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Abstract: The occurrence of stem-base diseases in two cultivars of winter wheat were evaluated in a 3-year experiment, using two
agrotechnology levels. The two cultivars evaluated were durum wheat of the Komnata cultivar and common wheat of the Ostka
Strzelecka cultivar. The highest intensity was noted in the occurrence of two diseases of the complex, i.e. Fusarium foot rot and
eyespot. The examined cultivars were characterized by a similar susceptibility to these diseases. There was an observed difference
– a slightly higher susceptibility by the Komnata as opposed to the Ostka Strzelecka cultivar – but it was not significant statistically.
Significant differentiation in infestation was noted for other experimental factors like cultivation season and the agrotechnology level.
Intensification of the occurrence of both stem-base diseases in the experimental seasons did not affect the mean amount and quality
of the yield obtained in the experiment.
Key words: common wheat, durum wheat, stem-base diseases, weight of 1,000 grains, yield

Introduction
Currently, the worldwide production of durum wheat
considerably exceeds 35 Mt/year. Production in the European Union is focused mainly in the Mediterranean region and constitutes as much as 26% of world production.
The yield obtained in European countries is significant,
as 14% of the global area of this species under cultivation, amounting to 18 million ha, is localized in EU countries (Anonymous 2009; Blandino et al. 2009; Rachoń and
Szumiło 2009). The price of durum wheat grain is higher
than the more popularly cultivated common wheat. This
is mainly due to the method of durum grain utilization.
This grain constitutes the best raw material for production of the pasta consumed all over the world. Durum
wheat grain is characterized by higher levels of protein,
gluten, and carotenoids. It has a higher glassiness and
endosperm hardness than common wheat grain (Rachoń
et al. 2002; Rachoń 2004; Katerji et al. 2005; Rachoń and
Szumiło 2006; Ficco et al. 2009; Budzyński 2012).
Durum wheat is a typical plant of continental climates. Abundant precipitation during the period of intensive plant growth, and the dry, hot summers favor
formation of a hard, glossy grain having a high protein
content (Blandino et al. 2009). Due to the increased popularity of durum products (pasta, couscous, bulgur, desserts) interest in durum wheat cultivation has increased
in those regions where this valuable cereal had not been
cultivated previously, e.g. in Germany, Austria, Hungary
*Corresponding address:
rrgorczy@cyf-kr.edu.pl

as well as Poland (Ficco et al. 2009; Rachoń and Szumiło
2009; Budzyński 2012).
Cereal diseases, including stem-base diseases, to
a high degree determine the amount and quality of yield
obtained. The stem-base disease complex includes seedling diseases, i.e. pink snow mold, gray mold, seedling
blight as well as diseases of the roots and stem base – eyespot, root and stem-base disease, Fusarium foot rot, common root rot, and sharp eyespot. Economically, the most
significant stem-base diseases in winter cereal cultivation
in Poland are Fusarium foot rot and eyespot (Korbas et al.
2008; Korbas and Mrówczyński 2009).
Cereal fusariosis (roots, stem base, stalks, leaves, and
ears) are caused by fungi of the Fusarium genus. Most
often, the causes of these diseases are F. graminearum, F.
culmorum, and F. avenaceum species. The mentioned species may occur in the form of a complex. They are noted
in various levels in different geographical regions (Menniti et al. 2003; Wagacha and Muthomi 2007; Chekali et al.
2011; Suproniene et al. 2011). Symptoms of one of these
diseases, i.e. Fusarium foot rot, may be observed not only
on the stems, but also on the roots of wheat. On the stems,
this disease shows up as brown patches, which often have
a violet shade and take various shapes. Also, browning of
the elbows is characteristic for this fusariosis. Infestation
of the roots is noted by the color change to dark-brown
(Korbas and Mrówczyński 2009; Budzyński 2012). Apart
from a yield decrease, the essential harmfulness of Fu-
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sarium ssp. fungi involves the production of mycotoxins
– secondary metabolites harmful to human and animal
health (Perkowski et al. 1997; Champeil et al. 2004; Vujanovic et al. 2012). Eyespot is a result of infestation by fungi of the Oculimacula genus. Eyespot symptoms include
oblong, lenticular shadows of a light or dark-yellow color
visible on the stems and surrounded by a brown border.
At the site of infestation, the stem becomes fragile, less
stable and more susceptible to being beaten-down. With
a strong infestation, the whole stem base is subject to rotting (Korbas and Mrówczyński 2009; Budzyński 2012).
Fungi of the Fusarium genus are the highest danger
for yields in the cultivation of common and durum wheat
(Champeil et al. 2004; Edwards 2004; Fernandez and Chen
2005; Yoshida and Nakajima 2008). The fungi has been
noted in all the development phases of the durum wheat;
starting from germination to full maturity. Fusarium ssp.
inhabit not only the morphological structures of wheat
(roots, stems, leaves, ears, and even ear awns) but also
the soil. The grain of infested plants is contaminated with
mutagenic and carcinogenic mycotoxins. The Fusarium
genus has demonstrated considerable quantitative domination over other pathogenic fungi (inter alia Cladosporium, Epicoccum, Ceratobasidium genus), which are observed
in wheat cultivation (Vujanovic et al. 2012). The first fusariosis which occurs both on common and durum wheat is
Fusarium foot rot. It is important to recognize the factors
stimulating and inhibiting infection, in order to prevent
further infestation of the plants (Fernandez and Chen
2005). There has been an increased interest in durum
wheat because it has better grain quality (inter alia higher
protein content). Grain infestation by Fusarium ssp. and,
as a consequence its contamination with mycotoxins, is
an unacceptable phenomenon.
A large number of reports concerning ear fusariosis
observed on common and durum wheat, may be found
in the literature. Numerous studies also determine the influence of mycotoxins on yield quality. Yet, there is little
information concerning stem-base diseases observed on
wheat, especially on durum wheat. The susceptibility of
common wheat to stem-base diseases is quite well recognized in Poland. However, the susceptibility of durum
wheat, a cereal new in Poland’s climatic conditions, has
not yet been examined sufficiently.
Studies aimed at an assessment of durum wheat cultivation in regions with less favorable climatic conditions
are, thus, justified. The aim of this study was to compare
the occurrence and harmfulness of stem-base diseases in
the cultivation of durum wheat of the Komnata cultivar
and common wheat of the Ostka Strzelecka cultivar, in
the 2009–2011 seasons, in climatic-soil conditions of a selected region of Małopolska, Poland.

Materials and Methods
Agronomic conditions
The experiment was conducted on experimental plant
land in the village of Prusy (50°06′52″N; 20°04′23″E). The
land belongs to the Department of Detailed Plant Cultivation, University of Agriculture in Kraków, Poland. The

following experimental factors were applied over the
three years of the field experiment (vegetation seasons:
2008/2009, 2009/2010, 2010/11):
– two cultivars of winter wheat: Komnata – a cultivar of
durum wheat, Ostka Strzelecka – a cultivar of common wheat;
– two agrotechnology levels: moderately-intensive – A1,
without fungicidal protection, with lower nitrogen
fertilization, and intensive – A2, included two sprayings with fungicide and higher nitrogen doses.
The experiment was established using the random
block method in four repetitions. The wheat was cultivated on degraded chernozem, classified as 1st class in
terms of both soil quality and agricultural potential. The
experiment was conducted on slightly acidic soil; the pH
in 1-molar KCl was 6.3. The levels of phosphorus and
magnesium in the soil were determined as high, while
the potassium level was low. The forecrop for wheat in
the first experimental season was horse bean, while it was
potato in the second and third ones. Soil cultivation was
performed according to proper agrotechnology rules.
Ploughing at a depth of 20–25 cm was conducted in the
second quarter of September, and harrowing after that.
Prior to the treatments, the soil was prepared for sowing,
and phosphorus and potassium fertilization was applied
in the same amounts for both agrotechnology levels – 80 kg
P2O5/ha and 150 kg K2O/ha. Then, in order to mix the fertilizers with the soil and also to prepare the upper layer
for sowing, a cultivation-sowing apparatus composed of
a cultivator with narrow arms and a double string shaft,
was employed. Before sowing, the grain was treated with
Funaben T 480 FS seed treatment (a.i.: thiuram, carbendazim). The sowing was performed at the end of September or at the beginning of October (30.09–6.10) – depending on the season of the study. The evaluated wheat cultivars were sowed at a depth of 2–3 cm, with a row spacing
of 12.5 cm, in the amount of 450 pcs/m. The first nitrogen
dose was applied to the plants after the onset of vegetation – i.e. in the tillering phase. In the moderate-intensive
technology A1, 70 kg N/ha was used. In the intensive
technology A2, 80 kg N/ha was used. The second nitrogen dose was the same dose for both levels; amounting to
50 kg N/ha. This second dose was applied in the shooting
phase. The third nitrogen dose – 30 kg N/ha – was applied only to those plants cultivated in the intensive technology A2. Weeds were chemically treated in the tillering phase. Monocotyledons were destroyed with Puma
Universal 069 EW herbicide (a.i.: fenoxaprop-P-ethyl) at
a dosage of 1.2 l/ha, while dicotyledons were treated with
Lintur 70 WG agent (a.i.: dicamba, triasulfuron) at a dosage of 160 g/ha. Fungicidal protection, which concerned
only the wheat cultivated in the intensive agrotechnology
level, included two treatments. The first spraying, against
pathogens causing stem-base diseases, was performed in
the shooting phase (BBCH 30), using Tilt Plus 400 EC fungicide (a.i.: propiconazole, fenpropidine) at a dosage of
1 l/ha. The second treatment, aimed to prevent leaf and
ear infections, and was performed at the beginning of the
tillering phase (BBCH 51) using Artea 330 EC fungicide
(a.i.: propiconazole, cyproconazole) at a dosage of 0.5 l/ha.
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Foliar fertilization with microelements was employed at
the same time as the application of fungicidal agents. Two
fertilizers were used: Basfoliar 36 Extra at a dosage of 9 l/ha
in the shooting phase, and YaraVita Cereal at a dosage of
1 l/ha in the tillering phase.
Weather conditions
Weather conditions play a significant role in terms of
the occurrence and harmfulness of pathogens in plant
cultivation. Average air temperatures and the sum of
precipitation were of special significance. Considerable
variability in humidity-thermal conditions was observed
during the three vegetation seasons of the conducted experiments (Fig. 1).
When compared to long-standing values, considerably lower average air temperatures were noted in the
2008/2009 vegetation season and in the period from December to February 2009/2010. A similar situation was observed in the December of the last experimental season.
In historical terms, precipitation was considerably more
abundant in spring 2009 (May–June), and especially in
the spring and summer of 2010 (May–September). The
last vegetation season, the wheat health status was examined and appeared to be considerably drier than that
typically noted in the region of the study. Among the
three experimental seasons, the 2009/2010 season was
generally considered the most favorable to the development of pathogens, i.e. characterized by cold and humid
weather. The pattern of weather conditions in this period,
and especially the abundant rainfall observed in May
2010, could potentially cause higher infestation of wheat
by pathogenic fungi.
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Analysis of health
Macroscopic observations of winter durum and common
wheat were done to assess the degree of infestation by
parasites which cause stem-base diseases. The observations were conducted during the blooming stage of each
vegetation season. Ten randomly collected plants from
each replication, cultivar and agrotechnology level were
evaluated during each analysis. A generally accepted
4-point graphical scale was applied for the assessment of
the degree of wheat infestation by the fungi. Infestation
degree is determined based on the percentage of pathogenic changes covering the examined plant. Infestation of
the first degree signifies complete infection of the stembase by a pathogen. Infestation of the fourth degree signifies a lack of infestation symptoms. The results obtained
on the scale were recalculated as a percentage infestation
index indicating the purporting of moderately infected
plants in a field.
Statistical analysis of health status results was performed using three-factor analysis of variance (vegetation
season, cultivar, agrotechnology level). Significance of
the data differentiation was verified using the Student’s
t-test with Bliss transformation at a significance level of
p = 0.05.
Analysis of yield
The yield and weight of 1,000 grains (TGW) obtained
in the experiment were also subject to evaluation. In
this case, the data were also analyzed statistically using
a three-factor analysis of variance (vegetation season,
cultivar, agrotechnology level). The significance of differences was verified using the Student’s t-test.

Fig. 1. Weather conditions for the multi-year seasons and research seasons at the Prusy Experimental Station near Kraków
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3.02%), when compared to the moderate-intensive level
(infestation index – 11.43%). Infestation of the two examined wheat cultivars was not differentiated in a statistically significant manner. The calculated mean index
of infestation by Fusarium ssp. in the Komnata cultivar
was 6.67% (a), while for the Ostka Strzelecka cultivar,
the value was only slightly lower – 6.52% (a).
According to Wagacha and Muthomi (2007), fungi
of the Fusarium genus infect not only the stem, but also
the leaves and ears of the wheat. In turn, Vujanovic et al.
(2012) conducted a study on which it may be concluded,
that among pathogenic fungi observed on durum wheat
in particular stages of development, the highest infestation was caused by Fusarium ssp. The symptoms of their
parasitizing were noted in the form of Fusarium foot rot,
fusariosis of leaves, and fusariosis of ears. Both Chekali et
al. (2011) and Vujanovic et al. (2012) observed the highest
effect of fusariosis of stem-base and fusariosis of flower
clusters on yield drop. All the mentioned authors, as well
as Champeil et al. (2004), focused on the danger related
to mycotoxin production by fungi of the Fusarium genus.
The Oculimacula yallundae and O. acuformis fungi infestation of wheat stem-base observed in this study, being
the cause of eyespot, was less differentiated than that noted for Fusarium foot rot. The calculated mean infestation
indices are presented in table 2. The intensity of eyespot

Results and Discussion
An intensified occurrence of two wheat stalk-base diseases from the complex of stem-base diseases, was observed
during the health status analysis. These were: Fusarium
foot rot – caused by fungi of the Fusarium genus, and eyespot – caused by Oculimacula spp. Other diseases of the
complex were either not observed or their severity was
negligible. In Poland, the economic significance of both
diseases noted in the experiment, is estimated as very
high (Korbas et al. 2008; Korbas and Mrówczyński 2009;
Budzyński 2012).
The obtained values for an index of wheat plant infestation with Fusarium spp. fungi are presented in table 1.
The applied agrotechnology level as well as the year of
cultivation, determined the intensity of the Fusarium
foot rot occurrence. The highest infestation index of
three vegetation seasons was noted in the third year of
cultivation, i.e. 2010/2011 (10.48%). This was a season
of relatively low precipitation compared both to other
experimental seasons and to historical data. Humidity
is not essential for the development of this disease, unlike other stem-base diseases (Korbas and Mrówczyński
2009). Statistically significant limitations in the occurrence of Fusarium foot rot were obtained in the case of
the intensive agrotechnology level (infestation index –

Table 1. Index of wheat infestation by Fusarium ssp. fungi, which is the cause of Fusarium foot rot (%)
Vegetation season
2008/2009
2009/2010
2010/2011

Cultivar
Komnata

Level of agrotechnology
A1 (moderate-intensive)

A2 (intensive)

7.64 cd*

0.48 ab

Ostka Strzelecka

14.68 d

7.02 cd

Komnata

15.03 d

5.45 bcd

Ostka Strzelecka

2.33 abc

0.00 a

Komnata

16.72 d

2.64 abc

Ostka Strzelecka

16.90 d

9.34 cd

11.43 b**

3.02 a

Mean for level of agrotechnology

Seasonal mean
6.25 ab***
3.82 a
10.48 b
–

* means marked by the same letter are not statistically different according to the t-Student test (p = 0.05)
** means marked by the same letter for level of agrotechnology are not statistically different according to the t-Student test (p = 0.05)
*** means marked by the same letter for season are not statistically different according to the t-Student test (p = 0.05)
Table 2. Infestation index of wheat as a result of Oculimacula spp. fungi, which is the cause of eyespot (%)
Vegetation season
2008/2009
2009/2010
2010/2011

Cultivar

Level of agrotechnology
A1 (moderate-intensive)

A2 (intensive)

Komnata

3.56 abc*

7.99 bcd

Ostka Strzelecka

0.00 a

0.00 a

Komnata

17.05 de

12.45 cd

Ostka Strzelecka

20.98 de

33.29 e

Komnata

0.65 ab

0.16 a

Ostka Strzelecka

0.92 ab

0.16 a

4.40 a**

4.92 a

Mean for level of agrotechnology

Seasonal mean
1.41 a***
20.45 b
0.41 a
–

*means marked by the same letter are not statistically different according to the t-Student test (p = 0.05)
** means marked by the same letter for level of agrotechnology are not statistically different according to the t-Student test (p = 0.05)
*** means marked by the same letter for season are not statistically different according to the t-Student test (p = 0.05)
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Table 3. Wheat yield obtained in the experiment (t/ha)
Vegetation season
2008/2009
2009/2010
2010/2011

Cultivar

Level of agrotechnology
A1 (moderate-intensive)

A2 (intensive)

Komnata

2.40 b*

Ostka Strzelecka

9.49 h

Komnata

1.05 a

4.29 d

Ostka Strzelecka

5.13 e

8.19 g

Komnata

3.46 c

4.17 d

Ostka Strzelecka

7.61 f

8.40 g

4.86 a**

7.33 b

Mean for level of agrotechnology

8.43 g
10.54 i

Seasonal mean
7.71 c***
4.66 a
5.91 b
–

* means marked by the same letter are not statistically different according to the t-Student test (p = 0.05)
** means marked by the same letter for level of agrotechnology are not statistically different according to the t-Student test (p = 0.05)
*** means marked by the same letter for season are not statistically different according to the t-Student test (p = 0.05)
Table 4. Weight of 1,000 grains in the experiment (g)
Vegetation season
2008/2009
2009/2010
2010/2011

Cultivar

Level of agrotechnology
A1 (moderate-intensive)

A2 (intensive)

Komnata

30.96 a*

58.18 h

Ostka Strzelecka

43.11 cd

43.70 de

Komnata

41.23 b

58.37 h

Ostka Strzelecka

40.54 b

42.41 c

Komnata

50.32 f

53.58 g

Ostka Strzelecka

44.25 e

44.21 de

41.73 a**

50.08 b

Mean for level of agrotechnology

Seasonal mean
43.99 a***
45.64 b
48.09 c
–

* means marked by the same letter are not statistically different according to the t-Student test (p = 0.05)
** means marked by the same letter for level of agrotechnology are not statistically different according to the t-Student test (p = 0.05)
*** means marked by the same letter for season are not statistically different according to the t-Student test (p = 0.05)

occurrence was only determined by the cultivation season. The infestation index in the season 2009/2010, which
was characterized by abundant precipitation, was very
high and amounted to 20.45%, on average. In the 2008/09
and 2010/11 seasons, the intensity of the occurrence of
fragility may be evaluated as negligible to low. No significant differentiation was noted between the mean index of
plant infestation at levels A1 (4.40%) and A2 (4.92%). The
Komnata cultivar was characterized by a slightly higher
infestation index, i.e. 5.22% (a), on average, in the experiment. In turn, Ostka Strzelecka was a slightly less infested
cultivar. The mean in this case was 4.12% (a). The differences in the infestation index between these cultivars
were not statistically significant.
Eyespot is a stem-base disease, which is often observed
together with Fusarium foot rot. Such a relationship was
demonstrated, inter alia, in the studies by Nieróbca et al.
(2008) and Lemańczyk (2012). Wheat plant infestation
by fungi of the Oculimacula genus is prompted first of all
by high humidity, which was observed by Korbas et al.
(2008), Korbas and Mrówczyński (2009), and Budzyński
(2012). This information was confirmed in the present
study. Weber (2008), Budzyński (2012), and Lemańczyk
(2012) emphasized, in turn, that the factor favoring development of crop rotation diseases, i.e. stem-base infections

in the case of wheat, is to a high degree improper crop
rotation – wheat cultivation after itself or other cereals.
Intensification of the occurrence of stem-base diseases
in wheat cultivation determines the amount and quality
of the yield obtained. Mean yields and the TGW obtained
in this experiment were strongly differentiated and depended on the experimental factors applied (Tables 3, 4).
The highest yield was obtained for the Ostka Strzelecka
cultivar in the first year of cultivation – at a moderateintensive level it was 9.49 t/ha, while at an intensive level
it amounted to 10.54 t/ha. The lowest yield (1.05 t/ha) was
noted for Komnata, in the 2009/10 season which was unfavorable to the cultivation. Yields, which, on average,
were almost twice as high were obtained at the intensive
agrotechnology level when compared to the moderate-intensive level. The 2008/09 vegetation season was the most
favorable in terms of yield, as mean yields obtained in this
season were significantly the highest. Komnata appeared
to be a considerably poorer yielding cultivar (3.97 t/ha) (a)
than Ostka Strzelecka. The Ostka Strzelecka yield was over
two-fold higher and amounted to 8.23 t/ha (b). However,
the durum wheat cultivar Komnata was characterized by
a significantly higher, statistically, TGW compared to the
Ostka Strzelecka cultivar of common wheat. In Komnata, the
mean TGW was 48.77 g (b), while in Ostka it was 43.03 g (a).
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More intensive agrotechnology favored the grain quality
obtained. For A1 level, the mean TGW was nearly 42 g,
while for A2 level it was slightly above 50 g. The last examination season was the most favorable. The TGW was,
on average, slightly over 48 g. The TGW in the 2009/10
season was at an average level, and the finest grain was
noted for wheat in the 2008/09 season. The obtained differences in the TGW between particular vegetation seasons were statistically significant.
Budzyński (2012) stressed that wheat yield is affected
by a range of factors, but primarily by the atmospheric
conditions of the vegetation season (air temperature, sum
of precipitation) and agrotechnology (fertilization, plant
protection). In turn, Spychaj et al. (2011) emphasized that
the technological value of the grain is conditioned not
only by environmental conditions and agrotechnological
factors, but also by genetic factors, i.e. cultivar features.
When comparing the amount and quality of yield obtained with the intensity of the occurrence of stem-base
diseases in the conducted experiment, it may be concluded that seasonal climatic conditions and the agrotechnology level had the highest influence on the yield
of both wheat cultivars. Ostka Strzelecka is a cultivar of
common wheat. Komnata is a cultivar of durum wheat
and it had a lower yield than Ostka Strzelecka, but the
obtained Komnata grain (of higher TGW) was of a higher
quality. It cannot be concluded that the slightly higher but
statistically insignificant susceptibility of durum wheat
to stem-base diseases, determined a significant limitation of yield levels, which in this case was characterized
by higher quality. Analysis of the results show that mean
intensity of the occurrence of both stem-base diseases in
experimental seasons does not correlate with the results
in the area of the mean levels and quality of the yield.

Conclusions
Durum wheat of the Komnata cultivar and common
wheat of the Ostka Strzelecka cultivar are characterized
by a similar susceptibility to the stem-base diseases – Fusarium foot rot and eyespot. The occurrence of Fusarium
foot rot in winter durum wheat Komnata and common
wheat Ostka Strzelecka cultivation, is strongly dependent
on the agrotechnology level applied and the weather conditions of the vegetation season. Intensified symptoms
of eyespot were observed on the examined cultivars in
seasons with high precipitation levels. An increase in the
amount and quality of the obtained grain yield was aided
by an intensive technology of cultivation. The durum
wheat cultivar was characterized by a lower yield, but
a higher TGW. The common wheat cultivar gave a higher
yield but a lower grain quality.
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