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Abstract

MINARIKOVA V., POLISENSKA 1. (1999): Analysis of populations of Pyrenophora teres on barley in the Czech Republic.
Pl. Protect. Sci., 35: 115-120.

One of the diseases that have become important in the Czech Republic recently is net blotch of barley caused by Pyrenophora
teres (Died.) Drechs., with the imperfect state Drechslera teres. In 1995-1997 infected leaves of both spring and winter barley
were collected in various stands and climatic regions. Almost 400 isolates of the pathogen were obtained and tested for virulence
using a differential set (CI 5791, C12750, C1 9819, C 8755, Steudelli, Harbin, C 29192, CI 739, Tifang, and the susceptible control
Beate). To assess their reaction, the laboratory method for testing leaf segments on benzimidazole was used. The most stable
resistant responses, compared also with previous tests from 1991-1994, were found in CI 739 and Tifang where the frequency
of virulent isolates did not exceed 10% of all tested ones. These genotypes should be involved in practical breeding of barley for

resistance to the pathogen.
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Barley is an economically important commodity. Similar
to other crops, efforts are being made to release resistant
cultivars to growers that would require no or minimal chem-
ical treatments. The fungal diseases that had to be con-
trolled during the last years are net blotch, caused by the
facultative pathogen Pyrenophora teres (Died.) Drechs.,
and leaf blotch caused by Rhyrnchosporium secalis (Oud.)
Davis. Under favourable conditions, both diseases may
become a serious threat to both grain yield and malt qual-
ity. Especially severe epidemics of net blotch developed
at many sites of the Czech Republic during 1996 and 1997.
Winter barley was infected at a higher level by a spot
form of the pathogen, Pyrenophora teres f. maculata,
while spring barley was more sensitive to the classical
net form, Pyrenophora teres f. teres. The pathogen may
cause considerable yield losses ranging from 10 to 40%
according to STEFFENSON & WEBSTER (1992). That is in
accordance, for instance, with results of ARABI et al. (1992)
who assessed a yield loss of 20% in the untreated control
in his experiments with chemical products. Similar data
were reported for the Czech Republic by VANOVA (1996)
with the cultivar Forum that is completely resistant to
powdery mildew. In an experiment on the effect of the
fungicide Tilt (a.i., propiconazole), the untreated control
had a mean infection by net blotch of the flag and two
upper leaves of 33.7%, while the treated variant had a

mean infection 0of 20.2% and showed a significant yield
increase of 2 t/ha, i.e., 34.6%.

Breeding for resistance to this pathogen is difficult be-
cause of its high intraspecific variability. The physiolog-
ical specialization of the fungus was described as early as
in the 1940s. Some studies have been focused on a differ-
ential set for the pathogen (AFANASENKO & LEVITIN 1979;
GACEK 1985; TEKAUZ 1990; AFANASENKO ef al. 1995).
Pathogen populations were analyzed in the Czech Repub-
lic in 19911992, when 72 pathotypes were identified on
15 cultivars using isolates from six locations (MINARI-
KOVA 1993). In the period from 1993 to 1994, 46 patho-
types were distinguished on 21 cultivars using 56 iso-
lates from the location Mohelnice (MINARIKOVA 1995).

The pathogen occurs in two forms that were described
by SMEDEGARD-PETERSEN in 1971. They are the spot
and classical net form, and have been reported in various
regions of the worid (e.g., BRANDL & HOFMANN 1991;
ARABI et al. 1992; TEKAUZ 1990, and others). In 1995, the
causal agent of the spot type, Drechslera teres f. macula-
fa, was isolated in the Czech Republic on the winter bar-
ley cultivar Kromoz for the first time. The spot form
occurred on winter barleys far more frequently than the
net form (MINARTKOVA 1996).

Analyses of local pathogen populations were carried
out prior to selection of suitable donors for breeding pro-
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grammes aimed at the development of genotypes resis-
tant to the pathogen. It is a challenging and long-term
process because effective donors are mostly wild materi-
als from original centres of the cultivation of barley. They
are multirowed, low-yielding, lodging, and susceptible to
other leaf diseases, particularly to powdery mildew (Tifang,
Harbin, C1 739, C12750, C 29192, Steudelli, and others),
and therefore need multiple backcrosses. Highly resis-
tant materials are those which show susceptibility to max-
imal 10% of'the isolates of the pathogen population. Thus,
the possible donors are tested for resistance to local pop-
ulations, i.e. the populations from various locations in
different agroclimatic regions.

MATERIALS AND METHODS

Responses of donors to populations from different or
individual locations are usually very variable, but great
variability can also appear within a single population. An
effective method to assess the reaction of donors is the
laboratory method that tests leaf segments on a benzimi-
dazole solution. It allows us to determine the percentage
of isolates virulent to a genotype. Effective donors are
genotypes with a broad effectiveness against different
populations, that means the lowest number of isolates are
virulent on them.

The infected material was collected during the growing
season on currently grown barley cultivars and in differ-
ent climatic regions. Diseased leaves were stored in paper
bags at room temperature. Necrotic parts of leaf blades
were excised, surface-sterilized using copper sulfate pen-
tahydrate (up to 15 min) and rinsed with distilled water
(for 5 min). The leaf segments were placed on potato-
lactose agar (PLA) in Petri dishes under continuous fluo-

rescent light. After 4-5 days, single-spore isolations were .

made and individual isolates incubated on PLA at 20-23°C.
The inoculum was mostly prepared from one dish. Conid-
ia were scraped off the surface of 10-day old cultures,
mixed in distilled water and filtered through twofold mull.
A concentration of 5 000 to 10 000 conidia per ml was
measured with a micro-pipette. Tween 80 wetting agent
was added to the inoculum.

To assess the response of each genotype of the host to
each isolate of the pathogen, the laboratory method for
testing leaf segments on a benzimidazole solution was
applied. The procedure has been described by AFANASEN-
KO et al. (1995) in greater detail. Segments 15 mm long of
healthy primary leaves were placed on filter paper soaked
with 0.004% benzimidazole solution. Drops of the inocu-
lum were applied to the surface of segments. Plastic dish-
es with segments were left in diffused light for 24 h and
then transferred under continuous fluorescent light. Each
isolate was tested on each genotype of the host in four
replicates. Six days later, responses were scored using
the 0—4 scale where a lower value indicates higher resis-
tance. A mean of the four replications up to 2.0 was con-
sidered as resistant response, a mean higher than 2.1 as
susceptible. Responses of the genotypes were evaluated
separately for individual locations and, at the same time,
for all populations from the locations. The aggressive-
ness of isolates from the locations was compared.

RESULTS
1995

In 1995 (Table 1), 196 isolates from 10 locations (Staré
Misto, Velky Beranov, Cervenka, Stupice, Malé Hradisko,
Rymartov, Strukov, Kroméfiz, Postoupky, and Hradec nad
Svitavou) were tested. Overall, the lowest number of iso-

lates was virulent to Tifang (8%), but at the location Velky

Table 1. Frequency of virulent isolates in populations from 10 locations of the Czech Republic on differential cultivars of spring

barley (1995)

Frequency of virulent isolates [%] out of the total number of isolates per location

Staré  Velky Malé

Misto Beranov Cervenka Stupice Hradisko Rymatov Strukov Kroméfiz Postoupky Hradec mean
Cultivar il 5% 17* 3oF 4% LG¥ ¥ 24* 13#* 41%
CI 5791 0 13 0 13 A 37 67 4 54 34 25
C12750 18 53 0 10 36 0 0 54 15 0 17
C19819 9 0 47 26 0 37 33 4 46 22 22
C8755 0 7 71 51 36 26 100 25 54 46 40
Steudelli 9 13 6 13 14 11 33 4 23 12 12
Harbin 0 13 0 8 43 0 0 17 15 10 11
C 29192 36 27 12 18 7 0 33 30 23 7 17
CI%39 0 33 0 5 14 0 0 17 31 7 10
Tifang 0 27 0 15 21 5 0 4 8 0 8
Beate 64 100 100 95 86 47 100 79 69 81 82
Location mean 14 29 24 25 33 17 37 24 34 22

*number of tested isolates at the location
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Beranov it was 27%. Further, 10% of all isolates were vir-
ulent on CI 739, but 33% ofthe isolates from Velky Bera-
nov were virulent on it. However, the aggressiveness of
the population from this location was not the highest of
the tested populations. The third lowest number of viru-
lent isolates was found for Harbin (11%), with the excep-
tion of'the population from Malé Hradisko where almost
43% of'the isolates were virulent. Cultivar Steudelli with
12% of virulent isolates ranked fourth within resistant
cultivars. By contrast, 22% of the isolates were virulent
to CT 9819, which was completely resistant to the popu-
lations from Velky Beranov and Malé¢ Hradisko. It will
thus be useful to combine the resistance of this entry
with those from CI 739 and Harbin. Responses varied
considerably in CI 5791, with a frequency of virulent
isolates from 0 to 71%:; likewise C 8755 showed a re-
sponse range from 0 to 100%. A maximum frequency of
isolates virulent on the susceptible control cultivar Beate,
Le., 100%, was assessed at three locations (Velky Beranov,
Cervenka and Strukov), but only 47% of the isolates from
Rymarov were virulent on it. The spot form of the patho-
gen was detected only at Staré Misto; the aggressiveness
of this population was the lowest of all tested locations.

1996

In 1996 (Table 2}, 88 isolates from populations of the
locations Stépankovice, Velky Beranov, Luzany, KroméFz,
Kujavy and Chrlice were investigated. An identical per-
centage of virulent isolates was recorded for CI 9819 and
CI 739, while isolates virulent to CI 9819 occurred in one
population only (Chrlice). The same number of virulent
isolates (11%) was also assessed for CI 2750, Steudelli
and C 29192. There were 14% of the isolates virulent to
cultivar Tifang, which was the highest percentage of the
3 years. At four locations, 100% of the isolates were vir-
ulent to the susceptible control Beate. The spot form of

the pathogen was found at Luzany and Kujavy. The pop-
ulation from the location Kujavy was least aggressive,
which corresponds with results obtained in 1995. How-
ever, the population from LuZany was the most aggres-
sive one from all locations.

1997

A total of 115 isolates (Table 3) from six locations
(Kromeéfiz, Zarici, Postoupky, Stupice, LuZany, and Hradec
nad Svitavou) were tested. The first three locations are
rather close to each other, but populations were sampled
at different growth stages as follows: the population from
Postoupky was collected in early spring (on the cultivar
Beate at tillering), the populations from KroméFiz and Zafi-
Ci were also collected on Beate in late June (GS 69) and
mid-October, respectively. The aggressiveness of these
populations corresponds with dates of collection: the pop-
ulation collected earliest was least aggressive. In general,
the lowest number of virulent isolates was from LuZany,
where the population consisted of the spot form of the
pathogen. The lowest number of virulent isolates was
found for Tifang (1%) and CI 739 (3%). Isolates virulent
to Tifang were detected at one location only (Postoup-
ky), and those virulent to CI 739 at two locations (Pos-
toupky and Zar{¢{). There were 8% of isolates virulent to
both CI 2750 and Harbin, Low percentages of virulent
isolates were observed also for Steudelli (10%), C 29129
(13%) and CI 9819 (14%). The control cultivar Beate was
susceptible to a maximum number of isolates at three lo-
cations, and was susceptible to the highest number of
viruient isolates of the three years studied.

DISCUSSION

We can compare these results (Table 4, Fig. 1) with anal-
yses which were carried out in 1991-1992 (100 isolates

Table 2. Frequency of virulent isolates in populations from six locations of the Czech Republic on differential cultivars of spring

barley (1996)
Frequency of virulent isolates [%] to a total number of isolates per location

Stépankovice Velky Beranov ~ Luzany Kujavy Chrlice Kroméfiz  mean
Cultivar 10# 11* O* 25% 19% 14*
CI5791 0 0 0 36 36 0 18
CI 2750 0 27 44 8 5 0 11
Ciog19 0 0 0 0 21 0 5
C 8755 50 91 56 4 47 43 41
Steudelli 20 46 22 4 0 0 il
Harbin 0 27 53 3 10 7 16
C 29192 0 0 22 0 42 0 11
L1739 0 0 22 0 10 0 5
Tifang 20 36 44 8 0 0 14
Beate 100 100 100 68 100 92 90
Location mean 19 33 37 13 27 14

*number of tested isolates at the location
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Table 3. Frequency of virulent isolates in populations from six locations of the Czech Republic on differential cultivars of spring

barley (1997)

Frequency of virulent isolates [%] to a total number of isolates per location

Kromériz ZAFici Postoupky Stupice Luzany Hradec FiEEn
Cultivar 29% 17% 2o* 14* [2% 14*
CI 5791 32 71 39 43 25 7 36
€1 2750 0 24 0 14 8 0 8
C19819 28 12 14 21 8 0 14
C 8755 88 i 32 57 50 78 63
Steudelli 11 0 35 0 10
Harbin 0 12 14 14 {] 8
C 29192 35 12 7 1 0 21 13
CI 739 0 S 11 0 0 0 a4
Tifang 0 0 7 0 0
Beate 98 100 84 100 83 100 94
Location mean 29 31 24 26 19 21

*total number of tested isolates at the location

from six locations) and in the following years (245 isolates
from ten locations). Seventy percent of the isolates were
virulent to the susceptible control Beate in 1991-1992,
89% in the following years, 82% in 1995, 90% in 1996, and
94% in 1997. Only rarely was the frequency of isolates
virulent to individual genotypes nearly the same (e.g., the
responses of CI 739 in 1993—-1994 and 1996, of Steudelli in
1995 and 1996). This may be caused by several factors,
for instance by the fact that the populations from the same
locations are not tested each year. However, the most im-
portant factor is that the race spectrum of the pathogen is
still changing.

At some locations samples infected with the spot form
were collected. The population from Luzany (where in-

lable 4. Frequency of virulent isolates in populations of the
pathogen in the Czech Republic (1991-1997)

Frequency of virulent isclates [%]

Cultivar 100 245 196 88 115 /;‘:m
CI739 7 4 10 5 3 B
Tifang 12 6 8 3 1 8
CI5791 48 41 25 18 36 34
C12750 18 14 17 1 8 14
C19819 16 26 22 5 14 17
C 8755 - - 40 41 63 48
Steudelli 30 23 12 now 17
Harbin 28 1 11 16 8 15
C 29192 " 28 17 1 B n
Beate 70 89 82 90 94 85
Testing

period 199192 1993-94 1995 1996 1997

*total number of tested isolates at the location
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fected material was collected on spring barley in early
spring of 1996) tended to produce sterile spots, i.e., no
conidia developed even on nutritive medium, so that 110
samples gave only 12 isolates. This is explained by SME-
DEGARD-PETERSEN (1971) who suggests the possibility
that species of the genus Pyrenophora hybridize with
each other and part of the progeny produces sterile spots.
Isolates from Kujavy gave results similar to those from
Velky Beranov, i.e., many pure cultures did not produce a
sufficient concentration of inoculum even under standard
incubation conditions.

Besides studying the epidemiology of the pathogen,
the aim of population analyses is to detect suitable do-
nors for the programme to breed for resistance to it. Do-
nors exhibiting wide effectiveness to many different
pathogen populations will be used as parents. This effec-
tiveness is understood in both spatial and temporal terms.
Despite the fact that highly resistant materials are geno-
types on which 10% or fewer of the isolates are virulent,
we cannot exclude materials exceeding this limit from the
list of suitable donors. It is necessary to study their long-
term reactions and the trend during several years, and
compare them with results obtained by other authors. The
most promising donors among the differentials proved to
be cultivars Tifang and CI 739, which repeatedly exhibit-
ed very high resistance. GACEK (1985) reports 72% of
isolates virulent for genotype CI 739 in Poland. It is not
unusual that a given genotype “fails” at a certain location
or in a certain year. If such responses appear again, it is
necessary to combine the genotype with another donor
for which a low number of virulent isolates occurred at
this location. This is the case for CI 739 and Tifang at
Velky Beranov, where a higher percentage of isolates vir-
ulent to these genotypes occurred. Therefore, they were
combined with CI 9819 in the subsequent hybridization
programme. This genotype showed to be an effective donor



Plant Protection Science — 1999 Vol. 35, No. 4: 115-120

10
y Tifang
- ﬂ .H .H
= e e : 0 o e ;

50 4
04 g &
o™~ <t Ul O o
8 3 3 & 8 5 B B et
2 9 B CI 739 O Beate 2 g B
= = — — W Tifang []Beate
CI5791 100 - CI12750

100 ] |
|
50 | 50 - {
0 ﬁ T = e = : i 1 0 "__ 3 i i) et 0 T .

g 3 2 5 2 8 3 £ 2 5
= g 2 2 2 3 s 5 =
& g CI5791 OB & &
mC [ Beate - = B CI 2750 []Beate
CI9819 100 Steudelli
100 - ’ [
50 - ( } | At
o+ M1l Wl oo | M 0 : i

33 5 % 5 23 5 % &
5 2 = 5 8 S
. SIS W CI 9819 [ Beate " B Steudelli  [JBeate

100
0 +—- = [ . i
&
=

E N —

0. Tnictin= i e
o 5 33 8 % &
— — @ C 8755 [ Beate 2 2 B Harbin [ Beate
100 - C 29192

3
1996 H
I

8\"\ = § § Fig. 1. Comparison of reactions of the differentials to reaction
=y o — — of susceptible cultivar Beate (population of Pyrenosphora teres
X oA B C 29192 ] Beate in 1991-1997)

119




Vol. 35, No. 4. 115-120

Plant Protection Science — 1999

of resistance to the population from this location since its
resistance was not overcome by a single isolate. These
hybrids are tested and combined with cultivars of the
current spring barley assortment. The breeding programme
aims to combine these resistances with the good parame-
ters of our quality malting cultivars.

Acknowledgements

The authors thank Ing, I.. Crcrova (Experiment Station Hradec
nad Svitavou), Ing. . LANGER (SELGEN, a. s., Breeding Station
Stupice) and Ing. P. MaRrik (SELGEN, a. s., Breeding Station
Luzany near Ptestice) for collecting infected material under
extremely unfavourable weather conditions in 1997, and Dr. J.
BENADA for valuable advice and comments on research work.

References

AFANASENKO 0. S., LEVITIN M. L. (1979): Population
structure of barley net blotch causal agent depending on its
virulence. 1. Identification of races. Mikol. Fitopatol., 13:
230-234.

AFANASENKO 0. S., HARTLEB H.. GUSEVA N. N., MINA-
RIKOVA V., JANOSCHEVA M. (1993): A set of differentials
to characterize populations of Pyrenophora teres Drechs.
for international use. J. Phytopath., 143: 501-507.

ARABI M. 1., BARRAULT G.. SARRAFI A., ALBERTINI L.
(1992): Variation in the resistance of barley cultivars and in
the pathogenicity of Drechslera teres f. maculata and
D. teres f. teres isolates from France. Plant Pathol.. 41:
180--186.

Souhrn

BRANDL F., HOFFMANN G. M. (1991): Differenzierung phy-
siologischer Rassen von Drechslera teres (Sacc.) Shoem.,
dem Erreger der Netzfleckenkrankheit an Gerste. J. Plant
Dis. Protect., 98: 47-66.

GACEK E. (1985): Variabilities of the pathogenicity of the
Pyrenophora teres (Died.) Drechsl. fungus. Hodow. Résl.
Aklim. Nasien., 29: 41-50.

MINARIKOVA V. (1993): The study of Pyrenophora teres
(Died.) Drechs. population on the territory of the Czech
Republic. Ochr. Rostl., 29: 169-177.

MINARIKOVA V. (1995) An analysis of Pyrenophora teres
(Died.) Drechs. population in the Czech Republic and its use
for barley resistance breeding. Ochr. Rostl., 31: 1-10.

MINARIKOVA V. (1996): Reakce jarnich a ozimych je¢ment
na piivodce skvrnité formy D. feres f. maculata. In: Seminaf
Perspektiva nékterych novych smérii ve ve Slechténi obilovin,
Praha 4. 12. 1996.

SMEDEGARD-PETERSEN V. (1971): Pyrenophora teres . ma-
culata and Pyvrenophora teres f. teres on barley in Denmark.
In: Arskrift: 122-144.

STEFFENSON B. J., WEBSTER R. K. (1992): Pathotype
diversity of Pyrenophora teres [ teres on barley. Phylopa-
thology, 82: 170-177.

TEKAUZ A. (1990): Characterization and distribution of patho-
genic variation in Pyrenophora teres f. teres and P. teres I.
maculaia from western Canada. Can. J. Plant Pathol., 12:
141-148.

VANOVA M. (1996): Integrované zptisoby ochrany obilnin proti
chorobam a plevelam. [Zavér. zprava.] Zeméd. vyzk, Ustav
Kroméfiz, s. 1. 0.

Received for publication August 11, 1999
Accepted for publication October 9, 1999

MINARIKOVA V., POLISENSKA I (1999): Analyza populaci Pyrenophora leres na je¢meni v Ceské republice. P1. Protect.
Sci., 35: 115-120.

Jednou z chorob, které v poslednich letech nabyvaji v podminkéach Ceské republiky na vyznamu, je hnéda skvrnitost je¢mene
Pyrenophora teres (Died.) Drechs., konidiové stadium Drechslera ieres. V pribshu let 1995-1997 byl z rozdilnych pidnich
a klimatickych oblasti sbiran infekéni material, napadené listy jarniho i ozimého jeémene. Z nich bylo izolovano témér 400 izolatn
patogena, u nichz byla testovana virulence k souboru diferenciatora (CI 5791, CI 2750, CI 9819, C 8755, Steudelli, Harbin,
C 29192, CI 739, Tifang a nachylnd kontrola Beate). Ke zjisténi reakce materialt byla pouZita laboratorni metoda testace
listovych segmentii na roztoku benzimidazolu. Nejstabilnji rezistentni reakce i ve srovndni s dFivéjsimi testy z let 1991-1994
vykézaly genotypy CI 739 a Tifang, u nich# &etnost virulentnich klont nepfeshla 10 % ze viech testovanych izolati. Tyto
genotypy je vhodné vyuZit v rezistentnim $lechténi je¢mene na odolnost viéi uvedenému patogenu.

Klitova slova: Hordeum vulgare: hn&da skvrnitost jeémene; testace listovych segmenti
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