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ABSTRACT
Fernandez, M. R., Clarke, J. M., and DePauw, R. M. 1994. Response of durum wheat kernels
and leaves at different growth stages to Pyrenophora tritici-repentis. Plant Dis. 78:597-600.

Fourteen durum wheat genotypes were evaluated for the reaction of leaves at different growth
stages and kernels to Pyrenophora tritici-repentis. Plants were artificially inoculated with P.
tritici-repentis at the two-leaf stage and after emergence of the flag leaf, and were rated for
tan spot reaction by percent leaf area with symptoms and lesion type or length. At two locations
in southern Saskatchewan, the same genotypes were rated in the field for leaf spots at late
milk to early dough in 1991 and 1992. There was no correlation among trials in percent leaf
area with symptoms at the seedling stage. Lesion type was considered the best method to
determine tan spot reaction at the seedling stage. Lesion length and percent leaf area with
symptoms on the flag leaf were correlated among trials. Lesion length was correlated with
percent area with symptoms on the flag leaf and was considered the best method for rating
tan spot reaction in adult plants. Percent leaf area with symptoms at the seedling stage was
not correlated with that on the flag leaf or with field leaf spot ratings. Most lesions on field
plants were attributed to P. tritici-repentis. Field leaf spot ratings were correlated with both
percent leaf area with symptoms and lesion length on the flag leaf of artificially inoculated
plants. Percent incidence of red smudge in kernels of plants artificially inoculated with P.
tritici-repentis at the milk to early dough stage was not correlated, or was negatively correlated,
with tan spot reaction at the seedling or adult stages, and with field leaf spot ratings. In the
durum wheat genotypes tested, different resistance mechanisms to P. tritici-repentis seemed
to be operating in different organs of the plant, and resistance to tan spot observed at the
adult stage was not expressed at the seedling stage.

Tan spot is caused by Pyrenophora
tritici-repentis (Died.) Drechs. (ana-
morph Drechslera tritici-repentis (Died.)
Shoemaker). Resistance to tan spot in
wheat (Triticum spp.) has been reported
to be under polygenic (8,17) or mono-
genic (11,15) control. The same fungus
also causes red smudge symptoms on
seed (9,22), which cause downgrading of
wheat (3).

Some reports have indicated that the
tan spot reactions of seedlings and of
adult field-grown wheat plants were
correlated (14,19), as were those of field-
grown and greenhouse-grown adult
plants (6). However, the reaction of adult
wheat plants to tan spot did not always
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correspond to that of seedlings (6,13).
Different reactions to Leptosphaeria
nodorum E. Miiller (anamorph Septoria
nodorum (Berk.) Berk.) were also
reported among different growth stages
of spring durum (Triticum turgidum L.
var. durum) and common wheat (7.
aestivum L.), and winter wheat (1,12,
16,18). Conner (4) found no correlation
in the reaction of hexaploid wheat to
black point, spot blotch, and common
root rot, caused by Cochliobolus sativus
(Ito & Kuribayashi) Drechs. ex Dastur
(anamorph Bipolaris sorokiniana (Sacc.)
Shoemaker).

The present study was initiated to com-
pare the tan spot reaction of adult durum
wheat genotypes in the field to that of
artificially inoculated plants at the
seedling and adult stages. The associa-
tion of tan spot reaction on leaves with
red smudge developed in P. tritici-repen-
tis-infected kernels was also examined.

MATERIALS AND METHODS

Growth chamber study. Fourteen dur-
um wheat genotypes (including regis-
tered cultivars; breeding lines developed
at the Agriculture and Agri-Food Can-
ada, Swift Current Research Station; and
introductions) were tested under con-
trolled conditions for reaction to P. tri-
tici-repentis at the seedling (1 1/2- to 2-
leaf) stage and after emergence of the
flag leaf. These were eight semidwarf
genotypes (Westbred 881, 9060E-01A,
DT 369, 8678-DB3A, 8770-K3E, 8774-
AF2A, 8663-BP2B, and 8464-DH2D),
two genotypes of medium height (Sceptre
and Medora), and four tall genotypes
(8466-DP1C, 8563-BN4A, Plenty, and
Wakooma). Westbred 881 is an intro-
duction from the United States, and
9060E-01A is from ICARDA.

The testing of seedling and adult plants
was repeated in three trials. For trials
I and 2, seeds were planted in pots 7
X7 X 18 cm using a 1:1 mixture of local
Swinton loam soil (2) and peat moss. For
trial 3, plants were grown in bedding
plant containers (6 X 6 X 6 cm) using
the same soil mixture. Plants were
fertilized every 2 wk using 1,300 ppm of
N, P, and K (20-20-20).

Seedlings at the 1 1/2- to 2-leaf stage
were inoculated with a conidial suspen-
sion of P. tritici-repentis (2-3 X 10° con-
idia) and incubated at 100% humidity for
24 hr (16 hr dark/8 hr light) at 20C.
The seedlings were then kept in a growth
chamber (16 hr daylight, 22 C day/15C
night) for 6-7 days, at which time they
were rated for lesion type (14), and the
first leaf was rated for percent leaf area
with symptoms. Adult plants at Zadoks’
growth stage (GS) 45-58 (booting to
emergence of inflorescence) (23) were in-
oculated and incubated in a similar man-
ner, and the flag leaf of the main tiller
of each plant was rated for lesion length
and percent leaf area with symptoms at
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7 days after inoculation. Percent leaf area
with symptoms in adult plants was not
determined in trial 3. Planting dates of
the adult plant test were adjusted so that
all genotypes reached the desired growth
stage simultaneously. For each genotype,
there were four replicates with four
plants each. Plants were arranged in a
randomized complete-block design.

Spikes of the same 14 genotypes were
inoculated with P. tritici-repentis at GS
71-83 (milk to early dough), using the
same conidial concentration, and incu-
bated in the same way as above. Kernels
from the spike of the main tiller were
rated for red smudge incidence after
harvest. This experiment was also re-
peated three times, using the same de-
sign as above. All three trials were
planted in pots and fertilized as indicated
above for trials 1 and 2.

An isolate of P. tritici-repentis, iden-
tified by Lamari and Bernier (14) as
ASCI1, was used for all artificial inocu-
lations. This isolate was reported as the
most common pathotype in western Can-
ada. To compare this isolate with those
present in Swift Current and Outlook,
Saskatchewan, where the field trials were
conducted, 15 isolates of P. tritici-repen-
tis were collected at random from in-
fected leaves of durum wheat in 1991 at
both locations. Single-spore isolates of
these and of ASCl were then inocu-
lated onto seedlings at the two-leaf stage
of five genotypes: Katepwa (common
wheat), Medora, Wakooma, Sceptre,
and 4B1149 (durum wheats). Lesion type
was rated 6-7 days after inoculation, as
described above.

Field ratings. Two field trials were
planted at Swift Current and Outlook
in 1991 and 1992, as described by Fer-
nandez et al (10). The 150-200 genotypes
seeded in 1991 and 1992 included the 14
tested here. Irrigation water was applied
by overhead sprinklers as required to
maximize grain yield.

Plants were rated for leaf spots at
Zadoks’ GS 77-84 (late milk to early
dough) at both locations, using Couture’s
(5) 1-9 rating system (1 = all leaves free
of symptoms, 9 = all leaves with more
than 509% of their area covered with leaf
spots). Leaf spot ratings were an average
of the scores of about 20 plants from
the center rows of each plot. To identify
the leaf spotting fungi, leaf pieces of
about 1 cm” were selected randomly from
lesions from each of 15-20 upper leaves
taken at random from each plot at the
time of rating. Leaf pieces were surface-
disinfested, plated, and incubated as de-
scribed by Fernandez et al (10). Percent
isolation of the fungi based on the total
leaf area colonized by each was calcu-
lated for each genotype.

Mean lesion length and arcsine-trans-
formed percent incidence were subjected
to an analysis of variance (ANOVA) or
general linear model (GLM), and least
significant differences (LSD) were cal-
culated (20). Homogeneity of variances
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was tested using Bartlett’s test. Simple
correlations were also performed on the
data from the field experiments and con-
trolled-environment study.

RESULTS

Field studies. Leaf spot field ratings
varied significantly (P < 0.01) among
genotypes in both locations and years.
Severity of leaf spots ranged from a score
of 5 (0% of area covered with lesions
in upper, 10-25% in middle, and 50%
or more in lower leaves) to 8 (25-50%
of area covered with lesions in upper,
and 50% or more in middle and lower
leaves) (5). The semidwarfs Westbred
881, 8678-DB3A, 8770-K3E, 9060E-01A,
and DT 369 were the most susceptible;
whereas the semidwarfs 8663-BP2B,
8464-DH2D, and 8774-AF2A were
among the most resistant genotypes
(Table 1).

Leaf spots in these 14 genotypes at
both Swift Current and Outlook in 1991
and 1992 were attributed primarily to P.
tritici-repentis, with a mean percent iso-
lation of 84% in 1991 and 68% in 1992.
However, the genotypes 8663-BP2B,
8464-DH2D, 9060E-01A, and Westbred
881 in 1992 had similar proportions of
both P. tritici-repentis and L. nodorum
at Swift Current, and a higher proportion
of L. nodorum (70-77%) than of P.
tritici-repentis (22-30%) at Outlook. In
1991, tan spot lesions observed on flag
leaves of the 14 genotypes at GS 77-84
were mostly small (<2 mm) and inter-
mediate (about 2-3 mm) in the most
resistant genotypes, and mostly interme-
diate to large (>3 mm) in the most sus-
ceptible genotypes.

The 30 isolates of P. tritici-repentis
collected from both locations in 1991
gave a similar reaction based on lesion
type (14) at the two-leaf stage to that
of the isolate used for the artificial in-
oculation study (below). These were a
2 (moderately resistant) on 4B1149, 3-4

(intermediate-moderately susceptible)
on Sceptre, 4-5 (moderately susceptible—
susceptible) on Wakooma and Medora,
and 5 (susceptible) on Katepwa.

Growth chamber study. Based on
lesion type on seedlings inoculated at the
two-leaf stage, the 14 genotypes were all
susceptible. They rated 4-5 (moderately
susceptible-susceptible), except for 8563-
BN4A, 8464-DH2D, and 8770-K3E,
which rated 4 (moderately susceptible),
and Sceptre, which rated 3-4 (interme-
diate-moderately susceptible). Because
of coalescence of lesions on genotypes
rated 4-5, lesion length was not deter-
mined. Six to seven days after inocula-
tion, percent area of the first leaf with
tan spot symptoms was 4-16% for trial
1, 4-149% for trial 2, and 8-16% for trial
3. In all three trials, there was a sig-
nificant difference (P < 0.01) among
genotypes. Whereas ratings based on
lesion type on seedlings were consistent
among tests, percent leaf area affected
was not. The genotype X test interaction
was significant (P < 0.01), and there was
no correlation (P > 0.05) among trials.
However, overall, 8464-DH2D, 8563-
BN4A, and 8770-K3E had the lowest
(average for all three trials of 7-8%) and
Westbred 881 the highest (14%) percent
leaf area affected.

In contrast, percent area of flag leaf
with symptoms at 7 days after inocula-
tion in trials 1 (3-7%) and 2 (4-9%) was
correlated (r = 0.56, P < 0.05). Lesion
length on the flag leaf in trials 1-3 (Table
2) was also correlated (r = 0.65, P <
0.05,tor=0.74, P<0.01). The genotype
X test interaction was not significant (P
> 0.05) for percent leaf area with symp-
toms but was significant (P < 0.01) for
lesion length. Percent leaf area with
symptoms was correlated with lesion
length in both trials (r = 0.78-0.85, P <
0.01).

The genotypes differed (P < 0.01) for
percent leaf area with symptoms and le-

Table 1. Severity of leaf spots in 14 durum wheat genotypes grown at two locations in Sas-

katchewan in 1991 and 1992

Leaf spots®
1991 1992
Swift Swift

Genotype Current Outlook Current Outlook
Westbred 881 7 8 7.8 7.3
9060E-01A 7 8 7 7
8678-DB3A 7 8 7 7
8770-K3E 7 8 7 6.8
DT 369 6.3 8 7 6.8
Medora 6 7.8 7 6
Sceptre 6 7.3 6.5 6
Wakooma 53 7 6.5 5.8
Plenty 5.3 7 5.3 53
8774-AF2A 5.5 7.3 6.3 5.5
8464-DH2D 5.5 7 5.8 6
8466-DP1C 5 7 5 5.3
8563-BN4A 5.5 7 5.3 5.8
8663-BP2B 5.3 7 5 5.3

LSD (0.05) 0.5 0.5 0.5 0.5

? Leaf spots based on a scale of 0 (all leaves free of symptoms) to 9 (all leaves >50% covered

with leaf spots) (5).



sion length on the flag leaf at 7 days after
inoculation. Genotypes with the shortest
lesions (average of <2 mm) had mostly
small dark and tan lesions, whereas those
with larger lesions (average of >2 mm)
had mostly both small and large tan
lesions (Table 2). It should be noted that
all genotypes developed tan spot lesions
when inoculated with P. tritici-repentis;
therefore, none were regarded as posses-
sing adequate resistance to this disease.
However, the most susceptible genotypes
also developed dark lesions, indicative
of a resistant reaction (14). The presence
of different types of lesions on the same
flag leaf made categorization of geno-
types based on lesion type difficult.
Differences among the more resistant
and susceptible genotypes became more
pronounced with time. By 15 days after
inoculation, lesions on genotypes with
the largest lesion size (2 mm) had ex-
panded and coalesced, and percent leaf
area with symptoms was estimated to be
more than 30% in most cases (data not
shown). Although there was also expan-
sion of lesions in the most resistant geno-
types (lesions <2 mm), in general there

Table 2. Length of tan spot lesions on flag
leaves of durum wheat artificially inoculated
with Pyrenophora tritici-repentis in three
trials

Lesion length (mm)*

Genotype Trial1 Trial2 Trial 3
Westbred 881 3.1 2.6 23
9060E-01A 2.4 35 2.4
8678-DB3A 3.3 3.1 2.4
8770-K3E 2.7 2.8 2.0
DT 369 2.5 2.5 1.6
Medora 2.3 2.2 2.5
Sceptre 2.2 1.8 1.9
Wakooma 1.6 1.7 1.8
Plenty 1.6 1.8 1.5
8774-AF2A 1.8 2.1 1.6
8464-DH2D 2.0 1.7 1.1
8466-DP1C 1.8 2.0 1.7
8563-BN4A 1.7 2.1 1.8
8663-BP2B 1.5 1.9 1.2
LSD (0.05) 0.5 0.4 0.4

* Mean length of longest lesion on flag leaves
of four replicates of four plants each.

was very little coalescence of lesions; and
on average, percent leaf area with symp-
toms was estimated to be less than 20%
(data not shown).

There was no correlation (P > 0.05)
between percent leaf area with symptoms
at the two-leaf stage and on the flag leaf.
Leaf spot ratings taken in the field at
Swift Current and Outlook in 1991 and
1992 were correlated with lesion length
and percent leaf area with symptoms on
the flag leaf (Table 3), but not with
percent leaf area with symptoms at the
seedling stage (P> 0.05).

Artificial inoculations of spikes of the
14 genotypes at GS 71-83 resulted in a
significant difference (P < 0.01) among
genotypes in the incidence of red smudge
assessed visually after harvest. Variances
of the three trials were homogeneous,
and the genotype X test interaction was
not significant at P = 0.01. Therefore,
data from the three trials were combined
(Table 4). The most susceptible geno-
types included the registered cultivars
Medora, Sceptre, Wakooma, and Plenty;
whereas the introductions Westbred 881
and 9060E-01A were among the most
resistant genotypes.

Incidence of red smudge (all three
trials combined) and lesion length or per-
cent leaf area with tan spot symptoms
at the seedling or adult stage were not
correlated (P > 0.05), except for trial 2,
where lesion length on the flag leaf was
negatively correlated with incidence of
red smudge (r = —0.63, P =< 0.05). Per-
cent incidence of red smudge in arti-
ficially inoculated plants was also nega-
tively correlated with field leaf spot
ratings at Outlook in 1992 (r = —0.60,
P = 0.05), but it was not correlated
(P> 0.05) with leaf spot ratings at Swift
Current in 1992 or at either location in
1991.

DISCUSSION

The correlation of percent leaf area
with symptoms and lesion length on the
flag leaf agrees with Diaz de Ackerman
et al (7), who suggested that lesion length
identifies genotypes with different levels
of resistance. Therefore, lesion length on

Table 3. Correlation of field leaf spot ratings of 14 durum wheat genotypes at two locations
and in 2 yr with percent leaf area affected and lesion length in flag leaves of growth room-
grown plants artificially inoculated with Pyrenophora tritici-repentis

Field leaf spot ratings*

Swift Current Outlook

Growth room measurements 1991 1992 1991 1992
Leaf area (%)’

Trial 1 0.59"* 0.59" 0.62" 0.54"

Trial 2 0.80" 0.56" 0.82" 0.77"
Lesion length (mm)

Trial 1 0.90" 0.80" 0.88" 0.90"

Trial 2 0.88" 0.65" 0.87" 0.83"

Trial 3 0.70™ 0.71" 0.71" 0.61°

* Leaf spots rated based on Couture (5).

¥ Leaf area and length of tan spot lesions measured on flag leaves of plants artificially inoculated

with P. tritici-repentis.

*" = Significant at P < 0.05, and ** = significant at P < 0.01.

the flag leaf can be regarded as a good
indicator of tan spot reaction and as the
most practical way to assess genotypes
for resistance to this disease. Lesion type,
on the other hand, was considered less
adequate for flag leaves because different
types of lesions were commonly seen on
the same leaf. However, lesion type (14)
on seedlings was considered better than
percent leaf area with symptoms for de-
termination of seedling reaction. Percent
area with symptoms on the first leaf of
two-leaf seedlings was very variable
among tests. Because of coalescence of
lesions in the most susceptible genotypes,
lesion length on seedlings could not be
determined with accuracy.

The lack of correlation between the
reactions of adult plants and seedlings,
and the observation that the reaction of
artificially inoculated flag leaves, but not
seedling leaves, was correlated with field
leaf spot ratings, agrees with Cox and
Hosford (6). This study also showed that,
in most cases, there was no correlation
between susceptibility to red smudge and
tan spot reactions in artificially in-
oculated adult plants or seedlings field
leaf spot ratings.

These observations suggest that in
durum wheat, there might be resistance
to tan spot expressed in adult plants but
not in seedlings, and that different re-
sistance mechanisms to P. tritici-repentis
appear to operate in different plant or-
gans. This is similar to the conclusion
reached by Arseniuk et al (1) in relation
to resistance of spring and winter wheat
to L. nodorum at different plant growth
stages, and to findings by Schilder and
Bergstrom (21) and Conner (4) in relation
to resistance of hexaploid wheat to P.
tritici-repentis and C. sativus, respec-
tively. The lack of correlation between
tan spot reaction at the two-leaf stage
and after emergence of the flag leaf
suggests that both seedlings and adult
plants should be examined when testing

Table 4. Incidence of red smudge in kernels
of durum wheat plants artificially inoculated
with Pyrenophora tritici-repentis

Genotype Incidence (%)*
Medora 26.6 a
Sceptre 21.9 ab
8663-BP2B 21.2 ab
8466-DP1C 18.8 ab
Wakooma 17.9 b-d
8563-BN4A 16.4 be
Plenty 16.3 b-d
8464-DH2D 15.7 b-d
8770-K3E 14.2 b-e
8774-AF2A 11.5 c-f
8678-DB3A 10.8 d-f
DT 369 9.9d-f
9060E-01A 9.1ef
Westbred 881 73f

* Mean incidence of three trials. Values fol-
lowed by the same letter are not signifi-
cantly different (P > 0.05) according to an
LSD test performed on arcsine-transformed
values.
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genotypes for resistance to this disease.
Screening only seedlings for reaction to
tan spot might not allow the detection
of resistance at the adult stage.
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