ABSTRACT OF DOCTOR DISSERTATION

Institute of Plant Genetics, Polish Academy of Sciences, Poznan, Poland

MATHEMATICAL MODELING OF LIFE CYCLE
AND MOLECULAR DETECTION OF LEPTOSPHAERIA MACULANS
AND L. BIGLOBOSA SPECIES

MATEMATYCZNY MODEL CYKLU ROZWOJOWEGO
ORAZ MOLEKULARNA DETEKCJA GATUNKOW
LEPTOSPHAERIA MACULANS I L. BIGLOBOSA

A. Dawidziuk

Key words: stem canker, ascospore, pseudothecium, mathematical modeling

Stem canker is a damaging disease of oilseed rape worldwide. Serious crop
losses are reported in Australia, Canada and Europe, including Poland. The disease
is caused by two pathogens: Leptosphaeria maculans (Desm.) Ces. et de Not. and L.
biglobosa Shoemaker and Brun 2001. The fungus is an ascomycete and produces
generative fruiting bodies (pseudothecia) which contain ascospores. The asco-
spores of L. maculans and L. biglobosa are similar to identical, but their shape and
size differ from the other representatives of Leptosphaeria spp. The formation of
pseudothecia takes place on infected stubble from a previous season’s crop. In our
hemisphere ascospores are mainly produced and dispersed in the autumn. The rate
of pseudothecial maturation and subsequent ascospore release depends on
weather conditions, principally wetness — rain or dew — and temperature. The con-
centration of spores in the air depends on their sensitivity to weather changes.
Conducive weather conditions in summer and autumn lead to ascospore release
and development of disease symptoms. In susceptible plants the fungi cause leaf
spots. They usually contain asexual fruiting bodies (pycnidia) which release
conidia (pycnidiospores). The fungus spreads from a leaf via a petiole to a stem.
The intensity of symptoms and severity of the disease depends on the date of infec-
tion and fungal growth rate in tissues of the host-plant as well as subsequent air
temperature.

The aim of this study was to develop a comprehensive forecasting model
(SimAsco) predicting the maturation of fruiting bodies and ascospore release of
L. maculans and L. biglobosa, causing stem canker on winter oilseed rape in Poland.
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The study took into account both the biological processes involved in obtaining
various stages of fungal life cycles, as well as the structure of the pathogens’ popu-
lation in different climatic regions of the country. To develop a mathematical
model, data on maturation of fruiting bodies and ascospore release, from 1998 to
2008 were used. The study included a total of 153 test points assigned to different
climatic regions (Pomerania region, Pomerania Lakeland, Mazuria and east
Varmia, Great Poland, Mazovia, Sudethian Foothills — Lower Silesia, south part of
the Opole region, Lubuskie — Lower Silesia region, Carpathian Foothills and Cra-
cow region, Lublin region). Meteorological data were obtained from weather sta-
tions located at an average distance of 11.1 km from observation points of the
spore release and maturation of L. maculans and L. biglobosa fruiting bodies. In total,
for the analysis the database contained 107,100 records on fruiting bodies matura-
tion, 4,802 records of spore concentration in the air, and 29,988 entries from mete-
orological data points relating to the biological observations.

The elaborated model consisted of two modules. The first concerned the rate of
pseudothecia maturation. It assumed that the day was favourable for the fruiting
bodies maturation, if the average daily temperature exceeded a critical value (mean
daily temperature more than 9°C and 8.9°C, respectively for the east and west of
Poland, and less than 23°C for the whole country) and the surface of the soil was
sufficiently wet (average daily rainfall more than 5 mm and 4.5 mm for the east and
west of Poland). Next, it was assumed that the maturation of pseudothecia de-
pended on the amount of post-harvest days favourable to maturation of fruiting
bodies, and their sum - required to reach a maturity stage, had a Gaussian distribu-
tion. These calculations were made with regard to studies on the structure of the L.
maculans and L. biglobosa populations observed in 2007-2008 at 10 locations in dif-
ferent climatic regions of Poland. A total of 13,200 fruiting bodies were examined
with the use of multiplex PCR. The results of experiments showed the dominance
of L. biglobosa on a large area of Poland. Out of this, at three test points located in
eastern Poland: Rzeszéw (Carpathian Foothills and Cracow region), Putawy (Lub-
lin region), Drogosze (Mazuria and east Varmia), the total share of pseudothecia
belonging to the species L. maculans did not exceed 30%. For other points, this
value ranged up to 69% in Poznan (Great Poland).

In order to predict the date of L. maculans and L. biglobosa ascospore release the
second module of the model was developed. This part ran calculations based on the
expected dynamics of the fruiting bodies maturation and took into account the
daily amount of precipitation. This module calculated the probability of empty
pseudothecia occurrence after the ascospore release as a function of rainfall. Then
the module calculated the number of pseudothecia that could potentially release
spores into the air in a defined day, as a consequence of rainfall. This was done by
subtracting the empty fruiting bodies from the pool of all mature pseudothecia.

The studies revealed that the correlation coefficient between the predicted date
of the first ascospore detection and observation SimAsco was 0.94, when various
sites in the years 2005-2008 were taken into account and 0.83, when all sites in the
particular year were studied. For the period of maximum spore release this ratio
was 0.65, when various places in the years 2005-2008 were taken into account and
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0.55 when all study-points in the particular year research were studied. Prediction
error of the model was 6-7 days. Differences between the observations and predic-
tions could have resulted from higher humidity and smaller spore release nearby
the volumetric trap, caused by weeds around oilseed rape stubble and also the
strength and direction of the wind affecting the propagation of ascospores.

Direction of further development of the model is to link SimAsco existing mod-
els — epidemiological and population-based, predicting quantitative and qualitative
changes in the structure of the L. maculans and L. biglobosa species with the effects of
low temperatures on the reduced capacity of fruiting bodies developed in the au-
tumn to release spores in the spring. Very low temperatures can damage the mech-
anism of spore release. In this study 21-day-long exposure of oilseed rape straw to
the temperatures of -20°C reduced the number of functional pseudothecia able to
release ascospores to 85%. It seems also necessary to include into the model the
comprehensive research on the effects of L. biglobosa population structure in Po-
land. Preliminary tests performed using tef] gene sequence analysis, showed a
clear distinction of tested isolates into two groups. There was no clear connection
between the distribution of these two sub-groups and geographical location.

The above model successfully predicted ascospore release dates and so far it is
the only one in the world that includes the population structure of L. maculans and
L. biglobosa.
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