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Reaction of 50 Winter Wheat Cultivars Grown in the Czech
Republic to Pyrenophora tritici-repentis Races 1, 3, and 6
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Abstract: The reaction of 50 winter wheat cultivars/lines to artificial infection with Pyrenophora tritici-repentis

(PTR) races 1, 3, and 6 was studied under greenhouse conditions. The set of tested cultivars/lines included pre-

dominantly cultivars registered in the Czech Republic and some new breeding lines. A high level of resistance
to P tritici-repentis was detected in the cultivars Clarus, Rheia, Cubus, SHMK WW 14-92, Sarka, Vlasta and
Dromos (SWS 799.14953), susceptible reactions were observed in the cultivars Caphorn, Corsaire, Karolinum,
Heroldo (PBIS 00/91), Hedvika, Biscay, Svitava, Barroko (PBIS 00/140) to all three races tested. The majority of
the tested cultivars possess a moderate level of resistance to PTR races 1, 3, and 6. Significant differences were

proved not only in the reaction of the tested cultivars but also in the aggressiveness of the three used isolates.
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Tan spot of wheat, caused by the homothallic
ascomycete Pyrenophora tritici-repentis (Died.)
Drechs. (anam. Drechslera tritici-repentis (Died.)
Shoem.), is found in all the major wheat grow-
ing areas of the world. The disease incidence has
increased since the 1970s because of changes in
soil conservation practices such as minimum and
zero tillage and the trend away from stubble burn-
ing (SUTTON & VYN 1990; Bockus & CLAASEN
1992; REES & PLATZ 1992; BAILEY 1996). These
practices cause an increase in the inoculum on
a wheat stubble left on the soil surface and survival
of the pathogen to the next season. P. tritici-re-
pentis (PTR) has been spreading in this country
since about 1997 and now it has become one of
the most important wheat leaf spot pathogens
in the Czech Republic (SAROVA et al. 2003) and
in many other European countries (ZAMORSKI
& SCHOLLENBERGER 1994; BAKONYI ef al. 1998;
MIKHAILOVA & PRIGOROVSKAYA 2000 etc.). Tan

spot on wheat can cause yield losses from 3% to
50% (HosrForD 1982).

P. tritici-repentis was detected worldwide on
common and durum wheat and on numerous other
grass species as well (HosForRD 1971; KRUPINSKY
1992; Ar1 & FRANCL 2003). Two qualitative types
of symptoms, tan necrosis and extensive chloro-
sis, induced by PTR were identified (LAMARI &
BERNIER 1989; LAMARI et al. 1991). Nowadays
PTR isolates are separated into 8 races, based on
their virulence patterns on four wheat differentials
(STRELKOV & LAMARI 2003).

The development of resistant cultivars is thought
to be the best way of reducing yield losses caused
by tan spot (DE WoOLF et al. 1998). PTR has highly
specialized relationships with its hosts. Compatibil-
ity between the host and the pathogen was shown
to be mediated by host-specific toxins produced
by PTR isolates. So far four different host-specific
toxins (Ptr ToxA, B, C, D), which are responsible
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for the induction of necrosis or extensive chloro-
sis on wheat leaves, have been characterized. We
have more information about Ptr ToxA and Ptr
ToxB, which are proteins. Single dominant and
independently inherited genes control sensitivity
to these toxins, one gene for each toxin (GAMBA
et al. 1998).

Resistance has been identified on several ploidy
levels of wheat and sources of resistance are present
in many areas of the world (LAMARI et al. 1992;
REES & PLATZ 1992; Luz 1995; RIEDE et al. 1996).
Unfortunately, only a few of the currently grown
cultivars showed a high level of resistance, while
a somewhat larger number possesses a moderate
level of resistance (DE WOLF et al. 1998).

The aim of our study was to evaluate the reaction
of selected winter wheat cultivars grown in the Czech
Republic and of advanced lines to artificial infec-
tion with multiple races of P. tritici-repentis under
greenhouse conditions and to select the most resist-
ant cultivars for the use in further breeding.

MATERIALS AND METHODS

The reaction of fifty winter wheat cultivars/lines
to artificial infection with Pyrenophora tritici-re-
pentis was tested in our greenhouse experiments.
The tested set included 40 cultivars registered in
the Czech Republic and 10 other entries.

Three different monosporic isolates, representa-
tive of races 1, 3, and 6 originating from the Czech
Republic (Table 1) were used for inoculation. The
races were determined on four wheat differentials
Glenlea, 6B662, 6B365, Salamouni (STRELKOV &
Lamari 2003). The inoculum (conidial suspen-
sion) was prepared using a procedure described
by Evans et al. (1996) and AL1 and FRANCL (2001)
with some modifications. PTR isolates were grown
on V8-PDA (LAMARI & BERNIER 1989). After about
4 days of incubation at 20°C in the dark the Petri
dishes were flooded with sterilized distilled water
and the mycelium was scraped and excess water
was decanted. Thereafter, the Petri dishes were
incubated 24 h in light at 20°C to induce conidi-

ophore production and 24 h in dark at 16°C to
induce conidium production. Then the dishes were
flooded with sterilized distilled water (20-30 ml)
with Tween 20 (0.08 ml/100 ml), conidia were
dislodged with a looped inoculating needle and
the conidial suspension was decanted and adjusted
to 3000 spores/ml by diluting.

Seedlings of the tested cultivars/lines (three
replications from each cultivar/line) were inocu-
lated at the two-leaf stage by spraying with the
conidial suspension until it ran off. The inoculated
seedlings, which were planted in plastic pots, were
covered with glass tubes for 24 h to keep high
humidity. The temperature in the greenhouse was
about 20°C. The reaction of the cultivars/lines was
rated 7—10 days after inoculation when the typical
tan spot chlorosis and necrosis were developed,
using the 1 to 5 rating scale (1-2 = resistant, 3-5 =
susceptible) developed by LAMARI and BERNIER
(1989) (Figure 1). Cultivars with the average rat-

Ri RZ 53 54 g3

Figurel. Rating scale used for the evaluation of greenhouse
reaction to tan spot (1, 2 = resistant, 3 = moderately re-
sistant to moderately susceptible, 4, 5 = susceptible)

Table 1. Monosporic isolates of P. tritici-repentis used in the greenhouse experiment

Isolate No. Race District Locality Host Date of collection
01097 1 Nymburk Prerov nad Labem Triticum aestivum, cv.? 10. 7. 2001
01100 6  Nymburk Prerov nad Labem Triticum aestivum, cv.? 10.7.2001
02005 3 Prague-West Knézeves Triticum aestivum, cv. Sulamit 25.6.2002
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ing up to 2.49 were designated as R (resistant),
from 2.50 up to 3.49 as MR-MS (medium resistant
— medium susceptible), from 3.50 up as S (sus-
ceptible) (Table 3).

Statistical program UNISTAT 5.1 was used for
the analysis of results (Analysis of Variance, mul-
tiple comparisons — Tukey).

RESULTS AND DISCUSSION

Significant differences in the reaction of the fifty
tested winter wheat cultivars/lines to the inocula-
tion with Pyrenophora tritici-repentis were proved
under the greenhouse conditions (Table 2). The
levels of cultivar resistance in Table 3 were deter-
mined on the basis of multiple comparisons from
ANOVA (Tukey). The majority of the cultivars/lines
(in total 35 entries) showed moderately resistant
to moderately susceptible reaction. The highest
level of resistance was found out in cvs Clarus,
Rheia, Cubus, SHMK WW 14-92, Sirka, Vlasta
and Dromos (SWS 799.14953). On the other hand,
the susceptible reaction to PTR inoculation was
determined in cvs Caphorn, Corsaire, Karolinum,
Heroldo (PBIS 00/91), Hedvika, Biscay, Svitava,
and Barroko (PBIS 00/140).

Accurate comparison of our greenhouse trials
with the field results as published by the Central
Institute for Supervising and Testing in Agricul-
ture is difficult because the scoring of leaf spot
symptoms caused by different fungal pathogens
is summarized as “leaf spots” (HORAKOVA et al.
2005). Nevertheless, the scoring of cultivars that
were most resistant in our trial, Clarus, Rheia,
Cubus and Vlasta, was in the Official Trials 6.5,
6.5 and 5, respectively, i.e. above average resistance
(using the scale 1-9, 1 = susceptible, 9 = resist-
ant). Cv. Clarus had the best scoring of all tested
cultivars in official trials. Only cv. Sarka belonging

to resistant cultivars in our trial was scored 4 in
official trials, i.e. lower than average.

Our study proved that only a few of the currently
grown cultivars showed a relatively high level of
resistance, while a somewhat larger number pos-
sesses a moderate level of resistance (DE WOLF
et al. 1998). In Germany the resistance of wheat
cultivars to PTR in the greenhouse as well as un-
der field conditions was studied by WoLF (1991),
WoLr and HOFFMANN (1995), and KREMER (1990).
Significant differences in the resistance of wheat
cultivars were recorded. Out of the fifty winter
wheat cultivars tested in the greenhouse three
were highly resistant and three susceptible to
PTR. The remaining cultivars showed a medium
resistant/susceptible reaction (WoLF & HOFE-
MANN 1995).

Significant differences in the rating of disease
symptoms caused by the three PTR isolates rep-
resentative of races 1, 3, and 6 were determined
in our trials. Isolate No. 01097 (race 1) was sig-
nificantly less aggressive than isolate No. 01100
(race 6) (Table 4). Isolate No. 02005 (race 3) was
more aggressive than 01097 and less aggressive
than 01100. Data on the particular cultivars and
races are summarized in Table 3. Differences in the
aggressiveness of isolates of Pyrenophora tritici-
repentis were reported in many studies (Luz &
HosrFoRrD 1980; SCHILDER & BERGSTROM 1990;
KRUPINSKI 1992).

Several studies proved a significant correlation
between results from the field and greenhouse
testing of wheat cultivar resistance to tan spot
(EVANS et al. 1999; SAROVA et al. 2002). Green-
house screening seems to be a useful technique to
screen a large number of wheat entries for their re-
action to tan spot and to identify potential sources
of resistance for wheat breeding programs. It is
also helpful for the choice of suitable isolates for

Table 2. Results of ANOVA (P = 0.05), 2 factors: cultivar, isolate

Source of variability Sum of squares  Degrees of freedom Mean square Stat F Significance
Main effects 129.720 2.544 11.400 0.0000
Cultivar/line 125.315 2.557 11.462 0.0000
Isolate 4.404 2.202 9.870 0.0001
Cultivar/line x isolate 52.151 0.532 2.385 0.0000
Error 66.938 300 0.223

Total 248.808 449 0.554

33



Czech J. Genet. Plant Breed., 42, 2006 (2): 31-37

SIN—IIN €0'e SIN-IIN Te SIN-IIN 0€ SIN-IIN 6T oypedy

SIN-IIN 00'€ SIN-IIN Te SIN—IIN 0€ SIN-IIN 8T Simpny

1111 SIN—IIN 00'€ SIW—IIN 0€ SIW—IIN 0€¢ SIN—IIN 0€ (0€19 3H) eP¥
[TT] SIN—IIN 16T SIW—IIN €e SIW—IIN 8T SIN—IIN 8T STIZN-DS
] SIW—IIN L6T SIW—IIN 9T SIW—IIN €€ SIW—IIN 0€ ser[[
SIN-IIN 16T SIN-IIN 8T SIN-IIN 0€ SIN-IIN Te 199

1] SIW—IN ¥6C SIN—IIN 0€ SIW—IIN T SIW—IIN LT umIeq
] SIW—dN 76T SIWN—IIN 0€ SIW—IIN 0€¢ SIW—IIN 8T 0L£ NI-DS
] SIW—IN 76T SIW—IIN €g SIW—IN 0€¢ SIN—IIN ST ePe[A
[TTT] SIN—IN 06T SIW—IIN €e SIW—IN 0€¢ | ¥ £0T0 ODAITD
I SIN—IIN 68T SIN-IIN 6T SIN—IIN 6T SIN—IIN 8T TIT9L0S
[T SIN—IIN €8T SIN-IIN ST SIN—IIN 0€ SIN-IIN 0€ 12dwag
[ SIN—IIN 18T SIN-IIN LT SIN—IIN 0€ SIN-IIN 8T snqo[
[ SIN—IIN 8LT SIN-IIN 0€ SIN—IIN 0€ 1 €T (T0-G48T S-DS) BruuIg
[T SIN—IIN 9T S g | v | Ve 86'T'LEL AT
[ SIW—IIN SLT SIN—IIN 0€ SIN—IIN 0€ | €T $010 0D39AD
[ SIN—IIN 69T | 1T SIN—IIN 0€ SIN-IIN 0€ eqeqIy
[ SIN—IIN 19T SIN-IIN 8T SIN—IIN 0€ g 0T sorpueIn)
(1111 SIW—IIN 19T A 0T SIW—IIN 0¢ SIN—IIN 8T eue[Yy
11111 SIW—IIN €5 SIN—IIN €¢ q €T | 0T (86'€'96€ d'T) 0omg
1111 q e A 81 q 0T SIN—IIN ST (€S6¥T°66L SMS) sowo1q
111 q 1€ q 0T SIN—IIN LT 3 €T BISBIA
[ q 87T 3 €T N 0T SIN—IIN ST eIeg
1 q 1e 3 0T SIW—IIN 9T i 8T T6-T MM INHS

Il q 80°C 3 7T SIW—IIN 9T q ST snqn)

Il q 90T i 0T SIW—IIN LT i ST GELN

_ | 181 d ST B TT q 81 snae)

+ee SdN013 sNOBULSOWOL wwﬂw_ma ,oSe10Ay owwwmwﬂ Amwmwmv mwwwmwﬂ Awwmmv owwwwwﬂ Amww%v aurp/IeAnND

juawrradxa asnoyuaaid a3 ur jods Ue) 03 SOUI/SIRATI[ND JBIYM I2JUIM PaIsa) A1J1J a3 JO SUOIIOBAI AT, 'C J[qET,

34



(%S6 = d) poyrowi s 4ayn], — suostredwod aydinur — YAONY POSN ,.x
a1qridaosns = g ‘91qrIdaosns A[ojeropowt = GIA] “YUBISISAI A[9JBISPOW = YA ‘JUBISISAT = Y .,

S9YB[OST S17UadaL-101714] € JO 9100s dFeIoAe

Czech J. Genet. Plant Breed., 42, 2006 (2): 31-37

_ S 95% S 0% S 0'S S LY (0¥1/00 S19d) 0doireg
Il S LTH S SP S (157 S (157 BARJIAG
Il S 90'% S (157 S s€ S LY Keosig
11 S 68°€ SIWN—IIN €g S (157 S €r eIAPIH
111 S 19°€¢ S L€ SIW—IN T S 0% (16/00 SI9d) OP[0IoH
111 S 19°€¢ S L€ S S¢ S L€ wnurjorey
1111 S 95°¢ S 0% SIN—IIN €e SIN—IIN €e aares10)
S 05°€ S 0% S L€ SIN-IIN 8T uroyde)

SIN-IIN vh'e S €y SIN-IIN 0€ SIN-IIN 0€ 90€0 0DIFAD

SIN-IIN 8T€ SIN-IIN 0€ S ge SIN-IIN €e Sa[[TesIoA

(111 SIN—IIN 8T'€ S 8¢ SIN—IIN 0€ SI—IIN 0€ ejuRUIRS
(1111 SIW—IIN 8T'E S g SIN—IIN €e SIN-IIN 0€ ePN
(1111 SIN—IIN 8T'E SIN-IIN €e SIN—IIN 0€ S sg sneq
(1111 SIN—IIN a3 S L€ S ge SIN-IIN ST $€01/10 SI9d
(111 SIW—IIN e SIN—IIN LT S L€ SIN—IIN €€ g
[ SIN—IIN (a3 SIN—IIN 8T S ge SIN—IIN €e mapy
[ SIW—IIN LT S S¢ SIN—IIN €e SIN-IIN LT ORI
[ SIN—IIN LTE SIN—IIN Te SIN—IIN Te SIN—IIN Te YU
(1] SIN—IIN 4K SIN—IIN €e SIN—IIN 6T SIN—IIN Te yordwo)
I SIN—IIN T S s¢ SIN—IIN 8¢ SIN—IIN 0€ ywemg
I SIN—IIN T SIN—IIN 7€ S L€ SIN-IIN ST (S€0T/10 SI9d) 32101
T SIN—IIN 80°¢ S g SIW—IIN 0 SIN-IIN 8T 1onbueg
T SIN—IIN 90°¢ d (A S L€ SIN-IIN €e erposdey
+ee SAN0IS SNOSUDFOWOL WHMHS ,oSe10Ay owwwmwﬂ Amwmmmv @Wwwmwﬂ Awwmmv owwwwww Amwwwmv aurp/IeAnND

panunuod ¢ J[qe],

35



Czech J. Genet. Plant Breed., 42, 2006 (2): 31-37

Table 4. Multiple comparisons of the three used PTR
isolates — Tukey’s method (P = 0.05)

Isolate Mean Homogeneous groups
01097 2.88 |

02005 3.06 ||

01100 3.12 |

field tests of resistance. Isolates should produce
a lot of conidia and it is better to use more PTR
isolates of different races separately. Individual
races are able to produce different host-specific
toxins and to induce different symptoms on their
hosts. So the level of cultivar resistance can vary
with the used PTR isolate (race).
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