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mildew-related locus. The use of MAS disclosed the existence of
seedlings with pyramided five resistance loci within this popula-
tion.

MATRIX METALLOPROTEINASES ARE INVOLVED IN
PLANT RESISTANCE TO BOTRYTIS CINEREA. P. Zhao'?,
D. Liu?, G. Langen? and K.H. Kogel?. YCollege of Horticulture,
Northwest A&GE University, Taicherng Road 3, 712100 Yangling,
China. Institute of Phytopathology and Applied Zoology, Hein-
rich-Buff-Ring 26-32, University of Giessen, 35392 Giessen, Ger-
wnany. E-masl; karl-beinz kogel@agraruni-giessen.de

Botrytis cinerea causes massive losses to grapevine, strawberry
and tomato production. A thorough understanding of the plant
defences against Botrytis may provide new approaches for disease
prevention, thereby securing food quality under changing global
conditions. The genome of Arabidopsis thaliana contains five ma-
trix metalloproteinases (A/1-MMP to At5-MMP) and their gene
expression profiles after B. cinerea inoculation were investigated.
Using RT-PCR analysis, we found expression of both A72-MMP
and A3-MMP upregulated in Arabidopsis leaves after B. cinerea
infection. Because Ar2-MMP showed the strongest pathogen-re-
sponsiveness, we tested the Arabidopsis at2-nmzp mutant for dis-
ease resistance. We found that as2-mmp was more susceptible to
B. cinerea than wild-type plants. Consistently, ectopic over-ex-
pression of Ap2-MMP in Arabidopsis increased resistance ro B.
cinerea compared to control transformants, We addressed the
question whether resistance to B. cinerea depended on the salicy-
late (SA) or jasmonates (JA)/ethylene (ET) defence pathway. B,
cinerea induced an expression of A2-MMP in the signaling-de-
fective mutants including NahG, jarl. 1, etn2-1, nprl-1 compara-
ble to wild-type plants. These data suggest that B. einerea-in-
duced expression of A:2-MMP might be independent of SA, JA
and ET signaling. A2-MMP has typical characteristics of other
plant and animal MMPs, ie. the recombinant protein exhibited
myelin basic protein proteolytic activity, and was inhibited by the
zinc-chelator EDTA in a dose-dependent manner. Considering
the conservation and wide distribution of mattix metallopro-
teinases in the plant kindom, we speculate a general role of
MMPs as modulators of plant defences.

RAIN-INDUCED GRAPE BERRY SPLITTING: A PROB-
LEM OF SURFACE WATER TRANSPORT? T. Becker!, A,
Kortekamp!, F. Louis! and M. KnocheZ. 'Kompetenzzentrun: We-
inforschung  am  Dienstleistungszentrum  Lindlicher  Raum
Rbeinpfalz, Breitemweg 71, 67435 Newustadt, Germarny. ?Leibniz
University Hannover, Institute for Biological Production Systems,
Hervenbéuser Strasse 2, 30419 Hannover, Germany. E-mail-
moritz.knoche@obst. uni-hannover.de

Cracking of grape berries is thought to result from increased
volume and turgor that strains the berry skin beyond its limit of
extensibility. Water transport may occur through the vascular sys-
tem of the vine or through the surface of the berry. We focused
on transport through the surface of detached cvs Chardonnay,
Miiller-Thurgau, and Riesling berries. Sealing the receptacle in-
cluding the pedicel/fruit juncture with silicon rubber decreased
water uptake by about 80%, but transpiration by only 20%.
Thus, water uptake in the recepracle region was rapid and must
have occurred by viscous flow, but transpiration through the sur-
face was slow and occurred by diffusion. The water potential of
cv. Riesling berries decreased throughout development from -
0.52 (+0.18) MPa at 20 DAFB to -1.56 {+0.04) MPa at matutity,
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In the same time period, the permeability of the skin decreased,
averaging 4.1 (= 1.2) and 1.6 (+0.0) nm/s in osmotic water uptake
and transpiration, respectively. Comparison of our data with
those on transport through the vascular system of table grape cv
Italia [Lang and Thorpe (1989), downscaled by a factor of 4 be-
cause of difference in mass] revealed that on a rainy day, the in-
crease in mass caused by water uptake through the surface may
account for up to 38.5% of the increase in berry volume, but
transpiration may reduce the mass gain by up 1o 61.7%.

Lang A., Thorpe M.R., 1989. Xylem, phloem and transpiration flows
in a grape: application of a technique for measuring the volume of
attached fruits to high resolution using Archimedes’ principle.
Journal of Experimental Botany 40 1069-1078.

SECONDARY METABOLITE PRODUCTION IN ESCA-AS-
SOCIATED FUNGI AND IMPACT OF FUNGICIDES ON
THE BIOSYNTHESIS RATE. J. Fischer!, E. Birner?, M.
Merz?, J. Rether?, L. Antelo!, A.J. Foster!, T. Opatz > and E.
Thines'. Unstitute of Biotechnology and Drug Research, Erwin-
Schroedinger-Strasse 56, 67663 Kaiserstautern, Germany. *BASF
SE, 7114 Limburgerhof, Germany. *Jobannes Gutenberg Universi-
ty Mainz, Department of Organic Chemistry, Duesbergiweg 10-14,
55128 Mainz, Germany. E-mail: fischer@ibrof. de

Esca is a destructive disease of grapevine caused by several en-
dophytic  fungi, mainly Phacoacremonium chlamydospora,
Phacomoniella aleophilum and Fomitipora mediterranea. Tt has
been suggested that phytotoxins are secreted by the fungi induc-
ing disease development in the Ieaves and bunches, Several toxins
produced by Esca-associated fungi have been reported. To char-
acterize phytotoxic metabolites produced by the different patho-
genic fungi, they were grown individually and in co-culture in
submerged cultures, Several metabolites were identified by bioac-
tivity-guided isolation and HPLC-MS as well as by NMR-analy-
sis. The isolation and identification of the compounds were based
on phytotoxic, cytotoxic and antimicrobial activities. Several fun-
gal secondary metabolites were identified which have not been
reported for Esca-associated fungi, Amongst the bioactive
metabolites identified there were siderophores, e.g. triacetyl-
fusigen as well as linoleic acid, methylemodin, phaeofuran and
methoxycoumarin. The production rates of the bioactive second-
ary metabolites were analysed under stress conditions, such as
heat stress, salt stress or stress induced by sublethal concentra-
tions of F500, a fungicide of the strobilurin class. It was found
that the application of the fungicide at sublethal concentrations
under salt stress conditions resulted in a significantly lower pro-
duction rate of phytotoxic compounds.

MODELLING THE EFFECT OF PLANT GROWTH AND
SUSCEPTIBILITY ON THE DEVELOPMENT OF A
PLANT DISEASE EPIDEMIC: POWDERY MILDEW OF
GRAPEVINE. A, Calonnec. INRA-Bordeaux, UMR INRA-ENL
TA 1065 Santé Végétale, BP 81, 33883 Villenave d'Ornon, France,
E-mail: calonnec@bordeaux.inva. fr

Vitis vinifera is highly susceptible to many pathogens. Accord-
ing to a survey by the European Commission, in 2007, growers in
Europe used 70,000 tons of fungicides for grape protection. In
term of investment, downy mildew (33%) and powdery mildew
(22%} are the main concern, preceding grey mould (9%) and in-
sects (16%), and are responsible for 533M€ expenditure in Eu-
rope {data from Bayer CropScience 2005-2008). It is therefore ur-
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gent for the grapevine pathosystem to move towards an integrat-
ed production of grapes giving priority to production systems
that are economically viable with respect to the environment. Un-
derstanding the factors that trigger the development of an epi-
demic is essential if we are to create and implement effective
strategies for disease management. Modelling is a key approach
allowing to handle various scenarios for pathogen, host, and/or
crop management. We have to differentiate empirical models
from mechanistic ones. Empirical models tend to summarize the
general relationships among the host, the pathogen and the envi-
ronment and can be used to infer the underlying biology of a sys-
tem without directly identifying causality (De Wolf and Isard,
2007). For example, they look for the relationships between cli-
matic variables and the appearance of disease symptoms. These
kinds of models usually trigger one stage of the disease cycle (e.g..
primary infection, dormancy, etc.). Most of the time, for the
grapevine pathosystem, these models are weather-driven with no
or little input variables linked to the disease (e.g. source of pri-
mary inoculums). They can be developed to predict the risk of
disease appearance for one region but need to be calibrated to be
useful for another region. They often lack in predicting a level of
risk. Mechanistic models provide a convenient means to combine
a number of sub-models representing unique parts of the disease
cycle to discover causal relationships between the components of
the system. These models are used to explore the relationship in
the pathosystem for a wide range of scenarios to find the mast
favourable or unfavourable conditions for discase development
or to identify part of the disease cycle that needs further experi-
ments. These types of models are however usually not appropri-
ate for disease risk prediction. The grape-powdery mildew
pathosystem is characterised by a polycyclic pathogen capable of
explosive multiplication, a host population with a high degree of
spatial structure at the field level and with a complex architecture
at the individual plant level, exhibiting rapid changes over time.
Different kinds of models have been developed, either empirical
models, to predict the primary inoculum risk based on more or
less complex rules and data (Kast, 1997; Gubler ez al., 1999;
Gadoury ¢ al., 1990) or mechanistic models to describe the sec-
ondaty infections or the epidemics’ development (Chellemi and
Marois, 1992; Sall, 1980). A brief review of these models can be
found in Legler e al. (2010). However, none of these models are
vet able to predict the time and amount of primary inoculum and
the protection against the disease is very often systematic. Be-
cause of the tight relationship between powdery mildew and its
host (Doster and Schnathorst, 1985; Gadoury ef «/, 2003) and of
the spatial localization of primary inoculum on the vine stock, we
hypothesized that the dynamic changes in ctop structure and sus-
ceptibility should be considered as key factors for explaining
variability in the severity of epidemic behaviour. Interactions be-
tween diseases and vine growth were investigated in several stud-
fes (Evans ef al., 2006; Gadoury ef af., 2001; Zahavi ez 4f., 2001)
and we could show that the high heterogeneity in discase pro-
gression makes the spatial disease prediction very difficult
(Calonnec et al., 2009). Then, we devised a simulation model to
better understand the vine/powdery mildew interactions and to
explore how the host development and management can modify
disease spread. The model is an epidemiological simulation cou-
pling vine growth with the dispersal and disease dynamics of
Erysiphe necator at the vine stock scale (Calonnec ef al., 2008). It
is mechanistic, with sub-models either coming from the literature
or from empirical data. The model allowed simulating the spatio-
temporal dynamics of host growth and epidemic development
beginning from a range of climatic conditions, production sys-
tems and initial conditions for the density and location of the
pathogen. Particularly, the model takes into account shoot top-
ping, which has for effect, to enhance the development of sec-
ondary shoots and the emergence of new susceptible leaves dur-
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ing the epidemic process. Input variables are environmental (tem-
perature, wind speed and direction) or related to the pathogen
(location and onset of primary infection). Input parameters char-
acterise the crop system (number of buds, distance between
buds, shoot topping, vigour), and conditions of growth for the
vine and the pathogen. Output describes, at each time step, num-
ber, age and pattern of the healthy and infected organs, infected
and infectious leaf area and aerial density of spores released. A
focus will be done on the bases of the model and the sensitivity of
the epidemic to variation of parameters of pathogen, plant
growth or crop management as well as the relationship between
host and disease variables at key periods in the epidemic process
for different conditions of vine vigour,

Calonnec A., Cartolaro P, Chadoeuf J., 2009. Highlighting features
of spatio-temporal spread of powdery mildew epidemics in the
vineyard using statistical modeling on field experimental data.
Phytopathology 99; 411-422.

Calonnec A., Cartolaro P, Naulin J.M., Bailey D., Langlais M., 2008,
A host-pathogen  simulation model: “powdery mildew of
grapevine, Plant Pathology 57: 493-508.

Chellemi D.O., Marois J.J., 1992. Development of a demographic
model for Uneinula necator by using a microcomputer spread-
sheet program. Phytopathology 81: 250-254.

De Wolf E., Isard S., 2007. Disease cycle approach to plant discase
prediction. Annual Review of Ph yiopathology 45: 203-220.

Doster M.A., Schnathorst W.C., 1985. Effects of leaf maturity and
cultivar resistance on development of the powdery mildew fungus
on grapevines. Phytopathology 75: 318-321.

Evans K., Crisp P, Scott E.S., 2006. Applying spatial information in 2
whole-of-block experiment to evaluate spray programs for pow-
dery mildew in organic viticulture. Proceedings Sth International
Workshop an Grapevine Downy and Powdery Mildew, San Michele
all’ Adige 2006: 169-171.

Gadoury D., Pearson R.C., 1990. Ascocarp dehiscence and ascospore
discharge by Uncinula necator. Phytopathology 80: 393-401.

Gadoury D., Seem R., Ficke A., Wilcox W, 2003. Ontogenic resist-
ance to powdery mildew in grape berries. Phytopathology 93: 547 -
555.

Gadoury D.M., Seem R.C., Pearson R.C., Wilcox W.E, Dunst RM.,
2001. Effects of powdery mildew on vine growth, yield, and quali-
ty of Concord grapes. Plant Disease 85: 137-140.

Gubler W.D., Rademacher M.R., Vasquez S.]., 1999. Control of Pow-
dery Mildew Using the UC Davis Powdery Mildew Risk Index.
APSnet Features. Online. doi: 10.1094/APSnetFeature-1999-
0199.

Kast K., 1997. A step by step risk analysis (SRA) used for planning
sprays against powdery mildew (OiDiag-System). Viticulture Eno-
logical Science 52: 230-321,

Legler S.E., Caffi T, Rossi V., Giosug S., 2010. Modelling the life cy-
cle of Erysiphe necator. Proceedings 6% International Waorkshop on
Grapevine Downy and Powdery Mildew, Bordeans 2010: 99-102.

Sall M.A., 1980. Epidemiology of grape powdery mildew: a model.
Phytopathology 70: 338-342.

Zahavi T, Reuveni M., Scheglov D., Lavee S., 2001. Effect of
grapevine yraining systems on development of powdery mildew.
Eurapean Journal of Plant Pathology 107: 495-501.

ELABORATION AND VALIDATION OF A DOWNY
MILDEW FORECAST MODEL REGARDING SOIL-
BORNE INFECTIONS. B. Berkelmann-Loehnertz!, Q. Baus!,
H. Hassemer-Schwarz? and C. Fruehauf’. !Gessenherin Research
Center, Section of Phytomedicine, Von-Lade-Strasse 1, 65366
Geisenbeim, Germany. *Deutscher Wetterdienst (German Meteo-
rological Service), Kreuzweg 25, 65366 Geisenheim, Germany.
*Deutscher Wetterdienst (German Meteorological Service), Centre


biblio
Zone de texte 
2011-ACL#8




