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Reactions of winter wheat cultivars to Septoria nodorum Berk.

PIRJO PELTONEN, 1 SINIKKA KARJALAINEN 2 & REIJO KARJALAINEN 2

1 Department of Crop husbandry, University of Helsinki
SF-00710 Helsinki, Finland

2 Department of Plant Pathology, University of Helsinki
SF-00710 Helsinki, Finland

Abstract. Twelve Finnish and foreign winter wheat cultivars and breeding lines were evalu-
ated for resistance to Septoria nodorum at seedling and adult plant stage. Flag leaf severity
varied between 6.5 and 20 % and ear severity between 2.5 and 10 %. In general. Cl 13091
and Skjaldar were the most resistant cultivars, while Hja 21614, Hja 21638, and Hankkijan
Ilves were the most susceptible ones. Aura and Mironovskaja 808 were most resistant to ear
infection, while Vakka and Hja 21638 were most susceptible. Assessment of susceptibility at
the seedling stage was quite well correlated with ratings of adult plants in the field (r =0.72).
The correlation between lesion length and seedling plant Septoria severity was moderate (r=0.68).
Selection of wheat lines for Septoria resistance is discussed.
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Inlrodiidion

Septoria nodorum Berk., the cause of
glume and leaf blotch of wheat, occurs world-
wide in wheat growing areas (King et al.
1983). It is also one of the major wheat dis-
eases in Finland (Mäkelä 1975). In rainy sea-
sons, Septoria can reduce spring wheat yield
by up to 20—35 % in susceptible cultivars
(Karjalainen 1985). Infection apparently
also reduces hectolitre weight and thus
weakens milling properties (Karjalainen et
al. 1983). However, recent experiments sug-
gest (Karjalainen & Salovaara 1988) that
severe infection does not necessarily weaken
baking properties.

During the past few years, chemical control
of Septoria nodorum has become prevalent in
Finland. However, genetic resistance to the
disease would be a very attractive component
of integrated control in terms of economy and
simplicity of control (Doodson 1981, Priest-
ley & Bayles 1988). Extensive data (Bron-
nimann 1975, Krupinsky et al. 1977, Jeger et
al. 1983, Karjalainen 1985) indicate that
genetic resistance to Septoria nodorum is
available in wheat cultivars and lines. How-
ever, this resistance appears to be under poly-
genic control (Scott et al. 1982, Karjalainen

1983, Fried & Meister 1987), which makes it

379

JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND



difficult to incorporate it into breeding lines
possessing good combinations of characters.
Therefore, successful breeding work requires
sensitive tools for the detection of small differ-
ences between progenies. Several attempts
have been made to develop rapid screening
techniques for the detection of resistance to
S. nodorum (Karjalainen 1985, Griffiths &

Jones 1987). There are now several reports
(Scharen & Krupinsky 1978, Scharen &

Eyal 1980, Benedikz et al. 1981, Karjalai-

nen 1984, Jönsson 1985) that cultivar differ-
ences to S. nodorum can be reliably detected
at the seedling stage using artificial inocula-
tion.

Previous studies (Karjalainen et ai. 1983,
Karjalainen 1984, 1985) have shown clear
differences in resistance to S. nodorum be-
tween cultivars and lines of spring wheat
grown in Finland. However, no information
is available on the reactions of winter wheats
to S. nodorum. This study was designed to
provide data on the resistance of winter wheat
cultivars and lines to S. nodorum both at the
seedling and the adult plant stage.

Materials and Methods

Field experiments

Field experiments were carried out at Ant-
tila Experimental Farm of the Hankkija Plant
Breeding Institute in 1984 and 1985. Twelve
Finnish and foreign winter wheat cultivars and
breeding lines were sown in a randomized plot
(0.6 m 2) design with five replications. Stan-
dard fertilization treatments were applied.

The plots were artificially inoculated with
S. nodorum. Inoculum consisted of an aque-
ous suspension of 106 conidia/ml obtained as
described previously (Karjalainen 1985).1t
was sprayed on the leaves just before ear emer-
gence. The percentage area covered by S.
nodorum lesions was estimated at intervals on
the ears, flag leaves and second and third
leaves of twenty main shoots per plot.

Seedling plant tests

All greenhouse tests were carried out at the
University Farm of Viikki in winter 1986/87.
The same 12 winter wheat cultivars and lines
were grown in the greenhouse in 10 cm plas-
tic pots. Inoculation was carried out at the
two-leaf stage by spraying the plants with a
spore suspension of S. nodorum (106 co-
nidia/ml) containing 0.5 ml ’Tween 20’ sur-
facant per 100 ml of suspension. Plants were
then covered with plastic bags to maintain
high humidity for infection. The plants were
rated after 7 and 9 days for Septoria infection
according to percent disease area.

Detached seedling leaf tests

The same 12 winter wheats were grown in
the greenhouse in 10 cm plastic pots. Detached
leaves taken from the two-leaf stage plants
were cut into sections of about 4-cm lengths,
which were mounted on benzimidazole agar
in Petri dishes. A drop of S. nodorum inocu-
lum (3 pi, 106 conidia/ml) was placed on the
center of each section (Karjalainen 1984).
Seven and nine days after incubation, the
length of the leaf lesions showing brown and
yellow discoloration was measured. Eight
repetitions of the detached seedling leaf test
were conducted.

Results

In general, disease levels in this experiment
were moderate (Fig. 1). Flag leaf severity was
6.5—20 % and ear severity 2.5—10 %. Ac-
cording to their level of leaf resistance, the test
cultivars and lines can be divided into three
major groups. Cl 13091 and Skjaldar were
clearly the most resistant entries with an aver-
age of 7 Coinfection. Hja 25546, Hja 27187,
Mironovskaja 808, Vakka, and Nisu were in-
termediate with an average infection of 10—
12 Co. Aura, Linna, Hja 21614, Hja 21638
and Hankkijan Ilves were the most suscepti-
ble ones with infection rates ranging between
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14 and nearly 20 %. Ilves showed the most
susceptible reaction. However, differencesbe-
tween some of the most susceptible entries
were small.

Except for one cultivar, Vakka, there were
no major differences in ear severity between
the test cultivars and lines. Overall, infection
rates were low, most of the cultivars showing
an average of less than 5 %. The most resis-
tant ones were Cl 13091, Mironovskaja 808,
and somewhat surprisingly Aura, the leaves
of which were rather susceptible. Vakka was
the most susceptible cultivar, and it was con-

siderably more diseased than the other culti-
vars, with an average infection of 10 %.

There was no consistent correlation between
flag leaf and ear severity. Cl 13091 was the
most resistant one in both respects, and Hja
21614, Hja 21638, and lives the most suscep-
tible. However, Aura and Linna, for exam-
ple, showed quite low infection rates for ear
although their flag leaves were very suscepti-
ble.

Correlation between the seedling plant test
and the adult plant field test (Fig. 2) was
moderate (r = 0.72, p<0.01), though some

rig. I. Susceptibility of winter wheat cultivars and breeding lines to S. nodorum as revealed by artificial field
inoculation test.
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cultivars deviated considerably from the
general pattern. In our data, the seedling plant
test predicted field performance quite well.

The correlation between lesion length in the
detached seedling leaf test and seedling plant
severity (Fig. 3) was moderate (r = 0.68, p<
0.001), and there were no great deviations
from the regression curve. The lesion develop-
ment over times was consistent between two
different cultivars, Folke and lives, and
tetraploid wheat T. dicoccoides, with varying
resistance (Fig. 4).

Discussion

The Finnish winter wheat cultivars and
breeding lines tested showed clear variation in
their reaction to infection by S. nodorum. The
range of variation was smaller than that of the
spring wheat material tested earlier (Kar-
jalainen 1985), and part of the Finnish
spring wheat material apparently is much
more susceptible than any of these winter
wheat cultivars. In Finland, winter wheat is
usually infected by S. nodorum, but the dis-
ease apparently does not cause as serious yield
reduction as to spring wheat crops because the

Fig. 2. Relationship between fieldassessment and seedling
plant Septoria severity on some winter wheat cul-
tivars and breeding lines.

Fig. 3. Relationship between detached seedling leaf test and seedling plant test
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growing period of spring wheat is prolonged
towards the end of summer when humidity
and the number of rainy days frequently in-
creases thus providing ideal conditions for the
rapid spread of S. nodorum in wheat canopy.

In our experiment, it was possible to rank
the cultivars into three major groups accord-
ing to their leaf disease severity: the most resis-
tant cultivars, e.g. Skjaldar, intermediately
resistant e.g. Hja 25546, Hja 27187, Mironov-
skaja 808, Vakka and Nisu, and the most sus-
ceptible ones e.g. Linna, Hja 21638, Hja
21614 and lives. The assessment of head dis-
ease severity showed only small differences be-
tween cultivars, which confirms some previ-
ous studies on head reactions to S. nodorum
(Karjalainen 1985). Leaf assessment appears
to be a more reliable indicator of cultivar re-
sistance to S. nodorum partly because differ-

ences between cultivars can be more easily
recorded for the leaf than for the ear. It seems
evident that head data do not correlate well
with leaf data, and recent genetic analyses
have indicated (R. Karjalainen & S. Sirk-
komaa, unpublished) that head resistance is a
more complicated trait than leaf resistance.

Detection of resistance at the seedling stage
appears to be a relatively reliable indicator of
cultivar performance in the field. For exam-
ple, our data show the correlation of r = 0.72
(p<0.01) between seedling plant assessment
and field tests. In addition, the data from de-
tached plant tests also revealed moderately
high correlation with field tests. These results
are in accordance with previous studies of
spring wheat cultivars (Karjalainen 1984,
1985) as well as with several other studies
(Scharen & Eyal 1980, Rufty et al. 1981,

Fig. 4. Disease progress of S. nodorum on detached seedling leaves of three winter wheat cultivars in greenhouse
tests.

383



Jönsson 1985). Therefore, it seems reasona-
bly safe to conclude that seedling plant tests
can be a valuableaid for wheat breeders when
they want to eliminate the most susceptible en-
tries and progenies from their breeding mate-
rial. However, it must be emphasized that
some cultivar may deviate from this general
pattern, which means that field evaluation of
cultivar resistance is also needed to verify the
results of seedling tests.

In recent years, several attempts have been
made to develop rapid techniques to screen
plant disease resistance. Resistance to S. nodo-
rum appears to correlate to some degree with
ethylene production of leaves (Wendland &

Hoffmann 1987), and this has been consid-
ered a possible trait for measuring the quan-

titative resistance to S. nodorum. It is also
known that S. nodorum produces some toxins
which might be involved in pathogenicity
(Kent & Strobel 1976), and one could specu-
late that these toxins could be used as a valu-
able aid in resistance screening (Daub 1986).
Unfortunately, our knowledge of how Sep-
loria causes the disease is still so poor that we
cannot set up a reliable screening procedure
to detect cultivar resistance using such criteria.
In the future, advances in understanding the
disease process more precisely (e.g. Karjalai-

nen & Lounatmaa 1986) and increasing
knowledge of disease determinants by utiliz-
ing recombinant DNA-techniques will prob-
ably give us new sensitive and rapid tools for
screening plant disease resistance.
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SELOSTUS

Syysvehnälajikkeiden Septoria-taudin
kestävyys

Pirjo Peltonen, Sinikka Karjalainen ja
Reijo Karjalainen

Tutkimuksessa tarkastellaan kahdentoista koti- ja ul-
komaisen syysvehnän Sepro/vo-taudinkestävyyttätaimi-
in myöhäisvaiheessa. Kasvit saastutettiin keinotekoisesti
Seploria nodorum-sienettä ja lautisuusaste arvioitiin pro-
sentteina lehden ja tähkän pinta-alasta. Taimivaiheen
saastunta-astetla tutkittiin kasvihuoneessa taimi- ja leh-
denpalatesteillä.

Lippulehden lautisuusaste oli 6.5—20 % ja tähkän

2.5—10 %. Cl 13091 ja Skjaldar olivat kestävimmät koe-
jäsenet ja Hja 21614, Hja 21638 ja Hankkijan Ilves alt-
teimmat. Tähkä- ja lehti-infektion määrät eivät korreloi-
neet selvästi. Taimi- ja lehdenpalatestitsekä kenttätestit
korreloivat varsin hyvin, samoin taimi- ja lehdenpalatestit,
mikä osoittaa, että kasvihuonetestejä voidaan käyttää alt-
teimpien ja kestävimpien lajikkeiden ja linjojen nopeaan
alkuseulontaan.
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