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Prevalence of tan spot of wheat caused by the fungus
Pyrenophora tritici-repentis has become more prevalent
in Oklahoma as no-till cultivation in wheat has in-
creased. Hence, developing wheat varieties resistant to
tan spot has been emphasized, and selecting pathogen
isolates to screen for resistance to this disease is critical.
Twelve isolates of P. tritici-repentis were used to inocu-
late 11 wheat cultivars in a greenhouse study in split-
plot experiments. Virulence of isolates and cultivar
resistance were measured in percent leaf area infection
for all possible isolate x cultivar interactions. Isolates
differed significantly (P < 0.01) in virulence on wheat
cultivars, and cultivars differed significantly in disease
reaction to isolates. Increased virulence of isolates de-
tected increased variability in cultivar response (percent
leaf area infection) (r = 0.56, P < 0.05) while increased
susceptibility in cultivars detected increased variance
in virulence of the isolates (r = 0.76, P < 0.01). A signifi-
cant isolate x cultivar interaction indicated specificity
between isolates and cultivars, however, cluster analysis
indicated low to moderate physiological specialization.
Similarity in wheat cultivars in response to pathogen
isolates also was determined by cluster analysis. The
use of diverse isolates of the fungus would facilitate
evaluation of resistance in wheat cultivars to tan spot.
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The ascomycete fungus Pyrenophora tritici-repentis (Died.)
Drechs. (anamorph Drechslera tritici-repentis (Died.)
Shoemaker) is the pathogen of tan spot of wheat. To com-
plete its life cycle, this pathogen survives and overwinters
on plant residue left in the field (Bockus et al., 2010; Francl
et al., 1992; Odvody et al., 1982). The fungus forms sexual
fruiting bodies (pseudothecia) on wheat residue from which
the primary inoculum, ascospores, are ejected to initiate
tan spot in a favorable environment (Shabeer and Bockus,
1988). Thus, wheat residue on which the fungus completes
its life cycle provides initial inoculum of P. tritici-repentis,
which increases tan spot incidence and severity in a favor-
able environment. In the central plains of the United States,
yield losses in wheat due to tan spot may range from 3% to
50% (Ali and Francl, 2003). A 40% yield loss in wheat due
to tan spot was reported in Kansas (Sone et al., 1994). De-
pending on the fungal isolates used, Kader (2010) reported
7.3% to 25.2% yield loss in wheat due to tan spot in Okla-
homa. Hence, tan spot is a significant problem to wheat
cultivation in Oklahoma where no-till practices, which
leaves greater amounts of wheat residue in the field (Hunger
and Brown, 1987), are being increasingly adopted.

The use of host resistance is the best option in disease
management. Using partial resistance, Singh et al. (2008)
reported a 50-75% reduction of tan spot disease in wheat.
However, wheat cultivars differed significantly in lesion
lengths, lesion type (necrosis and/or chlorosis) in response
to pathogen isolates, and in disease reaction on a 0-5 scale
(Evans et al., 1999; Lamari and Bernier, 1989; Raymond et
al., 1985). Resistance in wheat cultivars to tan spot is com-
plex; resistance to tan spot necrosis is governed by single
recessive gene while resistance to chlorosis is governed by


http://crossmark.crossref.org/dialog/?doi=10.5423/PPJ.OA.01.2021.0012&domain=pdf&date_stamp=2021-08-01

340 Kader et al.

a single dominant gene (Anderson et al., 1999; Faris et al.,
1996; Lamari and Bernier, 1991; Singh and Hughes, 2005;
Stock et al., 1996). However, researchers also reported re-
sistance to chlorosis is governed by a recessive gene (Fries-
en and Faris, 2004; Strelkov et al., 1999). Researchers also
have reported quantitative resistance in wheat to tan spot
(Elias et al., 1989; Faris et al., 1997; Hosford et al., 1988;
Naglie at al., 1982). In quantitative genetics, where host
resistance is controlled by minor genes, a greater degree
of isolate-cultivar specificity may be detected by isolates
representing many races (Van der Plank, 1982). However,
when working with isolates from a single race, a low to
moderate isolate-cultivar specificity has also been reported
(Allingham and Jackson, 1981; Eyal et al., 1973; Rosielle
and Boyd, 1985). In wheat-P. tritici-repentis pathosystem,
isolate-cultivar specificity has also been reported (da Luz
and Hosford, 1980; Krupinsky, 1982; Misra and Singh,
1972). Thus, Schilder and Bergstrom (1990) suggested that
isolate-cultivar specificity based on quantitative difference
in disease expression should also be considered in deter-
mining wheat resistance to tan spot.

To develop wheat varieties resistant to tan spot, evalua-
tion of wheat lines to tan spot is critical. Such evaluation
is facilitated if testing can be conducted in the greenhouse
where large number of lines and plants can be consistently
and reliably infected by P. tritici-repentis and if the reac-
tion observed in the greenhouse evaluation consistently
and accurately indicates field reaction to tan spot. Carson
(1987) suggested the use of highly virulent isolates in resis-
tance screening because highly virulent isolates maximize
genetic variance of cultivars in disease reaction. In the P.
tritici-repentis-wheat pathosystem, Schilder and Bergstrom
(1990) also found a positive linear relationship between

the mean virulence in isolates and variance in resistance in
cultivars. Hence, the use of highly virulent isolates to detect
variability of resistance in the host would be most effective.
The objective of this study was to determine if there is any
specificity between isolates of P. tritici-repentis collected
in Oklahoma and hard red winter wheat cultivars devel-
oped in the southern Great Plains of the United States, and
also to identify isolates for use in resistance screening to
tan spot. Resistance to wheat cultivars to isolates also was
determined.

Materials and Methods

Fungal isolates and wheat cultivars. Twelve isolates of P.
tritici-repentis were collected from wheat fields in several
counties in Oklahoma (Table 1). Isolates OKA1, OKA2,
OKDI1, OKD2, and OKD5 were collected in 1983; isolate
RBB6 was collected in 1996; isolates Cherokee, Guymon,
OK-06-01 and OK-06-03 were collected in 2006, and
isolates Atoka and Kiowa were collected in 2007. Isolates
were stored in liquid nitrogen for long term storage. Isolates
were grown on CV8 media (Hunger and Brown, 1987). To
confirm the isolates as P. tritici-repentis, DNA was extract-
ed from each isolate by a salt extraction method (Aljanabi
and Martinez, 1997). The nuclear internal transcribed spac-
er (ITS) region (ITS1-5.8S rDNA-ITS2) of each isolate
was amplified by polymerase chain reaction (White et al.,
1990) and was sequenced at the Oklahoma State University
Core Facility. The sequences were compared in the NCBI
database (http://www.ncbi.nih.gov) using the Basic Local
Alignment Search Tool (BLAST). All isolates were deter-
mined as race 1 depending on the necrosis and/or chlorosis
reactions on wheat differential lines (Andrie et al., 2007).

Table 1. Twelve isolates of tan spot fungus Pyrenophora tritici-repentis collected from several counties in Oklahoma and 11 cultivars of

winter wheat included in the study

Isolates Collection year Initial propagule County Wheat cultivars
OKA1 1983 Ascospore Garfield Chisholm
OKA2 1983 Ascospore Garfield Deliver
OKD1 1983 Ascospore Blaine Duster
OKD2 1983 Ascospore Blaine Jagger
OKD5 1983 Ascospore Blaine Karl 92
RBB6 1996 Ascospore Kay OK Bullet
Guymon 2006 Conidia Texas Okfield
Cherokee 2006 Conidia Cherokee OK Rising
OK-06-1 2006 Ascospore Payne Pete
OK-06-3 2006 Ascospore Payne TAM 105
Atoka 2007 Conidia Atoka Triumph 64
Kiowa 2007 Conidia Pittsburg -
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Resistance to tan spot was determined in 11 wheat cultivars
to these isolates. Wheat cultivars included in this study
were Chisholm, Duster, Karl 92, Jagger, OK Bullet, OK-
field, OK Rising, Pete, Red Chief, TAM 105, and Triumph
64. The wheat cultivar Red Chief and TAM 105 were used
as resistant and susceptible checks, respectively (Table 1).

Fungal inoculum preparation. Twelve isolates of P. trit-
ici-repentis were maintained on potato dextrose agar (200
g potato, dextrose 20 g, agar 15 g in 11) at 4°C during the
period of study. Conidia were produced from each isolate
following the procedure of Raymond et al. (1985). A 5-mm
diameter mycelial plug, excised with a sterile cork borer
from the edge of an actively growing isolate, was placed on
clarified V8 juice agar (CV8) (150 ml V8 juice, 3 g CaCO,,
15 g agar, 850 ml water) in a 90 cm petri plate. V8 juice
was clarified by centrifugation at 7,500 rpm for 5 min. Af-
ter keeping in an incubator (Percival, Boone, 1A, USA) at
23°C in the dark for 5 days, about 10 drops of sterile water
was added and mycelia were matted down using a sterile
bent glass rod. Plates were then kept in an incubator and
exposed to cool-white fluorescent lighting (40 W, 30/uEs/
m) for 12 h at 23°C to produce conidiophores, followed by
12 h dark at 16°C to induce conidia production. Conidia
were collected in a beaker by washing with a stream of
sterile water. Conidia were adjusted to 2,000 per ml of sus-
pension before inoculation.

Wheat seedlings. Seeds of each cultivar were sown in 6 in.
x 1.5 in. diameter plastic cones containing a commercial
‘Ready-Earth’ soil (Sun Gro, Bellevue, WA, USA). Plants
were raised in a growth chamber at 21°C with a 14 h pho-
toperiod (550/uEm/s).

Inoculation and disease rating. When three leaves were
fully expanded, wheat seedlings were inoculated using an
atomizer (DeVilbiss Co., Sommerset, PA, USA) with a
conidial suspension (2,000 conidia per ml) of each isolate
until incipient run-off. Isolates (main plot) and cultivars (sub
plot) were arranged in a split-plot randomized complete
block design experiment with four replications (10 plants
per replication). About 1 h after inoculation, when conidia
adhered to dried leaves, seedlings were placed in a mist
chamber that provided near 100% relative humidity for 48
h. Plants were then placed in a greenhouse at 21-23°C. One
week after inoculation, 2nd and 3rd leaves from the bottom
were collected and scanned (EPSON 1650) to determine
percent leaf area infection (LAI) using ASSESS software
(Lamari, 2008). As leaf position affects tan spot severity
(Cox and Hosford, 1987), only the 2nd and 3rd leaves were

rated. All inoculations and disease rating experiments were
repeated twice.

Data analysis. All analyses were performed using SAS
9.4 statistical software (SAS Institute, Cary, NC, USA). In
the isolate x cultivar interaction study, untransformed data
were analyzed. Isolate, cultivar, and their interaction were
considered as fixed effect. Experiment, replication nested
within experiment, and interactions involving experiment
and replication were considered as random effect. Analysis
of variance was carried out using the MIXED procedure,
and treatment means were separated using the pairwise op-
tion (PDIFF) at 5% level of probability. Similarity among
12 isolates in virulence on 11 cultivars was determined
by CLUSTER procedure of SAS using centroid method.
In centroid method the distance between two clusters is
defined as the squared Euclidian distance between their
centroids or means. Similarity of 11 cultivars in disease
reaction (percent LAI) to 12 isolates also was determined.
To determine the relationship between virulence of isolates
and diseases reaction in cultivars, the variances of 11 wheat
cultivars were plotted against the mean of virulence of each
isolate, and a regression was performed. Similarly, varianc-
es of 12 isolates were plotted against mean disease reaction
of each cultivar, and a regression analysis was performed
(Schilder and Bergstrom, 1990).

Results

Variability in isolate virulence and cultivar response.
Analysis of variance of percent LAI revealed that both
isolates (F'=13.3, P < 0.01) and cultivars (F = 247.6, P <
0.01) differed significantly in producing tan spot disease. A
significant interaction (F = 7.6, P < 0.01) between cultivar
and isolate was also detected, thus, the interaction effects
were separated by analyzing the simple effects of isolates
and cultivars (Table 2). All isolates were pathogenic to
wheat cultivars in the experiments, however, difference
in isolate virulence in terms of LAI was observed. Mean
percent LAI for isolates across all cultivars ranged from
9.0% to 20.9% (Table 2). Isolate Kiowa was the most viru-
lent (LAI 20.9%) followed by isolates OKD2, Cherokee,
OKDS5, OKA1, OKDI1, RBB6, OKA2, OK-06-3, OK-06-
1, and Guymon. Isolate Atoka was the least virulent (LAI
9.0%) isolate on the 11 wheat cultivars.

Cultivar Pete exhibited the highest resistance (LAI 4.4%).
The highest amount of disease was observed on the suscep-
tible check TAM 105 (LAI 48.8%) across all 12 isolates,
which was followed by Chisholm (LAI 25.9%), Duster
(LAI 19.5%), and Triumph 64 (LAI 12.6%). Cultivars OK



342

Table 2. Mean percent leaf area infection on 11 winter wheat cultivars by 12 isolates of Pyrenophora tritici-repentis collected from wheat fields in Oklahoma®

Wheat cultivars

Mean

Isolate

Triumph 64

Red Chief TAM 105

Duster Jagger Kar 192 OK Bullet Okfield  OK Rising Pete

Chisholm

14.1

13.5 ¢d,BCD

8.3 de,D
6.0 de,B
24.8 ab,B

54.6 be,A
272 £B

5.3a,DE 10.5a,CDE 9.3 abc,CDE 4.0c,E

53aD
53aB
7.0a,C

5.5 c¢d,DE
5.8¢cd,D
5.0cd,B
8.0cd,C

13.8 abc,BC
17.3a,C

5.3b,DE

43b,D

93b,B
21.5aB

13.5fg,BCD 204 de,B

OKAl

12.6
13.0

16.8

54c¢D
2.5¢,B
7.8¢,C
23¢E
48¢,C

9.8 ab,CD
2.5bc,B
2.8 be,C

9.0a,C
1.8a,B
2.5a,C
1.0a,E
1.5aC

36.8bA

93¢gC
46.8 a,A

OKA2
OKD1

52.1 bed,A
45.0 de,A

255fB

4.4 de,B

7.0 fe,B
10.8 fe,C

458 a,A

5.8 cde,C
11.3 a-d,CD

1.5¢C

543 a,A

OKD2
OKDS5
RBB6

14.6

7.0 de,DE

4.8 be,DE
1.4 bc,C

11.0be,CD 15.5a,C

4.8 cd,C
16.4b,CD

3.8 b,DE
23b,C
1.6 b,F
1.8b,D
3.0b,D

33.2bc,B

12.8

49.9 cde,A 24.9 ab,B

18.0ab,C 67.0a,A

7.5aC

22.0 cde,B

19.8 def,B

16.4

29¢F

9.1a,DF 6.3aEF 2.1bcF

14.3 ab,CDE
29¢e,CD
2.0eD

153 efg,CD 27.8c¢d,B

21.7 def,B
25.5¢cd,B

Cherokee
Guymon

10.0
11.2

12.1

6.1 de,CD
40eD
20.0 be,B

5.5¢,CD 50.8 b-e, A
6.5¢,CD 58.0bc,A

8.8 ¢,CDE 53.4 bc,A
103bc,C 433¢A

1.7 be,D
2.0 be,D

28c¢d,CD 2.7aCD 39aCD

43 cd,D

10.3 fg,C
14.3 ef,C

1.7aD
10.0a,CD

20a,CD 7.0a,CD

1.8aD

OK-06-1

1.8 be,DE
1.0¢,D

13.4a,DE
44

7.3 ¢d,CDE 1.0a,E

6.2 b-¢,DE
2.5¢,CD
4.5 de,F
72

3.5b,DE
2.5b,CD
1.6 b,F
5.0

6.2 fe,DE
3.8¢CD

29.1 be,C

15.6 efg,BC
23.3de,B
37.6b,B
25.9
“Means having same letter within a column (lower case) and row (upper case) did not differ significantly by pairwise difference (PDIFF) in PROC MIXED option (o

average of four replications.

OK-06-3

9.0
20

2.6¢,CD
31.1a,BC

1.0d,D
283 a,C
8.3

Atoka

9

58.8 ab,A
48.8

193aD
79

1.1aF
4.7

5.7 a,EF
5.7

Kiowa
Mean

12.6

19.5

0.05). A mean is the

Kader et al.

Rising, Jagger, Okfield, Karl92, and OK Bullet produced
less disease which was similar to the resistant check Red
Chief (Table 2).

Similarity in isolate virulence and cultivar response.
Cluster analysis revealed that isolates divided into four
groups based on their virulence on the 11 wheat cultivars.
Isolates OKA1, OKDS5, OKA2, OKD1, RBB6, OK-06-3,
and OK-06-1 were in group 1, isolates Guymon and Atoka
were in group 2, isolates OKD2 and Cherokee were in
group 3, and Kiowa alone was in group 4 (Fig. 1). Based
on disease reaction to the 12 isolates, cluster analysis re-
vealed cultivars Chisholm and Duster were moderately sus-
ceptible and exhibited similarity in a group, while resistant
cultivars Jagger, OK Rising, Pete, and Okfield were similar
in a group, Karl 92, OK Bullet and the resistant check Red
Chief were moderately resistant in a group, and Triumph
64 was susceptible in a group. As expected, highest disease
appeared on the susceptible cultivar TAM 105 following
inoculation to 12 isolates which formed a group alone (Fig.

Isolates
OKA1
L okos
OKA2
—‘E OKD1
RBB6

—‘ L OK-08-3

OK-08-1

: Guymon
Atoka
— OKD2
4| L— Cherokee
Kiowa
T T T T T T T 1
1.4 1.2 1.0 0.8 0.6 04 0.2 0.0

Distance between cluster centroids

Fig. 1. Dendrogram showing similarity and clustering of 12
isolates of Pyrenophora tritici-repentis based on their virulence
(percent leaf area infection) on 11 wheat cultivars.

Cultivars

Chisholm
Duster
Jagger
OK Rising
Pete
Okfield
Karl 92
OK Bullet
Red Chief
Triumph 64
ITAM 105

f T T T T T T T T T
22 20 18 16 14 12 10 08 06 04 02 00

Distance between cluster centroids
Fig. 2. Dendrogram showing similarity and clustering of 11

wheat cultivars based on their resistance (percent leaf area infec-
tion) to 12 isolates of Pyrenophora tritici-repentis.



Pyrenophora tritici-repentis Virulence and Wheat Cultivar Resistance to Tan Spot 343

120 -
100 A (r=0.56; P < 0.05)
80 -
60
40 A

20 A

Variance among cultivars

0 5 10 15 20 25
Mean isolate virulence (% LAl)
Fig. 3. Relationship between the mean virulence of 12 isolates

of Pyrenophora tritici-repentis and variance in disease reaction
among 11 wheat cultivars. LAI, leaf area infection.

120 1
100 A
80

60

40 4
(r=0.76; P < 0.01)
20

Variance among isolates

0 as T T 1
0 20 40 60

Mean cultivar reaction (% LAlI)

Fig. 4. Relationship between the mean disease reaction of 11
wheat cultivars and the variance in virulence among 12 isolates
of Pyrenophora tritici-repentis.

2).

Relationship between isolate virulence and cultivar re-
sponse. The variance in disease reaction among the wheat
cultivars was positively correlated (» = 0.56, P < 0.05) with
mean isolate virulence (Fig. 3), and similarly, a positive
correlation (» = 0.76, P < 0.01) also was observed between
the variance of isolate virulence and mean disease reaction
of wheat cultivars (Fig. 4). Thus, the susceptible cultivars
were able to differentiate virulence in isolates better than
the resistant cultivars. Similarly, more virulent isolates
were able to detect variability in cultivar response by pro-
ducing disease better than less virulent isolates.

Discussion

In this study, 12 isolates of P. tritici-repentis exhibited a
range of virulence on 11 wheat cultivars. For example, iso-
late Cherokee produced severe disease on the susceptible
cultivar TAM 105 while causing lower severity on cultivar

Chisholm. Similarly, isolate Kiowa produced severe dis-
ease on the susceptible check TAM 105 but significantly
less severe disease on cultivar Duster. However, both
isolates OKD1 and OKD2 produced severe disease on
cultivar Chisholm and the susceptible check TAM 105, but
significantly less severe symptoms on other cultivars. This
type of virulence variation by P. tritici-repentis and other
fungal isolates across cultivars have been reported by other
researchers (da Luz and Hosford, 1980; Krupinsky, 1992;
Rufty et al., 1981) which are consistent with results in our
study.

Since there is such a range of virulence among P. tritici-
repentis isolates, the use of lowly virulent isolates to screen
for reaction to tan spot would not be as beneficial as us-
ing highly virulent isolates because lowly virulent isolates
cannot differentiate disease reaction (LAI) in cultivars as
compared to highly virulent isolates (Krupinsky, 1992).
Thus, less virulent isolates should be excluded from isolate
x cultivar interaction studies and several isolates represent-
ing a range of greater virulence should be used in screening
wheat cultivars (Schilder and Bergstrom, 1990). Carson
(1987) also suggested the use of highly virulent isolates of
P. tritici-repentis to inoculate diverse genotypes of wheat
for resistance to tan spot. In this study, we also found a
general trend that an increased level of virulence in the
isolate was able to detect increased level of variability in
disease reaction in wheat cultivars (Fig. 3). Interestingly,
few isolates such as OKA2, OKD1, OKD2, OKD3, and
OK-06-1 exhibited a range of virulence (11.2% to 16.8%
LATI) but were not able to detect variability in cultivars dis-
ease reaction (Fig. 3). This could be due to isolate-cultivar
specificity; however, the specificity should be less obvi-
ous in quantitative a host-pathogen interaction such as the
wheat:tan spot pathosystem where there would always be
some disease as compared to high isolate-cultivar specific-
ity in a qualitative host-pathogen interaction such as the
wheat:leaf rust pathosystem where there would be either
no disease (hypersensitive reaction) or total damage of the
crop (da Luz and Hosford, 1980; Schilder and Bergstrom,
1990). As isolates may show some level of specificity,
selection of isolates should be carefully done in routine
inoculation for resistance screening, and in this case, iso-
lates which exhibited isolate-cultivar specificity should
be discarded from cultivar resistance screening programs.
Similarly, an increased level of susceptibility in cultivars
was able to detect more variability in virulence in fungal
isolates (Fig. 4), thus, inclusion of a susceptible checks is
obvious.

A significant interaction between isolates and cultivars
was observed. A significant interaction between isolates
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of P. tritici-repentis and wheat cultivars was also observed
by other researchers (Krupinsky, 1992; Sah and Fehrmann,
1992; Schilder and Bergstrom, 1990). A significant inter-
action indicates specificity in host-pathogen interaction
where a number of isolates are tested on several cultivars in
all possible combination (Van der Plank, 1982). The isolate
x cultivar interaction may also be influenced by environ-
mental variations such as temperature, humidity, etc. (Jenns
and Leonard, 1985; Kulkarni and Chopra, 1982). However,
in this study the influence of environment should be negli-
gible as the experiments were conducted under controlled
conditions. An interaction might also be significant if iso-
lates from different races are included in the study (Van der
Plank, 1982). However, in this study all the isolates used
in inoculation were race 1, which is the predominant race
present in Oklahoma (Ali and Francl, 2003; Kader, 2010).
Another possible explanation for an interaction might be
that untransformed data were analyzed. Typically this kind
of experiment produces high variance and data transfor-
mation typically is not useful (Sah and Fehrmann, 1992;
Schilder and Bergstrom, 1990).

Although only 12 isolates were included in the study,
isolates revealed a range of variability in virulence phe-
notype. Cluster analysis revealed a maximum distance of
1.3 between cluster centroids (Fig. 1) in isolate virulence,
which is an indication that isolates did not vary widely.
Thus, the physiological specialization or the specificity
between isolates and cultivars would be low to moderate.
This finding is in agreement to other research with the
wheat:tan spot pathosystem where a maximum distance of
1.4 between cluster centroids was revealed among the iso-
lates that exhibited low to moderate specialization (Schilder
and Bergstrom, 1990). In necrotrophic pathosystems such
as wheat:tan spot, which follow a toxin-based gene-for-
gene action, the susceptibility in wheat and virulence in
pathogen are governed by dominant genes and their inter-
action triggers a compatible (susceptible) phenotype (Strel-
kov and Lamari, 2003). Thus, as the resistance is incom-
plete and there would always be some level of infection.
In contrast, in biotrophic pathosystems such as wheat:leaf
rust, the genetic control of disease resistance is opposite. It
follows a gene-for-gene action where wheat resistance to
leaf rust and avirulence in pathogen are governed by domi-
nant genes, and their genetic interaction triggers an incom-
patible (resistant) phenotype (Robinson, 1976). Thus, the
resistance is complete, i.e., the resistance is exhibited by
hypersensitive reaction or apparently no disease. Thus, in
the wheat:tan spot pathosystem , adaptation of isolate(s) to
a particular cultivar or loss of resistance in cultivars would
not occur rapidly (Schilder and Bergstrom, 1990). Cluster

analysis revealed wheat cultivars exhibited similarity in
disease reaction to 12 isolates which was also reported by
others (Schilder and Bergstrom, 1990). Wheat cultivars ex-
hibiting resistance to isolates in this study should be stable
in the field. Hence, it is expected the resistance found in
OK Rising, Pete, Jagger, OK Bullet, and Okfield to tan
spot likely will be durable resistance as isolates exhibiting
a range of virulence were used in this study.

Cultivar resistance with these isolates was not deter-
mined in the field, however, isolate virulence or wheat
resistance may be affected by different environmental con-
ditions. In this experiment, testing of isolate virulence was
conducted in the greenhouse because it was convenient
and similar results to field study can be achieved. Evans et
al. (1999) observed a high correlation (» = 0.75-0.93, P <
0.05) between greenhouse and field testing in identifying
wheat resistant to tan spot. A correlation of 0.91 between
greenhouse and field studies of wheat cultivars reactions to
tan spot was also reported by other researchers (Raymond
et al., 1985). Hence, use of multiple virulent isolates to test
the reaction of cultivars and wheat lines in the greenhouse
is quick, cost-effective and reliable.

The use of highly virulent isolates to screen for reaction
to tan spot is desirable because a mixture of highly virulent
isolates enhances detection of cultivars or breeder lines
with a resistant response to tan spot. This study reveals
that variability exists in the virulence of P. tritici-repentis
isolates and in wheat cultivar resistance to tan spot, and
demonstrates the value of identifying virulent isolates and
susceptible cultivars for use in studies related to tan spot
including testing for resistance to this disease.
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