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Abstract. The study is devoted to the analysis of the correlation of
morphological and cultural characteristics and virulence of Pyrenophora
teres Drechs. isolates, and various resistance to the pathogen of barley
varieties (Versal, Kubagro-1, Romance). The main morphological types of
colonies of the fungus isolates obtained from the barley varieties with
different resistance were determined. It was found that the higher degree of
resistance of the variety, the faster growth rate of colonies, the intensity of
sporulation and heterogeneity of the population on the basis of virulence
increase. The most common races were detected in the populations of P.
teres isolated from different varieties of barley. We found that the selection
for the virulence of the pathogen population in Versal variety with a high
level of non-specific resistance was carried out with a wider spectrum of
diversity.

1 Introduction
The cultivation of cereals on an industrial scale involves complex protection against
diseases caused by phytopathogens. Hemibiotrophic parasites are under the special control
due to the widespread increase in their harmfulness in recent decades. The main barley
(Hordeum vulgare L.) disease worldwide is net blotch caused by ascomycete Pyrenophora
teres Drechs. [1]. The expansion of the range of P. teres specialization in parasitization on
wheat (Triticum aestivum L.) [2, 3] is of a particular concern. Barley is one of the most
important crops of the agro-industrial complex, occupying the fourth place among the most
cultivated cereal crops and one of the main types of grain products sold by Russia. In the
Southern Federal District of the Russian Federation, barley net blotch is the most harmful
and dangerous disease [4].
*
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Global crop production is focused on the conservation of resources and the production
of ecologically safe products, which makes the breeding of genetically protected varieties
really important. Due to the fact that the annual loss of winter barley from the pathogen is
from 20 to 40%, a complex crop protection plan is necessary, which is especially true for
susceptible varieties [5, 6]. There are no highly resistant varieties to barley net blotch
pathogen [7]. The resistance of the host plant is consistent with the gene-by-gene model,
but the significant variability of the pathogen genotype and the presence of two forms that
differ in genotype (Pyrenophora teres f. teres — net form (net type) and Pyrenophora teres
f. Maculate – spot-form (round-spotted type)) causes difficulties in breeding and variety
selection in production crops [8, 9].
For intensive plant breeding and an immunological assessment of the resistance of
various barley varieties, it is necessary to develop a large amount of inoculum. The study of
the morphological and cultural characteristics of the pathogen is important for the
development of various types of synthetic pathogen populations in the preparation of a
scientifically based breeding program for the cultivation of disease resistant barley varieties [10].
Determining the population structure of the barley net blotch pathogen is of great
practical importance for the breeding of disease-resistant varieties, increasing the efficiency
of plant protection measures and improving the ecological component of crops [8, 11, 12].
The genetic polymorphism of the pathogen population is determined by the heterogeneity
of the host plant. This factor suggests the formation of a micromycete population with
various morphological and cultural characteristics, determined by differences in the genetic
structure due to the propagation of clones and genetically close lines in varieties that are
different in disease resistance [13, 14]. Genetic diversity is an important element in the
study of population structure. It is worth noting the narrow-local isolation of P. teres due to
the low mobility of conidia, which are the main method of pathogen distribution during the
growing season [12]. At the same time, many researchers, when analyzing the population
structure on an international set of differentiating varieties, note a high genetic variability of
the population based on virulence [11, 15-17].
The aim of this research was to study the morphological and cultural characteristics and
virulence of the isolates of barley net blotch pathogen, isolated from the barley varieties,
differing in resistance to the pathogen.

2 Materials and methods
Analysis of morphological and cultural characteristics was carried out according to three
criteria: colony growth rate, appearance, fungal sporulation intensity. For this analysis,
monoconidial isolates were isolated from one affected leaf by transferring one conidia to a
pure carrot-beetroot agar culture. Infectious material was collected in 2020 under the
conditions of a natural infectious background of the ARRIBPP field from the varieties
differing in resistance to the barley net blotch pathogen in the Z32 phase according to
Zadoks. Varieties with different levels of nonspecific resistance were selected for the
research: moderately resistant to P. teres (MR) Versal variety, moderately susceptible (MS)
Kubagro-1 variety, and the highly susceptible (HS) Romance variety. To study the
population structure, 30 P. teres monoconidial isolates were obtained from each of the three
varieties. To study the growth rate, colony morphotypes, and pathogen sporulation rate, we
selected 10 isolates from each barley variety. To study the growth rate of colonies,
monoconidial isolates were incubated for 7 days, then 10 mm diameter mycelial discs were
transferred to clean nutrient media from each isolate with tree replications. Cups with
mycelial discs were incubated in the dark for 10 days at a temperature of +23 ºС. on the 3rd,
6th, 10th days, the diameter of the mycelium was measured, and based on these data, the
average colony growth rate was calculated. Colony morphology was determined on the 10th
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day with the proposed scheme according to the existing method [10]. Morphological types
of colonies are divided into groups according to the morphological characteristics of the
mycelium and have the corresponding letter designation (Fig.1).

Fig. 1. Characteristics of morphological types of colonies P. teres
Source: https://pdfs.semanticscholar.org/9b63/29cd2d67a2da1a2a09a1de3b498c779dab59.pdf

The sporulation intensity was studied by transferring monoconidial isolates from
different varieties into Petri dishes with nutrient medium and following incubation under
ultraviolet lamps for 14 days. 10 ml of conidial suspension were prepared from each Petri
dish, then the number of spores in 1 ml of the suspension was counted using a Goryaev
chamber. Colonies were ranked for weakly sporulating - 2 × 103 conidia/ml; medium
sporulating - 5 × 103 conidia/ml; highly sporulating - 7 × 103 conidia ml.
The study of the diversity of the population structure based on virulence was carried out
using a standard set of differentiating varieties [16]. To study the resistance of barley
variety samples to P. teres, the plants were hydroponically grown to the seedling stage (two
leaf phase), then inoculated with the known conidia titer, and the wet period was
maintained using polyethylene insulators for 15-20 hours. For the preparation of P. teres
inoculum, a freshly isolated spore-containing culture was used, from which mycelium was
scraped off and an aqueous suspension was prepared. Assessment of the intensity of
damage to barley leaves by net blotch was carried out according to the standard Babayants
scale. The type of reaction of the differentiator variety seedling from 0 to 15 points referred
to the resistant type, from 16 to 100 points to the susceptible type of reaction.
To identify the differences between the samples, the criterion of the smallest significant
difference (d ≥ НСР 05) was used; for the statistical analysis of the characteristics
correlation, the linear Pearson correlation coefficient (r) was used. The calculation was
performed using the Statistica 13.3 program.

3 Results and discussion
We revealed significant differences in the growth rate of isolate colonies collected from the
barley varieties differing in resistance to the pathogen (Table 1).
The growth rate of isolates colonies ranged from 6.3 to 10.6 mm per day. The average
growth rate of the colonies isolated from a moderately resistant Versal variety was the
highest and amounted up to 9.0 mm/day. P. teres colonies isolated from the moderately
susceptible Kubagro -1 variety grew more slowly, at a rate of 8.6 mm/day. Even slower was
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the growth rate of the pathogen colonies collected from the highly susceptible Romance
variety, which average value was 7.6 mm/day. Significant differences were found between
the growth rate of the isolates colonies collected from the varieties differing in the
resistance to the pathogen.
Table 1. The growth rate of the P. Teres monoconidial isolates colonies, collected from the barley
varieties differing in resistance, mm/ay
Resistance
characteristics
Versal
MR
Kubagro-1
MS
Romance
HS
НСР05
Variety

The growth rate of the pathogen isolates colonies
2
3
4
5
6
7
8
9
9.3 8.9 9.0 9.0 8.3 9.0 8.5 10.6
9.2 7.5 8.1 8.7 9,2 8.7 9.1
9.1
8.3 6.3 7.5 6.3 8.7 7.3 6.6
7.6
0.73

1
8.8
7.3
9.0

10
8.7
8.8
8.4

In the course of the research we identified 7 morphological types of P. teres colonies
(Table 2).
Table 2. Morphotypes frequency of P. teres colonies collected from the barley varieties differing in
resistance
Variety
Versal
Kubagro-1
Romance

Resistance
characteristics
MR
MS
HS
Total

BT
2
3
3
8

DgT
5
8
8
21

Colony morphotype, pcs.
DgBT
BG
WgT
3
9
8
5
6
3
3
4
5
11
19
16

B
0
0
2
2

BgT
3
5
5
13

Among the colonies of P. teres monoconidial isolates, isolated from the barley varieties
differing in resistance, the DgT colony type prevailed, having dark grey mycelium with
light bunches and a black substrate (23.3 % frequency) (Fig.2). With a frequency of 21.1 %,
there was a colony morphotype with light grey fluffy BG mycelium in the population. The
lowest frequency was observed in colonies with morphotype B, which has a light, almost
white mycelium with a pinkish or grey shade with light bunches. It was present only in
colonies of the fungal isolates collected from the Romance variety, and amounted up to 2.2 %
of the total.

Fig. 2. P. teres isolates colonies isolated from the barley varieties differing in resistance with
different morphological types (original)

Among the pathogen isolates collected from a moderately resistant Versal variety,
isolates with light grey fluffy mycelium (BG) and white low mycelium with dark grey spots
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and light bunches (WgT) predominated. The moderately susceptible Kubagro-1 variety was
dominated by isolates with dark grey with light bunches and a black substrate (DgT) and
light grey mycelium (BG). Highly susceptible Romance variety included all colony
morphotypes, but the DgT morphotype prevailed.
The highest sporulating ability was detected in isolates collected from the moderately
resistant Versal variety, amounting up to 7 × 103 conidia/ml. Colonies with an index of 4.3
× 103 conidia/ml, isolated from the moderately susceptible Kubagro-1 variety, can be
classified as mid-sporulating. Pathogen isolates from the highly susceptible Romance
variety showed the lowest sporulation level, the average value was 1.3 × 103 conidia/ml.
A comparative analysis by the virulence of P. teres isolates collected from three barley
varieties differing in resistance to the pathogen revealed some differences (Table 3).
Table 3. Characteristics of P. teres populations isolated from the barley varieties differing in
resistance by the number of virulent isolates to differentiating varieties

Variety

Versal
Kubagro-1
Romance

Resistance
characterristics
Skiff
MR
MS
HS

66
100
26

Percentage of virulent isolates on differentiating varieties
Prior

CI
9825

46
23
13

53
6
30

Сanadian
c-8755 CI 5791
Lake
Shore
76
0
100
43
3
100
70
0
90

Har
bin

c-20019

Har
ring
ton

0
0
0

46
30
16

93
100
100

Significant differences in the number of virulent isolates to differentiating varieties
Skiff, Prior, CI 9825 and c-20019 were revealed. It should be noted that there is a
correlation between a decrease in the number of virulent isolates to differentiating varieties
Prior and c-20019 and a decrease in the resistance degree of the host plant to the pathogen.
Figure 3 shows the indicators of the damage degree of barley plants, average virulence,
and the number of the identified races in P. teres populations collected from the varieties
differing in resistance (Fig.3).

Fig. 3. Damage degree, average virulence, and the number of the identified races in P. teres
populations collected from the barley varieties differing in resistance

In the pathogen population collected from the moderately resistant Versal variety with
10 % plant damage, the number of identified races was 18; from Kubagro-1 variety – 25 %
and 12 races; from the Romance variety – 65 % and 13 races, respectively. The greater
diversity of the racial composition of the P. teres population from the Versal variety
indicates a high evolutionary adaptability of the pathogen in overcoming the resistance of
the variety host plant.
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We found that the pathogen population isolated from the moderately susceptible
Kubagro-1 variety (25.0 %) had the highest virulence and the fungus population from the
highly susceptible Romance variety had the smallest virulence (16.7 %). The statistical
analysis showed a linear negative correlation between the damage degree of the host plant
and the average virulence of the pathogen (r = -0.59).
An analysis of the P. teres population structure by racial composition revealed high
diversity. So, we identified 43 races among the studied 90 pathogen isolates (Table 4).
Table 4. Frequency of the most common races in P. Teres populations , collected from the barley
varieties differing in resistance, %
Variety

Resistance
characteristics

Versal
Kubagro-1
Romance

MR
MS
HS

Race
651 551 411 053 751 453 611 153 051 011 753 451 613
9
6
0
6
6
9
3
3
0
0 13 0
0
6
3
20
0
0
9
6
0
0
0
0 20
9
6
9
3
6
3
0
0
3
26 20 0
0
0

Races 651 and 551 were observed in pathogen populations collected from all analyzed
barley varieties. Races 411, 053, 751, 453, 611, 153 were found on two barley varieties,
Versal and Romance varieties had three of the above mentioned races, two of the races
were found on Versal and Kubagro-1 varieties, and one of the races was found on Kubagro1 and Romance varieties. Thus, in the pathogen population from the moderately resistant
Versal variety, among the identified 18 races there were 11 original and 7 identical; from
the moderately susceptible Kubagro  1 variety among the 12 races there were 7 original
and 5 identical; from the highly susceptible Romance variety among the 13 races, there
were 7 original and 6 identical races.
The moderately resistant Versal variety was noted to favor the formation of a greater
number of P. teres races. This indicates a high competitive ability of the pathogen
population collected from a more resistant variety, which provokes stabilizing selection
with the elimination of “extra” genes and an increase in the number of P. teres clones with
optimal adaptive properties under these conditions, which is consistent with the studies of
several authors [5, 6, 16, 18].

4 Conclusions
Based on the studies, it can be concluded that barley varieties resistant to P. teres induce
the appearance of the most aggressive and rapidly propagating pathogen populations, since,
in a comparative analysis, isolates from a moderately resistant variety showed the highest
colony growth rates, the most intense sporulation, and the maximum of the identified
number of races. The dominant races of P. teres have been determined. The selection of the
pathogen virulence clones was carried out on the Versal variety, exhibitting a high level of
non-specific resistance, with a wide range of diversity, including pathogen races identified
from less resistant varieties. The obtained results are consistent with the previous studies
proving that new aggressive and diverse genotypes accumulate in the P. teres population
from resistant barley varieties, among which the unadaptable ones are eliminated by natural
selection pressure, and the most adaptable ones intensively propagate in clones,
significantly increasing the virulence of the population, which ultimately negatively affects
plant protection in industrial crops.
The studies were carried out in the framework of the grant of the Russian Foundation of
Basis Research and the Administration of Krasnodar Krai r_Mentor No. 19-416-235005.
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