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Abstract

During three vegetation seasons virulence frequency of Tilletia caries and com-
mon bunt occurrence on 20 winter wheat cultivars were assessed. Tilletia caries vir-
ulence frequency was calculated as percentage of infected ears of a cultivar with
particular resistance gene as compared to a cultivar without any resistance gene. In
both experiments winter wheat seeds contaminated with teliospores of T. caries
were used. Virulence corresponding to genes Bt-3 and Bt-7 occurred in all three
seasons. Virulence corresponding to genes: Bt-4, Bt-8 and Bt-11 was not found in
any of the seasons. Among 20 cultivars of winter wheat the mean percentage of in-
fected ears for three seasons varied from 16.5 (‘Mikon’) to 33.7 (‘Wilga’).
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Introduction

Wheat is the most important cereal crop grown in Poland (about 28% of total
cereal cultivated area). Winter wheat is much more popular than spring wheat due
to the higher yield of the former. The yield losses are caused by unfavourable
weather or soil conditions as well as diseases and pests. Common bunt caused by
Tilletia caries is a serious disease of wheat in Poland. Usually winter wheat is in-
fected by the pathogen at a degree higher than spring wheat because of more fa-
vourable environment conditions for the pathogen in autumn than in spring
(Purdy and Kendrick 1957, Zscheile 1965). However, the pathogen’s response to
soil temperature and humidity depends on its race (Lowther 1950).

Common bunt is a problem in the countries or regions, including Poland, in
which sowing material is not free from the pathogen (Bakuniak 1995, Sadowski
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and fukanowski 2005, Vatiova et al. 2006, Dumalasové and Barto$ 2007 a). Yield
losses may exceed 50% when the inoculum level is high and environment condi-
tions are favourable for the pathogen development (Goates 1996, Laroche et al.
2000). Beside quantity also yield quality is decreased (Borgen 2004, Kochanova et
al. 2004). Moreover, wheat seedlings infected by T. caries are more sensitive to frost
damage than healthy ones (Veisz et al. 2000).

The aim of the research was assessment of T. caries virulence frequency and the
common bunt occurrence on 20 winter wheat cultivars.

Materials and methods

Experiment on T. caries virulence frequency evaluation was conducted in
Poznan in three growing seasons: 1998/99, 1999/2000 and 2004/05. In the exper-
iment 12 monogenic lines of winter wheat with different resistance genes (Goates
1996) were used as test plants (Table 1). ‘Heines VII’ cultivar was the only one
without any resistance gene. Tilletia caries population originated from the experi-
mental field in Winna Goéra, near Poznan. Seeds of test cultivars originated from
The State Stende Plant Breeding Station (Latvia) and USDA-ARS National Facility
in Aberdeen (USA). Sowing material from Latvia was used in seasons 1998/99 and
1999/2000 whereas from the USA in 2004/05.

The experiment was conducted on 0.053 m? microplots in four replications in In-
stitute of Plant Protection in Poznan. Sowing was done on October 16,19t and 14t

Table 1

Resistance characteristics of winter wheat cultivars (lines)
used for estimation of Tilletia caries virulence frequency

Cultivar (line) Resistance gene
‘Heines VII’ Bt-0 (lack)
Sel-2092 Bt-1
Sel-1102 Bt-2
‘Ridit’ Bt-3
CI-1558B/CI-1558* Bt-4
‘Hohenheimer’ Bt-5
‘Rio’ Bt-6
Sel-50077 Bt-7
PI-554120 Bt-8
PI-554099 Bt-9
PI-554118 Bt-10
PI-554119 Bt-11
‘Thule III’ Bt-13

*CI-1558B in years 1998/99 and 1999/2000 whereas CI-1558 in 2004/05 were used.
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in 1998, 1999 and 2004, respectively. Seeds before sowing were mixed with excess
of T. caries teliospores (100 g of teliospores per 1 kg of seeds; Miczynski 1953, 1956,
Gaudet et al. 1991, Rubiales and Martin 1999, Rubiales et al. 2001). Evaluation of
common bunt occurrence was performed during wheat ripening in three places of
ears: at the base, in the middle and the top (Zaleski et al. 1957). Occurrence of at
least one infected seed decided the ear was assessed as infected (Griffith et al. 1955).
Percentage of infected ears was calculated for each cultivar. Tilletia caries virulence
frequency was calculated in percentage of infected ears in a cultivar with particular
resistance gene as compared to a cultivar without any resistance gene.

The common bunt occurrence on 20 winter wheat cultivars was evaluated in
three vegetation seasons: 1995/96, 1996/97 and 1998/99. Split plot field experi-
ments in four replications were conducted in Agricultural Experimental Station
Winna Goéra of Institute of Plant Protection in Poznan. Plot area was 7.5 m? (1.5 x
5) in 1995/96 and 16.5 m? (1.5 x 11) in 1996/97 and 1998/99 seasons. Experi-
mental objects were 20 winter wheat cultivars registered for cultivation in Poland:
‘Alba’, ‘Aleta’, ‘Almari’, ‘Begra’, ‘Elena’, ‘Emika’, ‘Gama’, ‘Jawa’, ‘Jubilatka’,
Juma’, ‘Kamila’, ‘Kobra’, ‘Maltanka’, ‘Mikon’, ‘Olcha’, ‘Panda’, ‘Roma’, ‘Tercja’,
‘Wilga’ and “Zorza’ (Lista odmian... 1995). Contaminated and not contaminated
seeds were used in the experiment. 6 g of T. caries teliospores were used for con-
tamination of 1 kg of wheat seeds. Teliospores were mixed with seeds for 0.5 min
using device “Hege 11” with 3000 rotations per minute. The contamination was
performed in seasons 1995/96 and 1998/99. Seeds naturally contaminated with
teliospores from the last year experiment were used in the season 1996/97.
Sowing was done at the following dates: October 5™ 1995, October 2" 1996 and
October 8™ 1998. Assessment of common bunt occurrence was conducted on 50
ears randomly taken from plots during full ripening of seeds (BBCH 89). Evalua-
tion of the common bunt occurrence was performed in the same way as in the first
experiment and afterwards the percentage of infected ears was calculated.

Results concerning the percentage of ears of 20 winter wheat cultivars infected
by T. caries were statistically analyzed. Analysis of variance was performed. Tukey’s
test was used for comparison of means.

Weather conditions in Poznan and Winna Géra in particular seasons were dif-
ferent. October decade data were analysed for comparison of temperature and pre-
cipitation influence on number of ears infected by T. caries (Tables 2 and 3).

Table 2
Weather conditions in October in Poznan
Temperature (°C) Precipitation (mm)
Decade
1998 1999 2004 1998 1999 2004
I 6.7 10.8 12.2 33 20 11.7
I 8.8 6.2 7.1 9 15 19.4
III 9.0 8.5 11.0 37 9 14.6
Mean/total 8.2 8.5 10.1 79 44 45.7
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Table 3
Weather conditions in October in Winna Goéra
Temperature (°C) Precipitation (mm)
Decade
1995 1996 1998 1995 1996 1998
1 13.4 11.3 6.7 3 0.2 29.9
1l 12.2 10.4 8.8 2 5.5 9.5
111 7.0 7.5 9.0 7 11.4 34.2
Mean/total 10.9 9.7 8.2 12 17.1 73.6
Results

The common bunt was not found on: five wheat cultivars (Sel-2092, CI-1558B,
PI-554120, PI-554118 and PI-554119) in 1998/99, four wheat cultivars (Sel-1102,
CI-1558B, PI-554120 and PI-554119) in 1999/2000 and on most of the cultivars in
2004/05 (Table 4). Virulence corresponding to genes Bt-4, Bt-8 and Bt-11 was not
found in any of the seasons (Table 5). Virulence corresponding to genes Bt-3 and
Bt-7 occurred in all three seasons.

Mean percentage of ears of all the cultivars tested infected by T. caries calculated
for three seasons varied from 16.5 (‘Mikon’) up to 33.7 (‘Wilga’) (Table 6). Differ-

Table 4
Ears with common bunt symptoms in wheat cultivars
with different resistance genes
1998/99 1999/2000 2004/05
Cultivar (line) evaluated | infected | evaluated | infected | evaluated | infected
(number) (%) (number) (%) (number) (%)
‘Heines VII’ 69 31.9 45 48.9 113 42.5
Sel-2092 61 0.0 22 4.5 24 0.0
Sel-1102 84 40.5 14 0.0 90 48.9
‘Ridit’ 95 10.5 8 12.5 45 15.6
CI-1558B/CI-1558* 102 0.0 55 0.0 102 0.0
‘Hohenheimer’ 63 14.3 28 14.3 128 0.0
‘Rio’ 62 3.2 72 1.4 86 0.0
Sel-50077 134 32.1 82 14.6 95 1.1
PI-554120 62 0.0 78 0.0 26 0.0
PI-554099 68 4.4 70 1.4 31 0.0
PI-554118 88 0.0 101 1.0 61 0.0
PI-554119 92 0.0 41 0.0 15 0.0
‘Thule III’ 57 36.8 168 19.6 85 0.0

*CI-1558B in years 1998/99 and 1999/2000 whereas CI-1558 in 2004/05 were used.
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Table 5
Tilletia caries virulence frequency (%)

Cultivar (line) 1998/99 1999/2000 2004/05 Mean
‘Heines VII’ 100.0 100.0 100.0 100.0
Sel-2092 0.0 9.3 0.0 3.1
Sel-1102 126.9 0.0 115.0 80.6
‘Ridit’ 33.0 25.6 36.6 31.7
CI-1558B/CI-1558* 0.0 0.0 0.0 0.0
‘Hohenheimer’ 44.8 29.2 0.0 24.7
‘Rio’ 10.1 2.8 0.0 4.3
Sel-50077 100.6 29.9 2.5 44.3
PI-554120 0.0 0.0 0.0 0.0
PI-554099 13.8 2.9 0.0 5.6
PI-554118 0.0 2.0 0.0 0.7
PI-554119 0.0 0.0 0.0 0.0
“Thule III 115.5 40.2 0.0 51.9

*CI-1558B in years 1998/99 and 1999/2000 whereas CI-1558 in 2004/05 were used.

ences between mean percentages of infected ears were not significant. However, in
particular seasons differences between percentages of infected ears of some
cultivars were significant. It is worth to point out to small mean percentages of in-
fected ears in seasons 1995/96 (13.2) and 1996/97 (15.0) as well as to the high
percentage in 1998/99 season (44.6).

Discussion

Virulence frequency was evaluated for some pathogens (Gacek 1990, Tratwal
and Weber 2006). Many physiological races are described within T. caries popula-
tion (Hoffmann and Metzger 1976). Sets of wheat cultivars (lines) with particular
Bt resistance genes were previously used by many authors (Blazkovd and Barto$
2002, Babayants et al. 2006, Huber and Buerstmayr 2006, Dumalasovd and Barto$
2007 b). Out of 15 resistance genes only 13 (Bt-1 to Bt-13) occurred in winter
wheat cultivar set (Goates 1996). In our work spring wheat test cultivars with
genes Bt-14 and Bt-15 or winter wheat cultivar with gene Bt-12 were not used. Vir-
ulence corresponding to genes Bt-3 and Bt-7 were the only ones occurring in all
three years. Virulence frequency corresponding to the gene Bt-3 was similar in all
three years (25.6 to 36.6%). However, virulence frequency corresponding to the
gene Bt-7 varied very much (2.5 to 100.6%). Veisz et al. (2000) also found big dif-
ferences between successive years in percentages of infected wheat plants with
particular Bt genes. This may be caused by occurrence of different pathogen races
in successive years. Virulences corresponding with genes Bt-1, Bt-2 and Bt-7 pre-
vailed in the work of Blazkovd and Barto$ (2002).
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Table 6
Ears with common bunt symptoms in the investigated
winter wheat cultivars in Winna Goéra (%)

Cultivar 1995/96 1996/97 1998/99 Mean*
‘Alba’ 8.5 ab 5.5 bc 44.9 abc 19.6
‘Aleta’ 12.7 ab 20.1 abc 32.6 bc 21.8
‘Almari’ 11.5 ab 13.3 abc 52.4 abc 25.7
‘Begra’ 1.5b 9.5 abc 44.0 abc 18.3
‘Elena’ 1.6b 310a 319c¢ 21.5
‘Emika’ 7.5 ab 17.5 abc 68.5 ab 31.2
‘Gama’ 2.5b 14.7 abc 38.8 abc 18.7
‘Jawa’ 18.0 ab 23.0 ab 51.5 abc 30.8
‘Jubilatka’ 12.5 ab 2.5c¢ 50.0 abc 21.7
‘Juma’ 23b 35¢ 55.0 abc 20.3
‘Kamila’ 15.5 ab 12.6 abc 59.0 abc 29.0
‘Kobra’ 40.3 a 14.5 abc 33.7 bc 29.5
‘Maltanka’ 14.1 ab 310a 31.0c 25.4
‘Mikon’ 8.5 ab 7.0 bc 34.0 bc 16.5
‘Olcha’ 14.3 ab 4.5 bc 323 ¢ 17.0
‘Panda’ 13.0 ab 10.5 abc 743 a 32.6
‘Roma’ 22.1 ab 14.1 abc 37.5bc 24.6
‘Tercja’ 12.5 ab 14.5 abc 249 c 17.3
‘Wilga’ 23.0 ab 29.5a 48.5 abc 33.7
‘Zorza’ 21.5ab 20.5 abc 47.2 abc 29.7
Mean 13.2 15.0 44.6 -

*No significant differences at 5% level.
Means followed by the same letters in columns are not significantly different.

In our work the percentage of winter wheat ears infected by T. caries varied from
16.5 (‘Mikon’) to 33.7 (‘Wilga’). In Lithuania (Liatukas and Ruzgas 2005) these
percentages varied from 16.5 to 55.3 and partially they depended on the year
(Liatukas and Ruzgas 2006). In Germany (Spief$ et al. 2003) in 100 evaluated
wheat cultivars the percentage of ears infected by T. caries varied from 0.0 to 82.5.
In Switzerland (Bédnziger et al. 2003) the percentage of ears infected by T. caries var-
ied from 11.4 to 50.5.

Large differences of the disease occurrence in particular years were observed by
many authors (Benada et al. 1995, Dumalasova and Barto$ 2006, Liatukas and
Ruzgas 2006). The differences are explained by different weather conditions
(Miczynski 1953) and by the presence of different virulence genes within the
pathogen population (Dumalasova and Barto$ 2006).

Humidity and soil temperature influence teliospores germination and wheat
sprouts infection by T. caries (Kendrick and Purdy 1959). Common bunt occur-
rence depends on soil temperature in the first two weeks after sowing (Binziger et
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al. 2003) or even only in the first 11 days (Johnsson 1992). In our work mean per-
centages of infected wheat ears were smaller in seasons 1995/96 and 1996/97 than
in 1998/99. Taking into account wheat sowing in the first decade of October, the
highest influence on wheat infection by T. caries had temperatures in the first two
decades of October. The air temperature was as follows: 12.8°C (1995/96), 10.9°C
(1996/97) and 7.8°C (1998/99). The temperature 7.8°C was close to the range 6 to
7°C (Johnsson 1992) or 4 to 9°C (El-Naimi et al. 2000) in which the highest infec-
tion degree was observed.

In our work large percentage diversity of infected ears in particular cultivars in
successive years was observed. Miczynski (1953) obtained similar results. He
claimed that changes in composition of the pathogen population on seeds were the
main reason of the phenomenon.

Most of the wheat cultivars are susceptible to different degree to T. caries
(Polisenska et al. 1998, Rajkovi¢ and Dolovac 2006), though, information about
cultivars resistant to the pathogen are also available in the literature (Babayants et
al. 2006, Huber and Buerstmayr 2006).

Streszczenie

FREKWENCJA WIRULENC]JI TILLETIA CARIES I WYSTEPOWANIE SNIECI
CUCHNACE] NA 20 ODMIANACH PSZENICY OZIME]

Podczas trzech sezondéw wegetacyjnych oceniano frekwencje wirulencji popula-
cji Tilletia caries pochodzacej z Winnej Gory i wystepowanie $nieci cuchnacej na 20
odmianach pszenicy ozimej. Frekwencje wirulencji wyrazono w procentach pora-
zonych kloséw odmiany pszenicy z okreslonym genem odpornoéci wzgledem od-
miany bez zadnego genu odpornosci.

W obydwu doswiadczeniach uzywano nasion pszenicy ozimej zanieczyszczo-
nych teliosporami T. caries. Wirulencje korespondujace z genami odpornosci Bt-3 i
Bt-7 wystepowaly we wszystkich trzech sezonach. Wirulencji korespondujacych z
genami Bt-4, Bt-8 i Bt-11 nie stwierdzono w zadnym sezonie. U 20 odmian pszeni-
cy ozimej $rednio dla trzech sezonéw procenty porazonych kloséw nie réznily sie
w stopniu istotnym i wynosilty od 16,5 (‘Mikon’) do 33,7 (‘Wilga’).

Literature

Babayants L.T., Babayants O.V., Baranovskaya V.L., Dubinina L.A., 2006: Tilletia caries and resistance of
wheat to this pathogen in Ukraine. Czech J. Genet. Plant Breed. 42 (Special Issue): 33-36.

Bakuniak E., 1995: Snie¢ cuchnaca w ataku. Ochr. Rogl. 5: 10.

Bidnziger I, Forrer H.R., Schachermayr G., Gindrat D., Frei P., 2003: Stinkbrandanfilligkeit in- und
ausldndischer Weizensorten. Agrarforschung 10, 8: 328-333.

Benada J., Milotova J., Pospisil A., 1995: Odrudovd citlivost pSenice vaci snéti mazlavé a je¢mene vici
pruhovitosti a prasné snéti. Rostl. Vyroba 41, 4: 185-188.



18 K. Kubiak and Z. Weber

Blazkovd V., Bartos P., 2002: Virulence pattern of European bunt samples (Tilletia tritici and T. laevis)
and sources of resistance. Cereal Res. Commun. 30, 3-4: 335-342.

Borgen A., 2004: Organic seed treatment to control common bunt (Tilletia tritici) in wheat. Seed Test.
Int. 128: 8-9.

Dumalasovd V., Barto$ P., 2006: Reaction of winter wheat cultivars registered in the Czech Republic to
common bunt Tilletia tritici (Bjerk.) Wint. and T. laevis Kiihn. Cereal Res. Commun. 34, 4:
1275-1282.

Dumalasovd V., Barto$ P., 2007 a: Reaction of spring wheat cultivars to common bunt caused by Tilletia
tritici (Bjerk.) Wint. and T. laevis (Kiithn). Czech J. Genet. Plant Breed. 43: 82-86.

Dumalasovd V., Bartos P., 2007 b: Reaction of winter wheat cultivars to common bunt caused by Tilletia
tritici (Bjerk.) Wint. and T. laevis (Kiihn). Plant Prot. Sci. 43, 4: 138-141.

El-Naimi M., Toubia-Rahme H., Mamluk O.F., 2000: Organic seed-treatment as a substitute for chemi-
cal seed-treatment to control common bunt of wheat. Eur. J. Plant Pathol. 106: 433-437.

Gacek E., 1990: Studia nad sposobami wykorzystania odpornosci genetycznej jeczmienia w zwalczaniu
maczniaka prawdziwego (Erysiphe graminis DC. f. sp. hordei Marchal). Hod. Ro$l. Aklim. Nasienn.
34, 5/6.

Gaudet D.A., Puchalski B.J., Entz T., 1991: Culm height and susceptibility of Canadian winter and
spring wheat cultivars to common bunt (Tilletia tritici and T. laevis). Can. J. Plant Sci. 71: 677-687.

Goates B.J., 1996: Common bunt and dwarf bunt. In: Bunt and smut diseases of wheat: concepts and
methods of disease management. Eds. R.D. Wilcoxson, E.E. Saari. CIMMYT, Mexico: 12-25.

Griffith R.B., Zscheile F.P., Oswald J.W., 1955: The influence of certain environmental factors on ex-
pression of resistance to bunt in wheat. Phytopathology 45: 428-434.

Hoffmann J.A., Metzger R.J., 1976: Current status of virulence genes and pathogenic races of the wheat
bunt fungi in the Northwestern USA. Phytopathology 66: 657-660.

Huber K., Buerstmayr H., 2006: Development of methods for bunt resistance breeding for organic farm-
ing. Czech J. Genet. Plant Breed. 42 (Special Issue): 66-71.

Johnsson L., 1992: Climate factors influencing attack of common bunt (Tilletia caries (DC) Tul.) in win-
ter wheat in 1940-1988 in Sweden. Z. Pflanzenkr. Pflanzensch. 99, 1: 21-28.

Kendrick E.L., Purdy L.H., 1959: Influence of environmental factors on the development of wheat bunt
in the Pacific Northwest. II. Effect of soil temperature and soil moisture on infection by
seed-borne spores. Phytopathology 49: 433-434.

Kochanovd M., Zouhar M., Prokinovd E., Ry$dnek P., 2004: Detection of Tilletia controversa and Tilletia
caries in wheat by PCR method. Plant Soil Environ. 50, 2: 75-77.

Laroche A., Demeke T., Gaudet D.A., Puchalski B., Frick M., McKenzie R., 2000: Development of a PCR
marker for rapid identification of the Bt-10 gene for common bunt resistance in wheat. Genome
43:217-223.

Liatukas Z., Ruzgas V., 2005: Genetic resources for organic wheat breeding: impact on resistance to
common bunt. Biologija 3: 62-64.

Liatukas Z., Ruzgas V., 2006: Peculiarities of selection for winter wheat resistance to common bunt.
Agron. Res. 4 (Special Issue): 257-261.

Lista odmian roélin rolniczych. 1995. COBORU, Stupia Wielka.

Lowther C.V., 1950: Chlamydospore germination in physiologic races of Tilletia caries and Tilletia foetida.
Phytopathology 40: 590-603.

Miczynski K., 1953: Wrazliwo$¢ uprawianych w Polsce odmian pszenicy na $nie¢ Tilletia caries (D.C.)
Tul. Rocz. Nauk Roln. Ser. A 67, 2: 69-90.

Miczynski K., 1956: Wrazliwo$¢ odmian pszenicy jarej na $nie¢ cuchnaca (Tilletia caries Tul.) przy
sztucznym zakazeniu. Acta Agrobot. 5: 139-145.

PoliSenska I., Pospisil A., Benada J., 1998: Effect of sowing date on common bunt (Tilletia caries) infec-
tion in winter wheat at lower inoculum rates. Z. Pflanzenkr. Pflanzensch. 105, 3: 295-305.
Purdy L.H., Kendrick E.L., 1957: Influence of environmental factors on the development of wheat bunt
in the Pacific Northwest. I. Effect of soil moisture and soil temperature on spore germination.

Phytopathology 47: 591-594.

Rajkovi¢ S., Dolovac N., 2006: Common bunt (Tilletia tritici) in different wheat genotypes. Czech J.
Genet. Plant Breed. 42 (Special Issue): 16-19.

Rubiales D., Martin A., 1999: Chromosomal location in H. chilense and expression of common bunt re-
sistance in wheat addition lines. Euphytica 109: 157-159.



Virulence frequency of Tilletia caries... 19

Rubiales D., Moral A., Martin A., 2001: Chromosomal location of resistance to septoria leaf blotch and
common bunt in wheat-barley addition lines. Euphytica 122: 369-372.

Sadowski Cz., Lukanowski A., 2005: Z badan nad zdrowotno$cig pszenicy ozimej uprawianej w
systemie ekologicznym, integrowanym, konwencjonalnym i monokulturze w latach 1999-2003.
Mater. XLV Ses. Nauk. Inst. Ochr. Ro$l. Streszcz.: 43-44.

SpieB H., Klause S., Barthel U., 2003: Ziichtungsforschung Getreide. Jahresbericht 2003. Institut fiir
Biologisch-Dynamische Forschung, Darmstadt, Germany.

Tratwal A., Weber Z., 2006: Virulence frequency of Blumeria graminis f. sp. hordei and the occurrence of
powdery mildew on four winter barley cultivars. J. Plant Prot. Res. 46, 3: 221-230.

Viénova M., Matusinsky P., Benada J., 2006: Survey of incidence of bunts (Tilletia caries and Tilletia
controversa) in the Czech Republic and susceptibility of winter wheat cultivars. Plant Prot. Sci. 42,
1: 21-25.

Veisz O., Szunics L., Szunics L., 2000: Effect of common bunt on the frost resistance and winter hardi-
ness of wheat (Triticum aestivum L.) lines containing Bt genes. Euphytica 114: 159-164.

Zaleski K., Grela T., Horéwna W., 1957: Dwuletnie do$wiadczenia poréwnawcze z kilkoma nowymi
zaprawami na zwalczanie $nieci pszenicznej (Tilletia tritici) w latach 1948/49 1 1949/50. Pr. Kom.
Nauk Roln. Leén. PTPN 3, 7.

Zscheile F.P., 1965: Germination of teliospores and type of growth of common and dwarf bunt fungi as
affected by light, photoperiod and temperature. Phytopathology 55: 1286-1292.

Authors’ addresses:

Dr. Krzysztof Kubiak, Institute of Plant Protection, ul. Wegorka 20, 60-318
Poznan, Poland

Prof. Dr. hab. Zbigniew Weber, Department of Phytopathology, The August
Cieszkowski Agricultural University, ul. Dabrowskiego 159, 60-594 Poznan,
Poland, e-mail: zweber @au.poznan.pl

Accepted for publication: 15.02.2008



	Title
	Introduction
	Materials and methods
	Results
	Discussion
	Streszczenie
	Literature
	Authors ’ addresses:

