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Abstract

Long vegetation period, good quality soils and annual rainfall about 700 mm
make Paczkéw Foothills a suitable mezoregion for production of winter oilseed
rape. The aim of this work was a complex analysis of stem canker risk to oilseed
rape in this region, caused by two ascomycete fungi Leptosphaeria maculans and L.
biglobosa, with the stress on primary inoculum production that makes the patho-
gens successful in plant infection. The studies were done in Charbielin near
Gluchotazy for three consecutive seasons from 2005/06 to 2007/08, using both
conventional aerobiological techniques (spore trapping) and quantitative molecu-
lar analyses (QPCR).

Great differences were found in profiles of ascospore release, linked with the
speed of pseudothecial maturation of L. maculans and L. biglobosa. The highest con-
centrations of the ascospores ranged from 6 to 500 ascospores per 1 m? in the au-
tumn and from 0.4 to 35 per 1 m3 in the spring. Independently of the season the
highest ascospore concentrations were detected in daytime. The results of micro-
scope detection of fungal spores from spore traps were correlated with quantitative
detection of fungal DNA using Real-Time PCR in the presence of SYBR Green and
species specific primers. The dominating species was L. biglobosa, which is regarded
less pathogenic, but more difficult to eradicate with fungicides. Leptosphaeria
maculans was prevalent in oilseed rape plants, probably due to a higher number of
days when ascospores of this species were released. Under the encountered
weather conditions the pathogens causing stem canker of brassicas found condi-
tions greatly promoting the production of primary inoculum and establishing in-
fections in winter oilseed rape plants.
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Introduction

The mezoregion Paczkéw Foothills is located in south-west part of Opole
province in the east part of Sudethian Foothills. From the south the region is sur-
rounded by Opava Mountains. The region is located on the border between
Sudethian Mountains and the Middle Polish Lowland, which greatly differ in the
territory shape and the type of land use. The lowland has a typical agricultural pro-
duction and one of the mildest weather conditions in Poland, with relatively small
temperature differences, winters with big snow cover, intermediate rainfall, high
humidity and long vegetation period. Such climate greatly promotes intensive crop
production, but also creates conducive conditions for fungal diseases of plants. The
frost free time, usually quite short in other parts of Poland, here lasts 170-180
days, what constitutes 77-82% of the vegetation period of about 220 days. The
rainfall ranges from 650 mm to 800 mm in Opava Mountains and is higher than the
average in Poland (600 mm). Steady and not intensive rain greatly helps the plants
to develop in a proper way, but also makes ideal conditions for the development of
fungal pathogens inhabiting plant tissues and requiring humid conditions to de-
velop fruiting bodies.

Among the important pathogens with such life cycles there are Leptosphaetria
maculans and L. biglobosa sp. nov. (Shoemaker and Brun 2001) that usually co-habit
and infect oilseed rape plants. They share a similar life cycle with ascospores being
the primary source of plant infection. The hosts belong to the Brassicaceae family,
with vegetable brassicas (Brassica oleracea) as well as oilseed rape (B. napus ssp.
oleifera) as the main ones (Petrie 1969, Frencel et al. 1991, West et al. 2004).

Ascospores of L. maculans and L. biglobosa are formed in pseudothecia that de-
velop on infected plant residues from previous vegetative seasons (Petrie 1995).
The maturation process of these fruiting bodies depends on temperature and wet-
ness of oilseed rape stubble (Toscano-Underwood et al. 2003, Aubertot et al.
2006). Wetness provided by rainfall was essential for the subsequent release of as-
cospores of both Leptosphaeria species (Huang et al. 2005). It was found that asco-
spores may be transported by wind as far as 5 km (Hall 1992), but most of them do
not move away for more than 500 m from the source of plant infection (Aubertot et
al. 2006). While reaching host plants in appropriate weather conditions, asco-
spores germinate and penetrate plant tissues (Hammond et al. 1985). In conducive
conditions disease symptoms may be visible a few days after the initial spore ger-
mination (Sexton and Howlett 2001). The infection of B. napus can also begin
through the root system (Sprague et al. 2007). The pathogens gradually grow in
plants and finally form stem cankers, leading to great economic losses of the seed
yield (Fitt et al. 2006). The disease is often found in Poland, but its severity and
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composition of fungal populations greatly differ between geographical regions
(Jedryczka 2007).

The aim of this work was a complex evaluation of stem canker risk factors to
oilseed rape in Paczkéw Foothills, the region with intensive winter oilseed rape
production. The main stress of this work was put on time and intensity of the pri-
mary inoculum formation, as well as on the ratio between L. maculans and L.
biglobosa in the air samples, as well as in plants.

Materials and methods

Location of the experiment

Materials were collected in Charbielin (N 50°20'37.2", E 17°25'49.1") near
Gluchotazy in Opole region, located in Paczkéw Foothills.

Sampling periods

Monitoring of pseudothecia maturation and ascospore release was done in
three consecutive seasons — from 2005/06 till 2007/08. The samples were col-
lected in autumn - from 1 September until 30 November and in spring — from 1
March until 30 May. Molecular detection using Real-Time PCR was done for sam-
ples collected in autumn 2005 and 2006. Maturation of pseudothecia was moni-
tored weekly.

Meteorological data

The meteorological dataset containing two basic weather data: mean daily tem-
perature and rainfall was collected in 2005-2008. Synoptic station was located in
Gluchotazy, belonging to Institute of Meteorology and Water Management. The
distance from the spore trap to the weather station was about 6 km.

Evaluation of pseudothecia maturation

Infected oilseed rape stubble was collected after the harvest. Stubble fragments
were maintained outdoors, on soil surface under natural weather conditions.
Fruiting bodies were divided into pycnidia and pseudothecia. Maturation of
pseudothecia was classified according to a method described by Toscano-Under-
wood et al. (2003):

A - immature, empty pseudothecium with no asci and no ascospores,

B - pseudothecium with immature and empty asci,

C - pseudothecium with asci containing less than eight ascospores or eight im-
mature spores with less than six cells,

D - pseudothecium with asci containing eight fully developed spores (six cells),

E - pseudothecium mature, but empty after the discharge of ascospores.
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They were observed under a light microscope at 100 x magnification. For all
sampling dates, the proportion of each category was calculated. In most cases, the
number of fruiting bodies studied at a given sampling date varied from 50 to 80.

Trapping airborne inoculum

The release of L. maculans and L. biglobosa ascospores from oilseed rape stem de-
bris incubated under natural conditions was monitored using a Burkard seven-day
recording spore sampler (Burkard Manufacturing Co. Ltd, Rickmansworth, UK).
The spore trap was operated in open air and was surrounded by oilseed rape stems
which had been collected from the Charbielin fields after harvest in July
2005-2007. It collects airborne particles on a wax-coated Melinex tape, which is
attached to a 2-mm rotating drum so that particles can be recorded over a period of
seven days. It has an air throughput of 14.4 m3 per day. The wax coating is used to
thinly cover the Melinex tape. It contains a mixture of petroleum jelly (Vaseline,
Unilever Ltd, London, UK) and paraffin wax, dissolved in hexane. The tapes were
replaced every seven days, and each exposed tape was cut into a 48 mm section,
which represents a known 24 h period. Daily tape sections were cut in half along
their centrelines. One half of the tape was mounted on to a microscope slide,
stained (Trypan Blue) and examined with a light microscope. The numbers of
spores were counted in every hour and recorded as hourly and daily ascospore con-
centration per 1 m3 of air. The corresponding half-piece of the tape was placed into
a 1.5 ml plastic tube and was stored in the —20°C freezer.

Molecular detection of fungal DNA from spore tapes

Daily tape sections (48 mm) were cut into sections using sterile forceps and
scissors and placed into a 2 ml plastic tube. To each of these tubes, one scoop
(approx. 150 mg) of sterile acid-washed Ballotini beads (425-600 pm diameter)
were added followed by CTAB buffer using a modification of the methods of Gra-
ham et al. (1994). The samples were then placed in a FastPrep machine (Savant In-
strument, Holbrook, New York, USA) and processed, two times at 6.0 m-s! for
40 s, with 2 min cooling on ice between each cycle. The extract was incubated at
65°C for 30 min, centrifuged at 13,000 rpm for 15 min extracted against an equal
volume of a chloroform:IAA (24:1) and mixture by vortexing. Supernatant was
transferred to the second set of tubes. DNA was precipitated by incubation (1 h) at
-20°C with absolute ethanol (2 vols) and sodium acetate (pH 5, 3 M, 0.1 vol) and
centrifuged. The pellet was then washed using 70% ethanol and again centrifuged
at 13,000 rpm for 10 min. The ethanol was then carefully removed and the pellet
dried in a fume cupboard for 15 to 20 min. Finally, DNA was resuspended in 100 pl
of 1 mM TE buffer and stored at —20°C. For Real-Time PCR a method described by
Kaczmarek et al. (2009) was used. A Real-Time PCR assay using SYBR Green was
optimised for the primers designed by Mahuku et al. (1996). An Applied Bio-
systems 7500 Real-Time PCR thermal cycler was used for absolute quantification
of L. maculans and L. biglobosa DNA. The reaction mixture was a total of 20 pl per re-
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action (0.6 pl forward primer, 0.54 pl reverse primer, 10 ul SYBR Green JumpStart
Taq ReadyMix (Sigma, UK), 0.08 ul ROX internal reference dye (Sigma, UK), 3.78
ul nuclease-free, sterile water (Sigma, UK) and 5 pul template DNA (1:4 aqueous
dilution).

Thermal cycling parameters were: 95°C for 2 min, then 38 cycles of 94°C for 15
s, 60°C for 1 min, 95°C for 45 s. A dissociation stage was added at the end of these
cycles with a thermal profile of: 95°C for 15 s, 60°C for 1 min and 95°C for 15 s.
Nuclease free water (Sigma, UK) was used as non-template control. A standard
curve was generated by plotting the crossing cycle (C, value) number for each sam-
ple of a standard series of L. maculans and L. biglobosa DNA from 10 ng to 1 x 10
ng. Melting curve analysis was done to determine the accuracy of the reaction.

Isolation of pathogens from plant tissues

Randomly chosen leaves of oilseed rape with visible symptoms of phoma leaf
spotting were collected from rapeseed fields located in the region of study. Frag-
ments with disease symptoms were surface disinfected with 1% of sodium hypo-
chlorite for 2 min followed by three washings in sterile distilled water for 2 min
each. Small parts of disinfected plant fragments were placed on potato glucose agar
(PDA, Sigma) medium supplemented with streptomycin sulphate (0.02%). Fun-
gal isolates were subcultured until they were free of bacteria and other contami-
nants. A hyphal tip of each isolate was collected with a sterile needle and
a binocular and subcultured on a fresh PDA medium. The taxonomic identification
was based on culture morphology and ITS size, as proposed by Williams and Fitt
(1999).

Results

Meteorological factors

The three consecutive seasons of study differed in respect to the weather pa-
rameters. The highest cumulative temperature (831.4°C) in autumn was observed
in 2005 (Fig. 1 a), whereas the lowest value of this parameter (672.2°C) was found
in the next autumn (Fig. 1 ¢). The autumn of 2007 was intermediate in respect to
summary temperature (715.8°C), but it had the coolest November (2.61°C of the
mean monthly temperature) (Fig. 1 ), what could greatly retard the development
of fungal infections established in previous months. The November of 2005 was
nearly as cold (2.92°C of the mean monthly temperature), what contrasted with
the warm November of 2006 (4.3°C). The warmest month was September 2005
(14.75°C of the mean monthly temperature), however it coincided with the least
number of rainy days (nine) of all September months (Fig. 1 a), what does not pro-
mote the development of primary leaf infections. The highest mean rainfall over
the whole monitoring period from the beginning of September till the end of No-
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Fig. 1. Temperature (line) and rainfall (bars) in Charbielin in autumn (a, c, €)
and spring (b, d, f) of the seasons: 2005/06 (a, b), 2006/07 (c, d), 2007/08 (e, f)

vember was the highest in 2007 (1.47 mm per day, Fig. 1 e), whereas in 2005 this
value was one third lower (0.99 mm per day). In 2005 this coincided with the num-
ber of rainy days that were only 28 in total, over the three autumn months, whereas
in the autumn of 2007 there were 42 days with precipitation. However, the highest
number of rainy days was found in 2006 (45 days), mainly due to the most wet Oc-
tober (69.7 mm of rain, 19 days with precipitation; Fig. 1 ¢). In comparison, there
were only 7.1 mm of rain (six days with precipitation) over the whole October of
2005 (Fig. 1 a).

The driest spring occurred in 2007, when the cumulative rainfall reached only
112.02 mm from the beginning of March till the end of May (Fig. 1 d). However, this
summary result is a direct consequence of the driest April, with 2.8 mm of precipita-
tion (two days of very small rain); the other two spring months were rainy (52.32
mm and 56.9 mm of rain in March and May, respectively). Little rainfall in 2007 (26
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days with rain in total) contrasted with 47 rainy days in 2006 (Fig. 1 b). In 2008 the
intermediate number of days with precipitation was found (37), but the cumulative
monthly rainfall in all three months of the study was similar (Fig. 1 f), what could
promote further oilseed rape plant infections. In contrast, in 2006 rain events were
unequal, e.g. summary rainfall in March was low (29.72 mm over the whole month),
but there were numerous rainy days (16) and April was twice as wet (61.95 mm),
with two rainy days less (Fig. 1 b). The driest spring of 2007 was also the warmest,
with 972.9°C of the cumulative temperature from the beginning of March till the end
of May. Each month of this year’s spring was the warmest from all spring seasons of
this study. The summary temperature of all spring months was the lowest in 2006
(723.7°C) what was mainly due to the extremely cold March (6.8°C; Fig. 1 d),
whereas the spring of 2008 had intermediate temperature values (Fig. 1 f).

Pseudothecia maturation

In autumn, the fully mature pseudothecia were observed for the whole moni-
toring period, starting in September and ending in November, however the date of
their first detection greatly differed between the seasons (Fig. 2). The earliest ob-
servation of class D pseudothecia was in the autumn 2007 and the latest in 2006 (3
and 24 September, respectively). This coincided with the driest and most cool Sep-
tember of this study (respectively 25.2 mm of rainfall and 11.38°C of the mean
monthly temperature; Fig. 1 ¢). In 2005 class D pseudothecia were first detected
on 11 September, and they constituted 30% of all fruiting bodies present on oil-
seed rape stubble from Charbielin (Fig. 2 a). The share of fully mature pseudothecia
on the date of their first detection did not coincide with their lowest percent
among all fruiting bodies. Both in 2006 and 2007, when adequately the latest and
the earliest class D pseudothecia were found, their share in the pool of all fruiting
bodies was nearly identical (68-69%; Figs. 2 c, e). The smallest share of the fully
mature pseudothecia of L. maculans and L. biglobosa ranged from 30% in 2005, via
48% in 2007, to 56% in 2006. The highest values of this parameter were similar in
all years and ranged from 96% (2005, 2006) to 98% (2007). These dates clearly
show that at the end of autumn monitoring period nearly all pseudothecia were
fully mature and ready to release the ascospores. The average number of class D
pseudothecia, calculated for days after their first detection, ranged from 76% in
2005 and 78% in 2007 to 82% in 2006.

In spring, the observations were similar to the autumn ones. Fully mature
pseudothecia were observed for the whole monitoring period, but the date of their
first detection differed by more than three weeks and could be in the beginning of
March (2007, 2008) or the end of March, as in 2006 (Fig. 2 b, d, f). The largest differ-
ences were found for the lowest share of class D pseudothecia in the whole pool of
fruiting bodies; the smallest percentage was found in 2008 (5%) and the highest
value was found in 2007 (70%). In spring of 2006 the smallest ratio of class D
pseudothecia was also low (11%). Considerable differences between the lowest per-
centages of fully mature pseudothecia of L. maculans and L. biglobosa did not influence
the maturation process and both in the spring of 2007, when this value was high and
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Fig. 2. The ratio of mature pseudothecia — class D (dots) and ascospore release proﬁles
(grey areas) of Leptosphaeria maculans and L. biglobosa in Charbielin in autumn (a, c, e)

and spring (b, d, f) of the seasons: 2005/06 (a, b), 2006/07 (c, d), 2007/08 (e, f)

the spring of 2008, when this value was low, the highest share of class D pseudo-
thecia reached very high numbers (96% in 2008 and 98% in 2007). This result af-
fected the mean number of fully mature pseudothecia, which ranged from 71% to
88% in the respective years. In the spring of 2006 this parameter was about half of
these values (43%), because the highest share of fully mature pseudothecia did not
exceed 68% (Fig. 2 b). It coincided with very cool and the least rainy March, with
only 0.22°C of monthly mean temperature and less than 30 mm of summary rainfall
(Fig. 1 b).
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Airborne inoculum

Ascospores of L. maculans and L. biglobosa were present in much greater quanti-
ties in autumn as compared to spring. The percent of days with ascospores varied
from 35% (2005) to 91% (2007) in the autumn period, whereas in spring it ranged
from 12% (2006) to 37% (2007). The number of days with ascospore detection
correlated to the sum of daily spore concentrations in air samples. This value dra-
matically differed, especially between the subsequent autumn periods; in the au-
tumn of 2005 there were only 23 ascospores per 1 m3 in the autumn season (Fig. 2
a), while in the autumn of 2006 there was 40 times increase (to 910 ascospores;
Fig. 2 ¢) and again five times more in autumn 2007 (4347 ascospores; Fig. 2 e). The
lowest number of ascospores per 1 m3 was 0.14, what means that one spore was
present in 7 m?3 of the air. Such situation was found in all three autumn and spring
seasons of the study. The highest peak of ascospores in 1 m? of air greatly differed
between years and ranged from 0.42 (spring 2006; Fig. 2 b) to 501.5 ascospores
(autumn 2007; Fig. 2 e). In the autumn the peak days with maximal ascospore
numbers in air samples differed in 49 days; they could be present as early as 29
September (2005) and as late as 17 November (2006). This difference was also
profound in the spring (42 days), when the earliest date of spore detection in air
samples was 26 March (2006) and the latest on 7 May (2008). However, in the case
of spring 2008 there were three different days with peak numbers of ascospores in
the air (Fig. 2 f), what means that the weather conditions allowed new lots of asco-
spores to develop over the time. The spring of 2007 allowed the production of the
biggest amounts of ascospores; the sum of daily spore concentrations reached 70
ascospores over the whole spring time, the spores were present in air samples for
37 days and the highest daily ascospore concentration reached 33 spores per 1 m3
of the air (Fig. 2 d). The season 2007/08 was the most conducive for L. maculans
and L. biglobosa primary inoculum production.

Independently of the year and season, ascospores were always observed only in
daytime (Fig. 3 a—f). The highest spore concentrations were found about noon, but
the highest detection was also found about 8 a.m. to 9 a.m., as in spring 2006 (Fig. 3
b) and about 2 p.m. to 3 p.m., as in autumn 2005 (Fig. 3 a) and spring 2008 (Fig. 3 f).

Pathogen population in air samples and in plants

The visual observation of ascospores was supplemented with molecular detec-
tion of DNA of the studied pathogens, using quantitative PCR methods (Real-Time
PCR) in the presence of SYBR Green fluorescent label (Fig. 4 a, b). The correlation
coefficient between the visual and molecular data was 0.3839 in 2005 and 0.4643
in 2006. The use of species specific primers allowed to discriminate the primary
inoculum of L. maculans from this of L. biglobosa. Both in 2005 and 2006 the propor-
tion of species was 1:2 respectively, for the total number of all detected ascospores
(Fig. 6 a, b). The summary amount of DNA concentrations over the whole autumn
2005 was 186.68 pg of L. maculans DNA and 380.78 pg of L. biglobosa DNA. Al-
though less L. maculans DNA was detected, the total number of days, when the as-
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cospores of the species were present in air samples, was 3.5 times higher than
L. biglobosa (respectively 46 and 13 days). In the autumn of 2006 the cumulative
DNA amounts were nearly 10 times higher for the both species: 1526.51 pg and
3038.90 pg respectively for L. maculans and L. biglobosa. The results coincide with
the weather data, very much promoting primary inoculum production and disease
establishment in the autumn of 2006, in contrast to the previous year. However,
the same phenomenon of more days with L. maculans DNA then with L. biglobosa



54 J. Kaczmarek, A.O. Latunde-Dada and M. Jedryczka

8o a
70
60 1
>
£ 50
<
z
a
kS 40
€
>
(e}
IS
<
S N o
VIOV VIOV TV T T T T T ™M T LA M M M A M MMM MMM
3 12 16 20 24 28 3 7 " 15 21 25 29 9 13 18 23
September October November
Date of observation
600 b
500
>
£ 400 +
<
z
a
5 300
€
>
g 2001
<
N /\AA/‘/\/\
SN N \44
0 DMMMAMMAO A MM MMM A MMM I M A I R A MMM A I

1% 19 23 28 2 6 10 14 18 22 26 30 4 8 12 16 20 24

September October November
Date of observation
Fig. 5. The ratio between Leptosphaeria maculans (black line) and L. biglobosa (grey line) DNA
amount (pg) in Charbielin in autumn 2005 (a) and autumn 2006 (b)

was found, with 62 and 48 days of the respective species DNA detection in air sam-
ples (1.3 times difference). The lowest amounts of DNA were 0.6 and 10.1 pg in
2005 followed by 0.55 and 4.21 pg in 2006 for L. maculans and L. biglobosa. The high-
est amounts of L. maculans DNA were 31.4 pg in 2005 (Fig. 5 a) and 342 pg in 2006
(Fig. 5 b), what made about 10 times difference. For L. biglobosa the difference be-
tween these seasons was lower, but still quite high, i.e. seven times more DNA of
this species in 2005 than in 2006 (70.9 pg and 496 pg). Mean L. maculans DNA con-
centrations in days with positive DNA signals using Real-Time PCR method were
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Fig. 6. The composition of Leptosphaeria spp. populations in the air (a, b) and in winter oilseed
rape plants (c, d) in Charbielin in autumn 2005 (a, ¢) and 2006 (b, d);
L. maculans — grey area and L. biglobosa — white area

4.06 pg in 2005 and 24.62 pg for 2006. The values of the same parameter for L.
biglobosa were 29.29 pg in 2005 and 63.31 pg in 2006.

The proportions of L. maculans : L. biglobosa isolates obtained from infected plant
tissues were 2:1 in 2005 (Fig. 6 ¢) and 3:1 in 2006 (Fig. 6 d). The isolates obtained
from leaf symptoms had typical characteristics of each species under study, with
sparse white mycelium and numerous small pycnidia identified as the anamorph
stage of L. maculans and more abundant yellow-white mycelium with dark brown
droplets of melanine exudates and less frequent but bigger size pycnidia of the
anamorph stage of L. biglobosa.

Discussion

Big areas of oilseed rape monoculture require special care in all agrotechnical
steps of crop production, especially including plant protection against main pests.
One of the greatest threats to high yield of oilseed rape are fungal diseases, espe-
cially stem canker of brassicas — the disease that can greatly influence the economic
success of rapeseed production (Fitt et al. 2006) and under certain circumstances
even destroy the whole plantation (Khangura and Barbetti 2001). In this paper it
was proved that weather conditions observed in the studied region were conducive
for the development of primary inoculum of L. maculans and L. biglobosa. The com-
plex analysis presented in this study concerned pseudothecia maturation on oil-
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seed rape stubble followed by ascospore release and the development of disease
symptoms on plants. The fungi development greatly depended on weather condi-
tions, mainly rainfall and temperature. The development and maturation of gener-
ative fruiting bodies on stem residues was enhanced by higher rainfall and warmth,
whereas drier and cooler conditions retarded maturation process and led to
smaller and later production of primary inoculum both in autumn and spring sea-
sons. Similar findings, indicating temperature, rainfall and humidity as conditions
required for pseudothecia maturation process and ascospore release were also pre-
sented by other authors from Europe (Huang et al. 2005), USA (Hershman and
Perkins 1995), Canada (Guo and Fernando 2005) and Australia (Khangura et al.
2007). The development of pseudothecia was first of all dependent on stubble hu-
midity, that promoted their growth in the second year, but allowed their destruc-
tion in the following seasons (Petrie 1995, Gosende et al. 2003). The release of
ascospores required several rainfall events (Huang et al. 2005) whereas tempera-
ture did not affect it over the range from 5°C to 20°C. On the other hand, a diurnal
periodicity of ascospore release suggested strong influence of temperature. Huang
et al. (2005) found that diurnal periodicity of this process was similar both for
L. maculans in England and L. biglobosa in Poland. A diurnal dispersal pattern was
also reported from Canada (Guo and Fernando 2005). Temperature plays also cru-
cial role in disease symptom development on plants. Incubation periods from first
release of ascospores to first appearance of phoma leaf spots and from first leaf
spots to first stem canker, could be described using a thermal time (degree-day)
approximation (Huang et al. 2005). The timing of pseudothecial maturation and
discharge of ascospores of the blackleg fungus (L. maculans) was regarded as critical
in relation to infections early in the cropping season of canola (Khangura et al.
2007) and surely the same phenomenon concerns the related species of L. biglobosa.

Conventional aerobiological techniques, such as catching spores, using passive
and active trapping devices do not allow discrimination between the ascospores of
L. maculans and L. biglobosa. However, this possibility is available with quantitative
molecular analyses (Kaczmarek et al. 2009). The results of the microscope detec-
tion of fungal spores from spore traps correlated with quantitative detection of
pathogen DNA. In the experiment described in this paper, DNA concentrations of
both species in air samples were assessed using Real-Time PCR in the presence of
SYBR Green and primers specific of L. maculans and L. biglobosa. Great differences
were found in profiles of ascospore release, depending on weather conditions,
leading to changes in pseudothecia maturation. In general, the concentration of as-
cospores was in every case much higher in autumn, as compared to spring. This
conclusion supports earlier observations carried out in Poland (Jedryczka 2007), as
well as in the UK (Huang et al. 2005).

In air samples the dominating species was L. biglobosa, regarded less pathogenic
but more difficult to eradicate using fungicides (Eckert et al. 2010). However, the
isolation of fungal species from phoma leaf spots showed higher shares of L.
maculans isolates, from 2:1 to 3:1 ratio of this species as compared to L. biglobosa.
This phenomenon can be explained by twice to nearly four times more days with L.
maculans DNA detection, depending on the year and location of the field. In 2005
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the number of days with L. maculans DNA detection was 50.5%, what contrasted to
14.3% days when L. biglobosa was present in air samples. This result showed that
oilseed rape plants were subjected to very frequent presence of L. maculans ino-
culum and the ascospores of this species had more chances to meet weather condi-
tions conducive to the successful colonization of plant tissues. It can be speculated
that longer necks of pseudothecia formed by L. biglobosa make ascospore release of
this pathogen more difficult, what leads to cumulation of such events over the
time. In case of L. maculans such obstacles are smaller, what makes the ascospore
release easier and more uniform over the time.

Summarizing, it can be concluded that stem canker of crucifers is greatly pro-
moted by weather conditions in the mezoregion of Paczkéw Foothills. The produc-
tion of L. maculans and L. biglobosa generative stage fruiting bodies in this geographic
and agricultural zone does not encounter obstacles. This causes a great threat to
the yield and seed quality of oilseed rape in this geographic area. Information about
timing and intensity of ascospore release may greatly help in controlling stem can-
ker epidemics. Since 2004 data concerning L. maculans and L. biglobosa primary
inoculum in Poland are available via the SPEC system, www.spec.edu.pl (Jedryczka
et al. 2008).
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Streszczenie

KOMPLEKSOWA ANALIZA CZYNNIKOW RYZYKA
WYSTAPIENIA SUCHE]J ZGNILIZNY KAPUSTNYCH (LEPTOSPHAERIA SPP.)
NA RZEPAKU OZIMYM

Ze wzgledu na diugi okres wegetacji, dobre gleby oraz opady wynoszace okoto
700 mm rocznie mezoregion Przedgérza Paczkowskiego jest terenem korzystnym
dla produkgji rzepaku ozimego. Celem badan byto przeprowadzenie kompleksowej
analizy ryzyka wystapienia suchej zgnilizny kapustnych, groznej choroby rzepaku
powodowanej przez grzyby workowe Leptosphaeria maculans i L. biglobosa, ze szcze-
goélnym uwzglednieniem rozwoju inokulum pierwotnego, stanowiacego o sukcesie
tych patogenéw w infekowaniu roélin. Badania prowadzono w Charbielinie koto
Gluchotaz, przez trzy sezony badawcze, od 2005/06 do 2007/08 roku, stosujac za-
réowno konwencjonalne techniki aerobiologiczne (putapka na zarodniki), jak i ilo-
$ciowq analize molekularng (qPCR).
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Stwierdzono znaczne zréznicowanie przebiegu uwalniania zarodnikéw worko-
wych, zwigzane z szybko$cig dojrzewania pseudotecjow L. maculans i L. biglobosa.
Najwigksze stezenia zarodnikdéw zawieraly sie w granicach od 6 do 500 askospor
w 1 m3 jesienig oraz od 0,4 do 35 askospor w 1 m3 na wiosne. Niezaleznie od pory
roku najwieksze stezenia askospor stwierdzano w ciggu dnia. Wyniki analiz mikro-
skopowych z ta$m w putapce na zarodniki byly skorelowane z ilosciowa detekcja
DNA tych grzybéw metoda Real-Time PCR w obecnosci fluorescencyjnego barw-
nika SYBR Green oraz starteréw specyficznych wobec kazdego z gatunkéw. W pro-
bach powietrza stwierdzono dominacj¢ gatunku L. biglobosa, ktéry jest mniej cho-
robotworczy, lecz trudniej go zwalczyé z zastosowaniem fungicydéw. Z roslin
rzepaku czesciej izolowano L. maculans, co najprawdopodobniej wigze si¢ z duzg
liczba dni, w ktérych askospory tego gatunku byly obecne w powietrzu. Wykazano,
ze badany mezoregion sprzyja wystepowaniu suchej zgnilizny kapustnych na rze-
paku.
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