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Abstract

Fungicide application in winter oilseed rape against Pyrenopeziza brassicae (light
leaf spot), routine in autumn in the UK for many years, started in Poland in 2000.
Currently for the disease control three biologically active ingredients can be ap-
plied in Poland: carbendazim (Fukarb 500 SC, Karben 500 SC, Sarfun 500 SC),
metconazole (Caramba 60 SL), tebuconazole (Horizon 250 EW, Orius 250 EW).
The study compared the growth of 77 P. brassicae isolates collected between
2000-2007 in the UK with isolates from Poland on malt agar medium amended
with azoxystrobin, carbendazim, tebuconazole and metconazole. All isolates — UK
and Polish - did not grow at all on medium with 25 and 250 ppm of tebuconazole
or 6 and 60 ppm of metconazole. Fungal growth was also strongly inhibited by
tebuconazole in concentration of 2.5 ppm and metconazole of 0.6 ppm — growth
varied between 0.00 and 0.08 mm per 24 h, in comparison to control — 0.19-0.31
mm. 30% of P. brassicae isolates collected in East England grew on medium with all
tested carbendazim concentrations (2.5-250 ppm). The growth of 6% UK isolates
was completely inhibited by carbendazim at 2.5, 25 and 250 ppm, whilst at 0.25
ppm the daily growth varied between 0.15 to 0.17 mm per 24 h. No isolates resis-
tant to carbendazim were found in Poland (Wielkopolska).
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Introduction

Light leaf spot (Pyrenopeziza brassicae) is a worldwide pathogen of winter oilseed
rape. The disease have been observed in Poland since late 80-ties (Sadowski 1989).
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Due to possible severe yield losses caused by the fungus spraying with fungicides
plays an important role in the disease control.

The fungicide application against P. brassicae is routine in autumn in the UK for
many years (Welham et al. 2004). In Poland such control started in 2000 (Pru-
szynski 2000), as light leaf spot has not been known as long as in western Euro-
pean countries. Currently for the disease control three biological active ingredients
can be applied in Poland: carbendazim (Fukarb 500 SC, Karben 500 SC, Sarfun 500
SC), metconazole (Caramba 60 SL), tebuconazole (Horizon 250 EW, Orius 250
EW) (Wolny 2008). Carbendazim belongs to methyl benzimidazole carbamates —
MBC - fungicides, whilst metconazole and tebuconazole are triazoles which are
demethylation inhibitors - DMI (FRAC... 2010). It is important that these three
active ingredients have also been applied in winter oilseed rape against other se-
vere disease — stem canker (Leptosphaeria maculans/L. biglobosa), due to the fact that
the choice of other fungicides is limited. Apart from DMI and MBC group, just one
fungicide (Pictor 400 SC) including other ingredients: dimoxystrobin (oximi-
no-acetamide) and boskalid (anilid) is registered. Common fungicide treatment
causes pathogen resistance to many fungicides. The resistance risk for MBC fungi-
cides is classified as high, but for DMI as medium (FRAC... 2010). The first occur-
rence of the pathogen resistance to MBC fungicides was found in 1970, for DMI in
1982, whilst for strobilurin ones in 1998 (Brent and Hollomon 2007). There is in-
formation about the occurrence of P. brassicae isolates resistant to MBC and DMI
fungicides in the UK (Sutherland et al. 1994). However, since then, resistance of
the fungus to strobilurins has not been reported.

It suggests that there is a need for monitoring the possibility of appearance of
resistant isolates to fungicides applied in winter oilseed rape in Poland. The aim of
the work was to compare the in vitro sensitivity of P. brassicae isolates originating
from the UK with isolates from Poland to azoxystrobin, carbendazin, tebuconazole
and metconazole (added to malt agar medium, MA).

Material and methods

Pyrenopeziza brassicae isolates were collected in 2000, 2001 and 2002 in central
west Poland — Wielkopolska region and in 2005, 2006 and 2007 in the UK -
Herdfordshire county. All isolates were obtained from winter oilseed rape leaves and
then single spore (conidia) isolates were lead. Isolates were allowed to grow for sev-
eral weeks then subcultured onto fresh MA medium in Petri dishes. When the cul-
tures reached diameter of 4-5 cm, 5 mm plugs were taken from the edge of each
isolate and placed onto MA medium amended with commercial preparations:
Amistar 250 SC with azoxystrobin in concentrations of 0.25, 2.5, 25 or 250 ppm,
Karben 500 SC with carbendazim in concentrations of 0.25, 2.5, 25 or 250 ppm, Ho-
rizon 250 EW with tebuconazole in concentrations of 0.25, 2.5, 25 or 250 ppm or
Caramba 60 SL with metconazole in concentrations of 0.06, 0.6, 6, 60 ppm. Cultures
in plates (three replicates for each isolate and each fungicide concentration) were in-
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cubated in darkness at 16°C for 60 days. One-way analysis of variance using Stati-
stica software ver. 8.0 (StatSoft, Inc. 2007) was carried out for statistical verification
of significant differences between isolates. The significance level alpha was 0.05.

Results

The Polish and UK P. brassicae isolates daily growth for 60 days on MA medium
without any fungicides varied from 0.19 to 0.31 mm. There were differences be-
tween the sensitivity of isolates to the tested fungicides. All isolates — UK and Pol-
ish — did not grow at all on medium with 25 and 250 ppm of tebuconazole or 6 and
60 ppm of metconazole (Table 1). Fungal growth was also strongly inhibited by
tebuconazole in concentration of 2.5 ppm and metconazole of 0.6 ppm. The aver-
age growth in this case varied for all isolates from 0.00 to 0.08 mm. Daily growth of
the fungus isolates on medium with 0.25 ppm of tebuconazole or 0.06 ppm of
metconazole varied from 0.03 to 0.17 mm. The daily growth of the isolates on me-
dium with all concentrations of azoxystrobin was similar. The slowest growth at
250 and 25 ppm concentration was 0.05 mm per 24 h, whilst 0.06 mm at 2.5 and
0.25 ppm. The fastest isolate grew 0.17 mm at 0.25 ppm of azoxystrobin. The addi-
tion of carbendazim to MA medium completely inhibited the growth of all 31 Pol-
ish isolates and 29 UK isolates at concentrations of 0.25, 2.5, 25 and 250 ppm
(Table 2). 14 UK P. brassicae isolates grew at all four concentrations of carben-
dazim. The growth of three UK isolates (2-05/05, 3-05/05, 22/06) was completely
inhibited by carbendazim at concentrations of 2.5, 25 and 250 ppm, whilst at 0.25
ppm the daily growth varied between 0.15 to 0.17 mm. The minimum growth of
other isolates at the lowest concentration (0.25 ppm) was 0.15 mm per 24 h and
the maximum 0.25, whilst at the highest concentration 0.14 and 0.23, respectively.

Table 1

The influence of fungicides added to MA medium on mean daily mycelium
growth of 77 Pyrenopeziza brassicae 60-day-old isolates (mm)

Fungicide concentrations

Fungicide A B C D E

mean| min—-max |mean | min-max | mean | min-max |mean| min-max |mean | min-max
Azoxystrobin | 0.12 | 0.07-0.17| 0.10 |0.06-0.16| 0.10 | 0.03-0.16| 0.10 | 0.05-0.16| 0.25 |0.19-0.31
Carbendazim | 0.05 | 0-0.25 0.04 |0-0.24 | 0.04 | 0-0.25 0.04 | 0-0.22 0.25|0.19-0.31
Tebuconazole | 0.11 | 0.04-0.17| 0.03 | 0-0.08 | 0.00 | 0.00 0.00|0.00 0.25|0.19-0.31
Metconazole | 0.09 | 0.03-0.17| 0.04 | 0-0.08 | 0.00 | 0.00 0.00|0.00 0.25]0.19-0.31

A - 0.25 ppm (azoxystrobin, carbendazim, tebuconazole), 0.06 ppm (metconazole), B - 2.5 ppm
(azoxystrobin, carbendazim, tebuconazole), 0.60 ppm (metconazole), C — 25 ppm (azoxystrobin,
carbendazim, tebuconazole), 6.00 ppm (metconazole), D — 250 ppm (azoxystrobin, carbendazim,
tebuconazole), 60.00 ppm (metconazole), E — 0.00 ppm (control).
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Table 2

The influence of carbendazim on Pyrenopeziza brassicae daily mycelium
growth on MA medium — means for 60-day-old isolates (mm)

Origin N,umbET Isolate Carbendazim concentration

of isolates name 250 ppm 25 ppm 2.5 ppm 0.25 ppm | 0.00 ppm
UK 29 0.00 a 0.00 a 0.00 a 0.00a 0.19-0.31

1 2-05/05 0.00a 0.00a 0.00 a 0.17 bc 0.22

1 3-05/05 0.00a 0.00a 0.00 a 0.17 bc 0.23

1 2/06 0.18 cde 0.17 bed 0.18 bed 0.20 cd 0.24

1 3/06 0.19 cdef 0.23 de 0.21 bed 0.25f 0.25

1 22/06 0.00a 0.00a 0.00 a 0.15b 0.25

1 43/06 0.16 bc 0.22 cde 0.23d 0.24 ef 0.23

1 44/06 0.18 cde 0.21 cde 0.22 cd 0.23 def 0.25

1 3/07 0.16 bc 0.19 bcde | 0.18 bed 0.16 b 0.28

1 4/07 0.19 cdef 0.14 b 0.16 bc 0.20 cd 0.24

1 5/07 0.22 fg 0.25e 0.20 bed 0.23 def 0.24

1 7/07 0.19 cdef 0.19 bcde | 0.14Db 0.22 def 0.25

1 9/07 0.19 cdef 0.17 bed 0.20 bed 0.19 ¢ 0.22

1 19/07 023¢g 0.16 bc 0.23d 0.24 ef 0.24

1 20/07 0.14b 0.20 bcde | 0.22 cd 0.23 def 0.25

1 36/07 0.19 cdef 0.19 bede | 0.21 cd 0.23 def 0.21

1 37/07 0.20 defg 0.18 bcde | 0.21 cd 0.22 cdef | 0.21

1 39/07 0.19 cdef 0.22 cde 0.24d 0.25f 0.26
Poland 31 0.00 a 0.00 a 0.00 a 0.00a 0.22-0.28

In columns means followed by the same letter are not significantly different at 5% level.

Discussion

Some earlier reports did not inform about P. brassicae resistance to fungicides.
In 1982-1984 Ilott et al. (1987) tested sensitivity of the pathogen to benomyl,
thiabendazole, iprodione and vinclozolin. Resistant field isolates in East England
were not found, although resistant mutants to benomyl (benzimidazole) were gen-
erated by mutagenesis with ultraviolet light. In 1987 amongst 257 isolates of P.
brassicae collected in winter oilseed rape in East England there were no strains re-
sistant to benomyl (Ball et al. 1990). Also high efficacy in reducing light leaf spot
on cauliflower sprayed with benomyl, prochloraz or fenapanil was found in New
Zealand (Cheah et al. 1981).

In winter oilseed rape crops in the UK, optimal period for chemical treatment
against light leaf spot is suggested autumn (Figueroa et al. 1994, Jeffery et al. 1994,
Fitt et al. 1998). This routine time of spraying is also similar against stem canker,
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when epidemics of this damaging disease is started (Zhou et al. 1999, Gladders et
al. 2007). The used fungicides can be the same for both pathogens, e.g. tebuco-
nazole, carbendazim. Application of fungicides including the same biologically ac-
tive ingredients against different pathogens for several years might create selection
pressure on P. brassicae population. The survey done between 1985 and 1994 con-
firmed this suspicion. 25% of 76 P. brassicae isolates collected in Scotland were
resistant to carbendazim and grew at 2050 ppm carbendazim concentration
(Sutherland et al. 1994). It was also reported that 96% of isolates grew at 1 ppm of
the fungicide.

In our research 30% of P. brassicae isolates collected in East England grew on
medium with all tested concentrations of carbendazim (2.5-250 ppm) and 37% of
isolates grew at concentration of 0.25 ppm. On the contrary, no resistant isolates
to carbendazim were found in Poland (Wielkopolska). On the basis of the results
with UK isolates, it can be expected, that with increasing of fungicide treatment in
winter oilseed rape a risk of a shift in the Polish population of P. brassicae from sen-
sitive to resistant will increase, considering the fact that resistance of other patho-
gens to benzimidazoles has been known for a long time (FRAC... 2010). The
occurrence of P. brassicae sexual reproduction in Poland (Karolewski et al. 2004)
can favour this phenomenon.

The weaker inhibition of P. brassicae growth on medium with azoxystrobin in
comparison to other tested fungicides is consistent with other reports suggesting
that fungal mycelium is less susceptible to strobilurins than spores of fungi (Balba
2007).

The report concerning other fungicides showed the occurrence of P. brassicae
isolates insensitive to tebuconazole in vegetable brassicas in Scotland (Kennedy
and Wakeham 2006). The addition to the control program of boskalid (anilid) and
pyraclostrobin (methoxycarbamates) reduced the number of isolates resistant to
tebuconazole.

Amongst the studied isolates from East England strains resistant to tebuco-
nazole or insensitive to metconazole were not found. It is probably due to fact, that
light leaf spot is more important disease in Scotland than in England, so these fun-
gicides were used more often in Scotland. No resistant P. brassicae isolates to
tebuconazole, metconazole were detected in Poznan, either, which may be due to a
short period of routine chemical light leaf spot control in Poland. However, inten-
sification of winter oilseed rape production, including spraying with fungicides,
may cause in the future the occurrence of P. brassicae isolates resistant to the ap-
plied fungicides. It indicates that the monitoring of pathogen sensitivity to fungi-
cides, together with other important pathogens in oilseed rape controlled with
using similar fungicides (e.g. L. biglobosa/L. maculans) should be continued.
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Streszczenie

WRAZLIWOSC POPULAC]I PYRENOPEZIZA BRASSICAE
(CYLINDROSPORIOZA) NA FUNGICYDY ZALECANE
DO OCHRONY PRZED TYM PATOGENEM

Opryskiwanie rzepaku ozimego fungicydami przeciwko Pyrenopeziza brassicae
(cylindrosporioza) jest powszechnie stosowane w Wielkiej Brytanii od wielu lat,
podczas gdy w Polsce ten sposéb ochrony przed patogenem pojawit si¢ w roku
2000. Obecnie w Polsce zarejestrowane sa trzy substancje biologicznie czynne:
karbendazym (Fukarb 500 SC, Karben 500 SC, Sarfun 500 SC), metkonazol (Ca-
ramba 60 SL), tebukonazol (Horizon 250 EW, Orius 250 EW). W pracy poréwna-
no wzrost 77 izolatow P. brassicae zebranych w latach 2000-2007 w Wielkiej Bryta-
nii i Polsce na azoksystrobing, karbendazym, tebukonazol i metkonazol dodanych
do pozywki maltozowej. Zaden z izolatéw pochodzacych zaréwno z Polski, jak i z
Wielkiej Brytanii nie rést na pozywce z dodatkiem 25 i 250 ppm tebukonazolu oraz
6 1 60 ppm metkonazolu. Wzrost grzybni zostal réwniez bardzo silnie zahamowa-
ny przez tebukonazol w stezeniu 2,5 ppm i 0,6 metkonazolu i wynioést od 0,00 do
0,08 mm w ciggu 24 h, podczas gdy w kontroli wyniést od 0,19 do 0,31 mm. 30%
izolatéw pochodzacych ze wschodniej czesci Wielkiej Brytanii rosto na pozywce z
dodatkiem karbendazymu we wszystkich badanych stezeniach (2,5-250 ppm).
Wzrost 6% brytyjskich izolatéw zostal zahamowany przez karbendazym w steze-
niach 2,5, 25 and 250 ppm, podczas gdy przy stezeniu 0,25 ppm wzrost ten wyniost
od 0,15 do 0,17 mm w ciggu 24 h. Wérdd badanych izolatéw zebranych w Polsce
(Wielkopolska) nie stwierdzono odpornych na karbendazym.
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