount of 
precipitation, average temperature and relative humidity). We identified 6 Russian and 7 foreign rye varieties 
with ergot incidence (0.01-0.03%). 
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