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ABSTRACT
Wainshilbaum, S. J., and Lipps, P. E. 1991. Effect of temperature and growth stage of wheat

on development of leaf and glume blotch caused by Septoria tritici and S. nodorum. Plant
Dis. 75:993-998.

Severity of leaf blotch caused by Septoria tritici and leaf and glume blotch caused by S. nodorum
was assessed on two soft red winter wheat cultivars (AGRA GR855 and Caldwell) at three
temperatures (19, 24, and 29 C) and four growth stages (GS 6 or first node visible, GS 10
or boot, GS 10.5 or preflowering, and GS 11 or postflowering). The percentage of leaf and
glume area with symptoms, density of pycnidia in lesions, and number of conidia per pycnidium
were determined. Analysis of variance (ANOVA) for area under the disease progress curve
(AUDPC) indicated that S. tritici caused similar levels of disease at 19 and 24 C but very
low levels of disease at 29 C. Growth stage had no effect on disease severity caused by S.
tritici (P = 0.05). S. nodorum caused relatively high levels of disease at each temperature
tested, but no significant differences for AUDPC were detected for temperature (P = 0.05).
AUDPC values for Septoria nodorum leaf blotch were significantly higher (P = 0.05) at each
succeeding growth stage tested for AGRA GR855, and AUDPC values for Caldwell were
significantly greater at GS 11 than GS 6 or 10. The density of pycnidia and numbers of conidia
per pycnidium on leaf lesions were higher for S. rritici than for S. nodorum. S. tritici caused
only low levels of glume blotch at 19 and 24 C and none at 29 C, whereas S. nodorum caused
relatively high levels of glume blotch at each temperature tested. Results indicated the level
of leaf blotch incited by S. tritici was more influenced by temperature than growth stage at
time of inoculation, and leaf blotch incited by S. nodorum was affected more by plant growth
stage at time of inoculation than temperature. This suggests an explanation for the seasonal
occurrence of these two pathogens. The cooler temperatures of early spring favor development
of leaf blotch caused by S. tritici. The greater prevelance of S. nodorum later in the season
may be a consequence of increasing susceptibility of the wheat plant to this pathogen as it
matures.

The two major pathogens comprising
the Septoria disease complex on wheat

cial fields in Michigan, the number of
fields with new lesions caused by S. tritici

(Triticum aestivum L.) are Septoria
tritici Roberge. in Desmaz. (teleomorph
Mycosphaerella graminicola (Fuckel) J.
Schrét. in Cohn), causing Septoria leaf
blotch or speckled leaf blotch, and S.
nodorum (Berk.) Berk. in Berk. &
Broome (synonym: Stagonospora
nodorum (Berk.) Castellani & E. G.
Germano) (teleomorph Leptosphaeria
nodorum E. Mueller), causing Septoria
leaf and glume blotch. Both pathogens
are economically important worldwide,
although S. tritici is more prevalent in
cooler climates and more active during
cooler portions of the growing season
than S. nodorum (26).

Natural infection by S. tritici occurred
on winter wheat in each of 3 yr of a
Minnesota study, but no infections were
observed on spring wheat planted in late
April. S. nodorum, however, occurred
on spring and winter wheat all 3 yr of
the experiment (25). In a 2-yr study
conducted on winter wheat in commer-
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decreased as the season progressed,
whereas new lesions caused by S.
nodorum increased in 1 yr and remained
relatively constant the next year (8). In
the same Michigan study, both patho-
gens were present on the lower leaves
of plants in early May, but by late May,
lesions caused by S. nodorum were on
leaves higher on the plant than those
caused by S. tritici. By July, S. nodorum
was isolated from lesions on the heads
of mature plants in all fields surveyed,
but S. tritici was not observed. Head
infection by S. tritici has rarely been
reported under natural conditions (13),
whereas glume blotch caused by S.
nodorum has been widely reported
(3,6,10,15). Furthermore, disease sever-
ity caused by S. nodorum has been
reported to increase with plant age (11).

Many reasons have been suggested to
explain the occurrence of these two
Septoria species on different plant parts
and at different times during the wheat
growing season. It has been suggested
that the two species require different
moisture periods (9,10) or temperatures
(4,9) for infection. However, recent
studies have identified virtually the same
optimum temperature range for disease
development by both species: 18-25 C

for S. tritici (9) and 20-24 C for S.
nodorum (4). The objective of this study
was to determine the effect of growth
stage and temperature on the relative
pathogenicity of S. tritici and S.
nodorum on wheat leaves (leaf blotch)
and heads (glume blotch).

MATERIALS AND METHODS

Isolation and inoculum production.
An isolate of S. tritici was cultured from
infected wheat leaves obtained from G.
Shaner (Purdue University, West
Lafayette, IN). Conidia were released
from pycnidia by immersing a leaf in
approximately 5 ml of sterile distilled
water, and the resulting conidial suspen-
sion was streaked onto the surface of
yeast-malt agar plates (1 g of yeast
extract, 10 g of malt extract, and 15 g
of agar in 1 L of distilled water) (9).
Cultures were grown at 22 C for 10 hr
under UV and white fluorescent lighting
(22 pE-m~2s7"). After 3-5 days, several
creamy, pink-colored colonies from each
plate were transferred to flasks with 2%
malt broth (20 g of malt extract in 1 L
of distilled water). The flasks were
shaken on a rotary shaker (Fermentation
Design Inc., Allentown, PA) at 150 rpm
at 20 C in continuous light from 13
fluorescent light bulbs (47 uE-m 2s™"),
Approximately 1 ml of broth containing
conidia was pipetted onto the surface of
yeast malt-agar plates and grown for 3-5
days under the conditions described
earlier.

Six isolates of S. nodorum, obtained
from diseased leaves collected from
different wheat fields in Ohio, were
cultured on V8 juice agar (V8A) plates,
as described by Eyal et al (5). Cultures
were also grown in 2% V8 juice broth
(20 ml of Campbell’s V8 juice and 0.04
g of CaCos in 980 ml of distilled water)
under the same conditions as described
for S. tritici in liquid culture. Aggregates
of mycelium with pycnidia that formed
were removed and plated onto V8A
plates and allowed to dry. Resulting
cultures were maintained at 21-23 C until
pycnidia developed on the agar surface.

Immediately before plant inoculation,
conidial suspensions of each species were
prepared by flooding petri plate cultures
with distilled water and scraping the agar
surface. Suspensions were adjusted to
approximately 1 X 10’ conidia per
milliliter with a hemacytometer.

Hosts. Two soft red winter wheat
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cultivars, AGRA GR855 (PI 508286) and
Caldwell (CI 17897), were used through-
out this study. AGRA GR855 and
Caldwell were chosen for their known
susceptibility to S. tritici and S.
nodorum, respectively (17,20). Seeds of
each cultivar were planted in flats, grown
to the two-leaf stage in the greenhouse,
and then vernalized for 8-12 wk at 4 C
under fluorescent light (3 uE-m2-s™") for
12 hr per day. Seedlings were then
transplanted to ll-cm clay pots, one
plant per pot, in a potting mix of peat
moss/composted steam disinfested
Wooster silt loam soil (1:5, v/v) and
grown to the growth stage required for
testing in the greenhouse at a temper-
ature range of 15-27 C. Karathane
(dinocap, 0.55 kg a.i./ha) was applied
weekly to control powdery mildew.
Malathion (1.4 kg a.i./ha) or methomyl
(0.5 kg a.i./ha) were used, as necessary,
to control aphids. Plants were fertilized
two to three times as needed with a dilute
nutrient solution (0.5 g/L each of N, P,
and K, approximately 25 ml per pot).

Plants were inoculated at four differ-
ent growth stages (GS) described
according to the Feekes’ scale (16): GS
6 (beginning stem elongation at first node
visible), GS 10 (boot stage, when the
wheat head had formed a swelling in the
flag leaf sheath), GS 10.5 (preflowering,
when the entire head had emerged from
the flag leaf sheath), and GS 11 (post-
flowering, when kernels were one-half to
three-fourths formed and anthers were
protruding from all florets of the head).

The leaf chosen for disease assessment
(third or fourth leaf for GS 6; flag leaf
for other growth stages) was marked with
a nonphytotoxic permanent marker
before inoculation. The spore suspension
was atomized (513 KPa) with a Sure
Shot Sprayer (Milwaukee Sprayer,
Milwaukee, WI) onto leaves and heads
until the surface was covered with
droplets but before runoff. Immediately
after inoculation, plants were placed in
controlled environment chambers at 19,
24, or 29 C. Plastic bags were placed on
individual plants for 96 hr to maintain
high humidity. Relative humidity was
not regulated and a 12-hr photoperiod
was provided by 10 40W incandescent
and 20 fluorescent light bulbs, providing
an average light intensity of 240 + 17
wE-m™2s™' for the three growth
chambers.

Disease assessments. Disecase assess-
ments were made at 11, 16, and 21 days
after inoculation. Disease on leaves was
evaluated as percent leaf area occupied
by pycnidia-bearing lesions for S. tritici
or percent leaf area covered with necrotic
blotches for S. nodorum. The difference
in disease assessments was attributable
to the lack of pycnidial development by
S. nodorum on leaves in the growth
chamber and the similarity of lesions
caused by S. tritici to physical damage.
The third or fourth leaf below the flag

994 Plant Disease/Vol. 75 No. 10

leaf was rated on plants inoculated at
the growth stage where the first node was
visible (GS 6), and the flag leaf was rated
for plants inoculated at the other three
growth stages (GS 10, 10.5, and 11). Only
the adaxial side of the leaf was assessed.
Disease on glumes was evaluated as
percent head area covered with black
streaks for S. tritici or brown to black
blotches for S. nodorum. Glumes were
rated on plants inoculated at the
preflowering (GS 10.5) and post-
flowering (GS 11) growth stages only.
In cases where entire flag leaves or heads
treated with S. nodorum at GS 11 died
before the last disease assessment, the
previous disease assessment was used to
determine head or leaf area covered with
blotches.

Pycnidial density and conidia per
pycnidium. After the 21-day disease
assessment, plants were returned to the
greenhouse. The leaf that was used for
the disease assessment and two glumes
with symptoms were collected and stored
dry in paper bags. In cases where glumes
with symptoms caused by S. tritici were
not available, two glumes were chosen
at random. Treatments of S. tritici at 29
C were not included because disease did
not develop at this temperature. After
the leaves and glumes had dried, 1-cm
segments were cut from lesions covered
with pycnidia of S. tritici or blotches
caused by S. nodorum. The leaf segments
and glumes were surface-sterilized in 70%
alcohol and 1.05% sodium hypochlorite
(1:1, v/v) for 2 min and rinsed in distilled
water for 2 min. Five replicate tissue
segments were placed on a marked glass
slide in a petri dish lined with wet filter
paper. Leaf segments infected with S.
tritici and S. nodorum were incubated
in the moisture chamber for 3-4 days
and 7-10 days, respectively. All glumes
were kept in the moisture chamber for
2 wk.

The number of pycnidia per square
millimeter of leaf lesion were counted
with a dissecting microscope (X10). Ten
pycnidia per leaf segment or glume were
excised from tissue with a fine-pointed
scalpel and put in a 5-cm-diameter petri
dish with 0.5 ml of distilled water. The
leaf or glume tissue was macerated with
a glass coverslip, and the number of
conidia per milliliter in the resulting
spore suspension was determined with a
hemacytometer.

Data analysis. A spilt-plot experimen-
tal design was used to determine the
effect of temperature and growth stage
on disease development caused by the
two fungi and an uninoculated control.
Whole plots were the three temperatures
and subplots were the four growth stages
and the two cultivars. All treatments
were replicated five times, with one plant
per replication. All tests were conducted
twice. Statistical analyses were
conducted with the SAS computer
program. The general linear model

analysis of variance test and Tukey’s
separation of means test were used to
separate treatment means. Values for
area under the disease progress curve
(AUDPC) were calculated according to
Shaner et al (22) and used for
comparisons, unless stated otherwise. A
square-root transformation was
performed on disease assessments for
leaves and glumes because of the high
variability in the data and the relation-
ship between the variance and the mean.
Disease assessments of S. tritici and S.
nodorum were not compared statistically
because of the different rating criteria
used for each.

Data for pycnidia per square millime-
ter of leaf or glume lesion and conidia
per pycnidium were analyzed to deter-
mine the effects of cultivars, plant growth
stages, and temperatures on fungal
sporulation. The statistical tests and
experimental design were identical to
those for the leaf and glume disease
assessment studies. A log transformation
was performed on all pycnidia and spore
enumeration data. The analysis for
number of pycnidia per square millimeter
of leaf lesion and number of conidia per
pycnidum was conducted separately for
each fungal species.

RESULTS

S. tritici on leaves. S. tritici produced
elongated tan-colored necrotic lesions on
wheat leaves. Lesions were typically
bordered by veins and contained black
pycnidia. The necrotic areas with no
pycnidia were indistinguishable from
possible mechanical damage, thus per-
cent leaf area occupied by pycnidia-
bearing lesions was used to assess S.
tritici on leaves. Some necrosis or flecks
in the leaf were often visible at the 11-
day assessment, and pycnidia were
generally first visible at the 16-day
assessment. Percentage leaf area affected
increased over time, and by the last
assessment at 21 days postinoculation,
Caldwell and AGRA GR855 had 32 and
459% leaf area affected, respectively,
at 19 C when inoculated at GS 10.5
(Fig. 1). Percent leaf area affected was
never greater than 1% on either cultivar
at 29 C when inoculated at any growth
stage (Fig. 1).

Significant differences were detected
between cultivars for disease assessment
(P=10.05). Transformed AUDPC values
were 8.4 for Caldwell and 4.4 for AGRA
GR855. Interaction effects of tempera-
ture by cultivar and growth stage by
cultivar were significant for AUDPC
(P = 0.05). The two-way interaction of
temperature by cultivar was attributable
to significant lower AUDPC values for
Caldwell at 19 and 24 C but not at 29 C
(Fig. 2). Also, the mean AUDPC value
for Caldwell was larger at 19 C than 24 C,
and AUDPC values were not
significantly different (P = 0.05) at 19
and 24 C for AGRA GR855. The two-



way interaction of growth stage and
cultivar occurred because of a significant
difference (P = 0.05) between the two
cultivars at GS 10 (Fig. 3). Plants of
AGRA GR8S55 inoculated at GS 10 had
significantly higher levels of disease than
plants of this cultivar inoculated at other
growth stages. No other significant
differences in the AUDPC values
calculated for the different growth stages
were detected.

Pycnidia were often quite dense within
leaf lesions. Conidia were expelled
through the ostiole in the form of pink
cirri. A significant difference (P = 0.05)
between cultivars was detected for the
number of pycnidia per square millimeter
of leaf lesion and number of conidia per
pycnidium. Caldwell had fewer pycnidia
per square millimeter on leaf tissue than
AGRA GRS8S55 (Table 1). Neither the
growth stage at inoculation nor
postinoculation temperature had an
influence on the density of pycnidia in
lesions (P = 0.05). S. tritici produced
significantly more conidia per pycnidium
on leaves of AGRA GR855 than on
Caldwell (Table 1).

S. nodorum on leaves. S. nodorum
produced irregular light brown necrotic
lesions with a chocolate-brown border
or chocolate-brown spots within the
lesion on leaves. Pycnidia were not
produced on the leaves in the controlled
environment chambers or greenhouse.
Because symptoms caused by S.
nodorum were distinct and pycnidia were
not distinguishable, disease was assessed
as percent leaf area covered with
blotches. Symptoms were usually evident
at the 11-day assessment time and
percent leaf area affected increased
steadily from the first to the last disease
assessment (Fig. 1).

Analysis of variance for disease
assessment data indicated a significant
main effect of cultivar and a significant
interaction effect between growth stage
and cultivar (P = 0.05). Caldwell had
a significantly higher (P = 0.05) level of
leaf blotch than AGRA GR&85S.
Transformed AUDPC values for S.
nodorum were 21.2 for Caldwell and 18.0
for AGRA GR855. There was a signif-
icant difference in AUDPC values
between Caldwell and AGRA GR855 at
GS 10 but not at the other growth stages
tested (Fig. 4). Significant differences in
AUDPC values were also detected
among each growth stage for AGRA
GR855 and among only three of the four
growth stages tested for Caldwell. A
greater percentage of leaf area became
infected when plants were inoculated at
the later growth stages than earlier
growth stages. No significant differences
were detected for temperature or the
temperatures by growth stage interaction
(P=0.05).

S. nodorum produced amber-colored
pycnidia within leaf lesions, and conidia
erupted from the ostiole in an amber-

colored ooze. No significant differences
were detected for the number of pycnidia
per square millimeter of leaf produced
by S. nodorum for cultivar, temperature,
or growth stage (Table 1). Significant
differences were detected between
cultivars for number of conidia per
pycnidium on leaves. Pycnidia on the
leaves of AGRA GR8S5S contained more
conidia than those on the leaves of
Caldwell (Table 1).

S. tritici on glumes. S. tritici caused
black streaks along the veins on the tips
of the glumes. This species caused only
low disease severity on glumes of both
cultivars (Fig. 5). There were no signif-
icant differences for cultivar, tempera-

ture, or growth stage on pathogenicity
of S. tritici on glumes (P = 0.05).
However, the interaction of growth stage
by cultivar and the interaction of growth
stage by temperature and cultivar was
significant (P = 0.05). The highest
severity of glume blotch obtained in these
tests with S. tritici was 17% glume area
affected on AGRA GR855 by the 21-
day assessment inoculated at GS 10.5 and
incubated at 19 C. On plants maintained
at 29 C, percent glume area affected was
19% or less on both cultivars.

Black pycnidia of S. tritici formed in
the darkened streaks along the veins of
the glumes. The mean number of
pycnidia per glume was 20.3 at GS 10.5
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Fig. 1. Disease progress curves for percentage of leaf area occupied by pycnidia-bearing lesions
for Septoria tritici or blotches for S. nodorum at 19, 24, and 29 C. Leaves were inoculated
at growth stages (GS) 6, 10, 10.5, and 11. Disease severity assessed at 11, 16, and 21 days
after inoculation and data points represent means of two experiments on wheat cultivars AGRA

GR855 and Caldwell.
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and 1.0 at GS 11 (nontransformed data).
The data used to calculate the analysis
of variance for the number of pycnidia
per glume and number of conidia per
pycnidium on glumes were not complete
because of the lack of pycnidial devel-
opment on glumes within some
treatments. The mean number of conidia
per pycnidium on glumes was 151 for
glumes inoculated at GS 10.5 and 475

for glumes inoculated at GS 11 (non-
transformed data).

S. nodorum on glumes. S. nodorum
caused brown-black blotches starting at
the tips and spreading to the base of the
glumes. S. nodorum caused high levels
of glume blotch at both growth stages
and each of the three temperatures tested
(Fig. 5). The highest mean percentage
of glume area affected by 21 days
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Fig. 2. Effect of temperature and cultivar on the square root of area under the disease progress
curve (AUDPC) calculated from 11-, 16-, and 21-day assessments for percentage of leaf area
affected by Seproria tritici. Means with the same letter were not significantly different according
to Tukey’s studentized range test (P = 0.05).
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Fig. 3. Effect of plant growth stage and cultivar on the square root of area under the disease
progress curve (AUDPC) calculated from 11-, 16-, and 21-day assessments for percentage of
leaf area affected by Septoria tritici. Means with the same letter were not significantly different
according to Tukey’s studentized range test (P = 0.05).

AUDPC (leaves)

Table 1. Effect of wheat cultivar on mean number of pycnidia per square millimeter of lesion
and number of conidia per pycnidium on leaves produced by Septoria tritici and S. nodorum

Species and Pycnidia/mm? Conidia/
cultivar leaf lesion pycnidium
S. tritici
AGRA GR855 5.66 a* 3,011 a
Caldwell 447 b 935 b
S. nodorum
AGRA GR855 1.83a 1,214 a
Caldwell 1.65 a 425 b

“Means followed by the same letter within columns for each species are not significantly different
according to Tukey’s separation of means test (P = 0.05).
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postinoculation was 89.5% for plants
inoculated at both GS 10.5 and 11, and
the lowest was 529% for plants inoculated
at GS 10.5. No significant differences
were detected for percent glume area
affected by S. nodorum for cultivar,
temperature, or growth stage (P = 0.05).
However, the interaction of temperature
by cultivar was significant (P = 0.05).
There was a significant difference in
AUDPC values between 19 and 29 C
on AGRA GRS855 (13.6 and 22.4,
respectively).

Pycnidia on glumes were generally
located on the tips of the glumes within
blotches. There was a significant cultivar
and growth stage by cultivar effect on
the number of pycnidia per glume
(P = 0.05). The growth stage by cultivar
interaction occurred because numbers of
pycnidia on glumes were similar on both
cultivars inoculated at GS 11 (3.5
pycnidia per glume), whereas at GS 10.5,
there were significantly more on AGRA
GR855 (13.8 pycnidia per glume) than
on Caldwell (2.95 pycnidia per glume)
(nontransformed data). The mean num-
ber of conidia per pycnidium of S.
nodorum on glumes was 1,264 and 5,307
(nontransformed data) for plants
inoculated at GS 10.5 and 11, respec-
tively, however, this difference was not
significant.

DISCUSSION

Several factors have been shown to
influence disease development by S.
tritici and S. nodorum, including high
humidity or precipitation at time of
infection (9,10,24), temperature (4,9,10),
plant growth stage (11,14), and cultivar
(2,9,17). In this study, the effects of
temperature, plant growth stage, and
cultivar on disease development were
investigated during a constant high-
humidity period (96 hr postinoculation).
S. tritici and S. nodorum responded
differently to growth stage, temperature,
cultivar, and inoculated plant part.
Growth stage at time of inoculation had
essentially no effect on disease severity
caused by S. tritici. In a study to evaluate
resistance in 10 wheat cultivars, Shaner
and Finney also reported little effect of
growth stage at time of inoculation on
disease severity (23).

Growth stage at time of inoculation
significantly influenced disease develop-
ment on leaves caused by S. nodorum.
Leaf blotch caused by this pathogen
increased with increase of plant age at
time of inoculation. This trend occurred
at all temperatures tested and may
partially explain why S. nodorum is more
active in the field during the latter part
of the wheat growing season during
maturation of the wheat plant (8,25,26).
Mullaney et al (18) recorded an increase
of disease severity of S. nodorum on the
spring wheat cultivar Giorgio 396
inoculated at GS 10 as compared with
GS 1 and proposed that the late boot



stage may be the point in the develop-
ment of cultivar Giorgio 396 at which
increased susceptibility to S. nodorum
commences. Our results indicate that
disease development is greater on plants
inoculated at the later growth stages than
earlier growth stages, and the increase
in susceptibility may be influenced by
plant maturity.

In contrast with results obtained with
S. nodorum, only temperature had an
influence on disease development by S.
tritici. Percent leaf area affected was
consistently negligible at the warmest
temperature tested (29 C). Hess and
Shaner (9) reported that disease severity
was significantly greater at 25 C than at
18 C on plants inoculated with S. tritici

at the postflowering growth stage. In our
study, AUDPC values for plants
inoculated at postflowering and incu-
bated at 24 and 19 C were not significant.
The lack of disease development at the
postinoculation temperature of 29 C was
consistent with other studies (1,5).
Temperature, on the other hand, did
not significantly influence disease devel-
opment by S. nodorum. This pathogen
caused disease at all three temperatures
tested, and there were no significant
differences in AUDPC values among
temperatures tested. Results at the 11-
day disease assessment on plants
inoculated at GS 10 were consistent with
those of da Luz and Bergstrom (4), who
reported 18-24 C as the optimum
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Fig. 4. Effect of plant growth stage and cultivar on the square root of area under the disease
progress curve from 11-, 16-, and 21-day assessments of percentage of leaf area affected by
Septoria nodorum. Means with the same letter were not significantly different according to

Tukey’s studentized range test (P = 0.05).
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Fig. 5. Disease progress curves for percentage of glume area covered with blotches caused
by Septoria tritici or S. nodorum at 19, 24, and 29 C. Leaves were inoculated at growth stages
(GS) 10.5 and 11. Disease assessed at 11, 16, and 21 days after inoculation and data points
represent means of two experiments on wheat cultivars AGRA GR855 and Caldwell.

temperature for disease development at
a similar disease assessment time and
inoculation growth stage. The minimum
temperature for parasitism by both S.
tritici and S. nodorum has been reported
as 7 C (10,21). Our results indicate that
S. nodorum appears to be able to infect
at a higher temperature than S. tritici,
and, therefore, higher temperature may
limit the parasitic activity of S. tritici to
a greater extent than S. nodorum in
nature.

There were significant differences in
the level of disease development on the
two cultivars tested for each Septoria
species. Caldwell was more resistant than
AGRA GR855to S. tritici as determined
by percent leaf area covered with
pycnidia, density of pycnidia in leaf
lesions, and number of conidia per
pycnidium on leaves. Because of the
greater capacity of S. tritici to produce
both pycnidia and conidia on AGRA
GR855 than on Caldwell, disease could
be expected to increase more rapidly on
this cultivar in the field. Caldwell has
been reported as susceptible to S.
nodorum (17,27) and resistant to S. tritici
(20).

S. nodorum was consistently
pathogenic on glumes and caused glume
blotch on plants inoculated at both
postheading growth stages and at all
three postinoculation temperatures
tested. S. nodorum also produced
pycnidia on glumes, and the number of
conidia per pycnidium on glumes was
only slightly less than on leaves. The level
of glume blotch caused by S. tritici in
this experiment was similar to that
found by Jones and Odebumni (14). The
symptoms (black streaks along the veins
of the glumes) matched those described
by Jones and Cooke (12). Results from
these and other studies with glumes
(12,14), and the fact that natural infec-
tion by S. tritici on glumes has been
reported so rarely (12-14), indicate that
S. tritici may not be capable of causing
appreciable levels of disease on wheat
glumes at any temperature or post-
heading growth stage. However, after
incubation in a moist chamber, pycnidia
did form on glumes in our study, which
supports the findings of Jones and Cooke
(12) and confirms that S. tritici is able
to infect the glumes of wheat under
optimal conditions.

Lower levels of glume blotch devel-
oped on heads of plants inoculated at
postflowering than at preflowering. This
is consistent with the results of Williams
and Jones (28), who reported that glume
blotch induced by S. nodorum was
greatest on plants inoculated at one-half
to three-fourths head emergence and
declined steadily on plants inoculated at
later growth stages. One possible reason
for this phenomenon is that the glume
tissue inoculated at the later growth
stages actually senesced before symp-
toms had a chance to develop. Kernels
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were one-half to three-fourths formed at
GS 11 and plants were beginning to
senesce. Perhaps symptom development
would have been greater had the glume
tissue not been senescing after
inoculation.

Host cultivar was the only treatment
that had a significant effect on density
of pycnidia of S. tritici. The number of
pycnidia per square millimeter of leaf
lesion for S. tritici was similar to numbers
previously reported, but the number of
conidia per pycnidium was somewhat
higher than those reported by Hess and
Shaner (9). The difference in recovery
could be attributable to different
methods used for harvesting conidia
from the leaf. Hess and Shaner used the
method of Gough (7), which involved
dipping the leaf segments in water rather
than crushing them. According to our
preliminary trials, crushing pycnidia in
water resulted in approximately 20%
more conidia harvested.

The number of pycnidia per square
millimeter of leaf lesion produced by S.
nodorum was not influenced by any of
the treatments tested in this experiment,
so it appears that temperature and
growth stage have little effect on the
density of pycnidia within blotches on
the cultivars tested.

S. tritici produced substantially
greater numbers of pycnidia per square
millimeter of leaf lesion and more conidia
per pycnidium than S. nodorum. This
occurred practically without exception in
all treatments. The apparent ability of
S. tritici to produce more conidia per
square millimeter of leaf tissue relative
to S. nodorum indicates that under
favorable environments, S. tritici may
have greater parasitic fitness (19) than
S. nodorum if conidia of the two species
had similar infection efficiencies (24,29).
S. nodorum appeared to have other
fitness attributes, including the ability to
cause disease over a wider temperature
range, the tendency to cause greater
amounts of disease as the plants mature,
and the ability to cause disease on glumes
as well as leaves. The influence of
temperature on pathogenicity of S. tritici
and the ability of S. nodorum to cause
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disease on older plants at higher
temperatures may explain why leaf
blotch caused by S. tritici appears more
common in early spring and leaf blotch
caused by S. nodorum in late spring after
flowering of the wheat crop.

ACKNOWLEDGMENT

Salaries and research support provided by state
and federal funds appropriated to the Ohio
Agricultural Research and Development Center and
The Ohio State University. Manuscript 319-90.

LITERATURE CITED

1. Bahat, A, Gelernter, 1., Brown, M. B., and Eyal,
Z. 1980. Factors affecting the vertical
progression of Septoria leaf blotch in short-
statured wheats. Phytopathology 70:179-184.

2. Block, G. 1959. Untersuchungen uber die
braunfleckigkeit (spelzenbraune) des weizens
(Septoria nodorum Berk.), insbesondere in
bezug auf infektionsbedingungen, sortenan-
falligkeit und wirtschaftileche bedeutung des
Pilzes. Z. Acker Pflanzenbau 107:435-458.

3. Cooke, B. M., and Jones, D. G. 1970. The
epidemiology of Septoria tritici and S. nodorum
II. Comparative studies of head infection by
Septoria tritici and S. nodorum on spring wheat.
Trans. Br. Mycol. Soc. 54:395-404.

4. da Luz, W. C., and Bergstrom, G. C. 1986.
Temperature alteration of phenotypic expres-
sion of spring wheat resistance to Stagonospora
nodorum spot. Pesqui. Agropecu. Bras. 21:625-
629.

5. Eyal, Z. 1981. Integrated control of Septoria
diseases of wheat. Plant Dis. 65:763-768.

6. Eyal, Z., Scharen, A. L., Prescott, J. M., and

van Ginkel, M. 1987. The Septoria Diseases of

Wheat: Concepts and Methods of Disease

Management. CIMMYT, Mexico, D.F. 52 pp.

. Gough, F. J. 1978. Effect of wheat host cultivars
on pycnidiospore production by Septoria tritici.
Phytopathology 68:1343-1345.

8. Hart, L. P., Fulbright, D. W., Clayton, J. L.,
and Ravenscroft, A. V. 1984. Occurrence of
Septoria nodorum blotch and S. tritici blotch
in Michigan winter wheat. Plant Dis.
68:418-420.

. Hess, D. E., and Shaner, G. 1987. Effect of
moisture and temperature on development of
Septoria tritici blotch in wheat. Phytopathology
77:215-219.

10. Holmes, S. J., and Colhoun, J. 1974. Infection
of wheat by Septoria nodorum and S. tritici
in relation to plant age, air temperature and
relative humidity. Trans. Br. Mycol. Soc.
63:329-338.

11. Jones, D. G., and Clifford, B. C., eds. 1978.
Cereal Diseases, Their Pathology and Control.
BASF, Ipswich, England. 279 pp.

12. Jones, D. G., and Cooke, B. M. 1969. The
epidemiology of Septoria tritici and S. nodorum
I. A tentative key for assessing Septoria tritici
infection on wheat heads. Trans. Br. Mycol. Soc.

~

N

20.

21.

22.

23.

24,

25.

27.

28.

29.

53:39-46.

. Jones, D. G., and Cooke, B. M. 1970. Septoria

tritici Rob. and Desm. on the heads of winter
wheat in West Wales. Plant Pathol. 19:99-100.

. Jones, D. G., and Odebumni, K. 1971. The

epidemiology of Septoria tritici and S. nodorum
IV. The effect of inoculation at different growth
stages and on different plant parts. Trans. Br.
Myecol. Soc. 56(2):281-288.

. King, J. E., Cook, R. J., and Melville, S. C.

1983. A review of Septoria diseases of wheat
and barley. Ann. Appl. Biol. 103:345-373.

. Large, E. C. 1954. Growth stages in cereals:

Illustrations of the Feekes scale. Plant Pathol.
3:128-129.

. Lipps, P. E. 1990. Disease management. Pages

27-46 in: Profitable Wheat Management. J.
Beuerlein, H. L. Lafever, and P. E. Lipps, eds.
Ohio State Univ. Ohio Coop. Ext. Serv. Bull.
811.

. Mullaney, E. J., Scharen, A. L., and Bryan, M.

D. 1983. Resistance to Septoria nodorum in a
durum wheat cultivar as determined by stage
of host development. Can. J. Bot. 61:2248-2250.

. Nelson, R. R. 1973. Breeding Plants for Disease

Resistance: Concepts and Applications. Penn-
sylvania State University Press, University Park,
PA. 401 pp.

Patterson, F. L., Ohm, H. W., Shaner, G. E.,
Finney, R. E., Gallum, R. L., Roberts, J. J.,
and Foster, J. E. 1982. Registration of Caldwell
wheat. Crop Sci. 22:691.

Rapilly, F., Foucault, B., and Lacazedieux, J.
1973. Etude sur l'inoculum du Septoria
nodorum Berk (Leptosphaeria nodorum
Muller) agent de la septoriose du ble I. Les
ascospores. Ann. Phytopathol. 5:131-141.
Shaner, G., and Finney, R. E. 1977. The effect
of nitrogen fertilization on the expression of
slow-mildewing resistance in Knox wheat.
Phytopathology 67:1051-1056.

Shaner, G., and Finney, R. E. 1982. Resistance
in soft red winter wheat to Mycosphaerella
graminicola. Phytopathology 72:154-158.
Shaw, M. W., and Royle, D. J. 1989. An
epidemiologically based forcasting scheme for
Septoria tritici. P. M. Fried, ed. Proc. Int.
Workshop Sept. Dis. Cereals, 3rd. 189 pp.
Shearer, B. L., and Wilcoxson, R. D. 1980.
Sporulation of Septoria Species on Wheat and
Barley in Minnesota. Tech. Bull. 323. Univ.
Minn. Agric. Exp. Stn. 30 pp.

. Wiese, M. V. 1985. Compedium of Wheat

Diseases. 2nd ed. American Phytopathological
Society, St. Paul, MN. 112 pp.

Wilkinson, C. A., Murphy, J. P., and Rufty,
R. C. 1990. Diallel analysis of components of
partial resistance to Septoria nodorum in wheat.
Plant Dis. 74:47-50.

Williams, J. R., and Jones, D. G. 1973.
Epidemiology of Septoria tritici and S. nodorum
VII. Effects of the previous year’s infection on
disease development and yields in spring wheats.
Trans. Br. Mycol. Soc. 61(1):33-39.

Zadoks, J. C., and Schein, R. D. 1979.
Epidemiology and Plant Disease Management.
Oxford University Press, New York. 427 pp.



