
SUMMARY

Climatic conditions and soil management rank
among the most important factors influencing the infec-
tion of winter wheat by eyespot and other stem-base
diseases. Records of the climatic conditions (tempera-
ture, precipitation, and air humidity) over a 14-year pe-
riod, 1994-2007, were used to develop a prediction
model for eyespot infection using multiple regression.
Since the most critical factor affecting eyespot is precip-
itation, graded watering (0, 10 and 20 liters of water)
was tested at various timings of application in small-plot
experiments in 2005-2007 in order to determine the
severity of stem base infection by eyespot. In addition,
in 2006 and 2007, the effect of soil management (tillage
22 cm, 15 cm, and no-till) on wheat infection by eyespot
and other stem-base pathogens was measured using mo-
lecular diagnosis. The climatic model developed is sta-
tistically significant, showing that the most important
factor affecting eyespot infection in wheat is the number
of days with rainfall above 3 mm through October to
April. Experimental watering did not significantly affect
the severity of infection. Soil management had only a
limited effect on the incidence of stem-base diseases. F.
avenaceum was more prevalent in the variant with tillage
22 cm in the year 2007.

Key words: Brown foot rot, molecular diagnostics,
Oculimacula spp., sharp eyespot, stem-base diseases.

INTRODUCTION

The major component of the stem-base disease com-
plex of wheat is eyespot, caused by two related species,
Oculimacula acuformis (Boerma, Pieters & Hamers)
Crous & Gams and O. yallundae (Wallwork & Spooner)
Crous & Gams. Other relatively less important stem-
base diseases are: sharp eyespot, caused by Ceratobasidi-
um cereale Murray & Burpee (anamorph Rhizoctonia 
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cerealis van der Hoeven); and brown foot rot. These are
caused mainly by Monographella nivalis (Schaffnit) Müll
[anamorph Microdochium nivale (Fr.) Samuels & Hal-
lett with two varieties, nivale and majus] and also by
Gibberella zeae (Schwein.) Petch (anamorph Fusarium
graminearum Schwabe), F. culmorum (Sm.) Sacc., G.
avenacea Cook (anamorph F. avenaceum Corda ex Fr.),
and F. poae (Peck) Wollenw. 

Oculimacula spp. are dormant or least active (mini-
mally or nearly inactive) during summer and survive by
colonizing host debris. During cool and moist condi-
tions in autumn and spring, the pathogens sporulate, in-
fecting and colonizing the base of the stem near the soil
level. Lesions appear superficially on leaf sheaths and
with time grow wider and longer and penetrate the
stem, resulting in tiller weakening and breakage (Wiese,
1987).

Climatic conditions and soil management practices
are some of the most significant factors influencing eye-
spot infection on winter wheat. Many forecasting
schemes for the disease use meteorological data to pre-
dict the occurrence of conditions favourable to the
pathogen’s sporulation, dispersal, and infection. Such
weather-based forecasting models have previously been
developed for eyespot on wheat (Schrödter and
Fehrman, 1971; Siebrasse and Fehrman, 1987; Gindrat
and Frei, 1999). However, not all models fit to other lo-
cations. For instance, the model published by Schrödter
and Fehrman (1971) in Germany and tested in the UK
(Polley and Clarkson, 1978) did not prove useful for
predicting the severity of eyespot epidemics. Models de-
veloped by Siebrasse and Fehrmann (1987) and Gindrat
and Frei (1999) were tested in the Czech Republic but
the correlation analysis of the predicted and actual in-
fection level showed that these models were not suitable
for local conditions (Vanova et al., 2005). Several papers
report detailed study of the effect of individual climatic
factors on the course of eyespot infection. Moisture is
required for infection to occur since experimental inoc-
ulations with either mycelial or spore inoculum are not
successful, unless the inoculum site is kept moist during
the infection process (Fitt et al., 1988).

Several papers deal with the effect of soil tillage and
preceding crop on stem-base pathogens (Jalaluddin and
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Jenkyn, 1996; Colbach et al., 1997; Fernandez and Zent-
ner, 2005; Cromey et al., 2006). It is generally assumed
that conservation tillage helps, among other things, to
combat crop pests and diseases (Holland, 2004).
Ploughing was significantly more effective than chis-
elling in controlling eyespot disease over the whole peri-
od of observation in work published by Montanari et al.
(2006). In contrast, according to Jenkyn et al. (2004),
more eyespot was found in the ploughed plots than in
those cultivated using non-inversion tillage, especially
where straw was incorporated in the soil. Crop debris
(stubble and straw) are a source of inoculum for many
diseases but also a substrate for many non-pathogenic
microorganisms. Some of the latter are probably respon-
sible for the natural suppression of stem-base diseases
(Jalaluddin and Jenkyn, 1996). In general, minimum
tillage, and no-till in particular, have a positive effect on
soil microbial activity by increasing organic matter (Sum-
ner et al., 1981; Wardle, 1995). However, many studies
have reported an increase in pathogen occurrence in no-
till systems (Smiley et al., 1996; Bailey et al., 2001;
Schroeder, 2004). Therefore, the effect of tillage on the
severity of eyespot infection is a controversial question.

The aim of this study was to evaluate the influence of
climatic conditions such as rainfall, temperature, and air
humidity, and three soil management practices on the
eyespot and stem-base disease complex of winter wheat
in a typical Czech cereal-growing area.

MATERIALS AND METHODS

Field experiments. Small-plot field experiments with
winter wheat were conducted at Kromeriz in 1994-
2007. All plots (2 x 5 m) were arranged in randomized
blocks and four replications. Three spatially separated
blocks of experiments with cv. Samanta in variant A
(climatic model) (see below) and B (experimental water-
ing) and cv. Sulamit in variant C (soil management)
were cultivated after a preceding cereal crop. Mineral
fertilizers (regeneration and production rates of 30 kg
N.ha-1 per each in the form of ammonium nitrate with
limestone) were applied to the stands. Treatment with
herbicides was carried out in the autumn and also with
fungicides against leaf and ear diseases (stem-base dis-
eases were not chemically controlled).

The location of the field experiments ranks among
the most fertile lands in the Czech Republic. With re-
gard to the geographical location, the country is includ-
ed in the Central-European climatic zone. Based on cli-
matic conditions, this location is included in a warm
and slightly humid area with a mean annual tempera-
ture of 8.7°C and a total annual precipitation of 599
mm. According to FAO classification, the examined soil
belongs to the type Luvi-Haplic Chernozem with deep,
structural, clay loam topsoil. 

Climatic model. Meteorological data for the period
1994-2007 were recorded by an automatic meteorologi-
cal station of the Czech Hydrometeorological Institute
located at the Agricultural Research Institute in
Kromeriz. A temperature sensor ZPA, type 11281, class
A (Ekoreg, Czech Republic) according to Czech Na-
tional Standard CSN 25 8306 and a sensor of relative
humidity HPM 35 D (Vaisala, Finland) are placed at 2
m above the ground surface. Precipitation is measured
with an MR3H precipitation gauge (Meteoservis, Czech
Republic) placed 1 m above the ground. The experi-
mental plot is 500 m from the meteorological station.
The number of days with conditions favourable for the
development of eyespot, i.e. temperature of 4-10°C (av-
erage daily temperature) (below TM), relative air hu-
midity above 80% (relative air humidity at 2 p.m.) (HU)
and daily precipitation above 3 mm (PP) were recorded.
The period from October to April, which is the most
critical for disease development, was chosen for the set-
ting of the model, which included only data obtained
from the block of experiments with cv. Samanta intend-
ed for this purpose. 

The year 1998 was excluded from the assessment due
to abundant incidence of Fusarium and Rhizoctonia on
stem bases that masked infection symptoms by Oculi-
macula spp.

Experimental watering. The experiment was con-
ducted in 2005-2007. The effect of single watering (0,
10 and 20 liters of water per m2) at various application
timings (T1, T2, T3, T4 and cumulative T1-4) was ob-
served. In 2005, timings were T1=8 April, T2=9 April,
T3=10 April, T4=11 April and T1-4=watering at all tim-
ings, i.e. T1-T4; in 2006 these were T1=18 April,
T2=19 April, T3=20 April, T4=21 April and T1-4, and
in the year 2007, timings were T1=10 April,
T2=11 April, T3=12 April, T4=13 April and T1-4. Wa-
tering of winter wheat cv. Samanta was done by hand
using a 10 liter watering can. 

Soil management. The experiment was conducted in
2006-2007. Various practices (variants) of soil tillage
were applied: medium (22 cm), shallow (15 cm) and no-
tillage. Both visual evaluation of wheat infection and
molecular diagnosis of nine pathogenic species coloniz-
ing stem bases were carried out. 

Sampling. Twenty-five plants per replication were
taken from each plot, i.e. a sample of 100 plants per
variant. Sampling positions were chosen at random
along two, approximately parallel, zigzag transects in
each plot. Samples were collected from the small plots
at waxy maturity (GS 85) (Zadoks et al., 1974), which
usually falls on late June/early July under our condi-
tions. Samples in variant C for molecular analysis were
frozen at -30°C until DNA extraction. Each sample
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consisted of a 50-mm long stem piece taken just above
the ground.

Visual assessment. Visual assessment of samples was
carried out immediately after sampling. Plants were as-
sessed using the Scott score for stem lesion severity
(Scott and Hollins, 1974). The disease index (DI) was
calculated using the formula: 

DI = [(n1 + 2n2 + 3n3) × 100]/[3 × (n0 + n1 + n2 + n3)]

where n is a number of plants in appropriate degree
of infection (0 = stems without lesions; 1 = light lesions,
covering less than half of the stem circumference; 2 =
moderate lesions, covering more than half of the stem
circumference; 3 = severe lesions, covering the whole
stem circumference, girdling the stem and softening the
tissue). 

In variant C, molecular techniques were used for di-
agnosis but before cutting stems to fragments and freez-
ing, the samples were already evaluated visually. Not on-
ly typical eyespot spots were assessed in this variant,
thus a whole complex of brown discoloured spots on
stems was recorded.

Molecular analyses. Samples from variant C were
subjected to molecular diagnosis for nine fungal organ-
isms. Samples were ground to a fine powder in a mortar
using liquid nitrogen; homogenized and total genomic
DNA was extracted using DNeasy Plant Mini Kit (Qia-
gen, USA). Species or variety-specific primers were used
as described previously for O. yallundae and O. acu-
formis (Nicholson et al., 1997), F. graminearum (Nichol-
son et al., 1998), F. culmorum (Schilling et al., 1996), F.
avenaceum (Turner et al., 1998), F. poae (Parry and
Nicholson, 1996), M. nivale var. nivale (Nicholson et al.,
1996), M. nivale var. majus (Nicholson and Parry, 1996)
and for R. cerealis (Nicholson and Parry, 1996). Each re-
action contained, besides samples of extracted DNA, a
negative control and a positive control of DNA extract-
ed from mycelium of the fungal species detected.
Aliquots (10 µl) of amplification products were elec-

trophoresed through 1.7% agarose gels prepared using
TAE buffer and stained with ethidium bromide.

Statistical analysis. The Statistica 7.0 software was
used for statistical assessment. Analyses of variance
(ANOVA) were performed based on differences in visu-
al assessment expressed by the DI value. All data are
presented in a non-transformed from but, before ANO-
VA, they were subjected to log 10 transformation. Dif-
ferences in frequency of positive or negative DNA de-
tections in samples were evaluated using the Chi-square
test. Multiple-regression was used for calculating the
formula of the prediction model and relation of fre-
quencies of days with optimal conditions, whereas DI
values were evaluated by simple regressions and correla-
tion coefficients.

RESULTS

Climatic model. A number of days with the above
defined climatic factors for the period from October to
April (1994-2007) were incorporated in the model. The
developed model (Table 1) was significant (P = 0.0181),
showing that the most important factor was the parame-
ter of precipitation frequency above 3 mm (Table 1 and
Fig. 1). The coefficient of determination of the model
was 0.656, standard error of estimates 15.041 and distri-
bution of observed over predicted values is illustrated in
Fig. 2.

Correlation coefficients showing the relationship
among favourable days only in April over the period of
1994-2007 (TM+PP = 0.650, P = 0.0162) and
TM+PP+HU = 0.647, P = 0.0169)) indicate a moder-
ately close dependence and are significant. The number
of days with a combination of the defined climatic fac-
tors in April observed in the years with higher eyespot
incidence were more frequent than in years with lower
disease incidence. Of the last 14 years, the highest DI
was observed in 1994 and 2001. Therefore, these years
were used for comparison with the years in which, con-
versely, very low infection occurred (2000 and 2004)
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Table 1. Multiple regression and correlation coefficients between climatic factors (1994-2007) and disease index expressing
the level of eyespot infection of winter wheat (cv. Samanta) at Kromeriz.

Multiple regression
Simple regressions
(individual factors

and DI)Factor

Value Standard error P r P

DI: disease index -120.1850 47.607 0.0325 - -

TM: number of days with temperature of 4-10°C 0.5097 0.233 0.0569 0.4523 0.1207

HU: number of days with relative air humidity above 80% 1.1826 0.621 0.0893 0.5031 0.0797

PP: number of days with precipitation above 3 mm 1.6584 0.712 0.0449 0.5762 0.0400

Model of multiple regression DI = -120.185 + 1.6584PP + 0.509714TM + 1.18264HU
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(Fig. 3). In 1994, the factors favouring eyespot develop-
ment occurred over two periods of several days, i.e.
from 10 to 14 April and from 18 to 19 April (Fig. 3).
However, the three-day interval between these two peri-
ods was characterized by high soil moisture due to rain-
fall in the preceding four days and the temperature only
slightly exceeded 10°C, thus the disease development
was not likely to be interrupted. The whole period suit-
able for disease development took 8 (or 10) days and
there was enough time for the fungus to develop. This
also corresponded with a high DI = 68. 

The year 2001 was ideal for the development of eye-
spot (DI=75) due to four periods in April with simultane-
ous favourable temperature and rainfall. The shortest pe-
riod lasted 24 h and the longest 8 days (from 16 to

23 April). The remaining two periods were close to each
other (5-6 April and 8-10 April), however, there was a
day between them when the temperature exceeded the
optimum and precipitation was low. Nevertheless, it can
be believed that this interruption was not too significant
for disease development. The sum of all days in April
2001 with favourable temperatures and precipitation was
13 (Fig. 3) and the sum of days when all the three factors
(i.e. temperature, precipitation, and relative humidity) oc-
curred together was 7. These values strongly contrasted
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Fig. 2. Observed and predicted values of disease index ex-
pressing the infection level of winter wheat (cv. Samanta) by
eyespot at Kromeriz, using multiple regression model devel-
oped from 1994-2007 data.

Fig. 3. Comparison of simultaneous occurrence of defined climatic factors [temperature 4-10°C (TM), precipitation >3 mm (PP)
and humidity >80% (HU)] in April, in the years with the highest (left) and lowest (right) DI values over the period taken into ac-
count (1994-2007).

Fig. 1. Disease index for eyespot (Oculimacula spp.) on winter
wheat in relation to the number of days with precipitation above
3mm in period 1994-2007 (correlation coefficient in Table 1)
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with the values in years with weak eyespot incidence. In
2000 (DI=11), the climatic conditions favouring eyespot
development occurred only once (19 May) (data not
shown) and for a very short time, ca. 24 h. In 2004,

though optimum factors were observed twice, but always
for a very short period only (1 day maximum), this was
not sufficient for eyespot development.

Experimental watering. No statistically significant ef-
fect on DI was found either for individual doses (Table
2) or application timings (Table 3) in any of the exam-
ined years. The interactions between individual factors
were not significant (Table 4). Only the effect of the
year was significant. DI values in 2006 were significantly
lower than DI values in the years 2007 and 2005, which
were both in the same homogeneous group according to
Tukey test at P<0.01. 

Soil management. Variants of soil management did
not significantly affect the intensity of visual symptoms
of stem-base diseases expressed by DI (Table 5). Results
of molecular analyses documented only minimum ef-
fects of soil management on the incidence of individual
stem-base diseases on wheat (Table 6). The only species
that was influenced by soil management variants was F.
avenaceum, which was statistically significantly more
frequent in the variant of tillage 22 cm than in the other
two in the year 2007.

DISCUSSION

The objective of the current study was to assess the ef-
fect of climatic factors and soil management on the sever-
ity of eyespot and stem-base disease infection in winter
wheat. Though the climatic factors cannot be influenced,
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Table 2. Visual assessment of eyespot expressed by disease in-
dex on stem bases of wheat in variant with different doses of
water used in artificial watering.

Disease indexDose of watering
[l/m2] 2005 2006 2007 Means

0 60.6 28.6 66.5 51.9
10 57.0 34.4 77.2 56.2

20 67.5 35.7 73.5 58.9

Table 3. Visual assessment of eyespot expressed by disease in-
dex on stem bases of wheat in variant with different timings
of artificial watering.

Disease indexTiming of
watering 2005 2006 2007 Means

Control 60.6 28.6 66.5 51.9

T1 69.4 37.5 67.4 58.1

T2 68.5 29.0 79.5 59.0

T3 56.3 34.5 73.8 54.9

T4 60.9 37.6 67.5 55.3

T 1-4 76.8 36.5 73.6 62.3

T1, T2, T3, T4 and T1-4 = timings in April in individual years when
artificial watering was applied (see Materials and Methods).

Table 4. Analysis of variance for DI log10-transformed with experimental factors (dose of water, timing of watering, year
and replication) and interactions of factors.

Source Sum of squares Df Mean square F-ratio P
Main effect
replication 0.1647   3 0.0549   0.69 0.5603
year 5.6573   2 2.8286 35.49 0.0000
timing of application 0.5199   4 0.1299   1.63 0.1706
dose of water 0.2757   2 0.1378   1.73 0.1815

Interactions
replication *year 0.3832   6 0.0638   0.80 0.5706
replication *timing 1.1432 12 0.0952   1.20 0.2937
replication *dose 0.2772   6 0.0462   0.58 0.7458
year*timing 0.4840   8 0.0605   0.76 0.6393
year*dose 0.1521   4 0.0380   0.48 0.7524
timing*dose 0.7578   8 0.0947   1.19 0.3112

Residual 9.8829 124 0.0797
Total 19.6988 179
Multiple comparison procedure confirmed that the mean of values in 2006 was  significantly lower than those registered in
2007 and 2005, both of which were in the same homogeneous group according to Tukey test at P<0.01. Neither other factors
nor their interactions were significant.
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their observation during a certain critical period can be
used to predict the intensity of forthcoming infection or
outbreak and to make timely decisions, mainly fungicide
application. Therefore, it is desirable to characterize both
the critical period and the extent of conditions
favourable to disease development. As for soil manage-
ment, knowledge of its effect on diseases is essential for
the development of integrated crop-protection strategies.
For example, tillage is currently being simplified world-
wide (suppression of ploughing) with the aim of reducing
costs and preventing erosion. However, if fields are not
ploughed, crop residues remain on the soil surface, which
favours some diseases (Meynard et al., 2003). 

Fehrmann and Schrödter (1971) found no direct re-
lationship between the incidence of plants that devel-
oped eyespot and the weekly mean values of accumulat-
ed rainfall or temperature. They concluded that the re-
lationship was more complex and so calculated correla-
tion coefficients to assess whether the incidence of eye-
spot developing in exposed plants was related to rainfall
intensity, wind speed, temperature, or relative humidity;
with meteorological variables considered either for the
whole week or for periods when other variables were
optimal for infection. 

Based on literature data and empiric experience, the
following optimum conditions were defined: tempera-
ture of 4-10°C (average daily temperature); relative air
humidity above 80%; and daily precipitation above 3

mm. Correlation of the frequencies of days with these
conditions confirms that prediction reliability for all pa-
rameters increases, whereas precipitation is significantly
correlated with DI. Consequently, the model for predic-
tion of DI based on meteorological data was finally de-
veloped (Table 1) using multiple regression when each
factor, i.e. the frequency of days with optimum tempera-
tures, humidity and precipitation, was assigned with a
separate parameter. This regression model is significant,
showing that the most important effect is ascribed to
the parameter of precipitation above 3 mm. The associ-
ation between eyespot incidence and rainfall in field ex-
periments was also found by Murray et al. (1991).

Evidence from field experiments in the UK (Glyne,
1953; Hollins and Scott, 1980; Fitt and Bainbridge,
1983) and in other countries (France, The Netherlands,
North America) suggests that viable spores are pro-
duced on infected debris (primary inoculum) through-
out the growing season, with a sporulation peak in
March/April followed by a decline as the temperature
increases (Fitt et al., 1988). In the current study, the
number of days with a combination of the defined cli-
matic factors in April observed in years with high eye-
spot incidence were more frequent than in years with
low disease incidence (Fig. 3). Similar conclusions con-
cerning the importance of the April period have been
previously reported (e.g., Kuntzsche, 1973). 

The predominant form of inoculum in the field are
conidia formed on straw persisting from previous crop
(Lucas, 2000). Direct and indirect evidence both sug-
gest that spores of Oculimacula spp. are normally dis-
persed from infected debris to plants of the new crop in
rain-splash droplets (Fitt et al., 1988). Spores of Oculi-
macula spp. were clearly visible in traces of splash
droplets collected on fixed photographic film. When
pieces of the film were exposed near infected debris on
a field site during rain, they collected large numbers of
spore-carrying splash droplets. Slides exposed on this
site collected no spores during dry periods or when
there was only very light rain (< 0.2 mm/h), but they
collected a large number of spores in heavier rainfalls
(3-23 mm/h) (Fitt and Bainbridge, 1983).
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Table 5. Visual assessment of eyespot expressed by disease in-
dex on stem bases of wheat in variant with different soil man-
agements.

Disease index
Variant

2006 2007 Means

No-till 6.1   8.3   7.2

Tillage 15cm 6.8 11.5   9.1

Tillage 22cm 7.3 14.4 10.8

No statistical differences were found between means of DI
according to analysis of variance at the 95.0% confidence level.

Table 6. Effects of three different soil management variants on the detection frequency of stem-base pathogens in
wheat expressed by χ2 value.

χ2

Year O.
acuformis

O.
yallundae

M. n.var.
majus

 M. n.var.
nivale

R.
 cerealis

F.
graminearum

F.
culmorum

F.
poae

F.
avenaceum

2006 LF LF 2.17 0.50 3.82 LF LF LF 2.13

2007 0.00 LF 1.34 0.45 4.57 LF 3.82 1.04 8.73**

** = P<0.05; LF = frequency is too low (inadequate data for statistical evaluation). If the χ2 value in the column below
the name of microorganism species is significant (marked with **), it confirms significant correlation between the
incidence of the organism and soil management variants.
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Since the earlier results show that the significant im-
portance for eyespot development is ascribed to the
precipitation in April, an experiment with artificial wa-
tering in April and the identical cultivar Samanta was
set up. Three graded doses of water at four successive
timings and a variant with cumulated watering at all
four timings were used. The evaluation of wheat infec-
tion by stem-base diseases at artificial watering showed
that it cannot fully simulate natural precipitation, which
is mostly accompanied by an overcast sky, cooling and
increasing air humidity. If watering is applied on a sun-
ny day, water evaporates much more quickly than the
same amount of water from natural precipitation. This
probably results in insignificant effect of single experi-
mental watering on the eyespot development.

In previous published experiments, differences in eye-
spot incidence have been associated with the relatively
greater or lesser abundance of crop debris on the soil sur-
face. Debris may interfere with spore dispersal but a mi-
crobiological explanation is more likely, i.e. the stubble
and straw act as substrates on which microorganisms that
are antagonists or competitors of the eyespot fungi are
able to grow (Jenkyn et al., 2004). In contrast with this,
eyespot was reported to be more prevalent where
residues of wheat and grasses were retained on the sur-
face (Murray et al., 1991). In the current study, we as-
sessed the effect of soil management variants (tillage 22
cm, 15 cm and no-till) on the incidence of nine fungal
species causing stem-base diseases on winter wheat. Inci-
dence was affected in only F. avenaceum (Table 6), which
was more prevalent in the variant with tillage 22 cm in
the year 2007. The incidence of other assessed species
was not affected by different soil management variants.
Visual symptoms expressed by DI were not affected by
soil management in our study (Table 5). 

In a study by Colbach et al. (1997), the environment
was the most significant factor affecting eyespot where-
as succession and soil tillage ranked second. Schroeder
and Paulitz (2006), who studied root diseases caused es-
pecially by Gaeumannomyces graminis, Rhizoctonia spp.
and Pythium spp., found that plants in tilled plots had
consistently more crown roots than plants in no-till
plots. By contrast, many studies have reported a higher
presence of Fusarium (Smiley et al., 1996; Bailey et al.,
2001) and Rhizoctonia (Schroeder, 2004) in no-till sys-
tems. The level of crown rot (caused by F. graminearum
and B. sorokiniana) was higher in a no-till system (Wil-
dermuth et al., 1997). 

The effect of tillage, which is highly controversial,
can only be understood if we consider its interaction
with the type of plants previously grown (Colbach and
Meynard, 1995), for example, if wheat is grown imme-
diately after oilseed rape (which is not a host for this
disease). However, when the crop grown immediately
before the oilseed rape was wheat, if the field is
ploughed after harvesting the oilseed rape, infected

wheat straw from the two previous years that has been
buried for one year, is brought to the surface. This
makes the disease worse. However, when the preceding
crop is wheat that was in turn preceded by non-host
culture (e.g., sunflower), the absence of ploughing
means that residues carrying a fresh inoculum are left
on the surface (in which case the disease would be more
severe) but ploughing buries at least some of the infect-
ed residue, thus contaminating the wheat less in the ac-
tual year (Meynard et al., 2003).

In summary, based on evidence from published stud-
ies and our results, the development of stem-base dis-
eases is likely to be affected mostly by: (i) local environ-
ment (geographical location, soil properties and other
specific local conditions); (ii) specific climatic condi-
tions of the year; (iii) crops grown in three preceding
years (saprophytic fungi survive on post-harvest
residues as well as those buried under the soil surface);
(iv) soil tillage (ploughing can bring infected debris
from previous years to the surface). 

In the current study, the formula of multiple regres-
sion for calculating infection probability from meteoro-
logical data was developed using results from field ex-
periments conducted at Kromeriz in 1994-2007. The
outcome was that artificial watering at defined doses
and timings did not have any significant effect on eye-
spot infection severity. However, three variants of soil
management (tillage 22 cm, 15 cm and no-till) had a
partial effect on the frequency of stem-base pathogen
incidence for, in 2007, F. avenaceum was detected more
frequently in the variant with 22 cm tillage than in the
other variants.
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