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Abstract

In four experiments located in northern Poland the reaction of winter wheat
cultivars (‘Kobra’, ‘Roma’, ‘Flair’, ‘Sakwa’, ‘Elena’, ‘Opus’) grown after oilseed
rape and wheat, on differentiated fungicidal protection was studied. Health status
of the stem base of wheat grown after oilseed rape was better than after wheat, but
the beneficial effect decreased with the development of plants. Among fungi iso-
lated from diseased stem bases Fusarium avenaceum and F. culmorum dominated,
while Rhizoctonia spp. was less numerous. One fungicide treatment limited the de-
velopment of foot rot pathogens to low extent. Two fungicide treatments were
more effective.
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Introduction

The threat posed to plants by fungal diseases depends considerably on the envi-
ronmental conditions, including weather conditions, the forecrop, agrotechnical
practices, fertilization. A large cultivation area of wheat makes farmers introduce
short crop rotation or even cropping it after itself, which poses an even greater
threat. Over the recent years, due to economic reasons, the crop rotation got much
simplified in commercial production. The first plant in crop rotation is usually oil-
seed rape, followed by wheat grown in the two next cropping seasons, thus at least
50% of wheat is grown after itself, which results in considerable increase of stem
base diseases severity. It is observed especially when no adequate crop rotation is
applied (Kurowski et al. 1991, Rothrock and Cunfer 1991, Weber 1996). Many au-
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thors noted a possibility of limiting the disease by growing after proper forecrops,
such as oilseed rape, papilionaceous plants, or potato (Rothrock and Cunfer 1991,
Cwalina 1996, Lemańczyk 2000, 2001).

The aim of this work was to determine the effect of forecrop, intensity of fungi-
cide treatment and cultivar on health status of winter wheat stem base.

Materials and methods

Over 1999–2001 and 2008 in four separate experiments located in Szestno
(53°55'N 21°18'E, Mazury), Wielgłowy (54°02'N 18°45'E, Powiśle), Lisewo
(54°06'N 18°50'E, Żuławy Wiślane) and Radostowo (53°59'N 18°44'E, Powiśle)
the effect of differentiated fungicide protection on stem base health of winter
wheat grown after oilseed rape and wheat was investigated. Over 1999–2001 in
Szestno (experiment I) the reaction of ‘Kobra’ and ‘Roma’ grown after oilseed rape
and after wheat was investigated, in Wielgłowy (II) – ‘Flair’ also after those two
forecrops, and in Lisewo (III) – ‘Sakwa’ and ‘Elena’ after oilseed rape. Differenti-
ated fungicide protection was applied. In Szestno and Wielgłowy two variants of
fungicide protection were applied: 1) one treatment with kresoxim methyl +
epoxiconazole at the dose of 1.0 l·ha–1 at the flag leaf – heading phase (BBCH
39–49), 2) two treatments: the first one with kresoxim methyl + epoxiconazole at
the dose of 0.8 l·ha–1 at the phase of 1st–2nd node (BBCH 32), and the second one
with tridemorph + epoxiconazole at the dose of 1.0 l·ha–1 at the beginning of head-
ing to full heading (BBCH 51–55). In Lisewo a combination with two above men-
tioned treatments was applied.

In 2008 (Radostowo) the treatment of ‘Opus’ included: the first treatment
(BBCH 30–32) with different fungicides and the second one (BBCH 61–65) – all
the combinations with: azoxystrobin, chlorotalonil (Olympus 480 SC) + pro-
chlorase, tebuconazole (Zamir 400 EW; Table 7). The fungicide programmes ap-
plied and the conditions of the experiments were described by Wyczling et al. (in
press).

The health of stem base was evaluated on 100 plants randomly selected from
each plot, using a 4-degree scale (0–3; 0 – healthy plant). The analyses were made
at BBCH 30–32 and BBCH 85 stages. The results were converted into diseases in-
dex values (DI) according to the Townsend and Heuberger formula (Wenzel 1948)
and then the analysis of variance was conducted. The mean values were tested with
the Tukey test. To determine the pathogens causing disease symptoms, the patho-
gens were isolated from the randomly sampled stems.

Results

Stem base health varied over the investigated years. The differences were noted
both between the development phases and the experimental locations. In Szestno
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at the BBCH 30–32 phase the highest infection was reported in 1999 (Table 1),
while at the BBCH 85 phase – definitely the highest in 2001 (Table 2), despite the
fact that at an earlier phase the intensity of symptoms was relatively low. An incon-
siderable infection at both phases was observed in 2000. In every observation,
more disease symptoms were noted on the plants grown after wheat as compared
to those after oilseed rape. The first evaluation showed fairly high and statistically
significant differences: DI for three years, respectively, 12.7% and 7.7%. At a later
phase a considerable increase of infection symptoms and statistically significant
variation was observed, depending on the forecrop; DI respectively for three years:
25.4% and 22.6%. ‘Kobra’ in each evaluation was significantly more infected than
‘Roma’. Application of fungicides quite considerably limited the disease occur-
rence. The best effect was observed after two treatments. The lowest number of
disease symptoms was always noted in wheat grown after oilseed rape, treated
with fungicides twice.

The variation in the intensity of the disease symptoms was also noted in Lisewo
on ‘Sakwa’ and ‘Elena’. The fungicide treatments considerably decreased the dis-
ease intensity, however, similarly as in the former locations, the effectiveness was
about 30% (Tables 3 and 4).

A better stem base health status after oilseed rape was reported on ‘Flair’ in
Wielgłowy (Table 5 and 6). Similarly, also in that experiment the differences were
significant at both BBCH phases. In that experiment mean DI for three years after a
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Table 1
Wheat stem base infestation in phase 30–32 in Szestno depending

on forecrop (A) and cultivar (B) (DI in %)

Forecrop (A) Cultivar (B)
Years

1999 2000 2001 1999–2001

Oilseed rape ‘Kobra’ 17.9 2.9 3.7 8.2

‘Roma’ 17.9 0.0 4.0 7.3

Mean 17.9 1.4 3.8 7.7

Wheat ‘Kobra’ 23.8 7.9 14.5 15.4

‘Roma’ 20.6 3.3 6.2 10.0

Mean 22.2 5.6 10.3 12.7

Mean for cultivar ‘Kobra’ 20.8 5.4 9.1 11.8

‘Roma’ 19.2 1.6 5.1 8.6

Mean 20.0 3.5 7.1 10.2

LSD 0.05 for

A

B

B × A

A × B

1.84

n.s.

n.s.

n.s.

0.44

0.44

0.62

0.59

1.07

1.07

1.51

1.44

0.40

0.40

0.56

0.56

n.s. – not significant.
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Table 2
Wheat stem base infestation in phase 85 in Szestno depending on forecrop (A)

and cultivar (B) and number of treatments (C) (DI in %)

Interaction A × B

Forecrop (A) Cultivar (B)
Years

1999 2000 2001 1999–2001

Oilseed rape ‘Kobra’ 22.3 3.3 45.5 23.7

‘Roma’ 20.4 0.6 43.3 21.4

Mean 21.3 1.9 44.4 22.6

Wheat ‘Kobra’ 24.5 6.2 47.1 25.9

‘Roma’ 24.2 3.3 47.0 24.8

Mean 24.3 4.7 47.0 25.4

Mean for cultivar ‘Kobra’ 23.4 4.7 46.3 24.8

‘Roma’ 22.3 1.9 45.1 23.1

Mean 22.8 3.3 45.7 23.9

Interaction B × C

Cultivar (B) Treatment (C)
Years

1999 2000 2001 1999–2001

‘Kobra’ No treatment 25.5 6.5 48.6 26.9

1 treatment 23.4 4.9 46.9 25.1

2 treatments 21.4 2.7 43.2 22.5

Mean 23.4 4.7 46.3 24.8

‘Roma’ No treatment 25.6 2.7 46.7 25.0

1 treatment 24.4 1.9 45.3 23.9

2 treatments 16.8 1.2 43.6 20.6

Mean 22.3 1.9 45.2 23.1

Mean for treatment No treatment 25.5 4.6 47.6 25.9

1 treatment 23.9 3.4 46.1 24.4

2 treatments 19.1 1.9 43.4 21.5

Mean 22.8 3.3 45.7 23.9

Interaction C × A

Treatment (C) Forecrop (A)
Years

1999 2000 2001 1999–2001

No treatment Oilseed rape 24.0 2.6 45.6 24.1

Wheat 27.0 6.5 49.6 27.8

Mean 25.5 4.5 47.6 25.9

1 treatment Oilseed rape 22.8 2.0 44.8 23.2

Wheat 24.9 4.9 47.3 25.7

Mean 23.8 3.4 46.0 24.4

2 treatments Oilseed rape 17.2 1.2 42.7 20.4

Wheat 21.0 2.7 44.1 22.6

Mean 19.1 1.9 43.4 21.5
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Mean for forecrop Oilseed rape 21.3 1.9 44.4 22.6

Wheat 24.3 4.7 47.0 25.4

Mean 22.8 3.3 45.7 23.9

LSD 0.05 for

A and B

B × A and A × B

C

C × A and C × B

A × C and B × C

1.02

n.s.

1.50

n.s

2.12

0.33

n.s

0.49

0.69

0.56

0.60

0.85

0.89

1.26

1.02

0.24

0.33

0.32

0.45

0.41

n.s. – not significant.

Table 2 – cont.

Table 3
Stem base infestation in phase 30–32 of wheat grown

after oilseed rape in Lisewo (DI in %)

Cultivar
Years

1999 2000 2001 1999–2001

‘Sakwa’ 23.7 7.4 5.3 12.1

‘Elena’ 20.2 8.4 6.0 11.5

LSD0.05 3.03 1.80 1.85 0.59

Table 4
Wheat stem base infestation in phase 85 in Lisewo depending

on cultivar (B) and number of treatments (C) (DI in %)

Cultivar (B) Treatment (C)
Years

1999 2000 2001 1999–2001

‘Sakwa’ No treatment 34.2 9.3 47.0 30.2

2 treatments 25.2 6.9 41.5 24.5

Mean 29.7 8.1 44.2 27.3

‘Elena’ No treatment 27.3 13.6 52.1 31.0

2 treatments 19.3 7.3 44.8 23.8

Mean 23.3 10.4 48.5 27.4

Mean for treatment No treatment 30.8 11.5 49.6 30.6

2 treatments 22.3 7.1 43.2 24.2

Mean 26.5 9.3 46.4 27.4

LSD 0.05 for

B

C

C × B

B × C

3.98

2.11

n.s.

n.s.

1.70

0.90

1.80

2.31

1.41

0.75

1.49

1.91

0.48

0.29

0.57

0.67

n.s. – not significant.



single fungicide treatment was 31.1% and after two treatments – 24.0% (control –
32.8%). Similarly as in Szestno, a high variation in disease intensity in respective
years was found.
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Table 5
Wheat stem base infestation of cv. ‘Flair’ in phase 30–32

in Wielgłowy depending on forecrop (DI in %)

Forecrop
Years

1999 2000 2001 1999–2001

Oilseed rape 17.7 17.5 3.9 13.0

Wheat 20.0 27.3 8.1 18.5

LSD0.05 n.s. 2.48 0.86 0.30

n.s. – not significant.

Table 6
Wheat stem base infestation of cv. ‘Flair’ in phase 85 in Wielgłowy depending

on forecrop (A) and number of treatments (C) (DI in %)

Forecrop (A) Treatment (C)
Years

1999 2000 2001 1999–2001

Oilseed rape No treatment 26.1 17.8 47.7 30.5

1 treatment 24.8 15.4 46.4 28.9

2 treatments 20.9 11.7 39.7 24.1

Mean 23.9 15.0 44.6 27.8

Wheat No treatment 30.2 25.9 49.2 35.1

1 treatment 28.1 23.8 48.2 33.4

2 treatments 16.2 17.7 37.7 23.9

Mean 24.8 22.5 45.0 30.8

Mean for treatment No treatment 28.1 21.9 48.4 32.8

1 treatment 26.5 19.6 47.3 31.1

2 treatments 18.5 14.7 38.7 24.0

Mean 24.4 18.7 44.8 29.3

LSD 0.05 for

A

C

C × A

A × C

n.s

3.22

4.55

3.60

0.76

1.13

1.60

1.27

n.s

1.95

2.76

2.19

0.50

0.67

0.95

0.87

n.s. – not significant.



Discussion

At the experiment in Radostowo the effectiveness of all fungicides applied for
limiting the stem base rot was at the same level (Table 7). The disease index
ranged from 10.0 to 13.0% and it was significantly lower than the DI of plants on
control plots (20.5%).

In all experiments infected stem bases were mostly settled by fungi from genus
Fusarium, mainly F. avenaceum and F. culmorum, sporadically Rhizoctonia spp. and
Oculimacula spp., which is compliant with the reports of Mikołajska et al. (1996)
and Lemańczyk (2000). The location of the experiments in the regions of higher
rainfall (Mazury, Żuławy Wiślane and Powiśle) resulted in a relatively high inten-
sity of stem base diseases. It was shown that their plant health status depended on
the cultivar, forecrop and the fungicides applied. More disease symptoms were ob-
served on the crops grown after wheat. The increased intensity of the stem base
diseases accompanied by an inadequate crop rotation was earlier reported by
Kurowski et al. (1991), Rothrock and Cunfer (1991), Weber (1996), Lemańczyk
(2000), Wyczling et al. (2005). Oilseed rape, due to the content of glucosinolates
in harvest residue is considered a phytosanitary plant, which was confirmed in that
experiment. The infection was enhanced by abundant rainfall in spring. In the dry
year 2000 the infection was considerably lower. Similar relationships were ob-
served by Remlein-Starosta (2000).

‘Kobra’ displayed more disease symptoms than ‘Roma’. In the reports of
COBORU (Gacek and Szymczyk 2001) these cultivars showed a similar suscepti-
bility to the take-all diseases, whereas Kubiak and Korbas (1999) reported that
‘Roma’ was considerably more infected by Fusarium spp. Thus, it can be concluded
that susceptibility of cultivars can also depend on the environmental conditions.
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Table 7
Wheat stem base infestation in phase 85 in Radostowo

depending on treatment (DI in %)

Treat-
ment

Combination Year
2008Phase BBCH 30–32 Phase BBCH 61–65

I Control 20.5

II Juwel TT 483 SC (0.7 l·ha–1) + Capalo 337.5 SE
(0.7 l·ha–1)
















⋅Olympus 480 SC (1.2 l ha )+
Zamir 40

-1

0 EW(0.6 l ha )-1⋅

12.0

III Input 460 EC (1.0 l·ha–1) 10.0

IV Unix 75 WG (1.0 l·ha–1) 11.0

V Capalo 337.5 SE (1.5 l·ha–1) 10.5

VI Prorok 450 EC (1.0 l·ha–1) + Talius 200 EC (0.1
l·ha–1)

13.0

VII Escudo Forte 375 CS (0.8 l·ha–1) 13.0

DI 0.05 5.84



Fungicide application considerably limited the disease symptoms, however, the
effect, although significant, varied. In Szestno (average for three experiments) two
treatments enhanced the health status of the stem base both in ‘Roma’ and in
‘Kobra’ by 4.4%, at Wielgłowy in ‘Flair’ grown after oilseed rape two treatments
limited the percentage of the infected stems by 6.4 and after wheat by 11.2%, and
at Lisewo in ‘Sakwa’ by 5.7% and ‘Elena’ by 7.2%. Many authors stress a good ef-
fectiveness of fungicides, especially when the first treatment is applied, similarly as
in the present experiments, at the phase of BBCH 30–32 (Frahm et al. 1998,
Klingenhagen 1998, Makowski et al. 1999). However, a high intensity of the dis-
ease at the BBCH 85 phase, already after the twofold fungicide spraying, means
that the effectiveness of the protection applied, even though significant, in the case
of stem base rot is insufficient.

Conclusions

1. The risk of wheat stem base diseases occurrence is high. The plants
throughout the spring vegetation period are threatened with infection by the
rot-causing pathogens.

2. The health status of the stem base in wheat grown after oilseed rape
was better than after wheat, however that favourable effect was decreasing with
the plant development progress. Therefore considering the forecrop, to obtain
high yield fungicides must be applied.

3. The variety of the pathogens causing stem base rot and their varied re-
quirements concerning the conditions for the development makes us consider
their harmfulness in each year.

Streszczenie

WPŁYW PRZEDPLONU I ZRÓŻNICOWANEJ OCHRONY FUNGICYDAMI
NA ZDROWOTNOŚĆ PODSTAWY ŹDŹBŁA PSZENICY OZIMEJ

W czterech doświadczeniach zlokalizowanych w Szestnie (Mazury), Wielgło-
wach (Powiśle), Lisewie (Żuławy Wiślane) i Radostowie (Powiśle) badano reakcję
odmian pszenicy ozimej (‘Kobra’, ‘Roma’, ‘Flair’, ‘Sakwa’, ‘Elena’, ‘Opus’) upra-
wianych po rzepaku i po pszenicy na zróżnicowaną ochronę fungicydami. Zdro-
wotność podstawy źdźbła pszenicy uprawianej po rzepaku była lepsza aniżeli
uprawianej po pszenicy, ale ten korzystny wpływ zmniejszał się w miarę rozwoju
roślin. Z porażonych źdźbeł izolowano głównie patogeny rodzaju Fusarium (najczę-
ściej F. avenaceum i F. culmorum), rzadziej Rhizoctonia spp. Zabiegi fungicydami w
niewielkim stopniu ograniczały rozwój patogenów powodujących zgorzele podsta-
wy źdźbła. Lepsze efekty uzyskiwano po zastosowaniu dwóch zabiegów.
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