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Abstract
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In 1996-1998, according to virulence analyses of populations of Blumeria graminis {. sp. tritici, the effective resistance genes in
wheat were Pm4a and Pmi1+2+9. The gene combination Pm2+6 was cffective only against isolates from western Slovakia.
Ineffective were the genes Pm2, Pm3a, Pm3b, Pm3c, Pm3f, pmS5, Pm7 and Pm8. Gene Pm4b was partly effective only in eastern
Slovakia. The number of virulence genes in the collected isolates ranged from 9 to 13; most frequent were isolates with 10 or 11
genes of virulence. The isolates with the lowest complexity were found in eastern Slovakia.
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Triticum aestivum L. is host for many pathogens, of
which powdery mildew, rusts, septorioses, fusarioses and
the diseases of stem bases are the most important for
resistance breeding. Of the obligate parasites, powdery
mildew and the rusts are remarkable for high intraspecific
variability because of the appearance of new races or
pathotypes. Resistance breeding in Slovakia uses race-
specific resistance against such pathogens, although non-
specific resistance is used as well. For production, slow
rusting and slow mildewing genotypes are also impor-
tant,

The pathogen for powdery mildew is Blumeria grami-
nis DC. . sp. tritici Marchal. GOLOVIN (1958) and SREER
(1975) separeted the species Erysiphe graminis DC. from
the genus Erysiphe into the new genus namely Blumeria
with one species Blumeria graminis (DC.) SPEER. The
reason for this were morphological differences in its veg-
etative organs and in the structure of cleistothecia, which
are quite different from other species of the genus Blume-
ria. :

From the territory of Slovakia, 21 races of B. graminis
were described in the period 1981-1987 (HUSZAR 1996;
KOLLAR 1985) by using seven differentials (NOVER 1957).
In wheat 24-25 numbered major genes of resistance to
powdery mildew were described; they are effective either
individually or in gene combinations (BARTOS 1991). Race-
specific breeding for resistance is used against wheat
powdery mildew world-wide. For effective use of the re-
sistance genes, the observations of pathogen variability

are very important because the prevailing virulence fac-
tors of the race spectrum that are characteristic for an area
become known, and we can also find effective genes for
resistance. We report here the virulence observations of
wheat powdery mildew of the years 1996-1998 in Slova-
kia.

MATERIALS AND METHODS

From regions of western Slovakia we collected 20 sam-
ples of powdery mildew from five localities, from central
Slovakia 24 samples from 10 localities, and from eastern
Slovakia 15 samples from five localities (Fig. 1). Single
pustule isolates were obtained from the samples and mul-
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Fig. 1. Localities for sampling of isolates in 19961998 in Slo-
vakia
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tiplied on Carsten V, a cultivar with no gene of resistance.
Tests on the virulence of the isolates were carried out at
growth stage 12 (seedling stage) according to ZADOKS er
al. (1974). In 1996 we inoculated intact plants, while from
1997 on the tests were done on leaf segments on agar
medium with benzimidazole. From each cultivar we tested
10 leaf segments, each coming from a different plant. Six-
teen differential cultivars were used, and Carsten V as
check cultivar.

Cultivar Ge_ne of Cultivar Ge_ne of
resistance resistance
Axminster Pml Weihenstephan M1 Pm4b
Ulka Pm?2 Hope pm3
Asosan Pm3a  Transec Pm?7
Chul Pm3b  Salzmiinder 14-44 Pmé
Sonora* Pm3c  Amigo Pmi7
Colibri Pm3d  Kenya Civet Pm2+6
Michigan Amber Pm3f  Halle 13471 Mld+mlha
Khapli/8 Pm4a  Normandie Pml+2+9

*used as differential cultivar from 1997 on

The reaction of a differential was evaluated by a scale
of 0-5 (MAINS & DIETZ 1930 ), where degrees 0, 1 and 2
refer to resistance, whereas 3 and 4 refer to susceptibility:
0 — highly resistant (leaves without disease symptoms, or
tiny chlorotic or necrotic spots);

1 - resistant (large chlorotic or necrotic spots on leaves,
weak development of mycelia and conidia);

2 — weakly resistant (less evident chlorotic spots without
necrotisation, conidia formation is moderate);

3 — susceptible (evident conidia formation);

4 — highly susceptible (vigorous fructification).

From the results we calculated the virulence of isolates
against 16 resistance genes and the complexity of viru-
lence.

RESULTS AND DISCUSSION

The results of virulence analyses from the regions of
Slovakia, and the ratio of virulence against the resistance
genes of the differentials are given in Table 1. Cultivar
Khapli/8 with gene resistance Pm4a, and cv. Normandie
with gene combination Pm/+2+9 were resistant against
all isolates collected in Slovakia. The gene combination
of Kenya Civet (Pm2+6) was effective only against the
isolates collected from western Slovakia.

The number of virulence genes in the isolates ranged
from 9 to 13, butisolates with 10 or 11 genes of virulence
were most frequent. The frequency of virulence against
gene Pml decreased towards eastern Slovakia. The effec-
tiveness of resistance genes Pm3d and Mld+mlha was
similar throughout Slovakia (33—42% for Pm3d and 7.0 to
30% for Mld+mlha). According to our results we can con-
sider genes Pm2, Pm3a, Pm3c, Pm3f, pm5, Pm7 and Pm8
to be ineffective. The resistance of cv. Weihenstephan
M1 with Pm4b was effective only in western Slovakia,

54

while in the other regions it was completely ineffective.
High virulence against gene Pm/7 was also detected. The
appearance of virulence against the gene combination
Pm2+6 in eastern Slovakia is probably caused by races
from Hungary, where cultivars with that gene combina-
tion are widely grown (SZUNICS & SZUNICS 1996). The
resistance genes Pm2+6 are not very frequent in culti-
vars grown in Slovakia at present. In Hungary, cultivation
of varieties with resistance genes Pm8&8 and Pm2+Pm6
accelerated the evolution processes in the Blumeria gra-
minis population, leading to an increased number of races
virulent to these genes and consequently to loss of the
resistance (SZUNICS & SZUNICS 1993).

The results of analyses of the complexity of the isolates
are given in Tables 2 and 3. The coefficient of complexity
in western Slovakia was 0.70. A similar value (0.71) was
found also in isolates from central Slovakia. [solates from
castern Slovakia had the lowest complexity (0.67). It is
interesting to note that the isolates with lowest complex-
ity came from cv. Torysa with the genes for resistance
Pm2+6.

The results of the complexity of the isolates Blumeria
graminis f. sp. tritici originated from the single locality
(Table 3) suggested, that the virulence is higher at the
isolates originated from the trials of Variety Testing Sta-
tion than at the isolates originated from production wheat
fields. It is probably caused by higher genotype variabil-
ity in the trials of Variety Testing Station.

Table 1. Frequency [%] of Blumeria graminis f. sp. tritici
virulence genes in the years 1996-1998 in Slovakia

Differential Gene of Lo A
cultivar resistance West Central East
Axminster Pml 95.0 70.8 53.3
Ulka Pm?2 100.0 100.0 93.3
Asosan Pm3a 100.0 100.0 100.0
Chul Pm3b 100.0 100.0  100.0
Sonora Pm3c 95.0 - 933
Colibri Pm3d 35.0 42.8 333
Michigan Amber Pm3f 100.0 100.0  100.0
Khapli/8 Pmda 0 0 0

Weihenstephan M1 Pmd4b 100.0 100.0 533
Hope pm3 100.0 100.0 100.0
Transec Pm7 100.0 100.0  100.0
Salzmunder 14/44  Pm8 100.0 100.0  100.0
Amigo Pml7 75.0 66.7 93.3
Kenya Civet Pm2+6 0 41.6 66.7
Halle 13471 Mld+mlha 30.0 292 6.7
Normandie Pml+2+9 0 0 0

Carsten V (control) none 100.0 100.0 100.0
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Table 2. Complexity of virulence in isolates of Blumeria gra-
minis {. sp. tritici in Slovakia in 1996-1998 (according to origin
of isolates)

Regions Origin of Genes of  Complexity
(No. of analyses) isolates resistance  of isolates
West Slevakia Astella none 0.75
(320) Blava none 0.68
Ilona pm3 0.75
Torysa Pm2+6 0.65
Total complexity in West Slovakia 0.70
Central Slovakia Astella none 0.75
(343) Blava none 0.85
Ilona pm35 0.85
Torysa Pm2+6 0.70
Hana none 0.71
Samanta none 0.79
Total complexity in Central Slovakia 0.71
East Slovakia Astella none 0.69
(240) Blava none 0.72
llona pm5 0.69
Torysa Pm2+6 0.60
Total complexity in East Slovakia 0.68

For the testing of horizontal resistance we found out
lower complexity coefficients of virulence in isolates of
powdry mildew at the Variety Testing Stations TrebiSov
and Haniska. The highest complexity of virulence was
found at the locality Viglas.

Our results are compared with the results within the
framework of COST 817 project Population studies of air
& borne pathogens on cereals as a means of improving
strategies for disease control. All countries of central and
western Europe are included in this framework. The co-
operation within COST 817 was valuable for forecasting
changes in virulence of powdery mildew and rusts (BAR-
TOS & WALTER1997; SCHACHERMAYR & WINZELER
1997).

In the Czech Republic, the virulence analyses for 1997
included cultivars with the genes of resistance Pm2,
Pmdb, pm5, Pm2+6 and PmI+2+9, and in 1996 also Pm17
(KLEM & TVARUZEK 1997). They found virulence against
all these genes. Least frequent was virulence against the
gene combination Pmif +2+-9. The present analyses found
no virulence against that gene combination in Slovakia.
Against the gene combination Pm2+6 we found virulent
isolates mostly in eastern Slovakia and fewer in central
Slovakia, but before 1996 some virulent isolates were also
found in western Slovakia (HUSZAR 1992, 1996; HUSZAR
& KRAIC 1997). In contrast to the Czech Republic, all iso-
lates from throughout Slovakia were virulent against re-
sistance genes Pm2, Pm4b and pmS5, except for Pm4b to
which only 53% of the isolates from eastern Slovakia were

Table 3. Complexity of virulence in isolates of Blumeria gra-
minis f. sp. tritici in 1996-1998 (according to locality)

. . No. of Complexi
Regions  Locality analyses of isglalczy
West Piestany! 64 0.67
Slovakia v, Ripfiany? 64 0.70

Bahoit? 64 0.75
V. Meder? 64 0.69
Zeliezovee? 64 0.72
Central  R. Sobota? 70 0.74
Slovakia = yjglag 57 0.79
Bodorova? 70 0.74
Belusa? 30 0.70
Ziar n/Hronom? 30 0.60
Balog n/Iplom? 15 0.67
V. Krtig? 14 0.64
Lugenec® 15 0.67
Trengin® 14 0.57
Prievidza® 15 0.73
East Trebisov? 64 0.66
Slovakia N §aris? 64 0.70
Haniska? 64 0.66
Michalovee? 32 0.75
Oborin? 16 0.69

IResearch Institute of Crop Production; Variety Testing Station;
3production wheat ficlds
p

virulent. A relatively high virulence frequency in pow-
dery mildew populations against all the most often used
resistence genes and their combinations in Europe was
observed in Poland (STRZEMBICKA & LLAZARSKA 1996).
In that country the frequencies of virulence to Pmi, Pm2,
pm5, Pm7 and Pm8 were similar to those of the popula-
tion of powdery mildew of wheat in Slovakia.
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Na zdklade virulenénej analyzy Blumeria graminis f. sp. tritici boli v rokoch 1996-1998 na Slovensku efektivne gény rezistencie
Pmdaa Pml+2+9. Génova kombindcia Pm2+6 bola G¢inn4 iba proti izolatom zo zépadoslovenského regionu, Neucinne boli gény
rezistencie Pm2, Pm3a, Pm3b, Pm3c, Pm3f, pm5, Pm7 a Pm8. Gén Pm4b bol Eiatoéne GEinny iba proti niektorym izolitom
z vychodoslovenského regionu. Najfrekventovanejsie boli izeldty s 10, resp. 11 génmi virulencie.

Klufové slova: pienica; Blumeria graminis f. sp. tritici; virulencia
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