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	Sunday 5th September

	
	

	16.00 - onwards
	Registration 

	
	

	19.00
	Reception

	

	Monday 6th September

	
	

	9.15–9.45
	Conference opening

	
	

	9.45-10.30
	Garrett Memorial Lecture 

Professor Hugh Pennington, Dept of Medical Microbiology, University of Aberdeen, UK

‘I am a Pathologist’

	
	

	10.30–11.00

	Tea / Coffee

	
	

	SESSION 1  - Discovery - New horizons in plant pathology

	
	

	11.00–11.30
	Professor Jim Beynon, Warwick HRI, Wellesbourne, UK

‘The role of genes and their products in plant pathology’

	
	

	11.30–11.45

	Dr Matt Dickinson, University of Nottingham, UK
‘Isolation of genes expressed during compatible interactions between leaf rust and wheat using cDNA-AFLP and haustorial isolation’

	
	

	11.45-12.00
	Dr Pedro Talhinhas, Instituto Superior de Agronomia, Lisboa, Portugal
‘Population diversity and pathogenicity mechanisms of Colletotrichum spp. causing olive anthracnose’

	
	

	12.00–12.30
	Professor David Collinge, Royal Veterinary and Agricultural University, Frederiksburg, Denmark

’Barley genomics and plant defence responses’

	
	

	12.30–14.00

	Lunch

	
	

	14.00–14.15
	Dr S. Chatterjee, Visva-Bharati University, India 

‘Role of Cell-cell signaling in virulence of Xanthomonas oryzae pv. oryzae, a pathogen of rice’

	
	

	14.15-14.30
	Dr Rosie Bradshaw, Massey University, New Zealand
‘Dothistroma needle blight of pines and the dothistromin toxin’

	
	

	14.30-15.00
	Dr Sophien Kamoun, Ohio State University, Wooster, US

‘Functional genomics of Phytophthora-plant interactions’

	
	

	15.00–15.15
	Dr Laura Grenville-Briggs, University of Aberdeen, UK 
‘Functional characterisation of a cellulose synthase from P. infestans through proteomics and RNA-interference’ 

	
	

	15.15-15.30
	Dr Vladimir Mikes, Masaryk University, Czech Republic

‘Relationship between secondary structure of elicitins, proteinaceous elicitors of Phytophthora spp. and defense reaction induced in tobacco cells’ 

	
	

	15.30–16.00
	Tea / Coffee

	
	

	16.00–18.00
	PH Gregory Competition

	
	

	16.00-16.12
	Tim Jürgens, ETH Zentrum / LFW, Switzerland
‘Test tube evolution of the plant pathogenic fungus Mycosphaerella graminicola towards resistance against plant defense enzymes’

	
	

	16.12-16.24
	Richard Amey, University of the West of England, Bristol, UK
‘Proteomic analysis of pea downy mildew infections’

	
	

	16.24-16.36
	James Melichar, John Innes Centre, Norwich, UK

‘Yellow rust development in wheat mutants exhibiting enhanced adult plant resistance’

	
	

	16.36-16.48
	Maria R Eckert, Rothamsted Research, UK

‘Leptosphaeria maculans vs. Leptosphaeria biglobosa – The oilseed rape battle’

	
	

	16.48-17.00
	Clare M Lewis, John Innes Centre, Norwich, UK

‘Genetic analysis of yellow rust resistance in the UK’

	
	

	17.00-17.12
	Carlos Franco, Rothamsted Research, UK

‘The use of a selected isolate of Pochonia chlamydosporia var. chlamydosporia in a field trial against Meloidogyne javanica and its quantification using both microbiological and molecular techniques’

	
	

	17.12-17.24
	Marie Guingouain,University of Nottingham, UK

‘Integrated control of Fusarium Ear Blight in wheat’

	
	

	17.24-17.36
	Stephen Parnell, Rothamsted Research, UK
‘The influence of spray heterogeneity on the dynamics of fungicide resistance’

	
	

	17.36-17.48
	James Fountaine, Rothamsted Research, UK

‘Studies investigating the biology and epidemiology of Rhynchosporium secalis (leaf blotch of barley)’

	
	

	17.48-18.00
	Konstantina Papastamati, Imperial College at Wye, UK

‘Modelling stem canker on winter oilseed rape’

	
	

	
	

	
	

	18.30-20.00
	EFPP Board Meeting

	
	

	21.00 
	Whisky tasting

	
	

	Tuesday 7th September

	
	

	9.00–9.45


	Plenary talk 1

Dr Gerry Saddler, Scottish Agricultural Science Agency, UK 

‘How to control potato brown rot in endemic and localised infections’ 

	
	

	9.45–10.30


	Plenary talk 2

Dr Simon Oxley, Scottish Agricultural College, UK

‘The twists and turns of strobilurin fungicides: keeping growers informed’

	
	

	SESSION 2  - Development – understanding the pathogen

	
	

	11.00–11.30
	Dr Mike Shaw, University of Reading, UK

’Problems of scale and inference: how good can our epidemiology be?’

	
	

	11.30–11.45

	Dr Bruce Fitt, Rothamsted Research, UK
‘Wheat archive links long-term fungal pathogen population dynamics to air pollution’

	
	

	11.45-12.00
	Dr Steve Marcroft, Department of Primary Industries, Australia
‘Survival and dissemination of Leptosphaeria maculans (blackleg, phoma) in south-eastern Australia’

	
	

	12.00–12.30
	Professor Nigel Harrison, University of Florida, Ft Lauderdale, US

‘Diagnostics for Phytoplasmas, Unculturable Phytopathogenic Mollicutes’

	
	

	12.30–14.00
	Lunch

	
	

	14.00–14.15
	Dr Rick Mumford, Central Science Laboratory, York, UK
‘Advances in molecular diagnostics – new solutions for old problems’

	
	

	14.15-14.30
	Dr Peter Spencer-Phillips, University of the West of England, UK
‘Rapid detection of brown rot and ring rot in potato tubers based on sensors for volatile organic compounds’

	
	

	14.30-15.00
	Dr Didier Andrivon, INRA Centre de Rennes, France

'Plant cultivars, plant pathogens and plant pathologists: Managing the interactions'

	
	

	15.00–15.15
	Dr Anders Kvarnheden, Univ. of Agricultural Sciences, Sweden
‘Two distinct variants of Wheat dwarf virus infect barley’

	
	

	15.15-15.25
	Dr Søren Banke, Institute of Technology, Zurich, Switzerland 

‘A phylogeographical history of Mycosphaerella graminicola on wheat’ 

	
	

	15.25-15.35
	Dr Jiasui Zhan, Institute of Technology, Zurich Switzerland 

‘Comparing the Evolution of Genetic Variation at RFLP Loci and Quantitative Traits in the Pathogenic Fungus Mycosphaerella graminicola’

	
	

	15.35–16.00
	Tea / Coffee

	
	

	16.00–17.30
	Posters 1

	
	

	17.30-19.00
	Funshops
How useful are genomics for pathogen identification?

Communicating plant pathology – getting knowledge into use.

Participatory Diagnosis.

	
	

	Wednesday 8th September

	
	

	9.00–9.45
	Presidential Address
Dr Stuart Wale, Scottish Agricultural College, Aberdeen

	
	

	9.45–10.30
	Plenary talk 3 

Professor Giovanni Martelli, Dipartimento di Protezione delle Piante e Microbiologia Applicata, Bari, Italy

‘Sequence-specific RNA degradation in resistance to plant viruses’

	
	

	10.30–11.00

	Tea / Coffee

	
	

	SESSION 3  - Development – controlling the pathogen

	
	

	11.00–11.30
	Professor Robert Park, University of Sydney Plant Breeding Institute, Australia

’Pre-emptive breeding for rust resistance in cereals’

	
	

	11.30–11.45
	Dr Yong-Ju Huang, Rothamsted Research, UK

‘Comparative fitness of virulent and avirulent isolates of Leptosphaeria maculans (phoma stem canker) on oilseed rape’

	
	

	11.45-12.00
	Dr Susie Sprague, CSIRO Plant Industry, Canberra, Australia
‘Major gene resistance in Australian canola overcome by Leptosphaeria maculans (blackleg, phoma) within 3 years’

	
	

	12.00–12.30

	Dr Karl-Heinz Kuck, Bayer CropScience, Leverkusen, Germany

‘Development of new fungicides: The art of finding a compromise which overcomes contradictory requirements’

	
	

	12.30–14.00
	Lunch

	
	

	14.00–14.15
	Dr Sarah Dunker, Georg-August-University Goettingen, Germany
‘Crop loss assessment for Sclerotinia stem rot in winter oilseed rape’

	
	

	14.15-14.30
	Dr Josef Hysek and Dr Jana Brozova, Research Institute of Crop Production,  Czech Republic

‘Biological control of wheat and barley against phytopathogenic fungi’

	
	

	14.30-15.00
	Professor Claude Alabouvette, INRA Université de Bourgogne, Dijon, France

’Biological control practices’

	
	

	15.00–15.15
	Dr Paul Hunter, Warwick HRI, UK.

‘Profiling and characterisation of microbial populations in peat samples considered suppressive and conducive for Pythium sylvaticum - induced damping-off’

	
	

	15.15-15.25
	Dr Rosalind McHugh, University of Aberdeen, UK
‘Development of the BCA Bacillus Brevis for Biocontrol of Grey Mould: In Planta Mode of Action Studies with Lettuce and Tomato’ 

	
	

	15.25-15.35
	Dr Eunice Allan, University of Aberdeen, UK
‘Isolation of Bacillus amyloliquefaciens from the infection court of tomato plants and its use alone and in combination with Bacillus brevis for biocontrol of Grey Mould’

	
	

	15.35–16.00
	Tea / Coffee

	
	

	16.00–17.30
	Posters 2

	
	

	Evening
	Conference dinner and ceilidh

	
	

	Thursday 9th September

	
	

	9.00–9.45
	Plenary talk 4  

Dr Ian Porter, Department of Primary Industries, Australia

‘Integration of classical and molecular approaches to successfully control clubroot of crucifers’

	
	

	9.45–10.30
	Plenary talk 5 

Professor Bob McGovern, University of Florida, Gainesville, US

‘University of Florida’s Plant Medicine Program: Changing the Paradigm of Plant Health Education’

	
	

	SESSION 4  - Delivery – Converting research to practical messages

	
	

	11.00–11.30
	Dr Rebecca Nelson, Cornell, US

‘Converting R&D into practical messages’

	
	

	11.30–11.45
	Dr Tijs Gilles, Warwick HRI, UK 

‘Understanding seedling infection by downy mildew pathogens in relation to improving vegetable transplant production systems’

	
	

	11.45-12.00
	Dr Rob Harling, Scottish Agricultural College, UK
‘Biology, control & biological control: a case study of broccoli head rot’

	
	

	12.00–12.30

	Dr Eric Boa, CABI Bioscience, UK
’Providing advice in developing countries’

	
	

	12.30–14.00
	Lunch

	
	

	14.00–14.15
	Dr Keith Holmes, CABI Bioscience, UK 
‘Towards the integrated management of Frosty pod rot (Crinipellis roreri) of cocoa (Theobroma cacao)’

	
	

	14.15-14.30
	Dr Solveig Danielsen, The Royal Veterinary and Agricultural University, Denmark
‘New approaches to delivery of healthy seed to resource-poor farmers – Recent experiences from Uganda and Bangladesh’

	
	

	14.30-15.00
	Dr Peter Gladders, ADAS Boxworth, UK

’What is needed from plant pathologists to make farmers and growers more profitable’

	
	

	15.00–15.30
	Formal close of conference

	
	

	15.30–16.00
	Tea / Coffee

	
	

	16.00–17.30
	BSPP Annual Review Meeting

	
	

	Friday 10th September

	
	

	
	Field trips 


ABSTRACTS 

Garrett Memorial Lecture
 “I am a Pathologist”

Professor Hugh Pennington, 
Dept of Medical Microbiology, University of Aberdeen, UK

There is a paradox. Thanks to science we are living longer than at any time in history. We are better fed than ever before. And we die mostly of diseases of old age rather than from pathogen attack. Plenty is the problem rather than famine. But the public is afraid. Scientists are seen as Frankenstein-like figures. Why is this so?

In my talk I will try to identify the reasons and will suggest ways forward. My illustrations will include pathogens: prions, E.coli O157, foot and mouth disease and smallpox.

SESSION 1  - Discovery - New horizons in plant pathology
The role of genes and their products in plant pathology

Jim Beynon
Warwick HRI, University of Warwick, Wellesbourne, Warwick, CV35 9EF.

The invasion of plants by biotrophic pathogens is an elegant and co-ordinated process. Lacking an adaptive immune system, the host relies on innate immunity processes and a second line of defence, consisting of receptor/response (resistance) gene proteins, that prevent pathogen growth and reproduction by eliciting a resistance reaction.  These resistance responses can be immediate or involve prolonged and extensive changes in gene expression and often result in local tissue death known as the hypersensitive response.  Faced with these barriers to invasion potential plant pathogens must suppress or avoid triggering the innate immune responses and the resistance gene dependent responses.  Therefore, plant pathogens have evolved a range of proteins (pathogenicity factors or effectors), targeted towards the plant cell, that are necessary for effective colonisation of host tissue.  Understanding the nature of these gene products and their role in planta will reveal key insights not only into the mechanisms of pathogenicity but also host defence.
Isolation of genes expressed during compatible interactions between leaf rust (Puccinia triticina) and wheat using cDNA-AFLP and haustorial isolation
Lin Zhang, Helen Meakin and Matt Dickinson

School of Biosciences, University of Nottingham, Loughborough LE12 5RD, UK 

Puccinia triticina is an excellent model system for isolating genes expressed during compatible interactions between obligate biotrophic basidiomycete fungi and plants because of the synchronous infection that occurs when urediospores are inoculated onto a susceptible host. The fungus goes through a number of developmental stages to form intercellular hyphae and haustoria within the plant. We have developed and utilised two techniques to isolate fungal and plant genes expressed during this process. Using cDNA-AFLP, we have isolated fragments of wheat and rust genes that are expressed at specific defined time-points during the infection process. A number of these sequences have been used as probes in northern hybridisations and in real-time PCR to confirm their expression patterns, and have also been characterised by PCR analysis and Southern hybridisations to determine which are of fungal or wheat origin. A full-length cDNA library has been constructed from day 5 and 7 post-inoculation pooled cDNAs, and this library has been screened to isolate full-length cDNAs of selected fungal and wheat sequences. In the second approach, we have purified haustoria from infected plants, and used cDNA from these to isolate additional haustorial-specific sequences from the library. The results from the sequence analysis of these clones, which has revealed significant similarities amongst the fungal genes to a chitinase, an arabitinol dehydrogenase and a metallothionein, and in wheat to a katanin and a cell enlargement protein, will be discussed. Approximately 50% of the sequences obtained had no significant homology to sequences in databases. 

Population diversity and pathogenicity mechanisms of Colletotrichum spp. causing olive anthracnose

Pedro Talhinhas1,2, S. Sreenivasaprasad2, João Neves-Martins1 and Helena Oliveira1
1 Instituto Superior de Agronomia, Tapada da Ajuda, 1349-017 Lisboa, Portugal

2 Warwick HRI, University of Warwick, Wellesbourne, CV35 9EF, Warwickshire, UK

Olive anthracnose, caused by Colletotrichum acutatum and C. gloeosporioides, is a disease currently becoming important in the Mediterranean region, frequently being responsible for major olive yield losses and poor oil quality. Very little information is available on the genetic diversity of the fungi causing olive anthracnose and the molecular mechanisms regulating pathogenic lifestyles in C. acutatum, although it is known that C. acutatum exhibits pathogenic and non-pathogenic lifestyles on target hosts, non-target crops and weeds. The objectives of this work were to analyse the genetic diversity found among a collection of Colletotrichum spp. isolates representing the causal agents of this disease in Portugal and to generate tools for studying the role of genes involved in the developmental and pathogenic cycles of C. acutatum. A total of 131 isolates were obtained representing 75 different locations throughout Portugal. This collection was analysed using a range of molecular markers namely, species-specific PCR, ISSR and RAPD markers and rDNA ITS and -tubulin 2 sequences. Morphology (shape and size of conidia), cultural characteristics (growth rate, colony characters and response to benomyl) and pathogenicity/virulence (in olives and other hosts) of isolates representing the diversity were also assessed. The species C. acutatum was more commonly isolated from olives, but C. gloeosporioides was also identified. The vast majority of isolates (87%) belong to a single sub-group within C. acutatum, but isolates belonging to four other sub-groups were also identified. We have detected the presence of C. acutatum in symptomless olive stems, leaves and fruits, which suggests the existence of either a latent or non-pathogenic stage of the fungus in olive. A number of approaches are being used to investigate the pathogenicity mechanisms. Degenerate PCR based on conserved sequences in other Colletotrichum spp. and various ascomycetes has been used to successfully amplify fragments of candidate pathogenicity genes in C. acutatum. PCR amplicons of cAMP-dependent protein kinase catalytic subunit, cutinase, endopolygalacturonase, G protein α sub-unit, GTPase CDC42 and MAP kinase genes, some of which are known for being essential for conidial germination, appressoria formation/host penetration or switch to necrotrophy, have been cloned and sequence confirmed. A genomic library has recently constructed to aid in the complete characterisation of pathogenicity genes. Agrobacterium tumefaciens – mediated transformation (ATMT) of C. acutatum has been developed and more than 600 putative T-DNA insertional mutants generated so far to test for their pathogenicity. ATMT was also successfully used for generating C. acutatum transformants expressing the Green Fluorescent Protein gene, which will be an important tool for investigating the pathogen epidemiology and host colonisation process.

Barley genomics and plant defence responses

David B. Collinge1, Sisse Gjetting1, Torben Gjetting2, Per L. Gregersen1,3, Peter Hagedorn2, Michael Krogh Jensen1, Michael Lyngkjær2 and Jesper H. Rung1
1Department of Plant Biology, Royal Veterinary and Agricultural University, Thorvaldsensvej 40, 1871 Frederiksberg C, Copenhagen, Denmark    MACROBUTTON HtmlResAnchor http://www.plbio.kvl.dk/~dacoj3/
  dbc@kvl.dk

2Risoe National Laboratory, 4000 Roskilde, Denmark  

3Danish Institute of Agricultural Sciences, Flakkebjerg, Denmark.

 

The defence response of barley to the powdery mildew fungus Blumeria graminis f.sp. hordei was the first system involving an intact plant inoculated with a fungus to be studied at the molecular level by Ken Scott and colleagues 20 years ago – See (Collinge et al., In: R. R. Belanger and W. R. Bushnell (eds.), The Powdery Mildews: A Comprehensive Treatise. APS Press, St. Paul, Minnesota, USA., 2002) for review. They were the first to demonstrate, using 2D-gel electrophoretic analysis of in vitro translation products, that fungal infection caused the disappearance of translatable mRNA’s for certain proteins associated with photosynthesis and the appearance of novel products. This approach provided valuable information of the timing (within hours) and spatial distribution of the defence response. Thus there is a difference in tissue specificity; both the infected epidermis and mesophyll, which is not invaded by the pathogen, exhibit a rapid alteration in the population of translatable transcripts. This system was also the first where the identity of transcripts accumulating following pathogen attack was made. Although many represent pathogenesis-related proteins and other defence related gene products, many remain unidentified to this day. More recently, differential display of mRNA extracted from the epidermal layer has led to the isolation of 27 transcripts which accumulate in the epidermis. Interestingly, none of these represent transcripts identified by classical differential or subtractive hybridisation, through which over 30 up-regulated transcript families were identified. Furthermore, 21 cannot be identified in the sequence data bases (Gregersen and Collinge, J. Plant Pathol. 83:257-260, 2001). Of those that have been identified, we have chosen to concentrate on the NAC-domain protein family of transcription factors (Aida et al., Mutant. Plant Cell 9:841-857, 1997). The public barley EST data bases (URL) now contain approaching 400,000 barley cDNA sequences, many of which have been obtained from libraries prepared from plants infected with the powdery mildew fungus. Among these, s ome 300 cDNAs representing 14 different NAC-domain transcript families have been identified to date. We will present data illustrating post genomic approaches to determine the role of members of this family of plant-specific transcription factors in barley.

Role of Cell-cell signaling in virulence of Xanthomonas oryzae pv. oryzae
Chatterjee S1,2 and Sonti R.V2
1Centre for Biotechnology, School of Life Science, Visva-Bharati University, Santiniketan-731235, India, 2Centre for Cellular and Molecular Biology, Uppal Road, Hyderabad – 500 007, India

Xanthomonas oryzae pv. oryzae (Xoo) causes bacterial leaf blight, a serious disease of rice. Previously identified virulence factors of Xoo include an extracellular polysaccharide (EPS) as well as certain bacterial protein secretion systems and their effectors. Using molecular genetic approaches, we have characterized one novel virulence deficient mutant of Xoo that is EPS+ and proficient for protein secretion. This mutant is defective in a gene called rpfF (regulation of pathogenicity factor), which is involved in the synthesis of an extracellular diffusible factor (DSF) that promotes Xoo growth in rice leaves, by facilitating iron uptake. This is the first direct evidence that particular iron uptake systems are crucial for virulence of the important xanthomonad group of plant pathogens. In order to identify candidate genes regulated by the DSF, we undertook differential display and candidate gene approaches to identify downstream genes regulated by the Diffusible factor in Xoo.

Dothistroma needle blight of pines and the dothistromin toxin

R.E. Bradshaw, P.G.Long*, A. Schwelm, P. West

Institute of Molecular BioSciences and Institute of Natural resources*, Massey University, Private Bag 11222, Palmerston North, New Zealand

Dothistroma (red band) needle blight of pine trees is caused by the fungus Dothistroma pini. The defoliation that occurs stunts growth and can lead to tree mortality. This disease has been widespread in Southern hemisphere plantation forests for several decades but recently severe epidemics have also occurred in the Northern hemisphere. The current method of control in many commercial forests is fungicide drift spraying, but there is pressure on forest industries to find alternatives.  Understanding the biology of the pathogen will assist in the development of new targeted methods of disease control.  One possible target for control is the non-host specific toxin dothistromin that is produced by the fungus. Dothistromin has been implicated as a pathogenicity factor as injection of purified toxin into pine needles reproduces the symptoms of disease.  Further to this is a concern that dothistromin itself could pose an environmental hazard due to its close similarity to a precursor of the highly carcinogenic metabolite, aflatoxin. Advances in our attempts to understand more about the production of dothistromin by the fungus, and to define its role in the plant-pathogen interaction, are presented.  

Functional genomics of Phytophthora -plant interactions
Sophien Kamoun

Department of Plant Pathology, The Ohio State University, Wooster, OH

The oomycete Phytophthora infestans causes late blight, a ravaging disease of potato and tomato. P. infestans is a hemibiotrophic pathogen that requires living host cells to establish a successful infection. Suppression of host defenses by P. infestans is thought to be a key pathogenicity mechanism, but remains poorly understood. Based on accumulating genome sequence data, we initiated functional genomic analyses of P. infestans interactions with tomato to gain insight into the process of host defense suppression. Our goal is to link sequences to phenotypes using computational tools for data mining and robust high throughput functional assays. In this presentation, I will focus on one example of this research. We used data mining of P. infestans sequence databases to identify 18 extracellular protease inhibitor genes, belonging to two major structural classes: (i) Kazal-like serine protease inhibitors (EPI1 to EPI14) and (ii) cystatin-like cysteine protease inhibitors (EPIC1 to EPIC4). Eight EPIs and EPICs were expressed in Escherichia coli and affinity purified as fusion proteins with the epitope tag FLAG. Recombinant EPI1 specifically inhibited subtilisin A among major serine proteases, and inhibited and interacted with the pathogenesis-related P69B subtilisin-like serine protease of tomato. Interestingly, EPIC1 and EPIC2 were degraded by P69B but EPI1 protected both proteins from degradation. Co-immunoprecipitation experiments revealed that EPIC2 interacts with a novel extracellular cysteine protease of tomato. Overall, our results suggest that complex cascades of inhibition of host proteases occur in the plant apoplast during infection. Both Kazal-like and cystatin-like inhibitors are widespread in the oomycetes, but are absent in other microbial plant pathogens. Inhibition of host proteases by P. infestans protease inhibitors is proposed to be a novel mechanism of pathogen suppression of plant defenses.

Functional characterisation of a cellulose synthase from P. infestans through proteomics and RNA-interference. 

Laura J. Grenville-Briggs,1 Catherine R. Bruce,1 Anna O. Avrova,2 Stephen C. Whisson,2 Alison Williams,1 Paul R. J. Birch2 and Pieter van West1.

1Aberdeen Oomycete Group, College of Life Sciences and Medicine, University of Aberdeen, Foresterhill, Aberdeen, AB24 2ZD, UK, 2Plant-Pathogen Interactions Programme, Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, UK

A thorough understanding of the molecular events taking place during early interactions between P. infestans and host and non-host plants is crucial for developing new control measures. P. infestans produces a variety of cell types prior to penetration of the host plant and during the early stages of infection. It is possible to obtain mycelia, sporangia, zoospores, cysts, germinating cysts, appressoria, and infection vesicle-like cells in the absence of the host plant, making this system amenable to laboratory experiments. The appressorial stage of the interaction is the first point in which direct contact between the pathogen and the plant occurs via the formation of highly specialised infection structures, including the appressorium, penetration peg, and the infection vesicle. Moreover, it is during this phase that plant defence responses are initiated. We have isolated proteins that are abundant in appressoria using proteomics.  Five proteins have been identified as enzymes involved in the biosynthesis of amino acids such as methionine, tryptophan, arginine, and branched chain amino acids. Two proteins involved in methionine and threonine synthesis have also been identified through a parallel SSH approach. Real-Time PCR has been used to validate these results and to investigate the expression of these genes, and potato homologues, throughout the infection cycle in potato.  It would appear that P. infestans is able to rapidly respond to the nutritional status of the host plant, elevating the expression of these genes during the necrotrophic stage of infection and in response to a reduction in the expression of homologous host genes. A cellulose synthase has also been identified that is up-regulated in germinating cysts with appressoria. Gene silencing studies employing RNA interference pertubes the morphology and structure of appressoria. Here we discuss our latest results.

Relationship between secondary structure of elicitins, proteinaceous elicitors of Phytophthora sp. and defense reaction induced in tobacco cells. 

V. Mikes, T. Kašparovský, J. Lochman, J. Damborsky, M. Ponchet, J.-P. Blein

Department of Biochemistry, Masaryk University, Kotlarska 2, 61137 Brno, Czech Republic

Elicitins are secreted specifically by the fungi Oomycete genera Pythium and Phytophthora. Biological function of elicitins is currently unknown. The response is induced by the interaction of elicitins with a putative receptor located on the cytoplasmic membrane. Transfer of the signal through the receptor triggers phosphorylation-dephosphorylation cascades in the tobacco resulting in alkalization of the extracellular medium, efflux of potassium and chloride ions, influx of calcium, production of the active species from oxygen, changes in composition of the cell wall and the induction of acquired systemic resistance. Binding of sterols to the cavity of cryptogein (elicitin from P. cryptogea) seems to be essential for consecutive association of the cyrptogein with a receptor and induction of a biological response in a plant. We prepared a series of mutants of cryptogein, one of the most potent elicitors of this group, with altered capacity for binding sterols (L19-R, I63-F, L15-W, L36-F, M35-F, M35-W, M59-W, M59-F). We compared the physicochemical parameters of sterol-cryptogein binding, their ability to induce the synthesis of active oxygen species, ion fluxes, their necrotic activity on tobacco suspension cells and the ability to induce the expression of pathogenesis related (PR) proteins in plants. The results showed that some of the early events are proportional to the affinity of cryptogein to bind sterols whereas the others (necrotic effect and the induction of PR protein synthesis) seemed to be dependent on the overall cryptogein structure. 

PH Gregory Competition
Test tube evolution of the plant pathogenic fungus Mycosphaerella graminicola towards resistance against plant defense enzymes

T. Jürgens, S. Banke, and B.A. McDonald

Institute of Plant Sciences, ETH Zentrum / LFW, Universitätstrasse 2, CH - 8092 Zürich

Using yeast as a model system, Cowen et al. (Annual Review of Microbiology 56:139-165, 2002) recently evolved fungal strains towards drug resistance. The present study uses a similar experimental approach: the evolution of a plant pathogenic fungus towards resistance against enzymes that play a role in plant defense. The wheat pathogen Mycosphaerella graminicola was chosen for this serial passage experiment because it is in its yeast growth phase able to multiply as single cells. This makes it possible to cycle single cell lines for many generations. Selection pressure was kept high at all times by monitoring the increase in resistance on a regular basis (equaling increasing multiplication rates), and subsequently increasing the concentration of chitinase in the growth media. A total of four lines were cycled for 30 generations. For the most susceptible line, a steady increase in resistance over generation time was found. A transgenic wheat line was used to document the decreasing level of resistance on the host side.

Proteomic analysis of pea downy mildew infections

Richard Amey, Tanja Schleicher, Heather Macdonald, Steve Neill & Peter Spencer-Phillips.

Centre for Research in Plant Science and Bristol Genomics Research Institute,University of the West of England, Bristol, Coldharbour Lane, Bristol, BS16 1QY.

Downy mildew is the most common foliar disease of the pea crop (Pisum sativum) in the UK, with up to 55% losses in yield observed where plant resistance is ineffective. Control of the pathogen Peronospora viciae is achieved through the use of resistant cultivars and treatment with fungicides such as the phenylamides, which have systemic and curative activity. Resistance to these fungicides has been observed, so optimal application is required to prolong their effectiveness in controlling downy mildew outbreaks. This DEFRA-funded work uses two dimensional difference gel electrophoresis (2D-DIGE) and mass spectrometry to identify protein biomarkers that are up- or down-regulated during early stage pea downy mildew infection. The genes encoding the identified biomarkers are being cloned and expressed so that sufficient protein is available for the generation of specific antibodies against the proteins. It is proposed that the antibodies may be utilised subsequently in biosensor detection devices for the pre-symptomatic diagnosis, allowing fungicides to be applied more efficiently and effectively. A secondary aim of the project is to generate fundamental information on proteins specifically involved in this plant-pathogen interaction, which may be employed in novel control strategies for downy mildew diseases.

Yellow rust development in wheat mutants exhibiting enhanced adult plant resistance

James P.E. Melichar, Simon Berry, and Lesley A. Boyd

Department of Disease and Stress Biology, John Innes Centre, Norwich Research Park, Colney, Norwich, NR4 7UH, United Kiingdom

Puccinia striiformis f.sp. tritici is an asexual, biotrophic fungal pathogen. It is the causal agent of yellow rust in wheat, and a serious economic foliar disease of most temperate wheat growing areas of the world. It has a distinctive phenotype of intervenal-stripes of yellow pustules (uredia). Control in the UK is based on an integrated approach of resistance breeding with rotation of fungicides of differing modes of action. Mutagenised populations of the wheat varieties Guardian and Hobbit ‘sib’ have been screened in field tests, and mutant lines selected that give enhanced yellow rust adult plant resistance (APR). These include the Guardian-derived mutants M66 and M257 (Boyd and Minchin, 2001, Euphytica 122:361-368), and the Hobbit ‘sib’ mutant line I3-54 (Smith et al, in press, MPMI). M66 and M257 also show resistance to powdery mildew and brown rust (Boyd et al, 2002, Genome 45:1035-1040), while I3-54 is resistant to powdery mildew but not brown rust. The M66 mutant also shows evidence of spontaneous necrotic flecking analogous to the lesion mimics found in mlo barley lines. Pathology studies have been looking at pathogen development and plant resistant responses at three distinct plant growth stages: seedling (GS 12-13), tillering (GS 26-27), and heading (GS 49-51), in order to study the development and resistance phenotype of APR in these mutants. Preliminary histological examination of pathogen arrest in M66 and M257 suggests that the enhanced resistance is not due to an early, hydrogen peroxide mediated HR, with resistance operating just prior to sporulation. In contrast, I3-54 causes early pathogen arrest in the stomatal cavity, but again is not associated with a hydrogen peroxide mediated defence reaction.

Leptosphaeria maculans vs. Leptosphaeria biglobosa – The oilseed rape battle
Maria R Eckert1, Bruce D.L. Fitt1, Andrew Selley2, Stephen Rossall3
1Rothamsted Research, Harpenden, UK, 2DuPont UK Ltd., Stevenage, UK, 3Division of Plant Science, University of Nottingham, UK

Phoma stem canker, a serious disease of oilseed rape world-wide, is caused by Leptosphaeria maculans and L. biglobosa, a fungal species complex which has only recently been defined. The two pathogens vie for the same host, but L. biglobosa is regarded as less damaging than L. maculans. Environmental factors and cultural practices are known to influence disease epidemiology, but little is understood of the effects fungicides have on the two pathogens. A population survey within England was based on both cultural and molecular techniques. Results showed that both pathogens are present in all areas surveyed, but indicated a difference in geographical distribution between the two pathogens. In vitro screening of 120 isolates obtained dur ing the survey showed a significant difference in susceptibility to triazole fungicides between L. maculans and L. biglobosa. ED50 values obtained in this screen indicate that L. biglobosa maybe less susceptible to both flusilazole and tebuconazole than L. maculans. A field experiment at Rothamsted in 2002/2003 showed that timing of fungicide application can influence the population structure; early application of Punch C (full field rate) reduced the proportion of the less damaging L. biglobosa isolates found at the end of the growing season. To better understand the effect fungicides have on the pathogens during the infection process, isolates of L. maculans and L. biglobosa have been transformed with the genes encoding GFP and dsRed. The suitability of using these transformants to visualize the infection pathway is currently being assessed.

Genetic analysis of yellow rust resistance in the UK 

Clare M Lewis and Lesley A Boyd

Disease and Stress Biology Department, John Innes Centre, Colney, Norwich, Norfolk. NR4 7UH. 

Due to the ability of the yellow rust pathogen (Puccinia striiformis) to rapidly overcome race-specific resistance genes in wheat there has been an increased interest in recent years in the exploitation of partial, adult plant resistance (APR). This is based on the opinion that such forms of resistance may present as potentially more durable, as is the case for the yellow rust APR gene Yr18 (Singh and Rajaram, 1994, Euphytica 72: 1-7), where durability is defined as the situation where a cultivar has been grown for many years over considerable acreage, in an environment suitable for the disease and maintained adequate resistance (Johnson, 1992, Euphytica 63: 3-22). The German wheat Carstens V has long been attributed as the source of at least some of the genes that confer yellow rust APR in modern Western European cultivars. Of the many resistance genes Carstens V is thought to carry (Chen & Line, 1993, Euphytica 71: 107-113; Calonnec et al., 2002, Plant Pathology 51: 777-786) only two have been assigned a chromosomal location. A dominant, race-specific resistance gene, YrCv (Stubbs, 1985, The Cereal Rusts II; 61-101) was first located on chromosome 2A (Afshari, 2000, Phd thesis). Subsequently, a seedling, race-specific resistance gene was mapped to 2AL in the cultivar Senat, and has been designated Yr32 (Eriksen et al., 2004, TAG 108: 576-575). However, it is believed that Yr32 and YrCV may actually be the same gene, but this has yet to be confirmed. The UK biscuit wheat Claire (released in 1999 by Nickersons Seeds) is very resistant to Puccinia striiformis and currently the market leader of its type. It is believed to have Carstens V in its pedigree (P. Fenwick, personal communication) and is being studied to determine the genetics of its yellow rust resistance, and to trace the resistance within its pedigree (Claire family - Carstens V, Carstens VIII, Caribo and Buster). Claire has been postulated to carry the race-specific, seedling resistance genes Yr2 and Yr3. Its adult plant resistance is first observed at growth stage 22, and has been tentatively attributed to QTLs located on chromosomes 2AS, 2DS, 3DL, 4AS and 5DL using a F2 population. These QTLs are currently being mapped more precisely and will be confirmed with F3 family field trials. Buster, a distant sib of Claire has been postulated to have a recessive, seedling resistance to which virulence is not present in the UK P.striiformis f. sp. tritici population. Other family members were postulated to carry the race-specific resistances YrCv (Carstens V), Yr3 (Carstens VIII) and Yr2 (Caribo). Preliminary segregation analysis of the yellow rust APR of Carstens V (x Lemhi/Kharchia local), Carstens VIII (x Kharchia local) and Caribo (x Kharchia local) in F2 populations suggests that at least one major gene confers resistance in each cross. DNA markers and QTL mapping software are currently being used to fine map the resistance in Claire and this Claire family.

The use of a selected isolate of Pochonia chlamydosporia var. chlamydosporia in a field trial against Meloidogyne javanica and its quantification using both microbiological and molecular techniques.

FRANCO C.; VINAGRE L.; CLARA I.; VIEIRA DOS SANTOS C.; ABRANTES I.; SANTOS S.; FERNANDES J.; NETO E.; RAMOS N.; KERRY B. & MAGAN, N.

The effect of soil inoculation with chlamydospores of the isolate Pc-MR of the fungus Pochonia chlamydosporia var. chlamydosporia mixed with sterilized sand was evaluated in a tomato crop grown in an unheated plastic tunnel house. The effect was compared with an untreated control, methyl bromide fumigated soil and with an application of the fungus after soil fumigation. The fungus was inoculated twice and its soil population was quantified before and after each inoculation. At the end of the cropping season, the abundance of the fungus in soil and on roots, the amount of egg parasitism and the nematode population (total eggs and juveniles and eggs/egg mass) were also determined. The isolate identification was confirmed using primers derived from the β-tubulin gene and ERIC fingerprinting. The fungus population steadily increased in soil with both inoculations achieving the highest level at the end of the crop (2.4 to 3.9 x 104 cfu/g of soil). No decrease in fungal abundance was noticed, even one month after inoculation. Apart from after the second inoculation, there were no significant differences (P<0.05) between soil or root populations of the fungus in fumigated and non-fumigated soil. The final root population ranged from 7 to 19 x 103 cfu/g of root. Egg parasitism ranged between 38 - 51% and numbers of viable eggs + juveniles decreased by 74% and the eggs/egg mass decreased by 64% when compared to the control. The parasitism levels and nematode population reductions demonstrate the potential of this isolate for use as a control measure in IPM programmes against Meloidogyne spp.

Integrated control of Fusarium Ear Blight in wheat

Marie Guingouain, Stephen Rossall
University of Nottingham, Plant Sciences Division, Sutton Bonington, Loughborough, LE12 5RD

Fusarium ear blight (FEB), caused by several Fusarium species, is a worldwide disease of wheat (Triticum aestivum L.) and other small grain cereals. This disease can greatly reduce grain yield and is of concern because of the potential accumulation of mycotoxins in the grain intended for human and animal consumption. Available and affordable control measures, such as resistant varieties, cultural practices and foliar fungicides, are only partially effective. Biological control is an additional strategy that may eventually play an important role in an integrative approach to FEB management of cereals. The most effective control of the disease is indeed likely to be through an integrated approach that may be achieved by the combined application of fungicides and biocontrol agents to wheat varieties with partial resistance. In this study, biological and chemical control strategies were evaluated independently on the susceptible wheat cultivar Charger. Bacteria were isolated from stem, leaf and head tissues of wheat grown in field, and screened for in vitro antifungal activity. Strains shown to antagonise growth of F. culmorum and F. graminearum were further tested in laboratory assays and identified. Three of those, Bacillus subtilis, B. licheniformis and Pseudomonas fluorescens, were selected for in planta assays on ears in controlled environment. Bacterial treatments, applied at full ear emergence prior to inoculation with a spore suspension of F. culmorum at mid-anthesis, all reduced FEB incidence and severity, as well as DON content in grain. Treatment with foliar fungicides remains the most effective tool for reducing FEB. Tebuconazole has been proven to be effective at controlling FEB. The commercially available formulation (Folicur) was used as a control to test the efficacy of a new micro-encapsulated formulation produced by Micap plc. In this new product (known as Micap), tebuconazole was encapsulated in a yeast cells. When applied at rate equivalent to 0.5 L ha-1, Micap greatly reduced visual symptoms, percentage of shrivelled grains, mycotoxin content in grain and increased thousand grain weight. Future work will focus on combining chemical and biological treatments in three different wheat varieties, identified in a Monsanto genotype screening programme: Charger (susceptible), Rialto (moderately susceptible) and Centrum (partially resistant). 

The influence of spray heterogeneity on the dynamics of fungicide resistance

S.R. PARNELL1,2, C.A. GILLIGAN2 AND F. VAN DEN BOSCH1. 

1Biomathematics Unit, Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ, UK, 2Epidemiology and Modelling Group, Department of Plant Sciences, University of Cambridge, Cambridge, CB2 3EA, UK
Empirical evidence illustrates that the coexistence of fungicide resistant and sensitive strains is possible over prolonged periods (Bierman et al. 2000; Chin et al. 2001). However, models of fungicide resistance often predict that the invasion of resistant strains leads to the eventual exclusion of sensitive strains (Chin 1987; Gubbins & Gilligan 1999). The factors influencing coexistence remain relatively unexplored. However, it is important to understand coexistence as it has significant consequences for resistance management. For example, the survival of even a small sensitive population under treatment will enhance the post treatment recovery of sensitivity. All current spray technologies are imperfect and result in an incomplete coverage of fungicide to the host crop.  Here we use modelling to examine whether this spatial heterogeneity in spray coverage can facilitate the coexistence of resistant and sensitive strains. We extend the model by Gubbins & Gilligan (1999) to incorporate incomplete spray coverage and explicitly model the dynamics of the spores within the resulting heterogeneous system. By accounting for the dynamics of the limited supply of susceptible host tissue and its effect on the competition between strains, we show that spray heterogeneity per se does not facilitate coexistence but that the outcome depends on the trade-off between the fitness cost to resistance and the effectiveness of the fungicide. In addition we find that the maximum density of healthy host tissue is attained when there is coexistence of pathogen strains. 

Studies investigating the biology and epidemiology of Rhynchosporium secalis (leaf blotch of barley)

James Fountaine1, Bart Fraaije1, Elaine Ward1, Naomi Pain2, Sarah Perfect2 and Michael Shaw3

1 Plant-Pathogen Interactions Division, Rothamsted Research, Harpenden, Hertfordshire, UK, AL5 2JQ, 2 Syngenta, Jealotts Hill Research station, Bracknell, Berkshire, UK, RG12 6EY, 3 Department of Agricultural Botany, University of Reading, PO Box 221, Reading, UK, RG6 6AS

Leaf blotch, caused by Rhynchosporium secalis, is the most important disease of barley in the UK. Very little is known about the primary infection and subsequent, spatial and temporal distribution of this disease within a field-grown commercial crop. This study is primarily focused on the development of natural epidemics of leaf blotch in winter barley. PCR techniques and visual assessments were used to study epidemics of R. secalis in commercially available cultivars throughout three growing seasons. Results using multiplex PCR showed that R. secalis was present in both resistant and susceptible cultivars. A real-time PCR assay was developed and used to quantify the amount of disease in different cultivars of winter barley. There was generally good correlation between visual assessments and real-time PCR using TaqMan probes. Some resistant cultivars showed no sign of symptoms but R. secalis could be detected by PCR. Since there are two opposite mating types in populations of R. secalis, the production of ascospores could be an important source of primary inoculum. However, no ascospores were detected by PCR using tapes from a Burkard spore trap. Results (from 2004) show that seed-born infections are an important source of primary inoculum and can explain the spatio-temporal development of epidemics. A better understanding of epidemic development will allow more precise targeting of fungicides and curtail the potential for fungicide resistance development. 

Modelling stem canker on winter oilseed rape

Konstantina Papastamati1,2, Frank van den Bosch1, and Mike Jeger2 1Biomathematics Unit, Rothamsted Research, Harpenden AL5 2JQ, Herts; 2Dept Agricultural Sciences, Imperial College at Wye, Wye, Ashford, Kent TN25 5AH.
Stem canker (Leptosphaeria maculans) is an economically important disease affecting winter oilseed rape in the UK. The dynamics of the disease are driven by weather variables, as temperature and leaf wetness are important for infection to occur (West et al., 1999). The initial phase of infection (caused by air-borne ascospores) happens in autumn and it is followed by four phases: period to lesion appearance, asymptomatic systemic growth along the petiole, latent infection of the stem and stem canker development (Hammond and Lewis, 1986).  The rosette stage is critical in understanding the mechanism of the initial infection process because the development of phoma lesions during autumn/winter and the stem cankers in spring are related (Sun et al., 2000). A mechanistic model is developed to understand how the pathogen reaches the stem after it has successfully infected leaves during autumn. The model estimates the production of new and healthy leaf area, infected leaf area (symptomless), visible phoma lesion area and probability of the stem getting infected, using real ascospore counts and leaf wetness estimated by an oilseed rape-specific wetness model. The model was extended for treated plants assuming different fungicide types (protective, curative or complete) and time of application. The model predicts phoma and expected stem canker incidence well and suggests  more than one treatments with a curative or complete fungicide, first applied in November/December or in October in case of early phoma epidemics. These results agree with previous field studies and the model could be used for evaluation of fungicide spray programs. This is the first mechanistic model to be developed for phoma and stem canker and it can aid in the development of forecasting schemes due to its biological reality and good performance.
Plenary talk 1
How to control potato brown rot in endemic and localised infections

G.S. Saddler1, J.J. Smith2, K. Breckenridge1, P. van de Graaf1 & J. Danial1. 

1SASA, East Craigs, Edinburgh, EH12 8NJ. 2CABI Bioscience, Egham, Surrey, TW20 9TY.

Brown rot of potato is caused by the bacterium Ralstonia solanacearum. R. solanacearum has an extremely wide host range, affecting well over 200 species, especially tropical and subtropical crops. Worldwide the most important hosts, alongside potato, are tomato, tobacco, aubergine and banana.  The species is diverse and can be subdivided on the basis of host range (races) or biochemical characteristics (biovars). Some races within the species exhibit a restricted host range, this is particularly true for R. solanacearum race 3, the causative organism of potato brown rot, where hosts include potato, tomato and the solanaceous weed Solanum dulcamara. Infection in potato causes wilting, but symptoms are most obvious in the tuber, where a brown staining of the vascular ring can be observed (hence the name).  Infection may result from the use of infected seed potatoes, irrigation with contaminated water, or contamination of fields by dumping of contaminated waste material. Brown rot is long established and widely distributed in warm temperate areas of the world. This is particularly true for Kenya where the poor availability of certified seed coupled with constant production and limited field rotation (if at all!) ensures that the disease is a major and constant constraint on potato production. Studies into the introduction of appropriate cultural control strategies will be discussed as well as preliminary investigations into the use of a biological control agent. The situation in Kenya contrasts with that found in the EU where brown rot has only been reported relatively recently, with limited outbreaks reported in Belgium, France, Germany, Greece, Italy, Spain, The Netherlands and the UK. In the vast majority of these cases S. dulcamara plants with roots growing in contaminated watercourses have been found to be the source of infection. Control strategies adopted within the EU will be discussed and contrasted with those studied within Kenya. 

Plenary talk 2
The twists and turns of the strobilurin fungicides: keeping growers informed

Simon Oxley

SAC, West Mains Road, Edinburgh EH9 3JG

Strobilurin fungicides provided growers with a new group of fungicides to help manage crop diseases.  The first two new active ingredients to be introduced in the late 1990’s were kresoxim methyl and azoxystrobin. Despite both fungicides being strobilurin fungicides, their spectrum of activity were different, and the way the two pioneering manufacturers wanted growers to use them was also different. The introduction of a new fungicide group also meant reassessing fungicide timings, since it could not be assumed that timings used for other fungicide groups were the best way to use these new strobilurin fungicides. These fungicides were taken up readily by growers, thanks to the improved yield benefits they achieved, superior mildew control with one and golden ear look of the other. The manufacturers also took different lines as to where this extra yield was coming from, and the lines taken here may come back to haunt them as resistance issues developed. A name change to Quinone outside Inhibitors (QoI) after a short period where they were known as STAR was of keen interest to the manufacturers who needed a label they all agreed on, but it meant little to growers who kept to the term strobilurin. There was a danger that any new fungicide regardless of the mode of action was labelled as a strobilurin by growers, which caused confusion when voluntary restrictions and finally label restrictions on the number of applications came in to try and manage resistance. New strobilurin fungicides arrived, coinciding with the widespread occurrence of wheat powdery mildew resistance (Blumeria graminis), but the strength in Septoria tritici (Mycosphaerella graminicola) control outweighed this loss. There was a short honeymoon period for these more active fungicides where extended timings between treatments, and a casual attitude to FRAC guidelines ended abruptly with Septoria tritici resistance in Ireland, quickly followed by the UK and mainland Europe. In 2004, growers wanted to know if they should continue to use them, if so, how should they be used, how much are they worth, and which disease is likely to go next. Field trials in 2004 can help answer some of these questions in preparation for the 2005 season, but in the longer term, is the love affair with chemical fungicides over and more appreciation in the industry for of varietal resistance?

SESSION 2  - Development – understanding the pathogen
Problems of scale and inference: how good can our epidemiology be?

Dr Mike Shaw, University of Reading, UK

Decision support can be quite good in the total absence of a correct or mechanistic understanding of disease, in part because "optimal" decisions are often rather forgiving. But decision support and disease management will surely be better the better we understand disease processes in populations. The commonest routes to understanding are to build up predictions of population change from knowledge of the environmental relations of a pathogen, and to look for direct relations between environmental and host factors and disease in crops without assuming detailed mechanisms in advance. I argue through a series of examples that critical tests of predictions at population scales based on laboratory work are quite hard. This means mechanistic work may not look at factors important at the population level; that we accept some remarkably bad predictions in consequence; and that the promise offered by molecular biology methods need to be better coupled to classical ecology and detective methods if we are to really improve our ability to predict the consequences of management actions.

Wheat archive links long-term fungal pathogen population dynamics to air pollution

Sarah Bearchell*†, Bart Fraaije†, Michael Shaw* and Bruce Fitt†

* University of Reading, Whiteknights, Reading, Berks, RG6 6AS, UK

† Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK

Quantitative polymerase chain reaction (PCR) was used to study the presence of the two septoria pathogens, Phaeosphaeria nodorum (glume blotch) and Mycosphaerella graminicola (leaf blotch) in wheat leaf/stem samples archived each year at harvest of the long-term Broadbalk experiment at Rothamsted, which was started in 1843. The data were used to construct a time-series of the relative abundance on these tissues of the two pathogens over the 160-year period. The relative abundance of DNA of these pathogens in the Broadbalk experiment has reflected the relative abundance of the two diseases on upper leaves of winter wheat at grain filling (GS 73-75) in England and Wales disease surveys over the last 30 years (R2, 71%, P<0.001). Unexpectedly, changes in the ratio of the two pathogens in the Broadbalk experiment over the 160-year period were very strongly correlated with changes in atmospheric pollution, as measured by SO2 emissions (R2, 92%, P<0.001). By contrast, the changes in the ratio were not well correlated with changes in many of the agronomic or environmental factors previously suggested as causes of the change in the predominant disease on leaves of winter wheat in the early 1980s from septoria glume blotch to septoria leaf blotch. These results suggest that long-term changes in pathogen populations can be influenced by anthropogenically induced environmental changes.  
Survival and dissemination of Leptosphaeria maculans (blackleg, phoma) in south-eastern Australia
S.J. Marcroft1,5, S.J. Sprague2, P.A. Salisbury1,3 and B.J. Howlett4
1Department of Primary Industries, Horsham, Vic. 3401, Australia, 2CSIRO Plant Industry, Canberra, ACT 2601, Australia, 3Institute for Land and Food Resources, The University of Melbourne, Melbourne Vic. 3010 Australia, 4 School of Botany, The University of Melbourne, Melbourne Vic. 3010, Australia, 5 Joint Centre for Crop Innovation, Horsham, Vic. 3401, Australia. 
The primary inoculum of the fungus Leptosphaeria maculans (blackleg, phoma) are wind-borne ascospores released from pseudothecia on canola stubble. Consequently, the main cultural management strategy to control blackleg in Australia is to allow enough time for all canola stubble to breakdown (three to four years) before the next canola crop is sown. However, anecdotal evidence suggests that short rotations (canola / wheat / canola) have the same severity of blackleg infection compared to long rotations (4 year break between canola crops). To determine if extended crop rotations are warranted, 2- to 42-month old stubble from paddocks in three diverse rainfall environments (ranging from 300 to 650mm annually) in south-eastern Australia was evaluated for the number of ascospores released. Ascospores were discharged from stubble of all ages and environments, however, >97% of ascospores produced by the fungus were from the previous season’s canola stubble, with few released from older stubble. The severity of blackleg infection in canola crops was similar for both short and long rotations. The distance between current canola crops and stubble from the previous season was measured and found to be critical to infection severity.  The overall finding of this research suggests that crop rotation is not as important in reducing disease levels as previously thought and that crop isolation from stubble of the previous season is the critical factor. Although a 500m buffer from canola stubble of the previous season provided the best disease reduction, a distance of greater than 100m significantly reduced disease severity. 

Diagnostics for Phytoplasmas, Unculturable Phytopathogenic Mollicutes

Nigel A. Harrison 

University of Florida, Plant Pathology Dept., 3205 College Avenue, Fort Lauderdale, FL 33314, USA

Phytoplasmas are wall-less polymorphic bacteria morphologically resembling members of the Mollicutes. These unculturable prokaryotes are regularly observed in phloem sieve tube elements of at least 1,000 plant species worldwide affected by yellows diseases and in the salivary glands of insect vectors transmitting these diseases. Phytoplasmas exist in nature in a dual host system characterized by alternate passage between plant and insect (primarily cicadellid) hosts. Without confirmation of identity through cultural techniques, phytoplasma detection and characterization has traditionally relied upon elucidation of biological properties including symptomatology, plant host range, and vector specificity. Application of DNA-based methods to studies on phytoplasma diseases has led to substantial improvements in detection of these enigmatic endocelluar organisms. Based largely on PCR amplification of evolutionarily conserved genes rRNA and ribosomal protein genes, further RFLP or sequence analysis amplified gene products have also provided a facile means for accurately identifying phytoplasmas and a framework for their classification. Phylogeny of 16S rRNA gene sequences has been adopted as the foundation for a formal taxonomy of these organisms in which phytoplasmas are clearly recognized as a unique genus of Mollicutes comprised of numerous species and related strains of a species. Projects in progress to sequence A+T-rich genomes of phytoplasmas which vary from 530 to 1,350 kb in size, are yielding insights into the minimal gene complement required for parasitism and pathogenicity of plant and insect hosts.  Identification and expression of phytoplasma membrane protein genes for antisera production and strain-specific sequence data for primer typing, are much needed improvements to existing diagnostics and integral to understanding the epidemiological role that strain variation plays in recurrent outbreaks of phytoplasma diseases.
Advances in molecular diagnostics – new solutions for old problems

Rick Mumford, Tom Fisher, Kelvin Hughes, Anna Skelton, Jenny Tomlinson, Kathy Walsh, Ian Barker and Neil Boonham, Central Science Laboratory, Sand Hutton, York, YO41 1LZ, U.K.
In the last decade, developments in molecular (nucleic acid-based) diagnostic methods have lead to significant improvements in the detection of plant pathogens. By using methods such as the polymerase chain reaction (PCR), the range of targets that can now be reliably diagnosed has grown to the extent that there are now extremely few, known pathogens that cannot be identified accurately by using laboratory-based diagnostics.  However, while the detection of pathogens in individual, infected samples is becoming simpler, there are still many scenarios that present a major challenge to diagnosticians and plant pathologists. Amongst these are the detection of pathogens in soil or viruses in their vectors, high-throughput testing and the development of generic methods, that allow samples to be simultaneously screened for large numbers of pathogens.  Another major challenge is to develop robust technologies that avoid the reliance on well-equipped central laboratories; making reliable diagnostics available to pathologists in the field or in less-developed countries. In recent years, much of the research carried out on phytodiagnostics has focussed in these areas and as a result many novel, routine diagnostic tests are now becoming available. This has been possible due to the introduction of new molecular technologies including real-time PCR, microarrays and direct sequencing. These advances have been complemented by the development of new nucleic acid extraction methods, increased automation, reliable internal controls, assay multiplexing and generic amplification methods e.g. 'Padlock' probes. With developments in new hardware, field-portable real-time PCR is now also a reality and offers the prospect of ultra-rapid, on-site molecular diagnostics for the first time.  Further advances include the development of low-density conventional and real-time PCR arrays, which offer a combination of high sensitivity and simultaneous multi-target detection. Potential future developments include the use of micro-fluidic card technology. In this paper, the development and implementation of new diagnostic methods based upon novel molecular techniques is presented, with specific examples given to demonstrate how these new methods can be used to overcoming some long-stand problems.

Rapid detection of brown rot and ring rot in potato tubers based on sensors for volatile organic compounds

Ben de Lacy Costello1, Katy Garner1, Norman Ratcliffe1, Tanja Schleicher2 & Peter Spencer-Phillips2
1Centre for Research in Analytical, Materials & Sensor Science, 2Centre for Research in Plant Science, University of the West of England, Coldharbour Lane, Bristol BS16 1 QY, UK. 
A sensor system for the early detection of Erwinia soft rot in stored potato tubers has been developed recently (de Lacy Costello et al., In: Pests & Diseases 2002, Volume 1, pp. 425-432. British Crop Protection Council, Brighton, UK. 2002). We are now using a similar approach, based on detecting volatile organic compounds (VOCs), to design a portable system for use by the Plant Health Inspectorate. The specific aim is to develop a device that will enable exclusion from the UK of the statutory organisms Ralstonia solanacearum and Clavibacter michiganensis ssp. sepedonicus by screening all imported consignments of potato tubers. Protocols were developed for inoculating tubers of the potato cv. Maris Piper with R. solanacearum (brown rot), C. michiganensis ssp. sepedonicus (ring rot) and Erwinia carotovora subsp. carotovora (soft rot). Inoculated tubers developed the symptoms characteristic for each disease. The VOCs produced were collected over a 3 week period post-inoculation using solid phase micro-extraction (SPME) fibres. A sampling procedure was established whereby air from 2-litre jars containing circa 900 g of inoculated tubers was circulated (at 400 ml min-1) via a pump over the SPME fibre for 1 h at 20oC. The compounds were thermally desorbed from the fibres and then analysed using Gas Chromatography Mass Spectrometry (GCMS) to identify VOCs and establish markers for the infections. Distinct patterns of VOCs were obtained for ring rot, brown rot and soft rot infected tubers when compared with each other and with VOCs from other common storage pathogens (Fusarium coeruleum and Phytophthora infestans; for references, see de Lacy Costello et al., 2002). The major VOCs changed over the three week period, with the largest number present at 3 weeks post-inoculation (59, 78 and 62 VOCs for brown rot, ring rot and soft rot, respectively). Each pathogen produced a unique profile of VOCs, as well as specific marker compounds. Controls of both sound tubers and sterile distilled water inoculated tubers produced 21 major VOCs that remained constant throughout the 3 week period. Comparison of the laboratory data with VOCs collected from tubers of cv. Provento, obtained from the recent UK outbreak of ring rot, indicated that a detection system based on specific markers would be problematic in the field. Recent work has focused instead on methods for distinguishing the metabolomic profiles of the most abundant VOCs generated by brown rot and ring rot infections of tubers. 
Plant cultivars, plant pathogens and plant pathologists: Managing the interactions

Didier Andrivon

UMR INRA-Agrocampus Rennes BiO3P, Domaine de la Motte, BP 35327, F-35653 Le Rheu cedex, France. andrivon@rennes.inra.fr

Cultivar resistance is an essential asset to develop durable control strategies of most major plant pathogens. However, despite its obvious advantages in terms of cost, environmental impact, and performance, resistance remains largely under-exploited in current agriculture, both in developed and developing countries. Based on examples from recent work on the management of potato diseases, this paper offers a reflection on possible reasons for this situation, along three main lines:

1- is our knowledge on resistance/pathogenicity adapted to our goals? There is a lot of information available now on host pathogen interactions, the genetics of resistance, and pathogenicity, but a lot of this information either is not or cannot be used directly for the development of applicable control methods, while we still know very little about the adaptive processes in pathogen populations which condition the efficacy and durability of resistance;

2- how strategic is plant disease control currently? All too often, plant disease management is still thought on a 'pesticide' mode, i.e. as tactical operations with one type of tool (xenobiotics, biocontrol agent, or plant resistance) used alone. Repeated experience shows that this approach is essentially non-durable. Sustainable disease control therefore imposes that pest management be part of the strategic choices every grower makes. This in turns requires the scientific management of interacting components in complex systems, an area still in its infancy.

3- are we aiming at the right targets? Any R & D institute can cite plenty of examples of technically efficient strategies that never made it to the growers' fields. I think a major reason for that limited implementation is that these technologies did not take the actual limiting factors of the production system itself, such as market requirements, labour organisation on the farm, cost analysis, contract policy, etc…, into account from the start. As a consequence, many of them are developed with the grower in mind, when more often than not he is no more the actual decision maker. 

Therefore, at least three challenges lie ahead for an improved, more widespread use of cultivar resistance: gathering more knowledge on pathogen response to selection; understanding the possibilities for complementation between resistance and crop production operations for disease management; and designing integrated crop production strategies that match the end-user, decision-maker requirements.

Two distinct variants of Wheat dwarf virus infect barley 

Jon Ramsell1, Gassan Köklü2, Klas Lindsten3, Margaret Boulton4, Anders Kvarnheden1
1Department of Plant Biology and Forest Genetics, Swedish University of Agricultural Sciences (SLU), P.O. Box 7080, SE-750 07 Uppsala, Sweden; 2Department of Plant Protection, Faculty of Agriculture, Trakya University, 59030 Tekirdağ, Turkey; 3Department of Ecology and Crop Production Science, SLU, P.O.Box 7043, SE-750 07 Uppsala, Sweden;4Department of Disease and Stress Biology, John Innes Centre, Norwich NR4 7UH, UK. Email: anders.kvarnheden@vbsg.slu.se
Wheat dwarf virus (WDV) is a single-stranded DNA-virus (family Geminiviridae, genus Mastrevirus) transmitted by the leafhopper Psammotettix alienus. The host range includes wheat, barley, oats and many grasses. WDV is causing disease in wheat and barley in many parts of Europe. Characteristic symptoms of disease are dwarfing, yellowing and reduced heading. Two different forms of WDV exist: a wheat-infecting form and a barley-infecting form. Barley-infecting WDV is serologically similar to wheat-infecting WDV, but does not infect wheat. The complete sequences have been published for four wheat-infecting isolates of WDV from different parts of Europe, but not for any barley-infecting isolates. Sequence analysis of a partial clone for a barley isolate from Hungary (WDV-Bar[HU]) showed that it differed with 16% from the wheat isolates, while the divergence among the wheat isolates was less than 3% (Kvarnheden et al., Arch Virol 147: 205-216, 2002). Sequence determination of the complete WDV-Bar[HU] genome revealed that it consists of 2734 nucleotides (nt), which is shorter than the wheat isolates (2749-2750 nt). Among the open reading frames (ORFs), the movement protein (MP) was least conserved between the wheat and barley strains (81% amino acid identity). The cloned DNA of WDV-Bar[HU] was shown to be infectious on barley using agroinoculation. This clone will be used to study plant-virus-interactions. Two barley-infecting isolates from the Trakya region of Turkey were also characterized. The sequenced region of 1158 nt contained the complete long intergenic region (LIR), and the 5’ ends of the Rep and MP genes. Interestingly, the nt sequence for the barley isolates from Turkey differed by 6% from WDV-Bar[HU] and 16% from the wheat isolates. In a phylogenetic analysis, the barley isolates formed a distinct clade well separated from the wheat isolates. The complete sequence is now being determined for one of the Turkish barley isolates. The WDV isolates infecting barley or wheat seem to represent two differentiated strains. The barley-infecting isolates could be divided into two different subtypes based on the sequence divergence. Further characterization of WDV isolates from different hosts and geographic origins are necessary to obtain a complete understanding of the viral diversity. 

A phylogeographical history of Mycosphaerella graminicola on wheat 

Søren Banke and B.A. McDonald. 

Institute of Plant Sciences, Swiss Federal Institute of Technology (ETH), Zurich, Switzerland. 

Where do plant pathogens originate and how do they evolve? What processes define their evolutionary past and possible evolutionary future? Can we predict future evolutionary trajectories by understanding past evolutionary history? Answers to these questions can orient the search for sources of resistance in agricultural crops, because host resistance is most likely to occur at the center of origin of the pathogen. An understanding of the paths of recent pathogen movement (i.e. gene and genotype flow) can point to weak links in quarantine systems. We combined microsatellite and DNA sequence data from neutral RFLP loci and housekeeping genes with phylogenetic and coalescent analysis to infer the demographic history and paths of genetic exchange among 384 isolates of the wheat pathogen Mycosphaerella graminicola originating from 14 populations on four continents. Though this talk will focus on M. graminicola, the coalescent approaches should be applicable to any plant or animal pathogen, and can be applied in the context of biosecurity to determine sources of newly introduced pathogen populations, whether through increasing international travel and commerce, or through bioterrorism.
Comparing the Evolution of Genetic Variation at RFLP Loci and Quantitative Traits in the Pathogenic Fungus Mycosphaerella graminicola
Zhan, J. and B. A. McDonald, Institute of Plant Sciences, Phytopathology Group, ETH Zentrum / LFW, Universitätstrasse 2, CH-8092 Zürich, Switzerland 

Determining genetic variation among populations and factors contributing to the origin, maintenance and distribution of the genetic variation has been a central theme for evolutionary study. This type of study is also of great interest to plant pathologists and breeders because understanding the evolution of genetic variation is critical for efficiently managing plant diseases and natural resources. Empirical studies related to evolution of genetic variation were surrogated with information derived from molecular genetic markers. In this study, we used the combination of molecular genetic tools and quantitative genetic approaches to compare genetic variation and population differentiation at RFLP marker loci and three quantitative loci (fungicide resistance, temperature sensitivity and colony size) in five Mycosphaerella graminicola populations sampled from different geographic regions. One population each was sampled from Australia, Israel and Switzerland and two populations were sampled from Oregon, USA. The two Oregon populations were collected on the same day from a field grown with two wheat cultivars differing in their level of resistance to M. graminicola. Our results revealed wide variations in the level of additive genetic variance, narrow sense heritability and population differentiation (QST) among the fungal populations across the three quantitative traits.  The QST for fungicide resistance and temperature sensitivity were significant higher than GST for RFLP loci while the QST for colony size was not significantly different from the GST for the molecular markers.  These results suggest that diversifying selection for local adaptation played a significant role in the evolution of fungicide resistance and temperature sensitivity while the major genetic forces governing the evolution of population differentiation in colony size were random drift and mutation. Further analysis revealed that the pathogen population from Switzerland displayed the highest level of fungicide resistance and the pathogen population from the resistant host displayed a significantly higher level of fungicide resistance than that from the susceptible host. Our results also revealed a positive and significant correlation between genetic variation in molecular marker loci and quantitative traits, suggesting that estimates of genetic variation at quantitative traits could be derived directly from molecular genetic markers, rather than through the complicated process of estimating additive genetic variance. 

Plenary talk 3
Sequence-specific RNA degradation in resistance to plant viruses

Giovanni P. Martelli

Department of Plant Protection and Applied Microbiology, University of Bari and Institute of Plant Virology of CNR, Bari section, Italy

Plants resist viral infections through innate or adaptive responses. Innate responses are mediated by different mechanisms (e.g. lack of host-coded helper functions interacting with virus-coded pathogenicity factors, presence of antagonistic compounds or unsuitable chemical conditions of the host cells). Adaptive responses are exemplified by post-transcriptional gene silencing (PTGS), a mechanism whereby the sequence-specific degradation of target transcripts takes place in the cytoplasm of the host cells.  PTGS is triggered by the presence of functional (genomic) or aberrant (transgenic) ssRNA transcripts that are recognized by an RNA-dependent RNA polymerase (RdRp) which can be coded by the host. Complementary RNA molecules are synthesized, which anneal with the template, yielding dsRNAs that are processed by a host-encoded dsRNase to small dsRNAs 21-25 nucleotides in size, referred to as small interfering RNAs (siRNAs). A mechanism is then activated, whereby all RNA molecules homologous to the double-stranded sequences are degraded. Cases have been reported of PTGS spreading in the host (systemically acquired silencing) the mobile signal possibly being RNAs molecules. PTGS is responsible for: (i) a natural form of resistance known as ‘recovery‘; (ii) "cross protection"; (iii) "RNA-mediated resistance" in transgenic plants. Recovery occurs in plants infected by some nepoviruses and caulimoviruses. With cross protection, infection with a mild viral isolate prevents the secondary accumulation of isolates that are closely related to the primary infecting virus. In plants engineered with viral genes (parasite-derived resistance) RNA-directed RNA degradation is targeted not only to transgene transcripts, but also to any viral RNA possessing high sequence homology with it, hence inducing resistance. Many plant viruses counteract PTGS-driven host resistance by expressing proteins that suppress gene silencing through a number of different mechanisms which are beginning to be unravelled.

SESSION 3  - Development – controlling the pathogen

Pre-emptive breeding for rust resistance in cereals - an Australian perspective

Robert F. Park1, Harbans Bariana1, and Colin Wellings1,2

1The University of Sydney, Plant Breeding Institute, PMB 11, Camden. NSW. 2570. Australia, 2 on secondment from NSW Department of Primary Industries.
The Australian grains industry is worth about AUD$9 billion, and cereals are an important component of this industry. In 2002–03, wheat, barley and oats were sown on 11 million ha, 3.8 million ha and 908,000 ha, respectively, with an overall average yield of each crop of about 1 tonne per ha. Rust diseases have caused significant damage to Australian cereal crops since the first attempts by Europeans to grow them. Controlling cereal rust diseases in Australia by genetic resistance began in the early 1900s, and the first rust resistant wheat cultivar was released in 1938 (cv Eureka, Sr6). Since then, rust resistant cultivars of principally wheat but also barley, oats and triticale have been developed and deployed. Estimates of the value of wheat rust control in Australia, primarily through resistance breeding, have been placed at about $289 million. Breeding plants for disease resistance is essentially a pre-emptive process, with plant breeders striving to keep one step ahead of changing plant pathogen populations. The ability to anticipate changes in pathogen populations and to incorporate resistance accordingly, is however dictated by how well the interactions between a plant and a target pathogen are understood. Pre-emptive breeding has been used in cereal rust resistance breeding to incorporate resistance to rust diseases that are not present in Australia. It has also been used to breed for resistance to endemic diseases, by anticipating pathogenic changes that could threaten the resistance sources being used. Pre-emptive breeding against a disease that is not present in a given region can only be effective if it is ongoing, because it is not known when or indeed if the disease being targeted will be introduced. Difficulties can also arise because it is not known what genotype of a pathogen may be introduced. This is particularly important with cereal rust diseases, which are known to display significant variability in virulence for resistance genes in their respective hosts. To be successful, pre-emptive breeding to endemic pathogens requires a good understanding of variability in the target pathogen, a knowledge of the resistance genes present in deployed cultivars, an effective system for screening all breeding materials with pathotypes posing the greatest threat, and a program aimed at identifying new sources of resistance and incorporating them into germplasm adapted to local conditions.  A key feature of pre-emptive breeding for resistance to endemic cereal rust pathogens in Australia has been long-term ongoing surveys of pathogenic variability. An overview will be provided of how this strategy has been used to incorporate resistance to rust diseases of wheat and barley in Australia. Three examples will be discussed: breeding barley for resistance to Puccinia striiformis f. sp. hordei, not present in Australia, and breeding barley for resistance to P. hordei and wheat for resistance to P. triticina, both endemic rust pathogens. A second exotic incursion of wheat stripe rust that was detected in Western Australia in 2002 will also be discussed to illustrate how pathogen genotype can dictate the effectiveness of pre-emptive breeding.

Comparative fitness of virulent and avirulent isolates of Leptosphaeria maculans (phoma stem canker) on oilseed rape

Yong-Ju Huang 1, Marie-Hélène  Balesdent 2, Ziqin Li1, Neal Evans 1, Bruce Fitt 1

1 Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK

2 INRA-PMDV unit, Route de St Cyr, F-78026 Versailles, Cedex, France

Phoma stem canker, caused by Leptosphaeria maculans, is a serious disease of oilseed rape word-wide. New sources of major gene resistance usually break down in a few seasons. Durability of resistance is affected by the ability of the pathogen to shift from avirulence to virulence. This shift may potentially cause loss in fitness which affects the ability of the pathogen to complete its life cycle. An ‘ascospore shower’ method was developed to study the fitness of near isogenic isolates of L. maculans. Fitness of avirulent isolates with avirulent gene AvrLm1 (corresponding to the major resistance gene Rlm1) was compared with that of virulent isolates with virulent allele avrLm1 under controlled conditions (5, 10, 15, 20 and 25°C). Plants of Eurol and Darmor without the corresponding resistance gene were inoculated with ascospores of AvrLm1 or avrLm1 produced in vitro using the ascospore ‘shower’ inoculation method. On both Eurol and Darmor, plants inoculated with AvrLm1 ascospores developed more lesions than plants inoculated with avrLm1 ascospores. The diameter of lesions caused by AvrLm1 was bigger than that of lesions caused by avrLm1. The results indicate that avrLm1 may have a fitness deficit due to loss of positive genes linked to the avirulence gene.

Major gene resistance in Australian canola overcome by Leptosphaeria maculans (blackleg, phoma) within 3 years

S.J. Sprague1,2 and S.J. Marcroft3 
1CSIRO Plant Industry, Canberra, ACT 2601, Australia, 2School of Botany, Melbourne University, Vic. 3010, Australia, 3Department of Primary Industries, Horsham, Vic. 3401, Australia. 
Severe blackleg epidemics, caused by the fungus Leptosphaeria maculans, in Australia in the early 1970s devastated the developing canola industry. The subsequent expansion of the industry has been a direct result of the release of canola cultivars with good polygenic blackleg resistance. This resistance has remained stable, however, there is anecdotal evidence to suggest that resistance erosion has occurred in older varieties.  In 2000, the first canola variety incorporating a major gene for blackleg resistance from Brassica rapa subspecies sylvestris was released onto the Australian market. Varieties with this ‘sylvestris’ resistance have been widely adopted by growers as the gene provided almost complete protection against L. maculans. Following a report of stem canker in these varieties, a survey of over 100 commercial canola crops was undertaken in south eastern Australia in 2003 to determine whether the resistance was breaking down. The isolates capable of overcoming the sylvestris resistance were widespread with infected plants identified in 95% of paddocks surveyed.  In three isolated regions (up to 50,000ha), crop yields were reduced by up to 90%. While the severity of blackleg differed between regions, the extensive area of canola stubble from infected crops in 2003 creates a high risk scenario across the entire area of south eastern Australia for crops with the sylvestris resistance grown in 2004.

Development of new fungicides: The art of finding a compromise which overcomes contradictory requirements

Dr. Karl Heinz Kuck, Bayer CropScience, Research, D 40789 Monheim, Germany

Beside toxicological aspects, some decades ago the level and the spectrum of fungicidal activity were the most important driving forces during fungicide discovery and development. Meanwhile, a multitude of other requirements have become of equal importance. Provided an interesting biological activity has been detected during the discovery process in a cluster of chemically related molecules, development candidates are, nowadays, subjected to a cascade of additional considerations and decisions. In the frame of the given variability it has to be decided early what kind of biological profile offers the best compromise between several possibilities. Examples for these contradictory requirements are: - Physico-chemical and/or metabolic stability of the fungicide. On one hand it is wanted to have a long-lasting activity in order to reduce the necessary number of applications. On the other hand the resulting residue level in plants and in the environment should ideally fall below the analytical detection level as soon as possible. - Systemic distribution of the active ingredient in the plant shows different optima in different crops. Whereas in lignified plants a high mobility of the fungicide is required, a high mobility is often leading to an unwanted acropetal accumulation in non-lignified plant parts such as leaves. - Pronounced curative and/or eradicative activities are an important part of the progress that modern fungicides offer to the farmer as it facilitates the timing of application considerably. On the other hand, a regular curative and eradicative use is increasing considerably the resistance risk. - The same types of inherent conflict is given regarding the optimal dose rate. High dosages, bearing some efficacy reserves are beneficial for resistance management and a solid control of the pathogen. For environmental and cost reasons, a low dosage is preferred. - The commercialisation of solo products offers benefits in view of costs per application and the flexibility to be used either alone or in alternation or tank mix schedules. Compared with this, the commercialisation of ready-mix products with a suited partner fungicide reduces greatly the potential for misuse in regard of a safe resistance management but normally cause higher costs. 

Crop loss assessment for Sclerotinia stem rot in winter oilseed rape


Dunker, S.,  Tiedemann, A. v. Institute of Plant Pathology and Plant Protection, Georg-August-University Goettingen, Grisebachstr. 6, 37077 Goettingen, Germany
Sclerotinia sclerotiorum is the most important fungal pathogen in German winter oilseed rape production. Due to an increasing acreage of oilseed rape, the crop rotation diseases such as Sclerotinia stem rot are becoming more important. In many growing areas preventive fungicide treatments are carried out at bloom stage to control this disease, which results in a high frequency of treatments, many of which are not cost efficient. In order to reduce inefficient fungicide sprays, a crop loss prediction model has been developed which involves damage thresholds of the disease. Crop loss induced by Sclerotinia sclerotiorum was analysed in a three-year field experiment.  In the field trials different determinants of the disease such as inoculation date, level of infestation, sowing time, seed density and rapeseed cultivar were examined by artificial inoculations of rapeseed plants with the “toothpick method”. In addition the cost effectiveness of fungicide sprays against Sclerotinia sclerotiorum was evaluated on the basis of data available from the German state extension services since 1991. The results of the field trials of the first two experimental years show that crop losses primarily depend on the time point of inoculation (early/late blossom) and the cultivar (line/hybrid). Infections at early bloom resulted in higher yield losses than infections at the end of bloom. Economic damage thresholds justifying fungicide applications were significantly higher in the hybrid than in the line cultivar. In another field trial the compensation potential of winter oilseed rape was examined. About 40% of plant losses at the end of bloom could be compensated, basically due to an increasing thousand seed weight. The economic evaluation of fungicide sprayings against Sclerotinia sclerotiorum revealed about 67% of applications being economically inefficient. The mean yield of fungicide sprays was 2.41 dt/ha and did not cover the average costs of a fungicide application, which is equivalent to 3.32 dt/ha. Based on the results of the field trials and the economic evaluation an economic damage threshold has been developed which will be implemented in the crop loss prediction model. 
Biological control of wheat and barley against phytopathogenic fungi

Josef Hysek, Milan Vach, Jana Brozova

Research Institute of Crop Production, Drnovska 507,  Prague 6 - Ruzyne, Czech Republic

Biopreparations present a new way for plant protection against fungal diseases. These biopreparations are based on antagonistic microorganisms which depress pathogenic fungi transferred by the plant (systemic infection) or by the soil. We used biopreparations of Czech provinence: Supresivit (based on the fungus Trichoderma harzianum), Polyversum (based on the fungus Pythium oligandrum) and Ibefungin (based on the bacteria Bacillus subtilis). The means of application were by seed treatment, and  application with mineral fertilizer directly to the soil. For control purposes, we used the chemical seed protectant Vitavax 200 WP (carboxin, thiram). We used the following varieties: EBI (winter wheat) and Akcent (spring barley). The presence of phytopathogenic fungi in the soil was controlled by cultivation methods (method of soil extract) in these field variants (4 rep.) on the basis of 4 years experiments. The dose of Vitavax was 2.5 l/t of the seed and the dose of biopreparates was 1mg/kg of fertilizer or seed. Health state of the plants treated with the biopreparations was better than in the controls. We found that in treated parcels the plants were less contaminated with phytopathogenic fungi: Septoria spp., Drechslera spp., Pyrenophora spp., Mycosphaerella spp., Leptosphaeria spp., Fusarium spp., Rhynchosporium secalis), and some of them were transferred by the soil. The soil of treated variants contained smaller quantities of named phytopathogenic fungi. The yields from the variants treated with biopreparations were higher, about 3-5 % above the value of the control.

Biological control practices

Claude Alabouvette, INRA UMR “Microbiologie Géochimie des Sols”BP 86510, 21065 Dijon Cedex

Biological control of plant diseases has been studied for many years. Baker and Cook published the first book entirely dedicated to biological control in 1973. Since that time numerous research papers, several books and review article have been produced, but practical application of biological control remains confidential. Today there is a renewed interest for biological control practices or for what is sometimes called “alternative methods” of disease control. These methods include not only the use of biological control agents but also the prophylactic methods, the use of natural substances triggering the plant defence reactions, and the use of cultural practices having a beneficial effect on plant health. It must be recall here that any type of measure enabling to prevent the introduction of a pathogen or to prevent the development of the disease must be respected. Too often the growers trusting the efficacy of chemical control wait until the appearance of the first symptoms to start disease control. The most common approach to biological control consists in selecting effective antagonistic micro-organisms, studying the modes of action of these micro-organisms and then developing a biological control product. Despite progress made in the knowledge of the modes of action of these biological control agents, practical application of these BCAs fails to control disease in the field. One of the reason explaining this failure is that the bio-control product is used the same way as a chemical product. Being biological these products have to be applied in accordance to their ecological requirements. There is generally not enough research effort dealing with the environmental conditions required for the BCAs to establish on the plant organ to be protected and to express their antagonistic capacities. One may question the rightness of such an approach which is biological but not ecological and sustainable. Another approach, very fashionable today, is to utilize the induction of plant defence reactions. This can be done by application of natural substances produced by or extracted from either micro-organisms, plants, algae. Since they do not aim at killing the pathogens, these methods of disease control are totally different from chemical control, but, as the plant physiology is fundamentally involved, the environmental conditions required for full efficacy must be well defined. Today, most often the efficacy observed under laboratory conditions is not observed in nature. A third approach, much more difficult, consists in choosing cultural practices that might decrease the incidence or severity of diseases. These methods include the choice of the most adapted variety, the respect of a well balanced fertilisation, the choice of an appropriate crop rotation with management of the crop residues, application of organic amendments and the use of new technology such as the biological disinfestations of soils. Biological control practices need an integrative approach, as suggested by IOBC guidelines for integrated production. However, this integrated approach needs more knowledge, and more practice than chemical control.

Profiling and characterisation of microbial populations in peat samples considered suppressive and conducive for Pythium sylvaticum- induced damping-off.

Paul J. Hunter, Leo A. Calvo-Bado, Alun Morgan, Geoff Petch, Tim Pettit, John Whipps. 

Warwick HRI, Wellesbourne, Warwick CV35 9EF, UK.

A cress seedling bioassay was used to classify a range of peats from different countries as either suppressive or conducive for damping-off induced by Pythium sylvaticum. An inverse correlation between microbial activity in the raw (unamended) peats and levels of P. sylvaticum was identified and peats which were designated as suppressive were found to generally have high levels of microbial activity. Molecular characterisation of peat samples representing the suppressive and conducive groups was carried out by DGGE profiling and cloning of regions of the bacterial 16S and fungal 18S rRNA genes. Bacterial population structures were similar in suppressive and conducive peats as were the fungal populations. However, considerable changes in the bacterial population profiles were detected during the process of conditioning the raw peat (a standard commercial practice) prior to use in the bioassay. In contrast, the fungal population profiles were similar at all stages of peat conditioning. Two DGGE bands from the fungal 18S amplification were, however, present in the suppressive peats but not detected in the conducive samples. These two bands were investigated further by sequencing, and comparison to sequence databases used to determine if similar species had any known properties as fungal inhibitors.

Isolation of Bacillus amyloliquefaciens from the infection court of tomato plants and its use alone and in combination with Bacillus brevis for biocontrol of Grey Mould.

Eunice Allan, Eftihia Tsomlexoglou, Ioanna Lazaraki and Barrie Seddon. 

School of Biological Sciences, College of Medical and Life Sciences, Hilton Campus, University of Aberdeen, Aberdeen, AB24 4FA , Scotland, UK.
Three Bacillus isolates were selected from a broad ranging screening programme, based on in vitro and in planta assays, for antagonism against the grey mould pathogen Botrytis cinerea in a tomato glasshouse trial. A randomised block experimental design was used, with four replicates and five treatments (3 biocontrol agents and two controls), using 192 tomato plants. All the treatments were applied at 7-d intervals with sprayers. Disease assessment was carried out every 7 d in terms of percentage of infected leaves per plant, length of infected stems, number of infected flowers and rotten fruits as well as number of fruits showing ghost spot. Two isolates effectively reduced incidence of grey mould disease in all aerial parts of the tomato plants throughout the glasshouse trial while the third only gave control for the first five weeks.  Incidence of ghost spot symptoms on tomato fruits was also reduced significantly by these two isolates. One isolate, identified as Bacillus amyloliquefaciens, showed better control of leaf infection. Bacillus brevis strain Nagano is experimentally well established as a BCA against B. cinerea. It has shown good control of stem infection and only moderate disease control of leaf infection in tomato tomato crops grown in North East Scotland. To increase efficacy of disease control it was decided to combine its use with another Bacillus BCA. Since the principal mode of action of B. brevis is antibiosis via the antifungal metabolite gramicidin S then the selection stategy for the new BCA was based on it having a different mode of action. Screening numerous Bacillus isolates from the above work identified the B. amyloliquefaciens as a likely candidate. Unlike B. brevis the B. amyloliquefaciens BCA did not show antibiotic zones of inhibition against B. cinerea in vitro but did have effective control grey mould disease.  Since the two Bacilli used separately have moderate-good disease control levels and act against B. cinerea by different mechanisms then combined treatment was tested for control of grey mould in planta to determine if additive or synergistic disease control could be achieved. It was found that not only did combined use lead to increased efficacy of disease control but high level control was achieved even with much lower concentrations of the combined BCAs suggesting that indeed synergistic effects were operative. This again indicated that the individual BCAs acted at different sites and/or by different mechanisms in their mode of action. These observations promise the possibility of using the BCAs in combination at lower levels yet with increased efficacy of disease control of B. cinerea and reduced risk of resistance development in the pathogen.  

Development of the BCA Bacillus Brevis for Biocontrol of Grey Mould: In Planta Mode of Action Studies with Lettuce and Tomato. 

Rosalind McHugh and Barrie Seddon, School of Biological Sciences, College of Medical and Life Sciences, Hilton Campus, University of Aberdeen, Aberdeen, AB24 4FA, Scotland, UK

Bacillus brevis strain Nagano produces the cyclic decapeptide gramicidin S shown in vitro to have antifungal activity against Botrytis cinerea. Additionally a biosurfactant is also produced that reduces periods of leaf wetness required for germination of conidia of this pathogen. These attributes seem ideal for the development of B.brevis as a BCA against grey mould disease since the demonstrated presence of at least two different modes of action for biocontrol has the potential to lead to greater efficacy of disease control with reduced risk of resistance development in the pathogen. Using lettuce and tomato crops grown in polytunnels and carrying out studies with the gramicidin S producing wild-type strain of B.brevis and a gramicidin S–negative mutant E-1 the progress of grey mould disease was followed in both crops and the degree of disease protection achieved was monitored in each situation. A scenario was developed for effective disease control of B.cinerea using B.brevis based on a knowledge of the interplay of the modes of action operating and the crop and prevailing environmental conditions. These observations in lettuce and tomato crops indicate that it should be possible to develop similar scenarios with other crops using the B.brevis BCA. Indeed such detailed trial studies to establish the influence of the environment on the contribution of each mode of action to disease control are necessary before commercial application of any BCA is attempted if the delivery of effective biocontrol systems is to progress.

Plenary talk 4
Integration of classical and molecular approaches to successfully control clubroot of crucifers 
Ian Porter1, Caroline Donald1, Rachel Lancaster2, and Robert Faggian1

1 Department of Primary Industries, Knoxfield, PMB 15, Ferntree Gully DC, 3156, Victoria, Australia 2 Department of Agriculture, Western Australia, PO Box 1231, Bunbury, 6231, Western Australia, Australia.

Clubroot, caused by Plasmodiphora brassicae, has been a constant cause of crop loss in crucifers in Australia since 1890. Crop loss to the disease however, increased dramatically in the 1980’s due to the use of transplant modules, which narrowed crop rotations and enabled growers to increase crop intensity (4 crops/year). The disease also threatened a A$30 million cauliflower export market industry in Western Australia. To address this, an integrated program to control and prevent the spread of clubroot has been developed. This is based on detection and quantification of P. brassicae, improved farm and nursery hygiene and strategic application of in-field controls using combinations of ground burnt lime (calcium oxide), calcium and boron fertilisers and the fungicide fluazinam. A nested PCR assay has enabled accurate identification of clubroot DNA (spores) in dust, water and in roots of ‘clean’ transplants. This has enabled identification of sources of contamination on farm (from dams and rivers) and in nurseries (trays, dust, screen covers) and therefore management of further spread. A new method to extract DNA from soils, coupled with quantitative PCR, have provided an accurate predictive tool for assessing P. brassicae populations in soil and is capable of predicting expected yield loss based on inoculum thresholds. At infested sites on grower properties, combinations of soil incorporation of hot lime (CaO), or calcium cyanamide, combined with strategic application of other nutrients, CaNO3 and boron, and the fungicide, fluazinam (1.5 L ai/ha in 500L/ha) have almost completely controlled clubroot and improved yields by over 100%.  Nutrient and fungicide efficacy has been improved by strategic application, either at, or during, the first 14 days after transplanting. New machines that target products into bands in the soil around transplants have improved control and increased yields by more than 80% over conventional methods. The banding method has reduced the rate and cost of lime and calcium cyanamide needed for effective control by 66% and minimised the impact of residues from these treatments on the environment. Integration of the control methods has increased crop profitability by between A$200 and A$6579.  The program is now able to provide industry with a predictive PCR tool to accurately estimate disease loss and then offer strategic controls to suit inoculum densities of P. brassicae, soil type and climatic conditions experienced throughout Australia.

Plenary talk 5

University of Florida’s Plant Medicine Program: Changing the Paradigm of Plant Health Education
Robert J. McGovern  Plant Medicine Program, College of Agricultural and Life Sciences, University of Florida-Institute of Food and Agricultural Sciences, 1453 Fifield Hall, Gainesville, FL 32611, USA

The University of Florida has taken a novel approach to teaching the intricacies of crop health management with the creation of the Plant Medicine Program. Although other universities offer degree programs in integrated pest management and plant protection, there is no other as comprehensive as UF’s course of study; after completion of the program, graduates receive a Doctor of Plant Medicine (D.P.M.) degree that parallels in concept the Doctor of Veterinary Medicine (D.V.M.) and Doctor of Human Medicine (M.D.) degrees. Extensive multidisciplinary coursework [90 credit hours in the plant and soil sciences (including weed science), entomology, plant pathology, and related subjects] enable students to become knowledgeable in all aspects of the prevention, diagnosis, and management of plant health problems. Alongside academic and industry professionals, students apply their expertise to practical situations, and exchange ideas and insights during multiple internships that total 30 credit hours.  Interns have worked with private corporations, public institutions, and government agencies, in research, regulatory, and extension capacities. The diversity of agricultural commodities produced in Florida is complemented by internships available throughout the US and in other countries. This diversity allows students to pursue a wide variety of crop interests ranging from agronomic crops like corn and peanut to such horticultural crops as ornamentals, turfgrasses, vegetables, and temperate and tropical fruits. Certificate programs in environmental policy management and regulatory agriculture allow D.P.M. students additional specialization options. Each student, therefore, has the opportunity to tailor their program to reflect specific interests through elective courses while maintaining a strong foundation in the discipline of plant medicine through the core courses.  Since its inception in 1999, current enrolment in UF’s Plant Medicine Program has grown to about 40 students from around the world, and its graduates have become valued members of the global agricultural community. 

SESSION 4  - Delivery – Converting research to practical messages

Converting R&D into Practical Messages

Rebecca J. Nelson Associate Professor, Plant Pathology, Plant Breeding and Genetics and International Agriculture, Cornell University, Ithaca NY, USA; and Program Director, The McKnight Foundation Collaborative Crop Research Program

Agricultural research produces knowledge and information, as well as products and practical messages. The utility of knowledge, information and products all depend on the successful generation and transmission of practical messages that are perceived as valuable by the agricultural establishment and the public. I will briefly contrast three case studies in which a range of strategies were used to identify and convey messages related to pest management to resource-poor farmers in developing countries.  The first case study involves the development of participatory extension methods to improve the agroecological literacy of Asian rice farmers and to reduce their dependency on pesticides (farmer field school approach or FFS) [Braun, A.R., G. Thiele and M. Fernandez (2000). Farmer field schools and local agricultural research committees: complementary platforms for integrated decision-making in sustainable agriculture. AgREN(105): 1-16]. The second case study involves the use of mass media to deliver a message related to reducing pesticide use in rice farming in Vietnam [Escalada, M.M., K.L. Heong, N.H. Huan and V. Mai (1999). Communication and behavior change in rice farmers' pest management: the case of using mass media in Vietnam. Journal of Applied Communications 83(1): 7-25]. The third involves the application of FFS to disease management in Andean potato fields [Nelson, R.J., R. Orrego, M. Mundt, M. Fredrix and N.V. Vien (2001). Working with resource-poor farmers to manage plant diseases. Plant Disease 85(7): 684-695]. These examples will be used to explore the ways in which the nature of the message interacts with the method of delivery and the success obtained.  Relevant considerations include the value that can be obtained from heeding the message (cost/benefit); the robustness of the point captured in the message; the existence and stability of an extension system; the nature of the relationship between the researcher, message delivery agent and the farmer in the development and implementation of the message; the manner in which the message is conveyed; the cost of delivering the message in relation to the primary and secondary benefits obtained; and the intended scale of impact.  

Understanding seedling infection by downy mildew pathogens in relation to improving vegetable transplant production systems
Tijs Gilles and Roy Kennedy

Warwick HRI, Wellesbourne, Warwick CV35 9EF, UK. E-mail: Tijs.Gilles@warwick.ac.uk

The downy mildew pathogens of brassicas (Hyaloperonospora parasitica, former Peronospora parasitica) and lettuce (Bremia lactucae) can cause considerable damage during production of transplants of these crops in glasshouses. These downy mildew pathogens can kill or stunt seedlings in glasshouses, and when apparently healthy plants with latent infections are transplanted into the field, B. lactucae can cause downy mildew epidemics in adult lettuce plants and H. parasitica can cause systemic infections causing damage to cauliflower curds. The best strategy to reduce yield losses is to control downy mildew during transplant production to reduce stunting or kill of transplants and the level of initial inoculum going out into the field. Detailed infection studies were done with both downy mildew pathogens in controlled-environment cabinets and in glasshouses. Interestingly, light and the mode of dispersal of sporangia greatly affected the level and rate of infection of B. lactucae and H. parasitica. When fresh sporangia were directly dispersed within water such as by splash-dispersal the rate of infection was very high regardless of light conditions. Infection rates were reduced when dry sporangia were dispersed through air and exposed to wetness after their deposition on cotyledons. Furthermore, the disease severity caused by infection with air-dispersed sporangia was significantly reduced by light. For H. parasitica, the level of reduction in disease severity by light was greatest at sub- (5°C) or supra-optimal temperatures (25°C), and least at the optimum temperature (15°C). These findings have led to novel ideas on how to reduce downy mildew development in transplants by adapting to different irrigation systems and by controlling irrigation times in relation to light and shading within glasshouses. An air-borne spore detection system is also in development, which specifically detects H. parasitica sporangia. Downy mildew control treatments could be applied when the sporangia of H. parasitica are detected in air and conditions are good for infection.

Biology, control & biological control:  a case study of broccoli head rot

Rob Harling, Scottish Agricultural College, UK

Head rot, caused by opportunistic infection with the bacterium Pseudomonas fluorescens, is a major disease of broccoli in temperate regions of the world.  An understanding of host/pathogen biology has had an impact on how growers manage the disease in the UK, for example in the way bactericides are applied.  Alternative strategies such as biological control are attractive options for bacterial diseases such as head rot which are difficult to control by conventional means. However, knowledge of how bacteria control their virulence genes by quorum sensing may result in the next major advances in disease control.
Providing advice on plant health in developing countries

Eric Boa, Global Plant Clinic, CABI Bioscience, Bakeham Lane, Egham, Surrey TW20 9TY, UK

The Global Plant Clinic (GPC) began over 80 years ago with the creation of a service for essentially microbial identification. The aim was to support agriculture and plant pathologists working in the tropics and not surprisingly there was an early emphasis on high-value commodity crops such as coffee, tea and sugar cane. The original Imperial Bureau of Mycology became IMI, then CMI, back to IMI and now we’re part of CABI Bioscience. Over time the range of crops has changed and hugely expanded, and while we continue to work with scientists around the world, we have striven to provide a wider service closer to the main source of demand. That means mostly extension services – both formal and informal – and of course farmers themselves. The GPC still provides expert taxonomic and identification support, but increasingly ‘diagnosis’ means more than giving a name to an organism. And providing a service means much more than working with fellow scientists. Our own main laboratory and scientists are based in the UK and members of the GPC travel widely and often. We have established a wide range of contacts in recent years now being used to undertake the big challenge of ‘democratizing plant health’. This means helping farmers decide for themselves what plant health problems they have and guiding them to the most effective, cheapest and least damaging means of control. These are not perhaps the main roles or functions conjured up by scientists’ notion of a plant clinic but the job of the GPC is to respond to practical needs in developing countries. That’s what donors want and governments agree. We began a few years ago paying closer attention to national plant health services. Our original findings were not encouraging: labs disconnected from agriculture and growers; services poorly supported and fragmented nationally and regionally. More worryingly, disease lists for countries were incomplete and unreliable: a tendency to plonk down the supposed disease organism name after a loose visual assessment of symptoms does not inspire scientific confidence let alone faith in phytosanitary certificates. Courses for extension agents on how to recognize and interpret symptoms are a small but important part of our training strategy to improve accuracy. Yet many farmers will never see an extension agent let alone use a plant clinic. This is hardly surprising but worth stating clearly. We do, though, have encouraging news of progress to report following short but sharp plant health services initiatives in Bolivia, Bangladesh, Uganda and Vietnam. Local scientists and ‘plant doctors’ are paying increasing attention to the strong demand from farmers for routine assistance with disease problems. Many of these farmers have major difficulties in knowing where to go for advice. We’ve helped overcome this by running plant clinics in markets with PROINPA and CIAT in Bolivia. We’ve developed simple tools for improving the extension/research linkages while helping extension agents interpret farmers needs. A recent case of ‘low soil fertility’ in Bolivia was in fact a nematode problem. Bear in mind that the vast majority of disease management decisions are taken without consulting a plant clinic. Poor diagnosis and hence inadequate advice on control is a neglected cause of pesticide abuse. In addition to training courses for enhanced ‘ field diagnosis’ (a neglected but vital skill for developing countries) we’ve been compiling lists of institutes and people who can be contacted for support. Never assume that it is clear where to go for advice or that this will be freely and openly available – another important lesson we have learnt. Barriers to providing advice can be overcome with careful thought and planning: work to local strengths (don’t build fancy clinics unless these can be supported); use existing scientific information to best affect – it allows you to do much more than you think. To improve the delivery and quality of advice means working better with people. Our experience is simple: when we have trust in and learn to rely on human ingenuity, borne partly out of critical needs but also stemming from natural abilities for innovation and experimenting, much can be achieved. That above all else is the message I wish to convey, on behalf of the people who are collaborating with the GPC around the world, including farmers and extension agents.
Towards the integrated management of Frosty pod rot (Crinipellis roreri) of cocoa (Theobroma cacao).

Keith Holmes‡, Harry Evans‡, Ulrike Krauss†, Roy Bateman*and Lizz Johnson†  

‡CABI Bioscience, UK Centre , Silwood Park, Ascot, Berks.  SL5 7TA, UK. †CABI-CATIE, 7170 Turrialba, Costa Rica. *International Pesticide Application Research Centre (IPARC), Imperial College, Silwood Park, Ascot, Berks. SL5 7PY, UK. 

Frosty pod rot (Crinipellis [Moniliophthora] roreri) of cocoa (Theobroma cacao) is a major biological constraint to cocoa production in Central America (Panama, Costa Rica, Nicaragua) and the western countries of South America (Peru, Ecuador and Colombia). The pathogen is still in an invasive phase having yet to fill its potential range and poses a continuing threat to other cocoa growing areas of Latin America (Brazil, Bolivia, Mexico). The consequences of failing to manage frosty pod rot may be devastating should the pathogen spread further. It has already impacted on the livelihoods of many smallholder farmers and their communities, who had traditionally relied on cocoa for their income. The potential for economic and environmental impact is very real, a means to contain and control the devastating effects of the frosty pod rot pathogen is urgently required. Conventional control measures, including phytosanitation, have failed to halt the progress of frosty pod rot through South and Central America. Alternative strategies are currently being pursued to reduce the impact of frosty pod rot. Plant breeding, crop sanitation, rational pesticide use and biological control are being investigated as a means to develop an integrated crop management (ICM) strategy, tailored to meet the needs of the smallholder farmers.  In field trials in Costa Rica, both copper compounds and flutolanil, showed some efficacy, especially when applied with precision. Studies of cultural control have also demonstrated that weekly pod removal can significantly increase yields effective and a model has been developed to determine its cost effectiveness. In addition biological control with fungal mycoparasites has shown some potential. Reducing the impact of the disease is most likely to be achieved in the short term by a combination of techniques (i.e. ICM), but none of these interventions are likely to be adopted if farm-gate cocoa prices are low. We will discuss the biology of the pathogen, its impact and the different strategies currently being pursued, with special reference to potential developments in the use of coevolved fungal natural enemies (including endophytes) and the identification of resistance genes as medium to long-term management techniques.

New approaches to delivery of healthy seed to resource-poor farmers – Recent experiences from Uganda and Bangladesh

Solveig Danielsen

Department of Plant Biology, Plant Pathology Section, The Royal Veterinary and Agricultural University, Thorvaldsensvej 40, 1871 Frederiksberg C, Denmark, Email soda@kvl.dk

Seeds of hope or seeds of failure? Seed is a carrier of many important plant diseases. Clean, high quality seed is the first and foremost prerequisite for successful crop production, particularly for key crops that sustain the nourishment and livelihoods of hundreds of millions of people in developing countries. As scientists and technologists we know how to produce healthy seed to minimize disease risks. We know much less about how best to deliver such seed to the people who need it most. Here I discuss recent progress in Uganda and Bangladesh, where different approaches are used to enhance resource-poor farmers’ access to healthy quality seed. From the point of view of a plant pathologist, producing healthy seed and other planting material is fundamental to preventing disease epidemics and spread of new and notifiable diseases. Developed countries have efficient seed certification and plant quarantine system. Seed-borne diseases are monitored on a routine basis and managed through effective quality control measures. When an outbreak occurs emergency action is taken, led by statutory bodies with clear official mandates and the resources to meet them. In contrast, many developing countries are characterised by weak institutions, poor infrastructure and unsuitable rules and regulations that limit farmers’ access to good and healthy seed through routine channels. Delivery and access to good seed is hampered by many different factors e.g. access to input and outlet markets, seed policies and regulations, trustworthiness, social and political conditions. Improving access to good seed requires many changes, undermined by a lack of funds and effective support. Resource-poor farmers in developing countries have sought different routes through which to acquire seed. They either produce their own seed or acquire it through informal means. Yields decline after continuous recycling, in part due to accumulation of seed borne diseases and post-harvest problems. This spiral of failure can be changed if resource-poor farmers receive training in seed production and management. With regular access to better quality material and supporting advisory services they can become producers of good quality seed. Plant pathologists can help solve the problems related to seed-borne diseases, through improved varieties and farming practices for example. First, we must understand the problems and needs of the farmers, their perceptions of seed quality and plant diseases, and not least how they acquire seed in the first place. Expert scientific knowledge and sound diagnosis of problems will identify solutions and further research needed. Seed supply systems are important for delivering technological innovations. Plant pathologists need to understand how such systems operate. In Bangladesh new pro-poor seed supply models have been developed under the PETRRA project (Poverty Elimination Through Rice Research Assistance), addressing complex problems and demands from the outset. In Uganda, a dynamic private seed sector is trying to go beyond the conventional technology-driven dissemination methods. Common to both countries’ experiences is the growing recognition of the need to make proper demand assessment, create effective public-private partnerships and combine technical and business management skills of farmers and seed suppliers. I will also pay attention to the role of seed laws and regulations in stimulating innovative approaches to seed supply.

What is needed from plant pathologists to make farmers and growers more profitable?

Peter Gladders and Bill Clark

ADAS Boxworth, Boxworth, Cambridge CB3 8NN

Extension plant pathologists have traditionally combined diagnostics, applied research and development and advisory activities. This combination of activities worked well, as it provided a broad range of plant samples and case studies which gave direction to both research and advisory activities. The advent of chargeable services more than a decade ago has reduced the number of samples for diagnosis and advisory activities with individuals. In consequence, the number of extension plant pathologist has fallen dramatically in England. There are now few plant pathologists with the practical expertise and experience to guide growers and farmers. The range of activities undertaken by plant pathologists has been simplified and many now operate predominantly in research and development on a limited range of pathogens. Research priorities have changed from being production-based to environmental, consumer and food safety issues. The communication of research and development often cascades through group activities with independent consultants and industry representatives. Some examples of activities on cereals and oilseed rape will be used to illustrate where plant pathologists have an economic impact. Plant pathologists have a key role in developing understanding of diseases and disease management.  Systematic designs of experiments for fungicide dose and spray timing have been used successfully and used to develop models for Decision Support Systems (DSS). Improved quantification of disease development and the risk of yield loss are fundamental to improving the targeting of fungicides and to optimise economic performance. The impact of changes in rotation and agronomic practices are difficult to predict and continued monitoring of diseases is invaluable for identifying problems. There are large variations in disease risk between years and at regional and individual crop levels. Disease forecasts in oilseed rape provide strategic guidance, but crop-based assessments are required to optimise pesticide use. Transfer of research messages is undertaken using a range of technologies, as recipients have diverse preferences. Plant pathologists must remain attuned to changes in industry requirements and ensure good collaboration so that conflicting messages are avoided. Finally, plant pathologists have an obligation to ensure that a new generation of specialists is available to guide farmers and growers.
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Plant pathogens and sex: results of a case study on Mycosphaerella graminicola
Tim Jürgens, B.A. McDonald

Plant Pathology group, Institute of Plant Sciences, ETH Zentrum / LFW, Universitätstrasse 2, CH - 8092 Zürich

Surprisingly little knowledge is available regarding the processes that affect the evolution of virulence in parasite populations. Few experiments have considered the consequences of sexual reproduction for the evolution of virulence in pathogen populations. A novel approach to study the influence of mating systems on the evolution of virulence in plant pathogens is presented. The specific objective of this project is to determine whether pathogen populations undergoing sexual reproduction evolve virulence faster than strictly asexual pathogen populations. From successful crosses of Mycosphaerella graminicola (anamorph Septoria tritici) strains, families of isolates were chosen to conduct studies on the virulence of individual strains. Virulence of the parent strains was compared to the virulence of genetically distinct offspring strains as well as virulence data that was obtained from the first asexual generation.
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Inhibition of plant defence responses by low temperatures

Besenyei E., Ott P.G., Bozsó Z, Szatmári Á., Varga G.J., Czelleng A., Klement Z.

Plant Protection Institute, Hungarian Academy of Sciences, P.O. Box 102, 1525 Budapest, Hungary

According to our knowledge, plants have two local defence mechanisms to protect themselves against bacteria actively. One of these, the early induced resistance (EIR) is the earliest form of the non-specific general defence response which develops against both incompatible pathogenic and non-pathogenic bacteria. The EIR is symptomless and is able to prevent the hypersensitive reaction (HR) causing a subsequent challenge inoculation. The other is the HR which causes rapid cell death on the site of infection and is activated only by pathogenic bacteria in resistant or non-host plants. The effect of temperature was investigated on the EIR and HR in tobacco in controlled conditions from 30oC to 5oC. The speed of development of both defence responses, EIR and HR mainly depended on the temperature. We have found that the induction time of HR depended not only on the given temperature but also on pathogens and host plants. The EIR developed in a few hours in tobacco at temperatures between 20-30oC but was greatly delayed at lower temperatures. Below 10oC three days were required for the development of EIR. Multiplication of the opportunistic, cold-tolerant pathogen (Pseudomonas syringae pv. syringae) and a saprophytic bacterium (Pseudomonas fluorescens) was investigated in pepper. At 30oC both bacteria were inhibited by a general, non-specific defence response of pepper but at 5oC their multiplication was continuous for lack of inhibition. In the case of Pseudomonas syringae pv. syringae different disease symptoms appeared at every temperature. Therefore, at low temperatures both bacteria were able to multiply and colonise the infected tissue without host responses. To prove this relationship between the lack of general defence response and the multiplication of opportunistic pathogens like Pseudomonas syringae pv. syringae at different temperatures we compared protein contents of the intercellular washing fluid from inoculated and non-inoculated pepper leaves on 1-D PAGE. We found some new protein bands that may be connected with the general defence response in pepper, which correlated with the effect of temperatures.
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Nitric Oxide in the Capsicum annuum-Phytophthora capsici interaction

Requena, M.E.1, Candela M.E.1 and Egea-Gilabert, C.2

1Departamento de Biología Vegetal, Facultad de Biología, Universidad de Murcia, Campus de Espinardo, Espinardo (Murcia), E-30100 SPAIN. E-mail: mcandela@um.es

2Departamento de Ciencia y Tecnología Agraria, E.T.S.I.A., Universidad Politécnica de Cartagena, C/ Paseo Alfonso XIII 52, Cartagena, E- 0203 SPAIN. E-mail: catalina.egea@upct.es

The fungus Phytophthora capsici L. causes blight in peppers (Capsicum annuum L.). This disease has a destructive phase at the crown of the stem that results in wilting and the development of a hypersensitive reaction, which advances through the main stem and finally kills the susceptible plants. Previous studies of the interaction between C. annuum and P. capsici enabled us to establish a system to study and measure factors involved in the resistance of plants to fungal attack. Recent studies have implicated Nitric oxide (NO) as an essential regulatory molecule in several development processes and in the stress response in both animal and plant systems. Therefore, the purpose of the present work was to study the involvement of NO in the defensive reactions in pepper against the fungus by comparing susceptible and resistant varieties. Pepper plants of two varieties, Americano (AM): Susceptible, and Serrano Criollo de Morelos (SCM): Resistant, were decapitated and inoculated with plugs of actively growing mycelium of P. capsici. The stems of control plants were inoculated in the same way, but only with culture medium. 3, 6 and 9 days after inoculation the stems showed a necrotic zone that was inversely proportional to the resistance to the fungus. The shortest necrosis length corresponded to the resistant variety that was able to stop the fungus invasion by 6 days after inoculation. The fungal hyphal growth, evaluated in stem sections of 0.1 mm immediately after the necrosis zone, confirmed the resistance of var. SCM because the fungus grew until the fourth and the second sections 3 and 6 after inoculation respectively. In the var. AM the growth rise the 29th and 21st sections at the same time. The NO was measured using DAF-2DA that is a cell permeable molecule that does not fluoresce until it reacts with NO. This allowed us to monitor relative intracellular NO content using fluorescence and confocal microscopy. Our results confirm the presence of NO in the interaction Capsicum annuum-Phytophthora capsici. The intensity of signal is always higher in the SCM tissues than in AM. The highest intensity was detected in the following four sections after necrosis zone, 3 days after inoculation in var. SCM, that corresponded to the fungal invasion zone. The control tissues also showed NO production, but again the response of SCM was more intense than in AM. These results suggested that NO is implicated in the defence reaction against the fungus and also in the reaction against wounding. Finally we detected the NADPH-diaforase domain, a marker of nitric oxide synthase (NOS) enzyme by histochemical staining. The NO production in pepper would be associated with the presence in chloroplasts of this enzyme. This is the first time that a signal system of the pathogenic infection, in which NO is implicated, has been reported in pepper plants. 
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Genotype-dependent accumulation of Triticum aestivum transcripts in response to deoxynivalenol 

Khairul Ansari, Damian Egan and Fiona Doohan

Molecular Plant Microbe Interactions Group, Department of Environmental Resource Management, Agriculture and Food Science Building, University College Dublin, Belfield, Dublin 4, Ireland

Deoxynivalenol (DON) is a trichothecene mycotoxin produced by cereal-pathogenic Fusaria and evidence suggests that it acts as a phytotoxic disease virulence factor aiding host pathogenesis. The effect of DON (20 ppm) on gene expression in roots of Fusarium head blight (FHB) disease resistant (Frontana and CM 82036) and susceptible (Remus and Riband) wheat (Triticum aestivum) cultivars was determined (24-h post-treatment). Despite inhibition of protein synthesis being the mode of action of this toxin, at least 70 transcripts were overexpressed in the wheat roots of different cultivars in response to DON. We assessed the effect, over time, of DON and Fusarium avenaceum culture filtrate on the production of specific transcripts including translation elongation factor 1( (EF-1(), adenosine kinase (ADK), retrotransposon-like homologs and genes of unknown function. We describe the genotype and treatment-specificity of transcript accumulation over time and consider the potential implications on the host cell response to trichothecenes and trichothecene-producing Fusaria. 
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Potential of bacteria to control Septoria leaf blotch of wheat

S. Kildea, M.R. Khan, J. Tuohy and F. Doohan

Molecular Plant Microbe Interactions Group, Department of Environmental Resource Management, Faculty of Agriculture, University College Dublin, Belfield, Dublin 4, Ireland 

At present fungicides are the principle mechanism relied upon to control Septoria leaf blotch disease of wheat caused by the fungal pathogen Mycosphaerella graminicola. But, due to emerging M. graminicola resistance and decreasing sensitivities towards fungicides the demand for alternative control mechanisms has increased.  This study examined the potential role of bacteria (isolated from cereal leaves and agricultural soils throughout Ireland) as biological control agents of Septoria leaf blotch.  Of 150 bacterial isolates, three (unidentified isolates MKB21 and MKB91, and Bacillus megaterium strain MKB135) caused inhibition (64%) of Septoria leaf blotch on seedlings of the wheat cv. Equinox, under controlled environmental conditions (bacteria applied two days post fungal inoculation).  The ability of these isolates to control Septoria leaf blotch in adult plants (cv. Raffles) under field conditions was then determined. When applied two days post fungal inoculation, B. megaterium strain MKB135 and isolate MKB91 significantly reduced disease by 72% and 29% respectively (P 0.05); isolate MKB21 did not significantly affect disease levels (P> 0.05).
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Analysis of intra- and inter-species genetic evolution of European wheat-pathogenic Fusarium fungi 

Josephine M. Brennan*, Damian Egan and Fiona M. Doohan 

Department of Environmental Resource Management, Agriculture and Food Science Building, University College Dublin, Belfield, Dublin 4, Ireland 

Fusarium head blight (FHB) is an important disease of wheat, barley and maize world-wide. Fusarium fungi exhibit an extraordinary degree of biodiversity with respect to morphological, physiological and ecological characteristics. This study used AFLP analysis to examine the inter- and intra-species genetic diversity of 80 Fusarium wheat-pathogenic isolates representing five species (F. avenaceum, F. culmorum, F. graminearum, F. poae and M. nivale) and originating from Ireland, the UK, Hungary and Italy. Nine other F. graminearum isolates representing the different geographic lineages and isolates of seven other Fusarium species were included in this study. Isolates were identified morphologically and by species-specific PCR analysis. At the intra-species level, UPGMA cluster analysis of AFLP data revealed that the F. poae isolates showed the highest level of genetic similarity, closely followed by the F. culmorum isolates. The most genetically diverse species was F. avenaceum. Principal coordinate analysis of AFLP data generally confirmed the same cluster profile as did the dendrograms. The present study also found a relationship between genetic diversity and country of origin of the isolates within certain species; no relationship was found between genetic diversity and growth or pathogenicity of the isolates. 
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Genetic variation within populations of Cercospora beticola
Marizeth Groenewald and Pedro W. Crous, Centraalbureau voor Schimmelcultures, Fungal Biodiversity Centre, Uppsalalaan 8, 3584 CT Utrecht, Netherlands
The genus Cercospora was first described by Fuckel in 1863. It is one of the largest and most heterogeneous genera of hyphomycetes. The evolutionary relationships among recognized species of Cercospora are unknown, and the morphological similarity among species in this genus makes it quite difficult to identify isolates to species level. Cercospora apii represents the oldest name for a large complex of morphologically indistinguishable Cercospora taxa that occur on a very wide host range, and have a wide geographical distribution.  Cercospora beticola belongs to the morphological complex C. apii s. lat., and causes Cercospora leaf spot of sugar beet (Beta vulgaris). Several conflicting reports pertaining to the genetic diversity present among isolates of C. beticola have been found in literature. The aim of this study, therefore, was to develop microsatellite markers to determine the genetic diversity present within and between populations of C. beticola from different countries.  Many properties of microsatellite markers such as their co-dominance and multi-allelic nature favour their use in population studies, and make them ideal molecular markers to study genetic variation at the population level.  The repeat motifs of the markers developed in this study, however, were not polymorphic and could therefore not be used to determine the genetic diversity within populations.  Sequencing of the amplicons revealed single nucleotide polymorphisms (SNP’s) in the areas that flank the microsatellite regions. Restriction Fragment Length Polymorphisms (RFLP’s) and internal primers were developed from the SNP’s to screen populations for polymorphisms. These new markers revealed genetic variation within as well as between the different populations.  However, based on the limited number of clones observed, it is unlikely that the mechanism of variation is sexual, though further research would be required to determine the nature of the exact mechanism involved.
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Experimental  evolution of fungicide resistance in Mycosphaerella graminicola
Francesca L Stefanato, Bruce McDonald

Institute of Plant Sciences, ETH Zentrum / LFW Universitätstrasse 2 CH-8092 Zürich (Switzerland) 
Mycosphaerella graminicola is part of the Septoria disease complex, this is an important cause of crop yield loss in cereal growing, with up to 30% losses in the most affected areas. In Europe the main form of control is chemical. In vitro evolution experiments have been performed in the past with bacteria and yeasts, this is, as far as we know, the first example of this kind of study on a filamentous fungus of agricultural importance. We have chosen M. graminicola as a model for our evolutionary study since it has a yeast growth phase and it grows relatively fast in vitro. This allowed us to design a passage experiment using liquid cultures. The aim of the study was to explore the ability of the M. graminicola to develop fungicide resistance under controlled laboratory conditions simulating the pressure that the pathogen could encounter in a treated field. We designed a passage experiment using 3 Swiss isolates of the fungus and 2 fungicides belonging to different classes: a strobilurin (Azoxystrobin) and an azol fungicide (Cyproconazole). An untreated control was included to verify the effect of the growth conditions on the fungus. An aliquot of each culture was transferred to a new flask of medium amended with a sub lethal concentration of fungicide every 3 day to obtain a new generation. For each passage aliquots of the cultures were stored at -80°C. Passaging was stopped after 30 generations, there is evidence of lowered sensitivity for some of the fungicide evolved strains and we are at the moment analyzing the mechanisms behind this lowered sensitivity. We are assessing the fitness of the end point strains in planta:  pathogenicity on untreated plants seems not to be affected by the prolonged in vitro growth, pathogenicity on fungicide treated plants tests are in progress.  
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A CORIANDER CONUNDRUM – WHAT IS THE CAUSE OF OEDEMA?

Nathalie King*, Jeremy Pritchard*, Emma Garrodo
*University of Birmingham, UK. oHorticultural Development Council, UK.Contact: N. King, University of Birmingham, School of Biosciences, Edgbaston, Birmingham, B15 2TT, UK. 
Over the last decade, the increased popularity of Asian cuisine has lead to the steady rise in demand for fresh-cut coriander (Coriandrum sativum L.) in the UK, which now exceeds 2000 tonnes per year. Three quarters of this is grown in the UK as a field crop, in poly-tunnels or under glass and has a farmgate value in excess of £1.8 million. Coriander suffers from a condition known in the herb trade as ‘oedema’ (US spelling edema). Unfortunately, this term is used to describe two completely separate sets of symptoms: an angular grey patch with a pin-prick indentation within, which occurs only very early or very late in the season; and a slate-blue, bruised-looking blotch, which develops over a much longer period. This PhD project is charged primarily with identifying the cause of the disease, but also with investigating any links between the two sets of symptoms and, if necessary re-classifying them.The predominant opinion amongst growers is that oedema arises when the air is humid and the ground is wet and cold. Originally it was thought that these conditions cause transpiration to cease and root water pressure to dominate, forcing water through the xylem, into the leaf, causing cells to burst and resulting in the symptoms of the disease. However, a number of experiments have been carried out to test this theory, along with observations of weather data correlating to disease outbreak. The hypothesis has not been supported. A further two theories have also been put forward. The first is that a pathovar of the bacterium Pseudomons syringae is causing previously unrecorded symptoms. Bacterial blight, flowerstand blight and petal blight are known to be caused by P. syringae pv coriandricola (Taylor and Dudley, 1980; Toben & Rudolph, 1996; Dennis & Wilson, 1997; Refshauge and Nyudu, 2001), although most studies have related this to seed, rather than leaf production. These diseases are known to be the cause of large losses of coriander seed in Australia, Europe and America. The second refers to the grey angular lesions in particular, where it is thought that the pinprick indentations could be the result of programmed cell death related to a hypersensitive response (HR). Experiments are currently being carried out to investigate these two hypotheses. 
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The use of multi-locus sequence typing (MLST) to study genetic variation within Ralstonia solanacearum

J. Danial, G.S. Saddler & P. van de Graaf

Scottish Agricultural Science Agency, 82 Craigs Road, East Craigs, Edinburgh EH12 8NJ, UK

Multilocus sequence typing (MLST) is a nucleotide sequence based approach for the characterisation of isolates of bacteria and other microorganisms. With MLST, isolates of microorganisms are characterised using the nucleotide sequences of the internal fragments (approximately 450-500 base pair) of selected housekeeping genes. For each housekeeping gene, sequence differences between isolates are assigned as distinct alleles, and for each isolate the alleles at each of the loci define the allelic profile or sequence type. The sequence types identified for each species can be stored in a database to allow Internet access and easy identification of species and strains by other MLST users. MLST provides an accurate and sensitive molecular typing system that can be used to track different strains of important pathogens in epidemiological studies. Thus far, MLST has mainly been applied to human pathogens, such as Streptococcus pneumoniae, methicillin resistant Staphylococcus aureus and recently the yeast Candida albicans. SASA is the first to use this particular technique for the genetic characterisation of a plant pathogen, namely the bacterium Ralstonia solanacearum, the cause of potato brown rot. The aim of this study is to identify possible genetic differences within R. solanacearum biovar 2, race 3, which has not been possible with other techniques. It is hoped that any differences found can be related to differences in virulence and used to clarify other aspects of brown rot epidemiology. To create a MLST database for R. solanacearum, a number of candidate housekeeping genes were selected by mining the complete genome sequence of the strain GMI1000, a race 1 isolate from tomato. On the basis of the chosen housekeeping genes, nested primers were designed which were tested against a selection of R. solanacearum strains. After this initial screening, seven housekeeping genes involved in small molecule metabolism were selected for further testing. The external primers were used as PCR primers and the nested primers as sequencing primers. Initially, 110 strains of R. solanacearum are being sequenced, which includes different biovars from around the world. The preliminary results indicate genetic variation between the biovars but not within biovar 2.       
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Potential of bacteria to control Fusarium diseases of cereals

Khan, M. R., Fischer, S., Egan, D. and Doohan, F. M.

Molecular Plant Microbe Interaction Group, Department of Environmental Resource Management, Agriculture and Food Science Building, University College Dublin, Belfield, Dublin-4, Ireland.

One hundred and fifty Irish bacterial isolates were collected from Irish cereal rhizospheres and phyllospheres and in vitro dual culture and in vitro and in vivo seedling blight tests were used to determine if any such organisms showed potential for either the in vitro growth inhibition of cereal- pathogenic Fusarium species or Fusarium seedling blight disease control. In the dual culture test, ten bacterial isolates were antagonistic to Fusarium culmorum, F. graminearum and F. poae. Of these ten bacterial isolates, Pseudomonas fluorescens strain MKB 90 and strain MKB 156 and thirteen other bacteria (that did not directly inhibit the growth of Fusarium species in dual culture tests) reduced F. culmorum infection on germinating wheat (cv. GK-Othalom) seeds, as determined using an in vitro seedling blight test. Of the fifteen bacteria that inhibited Fusarium infection of germinating wheat cv. GK-Othalom, seven were non-host cultivar-specific, i.e. they inhibited Fusarium seedling blight disease to varying degrees on all wheat cultivars tested (cvs Access, Marshal, Claire, Soisson and Baldus). In vivo seedling blight tests showed that Pseudomonas sp. strain MKB 158 reduced F. culmorum infection of wheat and barley stem bases by 79% and 82%, respectively, relative to Fusarium-infected control seedlings.
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ROOT ROT SYMPTOMS IN AUSTRALIAN CANOLA
S. J. Sprague1,2 B. J. Howlett2 and J. A. Kirkegaard1

1CSIRO Plant Industry, GPO Box 1600, Canberra 2601 AUSTRALIA, 2Department of Botany, The University of Melbourne, Parkville 3010 AUSTRALIA

Leptosphaeria maculans, the causal fungus of blackleg (phoma), causes stem canker and is the major pathogen of canola (B. napus) in Australia and worldwide.  Although L. maculans is described as a foliar pathogen, it can also infect roots following inoculation of wounded laterals with spores.  Recently in Australia, premature death of canola plants lacking visible external symptoms of blackleg or other disease have been observed.  These plants often have stunted root systems and diseased tissue in the roots similar to that caused by L. maculans in the stem.  In a survey of 70 commercial canola crops in south-eastern Australia, 86% of crops, some of which were in paddocks that had never grown canola previously, had plants with root rot symptoms.  To determine whether infection of roots occurs through the root or via foliar infection under field conditions, plots were fumigated with methyl bromide prior to sowing.  Plants in fumigated plots had similar levels of root rot at maturity as plants growing in plots that had not been fumigated, indicating that the main pathway of infection is from airborne inoculum.  Leptosphaeria maculans has been isolated from all diseased root tissue and inoculation of canola plants with this pathogen has reproduced the root rot symptoms.
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Development of an in vivo approach using GFP for P(athogenesis)-R(elated) protein localization and promoter analysis after Agrobacterium-mediated transient expression. 

Fabian BARRACATO 1, Maxime Eugène 2, Jacques DOMMES 2 and Patrick MOTTE 1
1Laboratoire de Biologie Cellulaire Végétale, Département des Sciences de la Vie, Bât. B22, Université de Liège

2Laboratoire de Biologie Moléculaire et Hormonologie, Département des Sciences de la Vie, Université de Liège

Plants respond to abiotic and biotic stresses by activating a broad array of molecular, cellular and biochemical responses. Among those, production of reactive oxygen and nitrogen species, accumulation of phenolic compounds, de novo synthesis of proteins and localized cell death are used by plants to inhibit growth and multiplication of pathogens. Pathogenesis-Related (PR) proteins are synthesized to high levels. They are defined as proteins coded for by the host plant, but induced specifically in pathological and related situation. PR proteins have been identified in many plant species and are classified into 17 families. Different acidic and basic isoforms have been characterized. By cell fractionation and immunocytochemistry, it has been suggested that acidic and basic PR proteins are targeted to precise cellular compartments. The goal of our study was to evaluate an Agrobacterium-mediated transient expression to monitor the trafficking of GFP-tagged PR proteins using confocal laser microscopy. We developed several constructs encoding translationally fused PR-GFP proteins under the control of the constitutive CaMV35S promoter. Consistent with previous reports using cell fractionation and immunolocalization, detection of GFP fluorescence clearly showed a precise and defined sub-cellular accumulation of different tomato and tobacco PR proteins, validating our approach. Moreover, to facilitate in vivo analysis of promoters of PR proteins, we have also developed an efficient and rapid transient expression assay based on GFP fluorescence and confocal microscopy. Tobacco cells were transiently transformed with a fusion between PR1a promoter and GFP. By quantification of GFP fluorescence, we demonstrated an induction of this promoter by treatments with salicylic acid and BTH. Kinetic analysis of GFP expression was also achieved, showing an increase of GFP fluorescence with treatment duration. 
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Analysis of pathogen (a)virulence factors in the Brassica oleracea – Peronospora parasitica interaction transcriptome 
Sandra Casimiro1,2, Zé-Zé, L.1, Rogério Tenreiro1 and António A. Monteiro2
1 Universidade de Lisboa, Faculdade de Ciências, Centro de Genética e Biologia Molecular and Instituto de Ciência Aplicada e Tecnologia, Edifício ICAT, Campus da FCUL, Campo Grande, 1749-016 Lisboa, Portugal, 2 Departamento de Produção Agrícola e Animal, Instituto Superior de Agronomia, Tapada da Ajuda, 1349-017, Lisboa Portugal.
Crucifer downy mildew is a worldwide spread and economically important disease of brassica crops. The identification and study of pathogenesis-related virulence factors and avirulence genes is crucial for a successful breeding for resistance. In compatible interactions between Brassica oleracea hosts and the biotrophic oomycete Peronospora parasitica the lack of the R gene or the corresponding Avr gene leads to the growth of fungal mycelium and sporulation, whereas in incompatible interactions the presence of both R and Avr genes activate several defence mechanisms, as the hypersensitive response, preventing pathogen development. The analysis of B. oleracea–P. parasitica interaction transcriptomes was performed by Differential-display PCR. Based on the theoretical estimation of the number of arbitrary primers necessary to cover most of the genes expressed in a cell, about 80% of the interaction transcriptome was analyzed, leading to the identification of 743 specific cDNAs, showing differential expression in Brassica oleracea seedlings infected with Peronospora parasitica. All cDNA clones were tested by Reverse Northern Blot, revealing a small rate of false positives. Sequencing analysis and/or specific PCR of positive clones gave information about the nature and origin of mRNAs being expressed during infection. So far, at least 7 P. parasitica cDNA genes have been identified. RT-PCR assays showed that the level of expression of these genes is related to the interaction type. 5’-RACE allowed cloning of full-length cDNA genes corresponding to some of these DD-PCR fragments. 
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A proteomic approach to identify proteins differentially regulated during Peronospora viciae infection in susceptible and resistant pea cultivars.

Richard Amey, Laura Taylor, Tanja Schleicher, Heather Macdonald, Steve Neill & Peter Spencer-Phillips.

Centre for Research in Plant Science and Bristol Genomics Research Institute, University of the West of England, Bristol, Coldharbour Lane, Bristol, BS16 1QY.(email: Richard.amey@uwe.ac.uk)

Pea downy mildew caused by the oomycete pathogen Peronospora viciae reduces yield by up to 55% where plant resistance and fungicide treatment are ineffective. Therefore, the development of resistant pea varieties is essential for effective control of the pathogen, and for reducing fungicide applications in order to prolong their effectiveness and reducing pesticide use. This BSPP-funded research uses two-dimensional electrophoresis and mass spectrometry to examine differences in protein expression during P. viciae infection between the resistant cultivar Early Onward, and the susceptible cultivar Leviolleta. Data relating to those proteins identified as being up- or down-regulated during the plant pathogen interaction in the two cultivars will be presented.
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Molecular characterisation of the mycoparasite Pythium oligandrum by EST and proteome analysis 

Neil R. Horner and Pieter van West
Aberdeen Oomycete Group, College of Life Sciences and Medicine, University of Aberdeen, Foresterhill, Aberdeen, AB24 2ZD, UK. Email: p.vanwest@abdn.ac.uk

Employing biological control strategies to suppress root-infecting oomycetes using bacterial, fungal or oomycete antagonists, is an area of increasing research interest. This work is driven in part by concerns over the use of chemicals in the environment and the drive to look for alternative disease control strategies. Oomycete mycoparasites such as Pythium oligandrum are capable of suppressing various soil-borne oomycete plant pathogens. Growth of P. oligandrum hyphae towards Phytophthora cells induces changes in the host cells, including retraction of the plasma membrane and cytoplasmic disorganisation. Interestingly, P. oligandrum is able to penetrate these thickened host cell walls, suggesting it secretes cellulolytic enzymes. We hypothesise that P. oligandrum produces a range of extra-cellular enzymes, including cellulases, proteases, lipases, and others, that facilitate mycoparasitism of oomycete plant pathogens. Our aims are to sequence 1000 EST’s of a P. oligandrum and P. infestans interaction cDNA libraries and perform proteomic analysis of secreted protein preparations from P. oligandrum. Interesting candidate genes that may be involved in mycoparasitism will be silenced using RNAi and functional characterization of these mutants will be performed. Here we present and discuss our latest results.
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A proteomic approach to identify extracellular and cell wall proteins involved in the Phytophthora infestans – plant interaction
Catherine R. Bruce, Laura J. Grenville-Briggs, Alison Williams and Pieter van West

Aberdeen Oomycete Group, College of Life Sciences and Medicine, University of Aberdeen, Foresterhill, Aberdeen, AB24 2ZD, UK. Email: p.vanwest@abdn.ac.uk

A thorough understanding of the molecular events taking place during interactions between Phytophthora infestans and host and non-host plants is crucial for developing new control strategies. At the plant-pathogen interface, an exchange of molecular signals is thought to determine the outcome of the interaction. We anticipate that secreted and cell wall proteins will be rich in important signalling molecules involved in disease resistance or establishing successful infection. A proteomic approach is employed to identify novel extracellular and cell wall proteins from mycelia cultured in vitro and from plant intercellular fluid during P. infestans – tomato interaction. At present we have identified over 40 protein spots. Several of these may represent effector molecules and these are characterised further. Here we present our latest results.
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The cloning of ATR1Nd, an avirulence gene from Arabidopsis downy mildew

Anne P. Rehmany, Rebecca L. Allen and Jim L. Beynon 
Warwick HRI, Wellesbourne, Warwick. CV35 9EF
In Peronospora parasitica (At) (downy mildew), the genetic determinants of cultivar-specific recognition by Arabidopsis thaliana are the ATR (A. thaliana-recognised) avirulence genes. We have used a map-based cloning strategy to target ATR1Nd, an avirulence gene recognised by the RPP1 (recognition of P. parasitica) resistance gene locus in Arabidopsis accession Niederzenz (Nd-1). Co-bombardment assays using plasmids expressing alleles of a candidate ATR1Nd gene together with GUS (each expressed from the 35S promoter) have demonstrated the specific recognition of ATR1Nd in plants carrying RPP1Nd. The RPP1 locus from Arabidopsis accession Wassilewskija (Ws-0) comprises three resistance genes with proven function (Botella et al., 1998; Plant Cell 10: 1847) which recognise a different set of Peronospora isolates from the Nd-1 RPP1 locus. Using co-bombardment assays, w e have tested whether our cloned ATR1Nd alleles are recognised by the RPP1Ws locus i. e. whether ATR1Nd and ATR1Ws are the same
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Comparative study of zoospore encystment and pathogenicity of Phytophthora and Pythium species on plant roots

Yannis Raftoyannis1 and Michael W. Dick2
Department of Forestry, TEI Lamias, Karpenisi, 36100, Greece (rafto@teilam.gr), Department of Botany, University of Reading, Whiteknights, Reading RG6 2AS, UK

Eight plant species and twelve Pythium and Phytophthora species were used in a comparative study designed to investigate the effects of plant and fungal inter-specific variation on zoospore encystment density and distribution along root surfaces and pathogenicity. Zoospores showed differential encystment behaviour and they encysted more on dicotyledonous than on monocotyledonous plants. The monocotyledonous plants showed a non significant correlation between zoospore encystment and disease severity while the dicotyledonous plants showed a significant correlation. The fungal species could be separated into three groups according to their encystment-disease severity association: P. aphanidermatum, Ph. cactorum, P. coloratum, P. deliense, P. diclinum and Ph. nicotianae where a positive association between zoospore encystment density and disease severity was found; P. adhaerens, P. aquatile, P. dissimile and P. papillatum where a partial association was found; P. middletonii and P. torulosum where no association existed between zoospore encystment and disease severity.
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The first discovered occurrence of A2 mating type of Phytophthora infestans in the Czech Republic

Mazáková Jana, Zouhar Miloslav, Ryšánek Pavel, Táborský Vladimír

Department of Plant Protection, Faculty of Agronomy, Czech University of Agriculture in Prague, Kamýcká 129, 165 21, Prague 6 – Suchdol, Czech Republic

Phytophthora infestans (Mont.) de Bary (1876), the causal agent of late blight of potato and tomato plants, is heterothallic organism with two known mating types designated as A1 and A2. The common presence of hyphaes of both mating types evokes the formation of a female sex organ “oogonium” and a male sex organ “antheridium”. Sexual spores “oospores“ form by the growing of the oogonium through the antheridium. The aim of this study was to detect occurrence of A2 mating type in the Czech Republic region, as it is known from literature that importance of oospores shows into higher genetic variability of new recombinant populations. Development and distribution of new genotypes are associated with higher level resistance against systemic fungicides as well. In spite of dry weather in the year 2003, inappropriate for development of Phytophthora infestans, samples of infectious tissue were collected during June. Isolates come from early potato growing season locality - Lysá nad Labem, late potato growing season locality - Želiv, Okřesaneč and from three collections from Olešná. One isolate was isolated from a tuber of unknown origin. All of isolates were tested for mating types by three methods. Classical biological test determines mating types by pairing of tested isolates with isolates of the known mating type A1 or A2 on agar in Petri dishes. The second method is based on polymerase chain reaction (PCR) - amplification of DNA fragment that is specific for A2 mating type. By PCR-RFLP analysis (polymerase chain reaction - restriction fragment length polymorphism) polynucleotide sequences of both mating types are amplified and eventual differences show after digestion by a restriction endonuclease. All of these methods proved occurrence of both mating types A1 and A2 in the Czech Republic. Occurrence of A2 mating type was not detected previously.
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Classical Proteomics on Eukaryotic Microbes by the Aberdeen Proteomics Service Facility 1 (PRF1) of COGEME

Zhikang Yin1, David Stead1, Laura Selway1, Janet Walker1, Philip Cash2 & Alistair J.P. Brown1
1. Aberdeen Fungal Group; and 2. Aberdeen Proteome Facility, Institute of Medical Sciences, University of Aberdeen, Foresterhill, Aberdeen, AB25 2ZD, UK. E; z.yin@abdn.ac.uk: T; +44 (1224) 555882.

The Aberdeen Proteomics Service Facility 1 (PSF1) of COGEME (Consortium for the Functional Genomics of Microbial Eukaryotes) performs classical proteomics services involving protein extraction, 2D gel electrophoresis, gel imaging and analysis, peptide mass fingerprinting and protein identification for a wide range of eukaryotic microbes.  These include model organisms such as Saccharomyces cerevisiae, Schizosaccharomyces pombe and Caenorhabditis elegans, plant pathogens such as Magnaporthe grisae, and medically important pathogens such as Candida albicans and Candida glabrata (http://www.abdn.ac.uk/cogeme/).  Specialised protein extraction conditions have been developed for these organisms, and in some cases, new procedures are being optimised to cope with specialised growth conditions or developmental stages.  Several types of project have been undertaken.  One type has involved the identification of proteins that interact with a specific target, by peptide mass fingerprinting of proteins isolated by TAP tagging.  A second type of project has involved the characterisation of the proteomic response to a specific environmental insult or to a specific genetic lesion.  Here, proteins showing statistically significant changes in their levels following the change in condition are detected by quantitative 2D gel electrophoresis and then identified by peptide mass fingerprinting.  A third type of project has been the generation of 2D maps for different eukaryotic microbes, such as C. albicans and C. glabrata.  Proteomic analyses such as these are proving particularly useful in organisms where transcript profiling has not yet been set up, and for the validation of new genome annotations.
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COGEME- Consortium for the Functional Genomics of Microbial Eukaryotes: Facilities For The Functional Analysis of Microbial Genomes.

June Petty 1, Susan Francis 2, Zhikang Yin 3, Andrew Hayes 1, Mike Cornell 5, Michael Wilson 5, Darren Soanes 4, Alistair Brown 3, Phil Cash 3, Simon J Gaskell 2, Nicholas J Talbot 4, Andrew Brass 5, Norman Paton 5, Stephen G Oliver 1. 
(1) School of Biological Sciences, University of Manchester, The Michael Smith Building, Oxford Road, Manchester M13 9PT, UK (2) Michael Barber Centre for Mass Spectrometry, Department of Chemistry, UMIST, Manchester, M60 1QD, UK (3) Institute of Medical Sciences, University of Aberdeen, Foresterhill Aberdeen AB25 2ZD (4) School of Biological Sciences, University of Exeter, Washington Singer Laboratories, Perry Road Exeter EX4 4QG (5) Department of Computer Science, University of Manchester, Oxford Road Manchester M13 9PL. E: june.petty@man.ac.uk

COGEME is a UK based microbial functional genomics consortium and an international platform for fungal research, offering publicly available services and resources for functional genomics (http://www.cogeme.man.ac.uk). COGEME was initiated in 2000 and the COGEME resource consortium consists of three service facilities and a bioinformatics centre located in four UK universities (Aberdeen, Exeter Manchester and UMIST).  It provides services for transcriptome analysis, classical and advanced proteomics, as well as a bioinformatics service consisting of data collection, validation, storage, dissemination and analysis for both transcriptome and proteome data. Transcriptome data is stored in a genome data warehouse and analysis environment (GIMS). Proteome data is stored in the Proteome Experiment Data Repository (PEDRo). A public release of the PEDRo repository including several fungal proteome data sets will take place in March from http://pedro.man.ac.uk. A fungal plant pathogen EST database which now contains 42327 unisequences from 15 species of phytopathogen has been established and is accessible via the COGEME website. The Consortium units carry out development and maintenance of the various services and also have a role in training.   Both Transcriptome and Proteome units have expertise to act as research hotels for relevant experiments and are thus able to train members of the research community in both data generation and interpretation. We will describe the service provided in each of the Consortium facilities to inform the yeast community of the potential of our services. A new costing structure has been introduced with the transition to phase 2 of the IGF initiative. The structure and procedures for obtaining BBSRC funding to pay for the COGEME services will be explained.
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Leptosphaeria biglobosa can induce higher resistance of Brassica napus to Phoma stem canker by triggering earlier JA/ET pathway and stronger SA pathway both locally and systematically 

Renhu Liu, Shengyi Liu, Bruce D. L. Fitt*, Hans Cool, Akinwunmi Latunde-dada, Yongju Huang, Ziqin Li, John A. Lucas Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ, UK

Phoma stem canker is one of the most seriously destructive diseases on worldwide winter oilseed rape. The disease was known to be caused by some fungi complex, which comprised at least A-group and B-group. A-group, which has been named as Leptosphaeria maculans recently, is highly aggressive and virulent, and causes destructive phoma stem canker at the stem base of oilseed rape.  However, B-group is non-aggressive, just producing some lesions on the surface of upper stem, and now is called L. biglobosa.  Recent researches have shown that pre-inoculation with B-group fungus (L. biglobosa) can induce higher resistance of Brassica napus to A-group (L. maculans). In this research, we also confirmed that pre-inoculation of B-group could result in less damage from consequent A-group inoculation on Brassica napus cv. Madrigal by making smaller lesion size and less lesion number.  In order to research the defence signal pathway of this induced resistance, we chose some of the genes in the cascading of SA and JA/ET signal pathway respectively for realtime PCR, such as PDF 1.2 for JA/ET pathway, PR-1 for SA pathway. Results showed that JA/ET signal pathway could be induced 24 hours earlier than the controls both locally and systematically, while SA signal was still not earlier triggered, but much more strongly induced after 96 hours of inoculation both locally and systematically. Results also showed Chitinase gene expression could be only substantially locally induced on the inoculated leaves, and also much more strongly induced locally by B-group.  These results gave us a general impression on the genetic basis of the systematic acquired resistance on L. maculans induced by L. biglobosa. 
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Microsatellite markers distinguish genets of Heterobasidion annosum in a severely infected Sitka spruce stand in north east Scotland.
BODLES, W.J.A.1, ZAMPONI, L.3, BECKETT, E.1, WOODWARD, S.1 & CAPRETTI, P.3.  1: University of Aberdeen, School of Biological Sciences, Hilton Campus, Hilton Avenue, Aberdeen AB24 4FA, Scotland, UK, 2:  Dipartimento di Biotecnologie Agrarie, sez. Patologia Vegetale, piazzale delle Cascine 28, 50144 Firenze, Italy
A Sitka spruce (Picea sitchensis) site on the southern slopes of Bennachie in north east Scotland presenting a severe Heterobasidion annosum infection was investigated to determine (a) the history that lead to the development of conditions conducive to disease development and (b) the extent of genetic variation within the H. annosum population on the site.  Fifty one isolates of H. annosum were obtained.  Pairing heterokaryotic isolates from fruiting bodies suggested the presence of at least 22 genets on the site, affecting between one and five host trees, as judged on the basis of fruit body production.  The largest genets were approximately 22.5 m in length (based on 3 fruiting bodies), 17.5 m and 9 m, with likely ages in the region of 45, 35 and 18 years, respectively.  PCR amplification profiles obtained from the isolates using CCA and CGA minisatellite core sequences, were analysed. A phylogenetic dendrogram constructed with the UPGMA method differentiated the H. annosum population in different groups.  Data indicated several periods of recruitment into the H. annosum population on the site, although in the absence of thinning stumps, the source of the initial infections is unclear.  The localized severity of the infection probably arose due to former arable use of the land; the current low soil pH may have resulted from the build up of acidity from needle litter degradation. 
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Heterobasidion annosum genet size in a severely infected Norway spruce plantation following chemical thinning.
WOODWARD, S., HARAMBURU, E., BODLES, W.J.A. & JOHNSTON, D.H.  University of Aberdeen, School of Biological Sciences, Hilton Campus, Hilton Avenue, Aberdeen AB24 4FA, Scotland, UK

A very high incidence of Heterobasidion annosum infection was found in stands of Norway spruce (Picea abies) that had been chemically thinned (by injecting glyphosate into the stem), compared with conventionally thinned (one tree in three) and unthinned stands.  In the chemically thinned stand, 95 % of treated trees and at least 87% of untreated trees were infected by H. annosum. No standing trees in either the conventionally thinned or unthinned stands were infected, although 8% of stumps in the conventionally-thinned plots were colonised.  H. annosum genet sizes were examined in discrete plots within the chemically thinned stand to determine if the treatment resulted in enhanced tree-tree spread of individual genotypes of the pathogen.  The largest genet found was approximately 16.5 m in width; however, a number of genets occupying single trees or stumps were also observed.  Assuming thinning dates in 1985 – 88, the rate of spread of the largest genets was approximately 0.9 – 1.1 m per annum, higher than rates reported elsewhere.  The reason why chemically treated trees became so susceptible to colonisation by H. annosum is not clear.
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Growth of Heterobasidion annosum in Sitka spruce bark: influence on position and chemistry of the ligno-suberized boundary zone.
BECKETT, E., BODLES, W.J.A. & WOODWARD, S.  University of Aberdeen, School of Biological Sciences, Hilton Campus, Hilton Avenue, Aberdeen AB24 4FA, Scotland, UK

The effects of inoculation with Heterobasidion annosum on wound boundary zone formation and traumatic resin duct production was assessed using a combination of light, epifluorescence and fourier-transformed infra-red (FTIR) microscopy.  Lignification and suberization occurs at the boundary zone to form the LSZ, which prevents desiccation and further pathogen infection. Different genetic types of Sitka spruce were wounded and/or inoculated with H. annosum and the temporal and spatial development of the LSZ was quantified. Initial results show that less susceptible genotypes respond with thicker lignified layers.  No differences in traumatic resin canal formation were observed in wounded or wounded and inoculated plants. FTIR microscopy suggested that lignin and suberin chemistry differed in bark of plants (a) inoculated with the pathogen, compared to those that were wounded only, and (b) between clones of Sitka spruce forming long or short bark lesions following inoculation.
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Modelling Heterobasidion annosum: validating MOHIEF with real-time data from a species-susceptibility trial in Britain.
MOSELEY, D.1, PRATT, J.2, PUKKALA, T.3, THORPE, K.4, TRACEY, D.5, WOODWARD, S.1.  

1:  University of Aberdeen, School of Biological Sciences, Hilton Campus, Hilton Avenue, Aberdeen AB24 4FA, Scotland, UK, 2:  Forest Research, Roslin, Midlothian EH25 9SY, Scotland, UK., 3:  University of Joensuu, Faculty of Forestry, Joensuu, FIN-80101, Finland. 4:  Forest Research, Alice Holt Lodge, Farnham, Surrey GU10 4LH, UK.5:  Forest Research, Forestry Commission, Lochgilphead, Argyll, Scotland, UK.
Data on infection of 10 species of conifer and the estimated frequency of inoculum sources (stumps) present, collected from a third-rotation site at Lael forest, NW Britain were used to validate part of a Europe-based model of Heterobasidion annosum known as MOHIEF (Modelling of Heterobasidion in European Forests).  The model was used to derive infection rates for standing trees, across the range of species, by varying the probability of disease transfer from stump to tree (P[S-T]), in an effort to replicate the range of infection measured in the field trial.  Values of (P:S-T) were then used to estimate long-term disease development in successor crops.  The results indicated that the optimum treatment for this site would be to replace the existing crop with oak, a Heterobasidion resistant species, using Scots pine as a nurse species.
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Pathogenicity of Rhizoctonia solani isolates of different anastomosis groups to Scots pine seedlings
Sylwia Stępniewska and Małgorzata Mańka, 
Department of Forest Pathology, The August Cieszkowski Agricultural University, ul. Wojska Polskiego 71c, 60-625 Poznań, Poland, fax 004861/848-77-11, e-mail: mmanka@au.poznan.pl
Thirty eight isolates of Rhizoctonia spp. were obtained from Scots pine (Pinus sylvestris L.) seedlings with damping-off symptoms, from two forest nurseries in Wielkopolska region in central-west Poland (Wronczyn and Jarocin). The majority of the isolates (79%) had multinucleate cells and were identified as Rhizoctonia solani Kühn. The remaining isolates were recognized as binucleate Rhizoctonia spp. Rhizoctonia solani isolates were characterized using hyphal anastomosis and divided into 5 anastomosis groups (AGs). The most prevalent one was AG5 (37% of isolates), 30% belonged to AG2-1 and 27% of isolates were identified as AG4. Groups AG1-IB and AG2-2 were represented by single isolates. Their pathogenicity to Scots pine seedlings in tests on Petri dishes was comparatively high for R. solani isolates from all AGs. Variation in seedling mortality levels was not influenced by the origin of the isolates, either. Within 7 days post inoculation most of isolates were highly pathogenic to pine seedlings. The average seedlings’ mortality ranged from 0% for 3 isolates to 100% for 8 isolates. 
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Study of endophytic mycobiota of selected fruit trees with special reference to genus Pezicula (including Neofabrae) in the Czech Republic - a preliminary results

David Novotný Department of Mycology, Division of Plant Medicine, Research Institute of Crop Production, Drnovska 507, 161 06 Praha 6 – Ruzyne, Czech Republic, email: novotny@vurv.cz

Trees harbour many species of asymptomatically living endophytic fungi which can be potentially plant pathogen. Endophytic communities are often specific at the host species, organ and tissue level. So far, little attention has been paid to composition of endophytic mycobiota of fruit trees. Neofabraea alba, N. malicorticis and Glomerella cingulata are known as a pathogens of apple and pear trees, but can be probably plant endophyte.  According EPPO standards certification schemes apple and pear candidate nuclear stock should be free from these fungal species. The aim of present study is recognize composition of endophytic mycobiota of selected parts of apple and pear trees (Malus domesticus and Pyrus communis). The special attention is focused to occurrence Neofabraea alba, N. malicorticis and Glomerella cingulata (anamorph Colletotrichum gloeosporioides) in apple and pear trees in the Czech Republic. The present study started in spring 2004 and the samples are taken from various fruit orchards (small orchard at houses, large commercial orchard) and from fruit alley in the Czech Republic. Until now, the samples have been taken from 10 localities. The fungi are isolated from fine branches and roots and from peridemal bark, subperidermal bark and wood of medium branches and roots and coarse branches and roots. After surface sterilisation (96% ethanol, 10% sodium hypochlorite solution, 96% ethanol) branches and roots are cut into segments, placed onto malt extract agar and incubated at room temperature for up to four weeks. So far, 26 and four fungal species were isolated from apple branches and roots, respectively. Fungi occur most frequently in fine branches and roots and in peridermal bark of medium and coarse branches and roots. Wood of skeleton and medium branches and roots are colonised with lowest frequency. The most frequent fungi of apple branches are Pleurophoma cava, Alternaria alternata, Aureobasidium pullulans, Seimatosporium cf. pestalotioides¸ Phomopsis cf. mali, coelomycet sp. 1 and Coniothyrium cf. olivaceum. The differences in composition of communities of endophytic fungi are observed. The fungal community of apple roots is dominated by Phialophora cf. fastigiata and Cylindrocarpon sp. Bacteria are common in roots and branches, especially in wood of these organs. So far, seven species has been detected in pear branches and Seimatosporium cf. pestalotioides were most frequently recorded. So far, three strains of Pezicula have been isolated from apple branches, but Neofabraea spp. and Glomerella cingulata have not been recorded. Till now no herbarium specimens of Neofabraea, Pezicula or Glomerella cingulata from apple and pear tree from the Czech Republic are known. The present study is supported by the Grant Agency of Ministry of Agricultural of the Czech Republic (project No. QF 4074).
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Mycobiota of oak roots in the Czech Republic in connection with oak decline.

David Novotný, Department of Mycology, Division of Plant Medicine, Research Institute of Crop Production, Drnovska 507, 161 06 Praha 6 – Ruzyne, Czech Republic, email: novotny@vurv.cz

Oak decline is a serious problem in oak stands of many parts of Europe observed during the twentieth century. Dieback of oaks was for the first time recorded in the Czech Republic in the 1950s and it was recorded very frequently in the 1970s, 1980s and 1990s. In the Czech Republic this disease is called “tracheomycosis” or “with tracheomycotic symptoms”. Mycobiota associated with oak decline is investigated in many countries of Europe. Most researchers in Europe study fungi of aboveground parts (stems, branches, leaves) of Quercus spp. The mycobiota of roots is investigated seldom. 
In 1994-1999, mycobiota inhabiting living roots (without any necrotic spots or other similar symptoms) of two oak species (Quercus petraea and Q. robur) from two regions (Central Bohemia and South-west Moravia) in the Czech Republic was investigated. The roots were taken from middle-aged healthy, died oaks or oaks with symptoms of decline in various stages. Moist chamber method and the strong surface sterilisation method were used in the present study. One hundred forty seven fungal species were isolated from roots of Quercus robur and Q. petraea. Roots of Quercus robur and Q. petraea harbour similar fungal communities. The composition mycobiota oak roots is independent on health state of aboveground parts of oaks. The living roots of healthy and diseased oaks harbour the same fungal community. Considerable attention was paid to ophiostomatoid fungi, because they were considered to be a possible reason of oak decline in the Czech Republic and the data about the ecology of these fungi in oaks are often contradictory. These fungi were observed in roots of healthy, died and diseased oaks. Abiotic factors are probably the primary reason of oak dieback in the study sites and ophiostomatoid fungi are secondary colonisers. Eighty-nine fungal species were isolated from roots of Q. petraea. Cystodendron-like hyaline anamorph, Phialophora cf. fastigiata, Umbelopsis nana, Cryptosporiopsis radicicola, sterile basidiomycete T, Trichoderma viride, dark septate endophyte, Oidiodendron griseum, Chloridium preusii, Sporidesmium cf. anglica, Cladosporium herbarum and sterile hyaline mycelium A were the most frequent fungi. The composition of mycobiota of roots from all study sites was similar. Four dominant species (Cystodendron-like hyaline anamorph, P. cf. fastigiata, U. nana, C. radicicola) occurred from all localities and in roots of oaks of all health categories. Eighty-two species of fungi were detected in roots of Q. robur. Cryptosporiopsis radicicola, dark sterile mycelium sp. 1, Cylindrocarpon destructans, Chaetomium globosum, Penicillium simplicissimum and Trichoderma koningii were dominant species observed by the strong surface sterilisation method. All these species were recorded in roots of healthy and diseased oaks. Using moist chamber method most of dominant species (Fusarium solani, F. proliferatum, Penicillium simplicissimum, P. glandicola, P. glabrum, P. purpurogenum, Cylindocarpon destructans, Sphaerostilbella aureonitens, Ophiostoma piceae s.l. and Gliocladium catenulatum) occurred in roots of healthy and diseased oaks. Acremonium curvulum, and Trichoderma viride, T. atroviride were isolated from roots of diseased oaks. Research was supported by the Grant Agency of Charles University (Project No. 243/1997/ B BIO/PřF) and the Ministry of Agriculture of the Czech Republic (Project No. 29-91-9106).
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Vegetative compatibility groups of Verticillium dahliae from olive plantation soil in Spain

Maria Rataj-Guranowska, Aleksandra Czerwińska

Collection of Plant Pathogens, Institute of Plant Protection, ul. Miczurina 20, 60-318 Poznan, Poland

Verticillium dahliae is an economically important pathogen causing vascular wilt on more than 160 plant species. So far four different vegetative compatibility groups have been identified within pathogenic isolates of Verticillium dahliae in USA, however two of them: VCG 2B and VCG 4B seem to dominate in USA and in most European countries (France, Belgium, The Netherlands, UK, Germany) and Japan. VCG 1 was detected in Spain and Israel. A collection of 22 isolates of Verticillium dahliae originating from soil of olive plantation in Andalusia was assigned to VCG based on complementation between nitrate non-utilizing (nit) mutants. Genetic diversity found was limited to two groups. Nineteen isolates were assigned to VCG 1, the remaining 3 isolates were assigned to VCG 4 A. Moreover many of the isolates  were bridge isolates between VCG 1 and VCG 4 A or VCG 2. The obtained  results show that VCG diversity within the soil isolates is rather limited. The two VCGs detected correspond to VCGs which have been already characterized for pathogenic isolates in the past. No new VCGs specific to soil have been revealed. Rather unexpectedly most isolates  were assigned to  VCG 1, not frequently present in Europe.  So far VCG 1  was restricted to several Verticillium dahliae isolates pathogenic to cotton, grown in several  countries, including Spain (Puhalla 1979, Zbengjan et al. 1996, Karolev et al.2000).
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Races of Puccinia triticina identified in various regions of Russia in 2000-2002

Zhemchuzhina A.I., Kurkova N.N., Kovalenko E. D.

All Russian Research Institute of Phytopathology, 143050, B. Vyazemy, Moscow region, Russia

Urediospore isolates of Puccinia triticina have been received from leaf samples of wheat from 7 regions of Russia (Northwest, Central, Volgo Vyatka, North Caucasian, Middle Volga, Low Volga, Western-Siberian) in 2000 and from 8 regions (Central, Volgo Vyatka, North Caucasian, Central Chernozem, Middle Volga, Low Volga, Western-Siberian, East-Siberian) in 2001 and 2002. 55 leaf rust races were identified on the set of 12 near isogenic lines of cv. Thatcher (LR 1, 2a, 2c, 3a, 3ka, 9, 11, 16, 17, 24, 26, 30): there were 36 races identified from 368 single isolates in 2000, 32 races from 394 isolates in 2001 and 46 races from 507 isolates in 2002. As all investigated isolates were virulent to Lr 3a, the identified races have been related to 8 groups of races: C- (virulence to Lr 3а), F- (virulence to Lr 2c, 3а), H- (virulence to Lr 2a, 3а), K- (virulence to Lr 2a, 2c, 3а), M- (virulence to Lr 1, 3а), P- (virulence to Lr 1, 2c, 3а), R- (virulence to Lr 1, 2а, 3а), Т- (virulence to Lr 1, 2a, 2c, 3а). Distinctions between regional populations of P. triticina on frequency of occurrence of racial groups and separate races of pathogen are established. The races belonging to C-group in 2000 were widespread on wheat in the European territory of Russia and extremely rare in the Western and East Siberia. The races CGК (virulence to Lr 3a, 11,16, 17,30) and CGT (virulence to Lr 3a, 3ka, 11, 16, 17, 30) are dated to Volgo Vyatka and to North Caucasian region, CBK (virulence to Lr 3a, 11, 17, 30) and CBT (virulence to Lr 3a, 3ka, 11, 17, 30) - to Middle Volga and Low Volga regions. Races CGК and CBК dominated in the Northwest region. Races of M-group annually dominated over the European leaf rust population and very seldom appeared in Siberia. From the M-group, the race МВТ (virulence to Lr 1, 3a, 3ka, 11, 17, 30) dominated in Central Chernozem, Volgo Vyatka and North Caucasian region In other regions it had insignificant concentrations. Races belonging to the T-group were identified in all regions annually, but in the Asian territory of Russia (Western and Eastern Siberia) they were found 1,5-2 times often. From races of this group, the race TVT (virulence to Lr 1, 2а, 2с, 3a, 3ka, 11, 17, 30) dominated in marks regions, except for Northern Caucasus where it was rare. In particular, it was found frequently on Middle and the Low Volga, in Western and Eastern Siberia. The race ТСТ (virulence to Lr 1, 2а, 2с, 3a, 3ka, 11, 17, 26, 30) was identified frequently in the last 2 regions and also in Northwest. Occurrence of Р-race was insignificant in the Central Chernozem and Eastern Siberia regions. Race РВТ (virulence to Lr 1, 2с, 3a, 3ka, 11, 17, 30) in 2002 dominated in Volgo Vyatka and the Western-Siberian populations. Races of R-group were absent in leaf rust populations on Northern Caucasus. In other regions they had insignificant amount of isolates. Races of F-group, on the contrary, annually were determined in populations of Northern Caucasus but in other regions they were not found out frequently. Race FHT (virulence to Lr 2с, 3a, 3ka, 11, 16, 17, 26, 30) dominated over a North Caucasian population in 2002. Races of H-group have not been found out in Volgo Vyatka, North Caucasian, Middle Volga and the Western-Siberian populations. Races of K-group were absent in Central and Volgo Vyatka populations P. triticina. Comparison of Rodger’s indexes of racial structure similarity of the investigated populations have shown that the most precise distinctions were revealed between North Caucasian and all other regions. 
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Variability of Collectotrichum gloeosporioides isolates from yam in South Pacific islands. 

JAMA A.N1, PETERS J.C.2, GOWEN S.R1, CANNON. P3 and ENSENT. J3 

1Department of Agriculture, Earley Gate, The University of Reading, Reading, UK, 2 British Potato Council, East bank, Sutton Bridge, Spalding UK, 3CABI-Biosciences, Bake lane, Egham, Surrey, UK. 

Yam anthracnose is one of the main causes of economic loss in yam crops worldwide. The causal organism, Colletotrichum gloeosporioides is known to have a wide host range (Murdue, 1977, Descriptions of Plant Pathogenic Fungi and Bacteria, No. 315. Kew, UK. Commonwealth Mycological Institute; Jefferies et al., 1990, Plant Pathology 39, 343-366). However, in the South Pacific, along with other yam growing countries, the epidemiology of the disease has not been fully elucidated. In this study, we focused on the variability of 61 South Pacific isolates of C. gloeosporioides obtained from yam and six non-yam hosts. These isolates revealed high heterogeneity and complex patterns in both morphology and molecular fingerprinting. At the morphological level, isolates clustered into three main phenotypes, consistently distinguishable by their colony and conidial characteristics and their ability to produce the sexual stage, Glomerella cingulata. Moreover, there were strong similarities between these morphological phenotypes and the cluster patterns generated by DNA fingerprints obtained by inter-simple sequence repeat (ISSR) PCR amplification. However, only limited associations were detected between morphology and those molecular groupings obtained from amplified fragment length polymorphism (AFLP) PCR analysis as well as between the two molecular patterns produced by ISRR-PCR and AFLP-PCR techniques. Moreover, although variations in pathogenicity among 49 of the 61 isolates on the yam, Dioscorea alata cv. White Lisbon, showed significant differences (P< 0.001), there was no clear relationship linking isolate pathogenicity either to their morphological or molecular variations. Moreover, despite the existence of notable genetic diversity among some isolates within a given locality, close genetic relatedness was observed among the isolates collected from different South Pacific countries. This indicates that C. gloeosporioides populations in these countries are not entirely distinct. Furthermore, in this study, we report the existence of C. gloeosporioides isolates able to cause cross-infections between yam and non–yam hosts. We also report the occurrence of C. gloeosporioides infections in yam tubers under field conditions. This highlights the importance of infected seed tubers as potential sources of infection.
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Physiological specialization of Septoria tritici Rob. and Desm.

Sanin S.S., Sanina A.A., Paholkova E.V. 
All-Russia Research Institute of Phytopathology, 143050, B.Vyazemy, Moscow region, Russia 

Knowledge of the physiological specialization of the pathogen is one of the preconditions of successful realization of programs on selection of plants on diseases resistance. The objective of this study was to determine the physiological specialization of Septoria tritici in two populations in the Central and North Caucasian regions of the European part of Russia. The wheat cultivars with different reactions to the pathogen were selected on the basis of previous research. Twenty-one isolates of S. tritici, originating from different regions of Russia and more than 300 winter and spring wheat cultivars were used in experiments. Testing the interaction “cultivar x isolate” was carried out at the seedling stage using two parameters: the infection degree of the two primary leaves area (%) and intensity of the sporulation of the pathogen in vivo. By these indexes S. tritici isolates were divided into three pathogenicity groups (low, moderate and high). Similarly, reactions of wheat cultivars to the pathogen were classified into resistant (R), intermediate (M) and susceptible (S) types.  Using the method of complete connection of the cluster analysis, six cultivars with specific reactions with individual isolates of the pathogen were preliminiarily selected: Harkovskaya 46, Mironovskaya 808, Saratovskaya 29, Moskovskaya 35, Bezostaya 1 and Odesskaya 51. Based on isolate pathogenicity to the differential cultivars and morphological type of colonies on nutrient medium (agarized potato-glucose), 43 races of S. tritici were identified in the Central region and 48 races in the North Caucasian region. The racial compositions of S. tritici populations in investigated regions were different. Only three races were detected in both regions. More races that are virulent on more than half (4) of the differential cultivars were detected in the population of North-Caucasian region (about 17%) than in the Central region (9%). Essential distinctions on isolate morphotypes between populations were not observed. In both populations isolates of yeast-like and mixed colony type were dominant. The work was carried out under the project of International Science Technology Centre.
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Application of RFLP for genetic characterization of Colletotrichum pathogens of lupins.  
Katarzyna Pieczul, Maria Rataj-Guranowska

Collection of Plant Pathogens, Institute of Plant Protection, Miczurina 20, Poznań, Poland

Anthracnose caused by Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. is one of the most important disease of lupins in Poland. The pathogen infects all species commonly cultivated - Lupinus luteus (L.), L. albus (L.), L. angustifolius (L.) and L. polyphyllus (L.), causing brown lesions and typical twisting steams or petioles. Population of C. gloeosporioides from lupins based on RFLP and RAPD analysis was divided into two major, distinct groups - COL 1 and COL 2. The majority of isolates were classified as COL 2 and were found throughout the world including Europe. On the basis of the nucleotide sequence of the rDNA internally transcribed spacer (ITS), the lupin anthracnose casual pathogen was identified as C. acutatum by some authors. Fifty-three isolates used in this study were obtained in 1995 – 2003 years, from naturally infected lupin plants, collected from different regions of Poland. Colletotrichum sp. was also isolated from other plants - Pisum sativum L. subsp. arvense, Orniothopus sativus Brot. and Lycopersicon esculentum Mill. Single-spore cultures were prepared from each isolate. All isolates were included into Collection of Plant Pathogens Institute of Plant Protection in Poznań. Restriction fragment length polymorphism (RFLP) was used to assess genetic variations among isolates. Genomic DNA was extracted from fresh mycelium, using DNeasy Plant Mini Kit Qiagen according to manufacturer’s instructions. Universal primers ITS 1 and ITS 4 were used for PCR amplification of 5,8S rDNA and internal transcribed spacers as previously described. Amplificated product of approximately 560 base pairs was digested with 11 restriction enzymes, separated on agarose gel and compared with RFLP patterns of isolates which belong to COL 1 and COL 2. All Polish lupins isolates have the same RFLP patterns and correspond to the world dominating COL 2 group patterns. Surprisingly isolates from Pisum sativum L. subsp. arvense and Lycopersicon esculentum were included also into this group. The second, major group COL 1 was not detected in Poland. Two isolates from Orniothopus sativus were in the same RFLP group, distinct from RFLP patterns for COL 1 and COL 2 groups. 
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Oak powdery mildew: morphological and genetic identification of several isolates collected in south part of Czech Republic.

Dr. Miloslava Kavkova*, Dr. Vladislav Curn**, Barbora Kubátová** and Veronika Heřmanová**

*University of South Bohemia in České Budějovice, Faculty of Biology, Dept. Of Botany České budějovice CZ-37005, Czech Republic e-mail: Kavkova@hotmail.com
** University of South Bohemia in České Budějovice, Faculty of Agriculture, Biotechnological Centre, Studentská 13, České Budějovice CZ-37005, Czech Republic

The oaks, Quercus petraea and Quercus robur are two major forest broadleaf species in Central Europe. At the moment, oaks are the most endangered genus in Czech Republic after elms because of environmental conditions, complex of disease including tracheomycoses, oak powdery mildew and improper reproductive material. In the past, the mixture forests were substituted by spruce monocultures that caused many of ecological problems. In spite of improving and restoration of original structure forests, we have 15 % less of shadow trees opposite to original vegetative cover of area. The healthy state and quality of oak seedlings in forest nurseries and in nature is the main problem at the present. Based on repeated epidemiological observations of infection within 3 years in different natural and geographical conditions, we concluded that populations of oak powdery mildew behave dissimilarly to geographical altitude and age of tree (seedlings). Based on unclear biology of pathogen, we compared the primary infection and secondary infection based on first occurrence of infection, size of conidia, germinability and vitality of conidia in vitro, production and maturing of cleisthothecia, germinability and infectibility of ascospores emerging from cleisthothecia.  The ability of ascospores to cause infection on emerging leaves from the middle of May to middle of June refer to fact that sexual process is successfully finished and ascocarps are able to produce vital ascospore after winter dormancy. The 85 % of emerged ascospores were able to germinate and 63 % cause infection under laboratory conditions after dormancy period. The effect of ascospores on primary infection in compare to overwintering mycelia in the buds is not clear. Samples of conidia originated from primary or secondary infection and cleisthotecia collected from seedlings and from one to three year old oaks was subjected to PCR-RAPD analyses to find genetic backround of diverse behaviour of pathogen. The results showed different bands in case of samples which were collected in natural areas or forest nurseries from higher altitudes with cool weather during vegetation period than others. We work on development of specific markers to specify pathogenicity of oak powdery mildew and its host, because of genetic material of Q. robur and Q. petraea can be mostly (75 % of population) hybrids with various succeptibility to pathogen. Prevention and currative treatment in forest nurseries were tested by using biological control based on mycoparasitic fungi - Vertalec(, Preferal(, NeeM( and its combinations. The effect of biological control was compared with treatment by sulfur, Amistar( and Systane(. Systemic fungicides provide the long time control of disease but it is not registered for forest ecosystems. The combination of mycoparasitic fungi with NeeM showed to be the most effective control in vegetative period.
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Early and easily detection of Tilletia caries and Tilletia controversa in wheat

Kochanová, M., Zouhar, M., Prokinová, E., Ryšánek, P.

Czech University of Agriculture in Prague, Faculty of Agronomy, Department of  Plant Protection, Kamýcká 129, Prague 6 – Suchdol, Czech Republic e-mail: kochanova@af.czu.cz

Fungi from the genus Tilletia are basidiomycetous wheat pathogens belonging to the order Ustilaginales. In the Czech Republic there can occur three species of this genus, Tilletia caries (DC) Tul., Tilletia foetida (Wallr.) Liro  and Tilletia controversa Kűhn. The main symptom of infection of plants is absence of grain underneath the lemma. There is sorus with mass of teliospores. It imparts fishy odour and bad taste to flour. This typical symptom is evidence on formed spike only. That is why detection of wheat on juvenile plant is very difficult. Molecular methods based on DNA analysis have provided very useful information for species identification of plant pathogens. Polymerase chain reaction (PCR) is a powerful tool that has made significant contribution of plant disease diagnosis. For DNA extraction were used whole plants in growing phase of the first leaves infected by T. caries and  T.  controversa. Both of Tilletia  were specifically detected in wheat plants by PCR using primers TILf (5´- CAC AAG ACT ACG GAG GGG TG - 3´) and TILr (5´- CTC CAA GCA ACC TTC TCT TTC - 3´) and gave product of expected length 361 bp. DNA from unifected wheat were not amplified. In reaction control plants naturaly infected by other species of fungi as Alternaria spp., Erysiphe graminis, Puccinia spp. and Fusarium spp. had not given unspecific products.  This method can be useful for seed producers. It can be applied on infected plants without any bunt presence symtoms.
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Computational Tool for the Analysis of Plant Pathogen Populations
Dinoor A., Herrmann A., Kosman E., Schachtel G. A.

The analysis of plant pathogen populations is normally based on experimental data sets which are organized in large tables with two entries (differentials in columns, isolates in rows). Several computer programs for processing this kind of data were developed, e.g. VIRULA by Welz and Ellmer (1991); HaGiS by Herrmann et al. (1999); and KOIND by Kosman (2001), each focusing on only a few aspects of the data. Our collaborative project aims at supporting a more exhaustive, more effective, and more compatible evaluation and presentation of such data by developing a new unified package of tools that contains most functions of the mentioned programs but extends them with a number of additional features and some recently developed methods. Our software will include tools for the basic routine steps such as data entry, dichotomization, identification of phenotypes, and characterization of samples by graphical means and by indices. Inference-statistical procedures will provide estimates of various diversity indices and other parameters for sexually and for asexually reproducing populations. These estimates obtained by bootstrap methods (Efron and Gong 1983) will allow further statistical evaluations (e.g. significance tests and confidence intervals). Recommendation concerning minimal sample sizes for reliable estimations in specific experimental situation will be offered. To make results of different researchers more compatible a tool to convert pathotype names from one nomenclature to another will be installed (e.g. from binary/octal to binary/hexadecimal).
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Molecular markers with haploid and diploid pathogens: Calculating similarity of banding profiles

Kosman E., Leonard K. J.
The choice of a suitable index of similarity is a very important and decisive point for determining true genetic dissimilarity between individuals, clustering, analyzing diversity within populations and studying relationship between populations, because different dissimilarity indices may yield contrary outcomes. We show that there are no acceptable universal approaches for assessing dissimilarity between individuals with molecular markers. Different measures are applicable to dominant and codominant DNA markers depending on ploidy of organisms. We show that the Dice (Nei and Li) coefficient is the suitable measure for haploid organisms with codominant markers and it can be applied directly to {0,1}-vectors representing banding profiles of individuals. None of the common measures, Dice, Jaccard, simple mismatch coefficient (or the squared Euclidean distance), is appropriate for diploids with codominant markers. By transforming multiallelic banding patterns at each locus into the corresponding homozygous or heterozygous states, a new measure of dissimilarity within loci was developed and expanded to assess dissimilarity between multilocus states of two individuals by averaging across all codominant loci tested. There is no rigorous well-founded solution in the case of dominant markers. The simple mismatch coefficient is the most suitable measure of dissimilarity between banding patterns of closely related haploid forms. For distantly related haploid individuals, the Jaccard dissimilarity is recommended. In general, no suitable method for measuring genetic dissimilarity between diploid individuals with dominant markers can be proposed, and rough estimates might be all that is possible. Banding patterns of diploids with dominant markers represent individuals’ phenotypes rather than genotypes.
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Detection and quantification of soil-borne inoculum of Spongospora subterranea f. sp. subterranea, the cause of powdery scab disease of potato 

Jane Tuohy, Xinshun Qu, Damian Egan, James Kavanagh and Fiona Doohan

Molecular Plant Microbe Interactions Group, Department of Environmental Resource Management, Faculty of Agriculture, University College Dublin, Belfield, Dublin 4, Ireland.  (Fax: +35317161102
The purpose of this study was to determine whether a quantitative PCR based method could be used to determine the Spongospora subterranea f. sp. subterranea cystosori content in different types of soils and in naturally infested field soils.  Non-infested soils differing in texture from three different locations in Ireland were spiked with concentrations of cystosori (50 - 5x104 g soil-1).  Spongospora subterranea was detected in soil following extraction of DNA using an UltraClean TM Soil DNA kit and S. subterranea-specific polymerase chain reaction (PCR) analysis that resulted in a 434 bp product.  Quantitative PCR was performed using a heterologous competitor template (541 bp) and standard curves were constructed for each soil type.  No significant differences were found in PCR product ratios of the three spiked soils at any of the cystosori concentrations tested even at the lowest concentration (50 cystosori g soil-1). For each of ten field soils and two garden soil samples cystosori content extrapolated from each standard curve were not significantly different. 
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The importance of “diagnostic reasoning” in developing scenarios to train extension pathologists

Terry Stewart

Institute of Natural Resources, Massey University, Palmerston North, New Zealand t.stewart@massey.ac.nz

Plant disease diagnosis is both an art and a science, and it requires considerable experience for a practitioner to become skilled at the task. Students can acquire some appreciation of the process by working through scenarios or diagnostic cases. In educational terms this facilitates “goal-based” or “problem-based” learning, an effective learning paradigm that has gained wide acceptance amongst educationalists. In order for effective teaching scenarios to be developed, an appreciation of diagnosis reasoning is necessary. Little work has been done on this subject in plant pathology, in contrast to medicine where clinical diagnostic skills are very important. Diagnostic models developed including the Select and Test (S-T) Model, and ones describing “forward” and “backward” diagnostic reasoning. The models show, upon the first observation of a disease, a diagnostician would take those observations and form hypotheses which may explain the causes behind the signs and symptoms (abduction). Deduction is then used to narrow down the cause by seeking data which supports the hypotheses. New data and new hypotheses may be created in this process. Heuristics appear to differ between expert and non-expert. Non-experts tend to use non-selective seek and search patterns which can be poor at hypothesis creation. On the other hand, experts recognise patterns, and can generate hypotheses quickly, on the basis of just a few observations. Research suggests that only seven hypotheses are active at any one time during any diagnostic episode constrained by the limited capacity of short-term memory. Plant diagnostic scenarios used as problem-solving exercises should allow students to undertake the diagnostic reasoning explained in these models.  In other words, students, at the level of knowledge being taught, should have the opportunity to form hypotheses on the basis of the initial scenario information and explore them! An electronic template has been produced which assists authors to develop scenarios of this type. Using the template, scenarios are constructed step-by-step, teasing out which hypotheses are likely to be explored and the tasks and observations required to confirm and/or discount them.  Although originally designed to assist authors with developing scenarios for the scenario-based training package Diagnosis for Crop Problems (http://www.diagnosis.co.nz), the template can be used on its own to develop scenarios to be delivered via any teaching medium.
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How complex is the Cercospora apii complex?
Johannes Z. (Ewald) Groenewald1 , Uwe Braun2 and Pedro W. Crous1
1 Centraalbureau voor Schimmelcultures, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands.
2 Martin-Luther-Universität, FB. Biologie, Institut für Geobotanik und Botanischer   Garten, Neuwerk 21, D-06099 Halle (Saale), Germany.

Mycosphaerella is one of the largest genera of ascomycetes, containing more than 23 accepted anamorph genera.  One of these genera, Cercospora, contains species which are important plant pathogens on numerous hosts.  Traditionally, species in Cercospora were named after the host from which they were isolated.  This led to a situation where approximately 3000 species names have been proposed.  Recently, the genus was revised and 659 species were recognized, with 281 names being treated as synonyms of C. apii s.lat.  This approach has made the C. apii complex a dumping ground for all species that are morphologically similar to C. apii.  It is known that these species, which lack a Mycosphaerella teleomorph, cannot be distinguished based on their ITS DNA sequences.  In this study, 173 Cercospora isolates, most of which are synonyms of C. apii, were sequenced for four genomic loci, namely ITS (ITS1, 5.8S rDNA and ITS2), partial elongation-factor 1-alpha, calmodulin and actin genes.  These sequence data were combined, and a phylogenetic tree using neighbor joining analysis with the Kimura 2-parameter substitution model in PAUP* 4b10 obtained.  The isolates used in the study encompass 49 species from 73 different host plants and 24 different countries.  The aim of this study was to test the following hypotheses: 1)  there are only a few true Cercospora species that have wide host ranges; 2)  Cercospora species should be named after their hosts; and 3)  The C. apii complex consists of different formae specialis specific to different hosts.  The phylogenetic tree is used to evaluate these hypotheses, and to provide support for their acceptability or rejection.
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Species of Phaeoacremonium associated with human infections and environmental reservoirs in infected woody plants

Lizel Mostert, Johannes Z. (Ewald) Groenewald, Richard C. Summerbell, Vincent Robert and Pedro W. Crous Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands
To date, three species of Phaeoacremonium have been associated with phaeohyphomycosis.  They are Pm. parasiticum (formerly Phialophora parasitica), Pm. inflatipes and Pm. rubrigenum.  Numerous unknown isolates resembling Phaeoacremonium spp. have in recent years been isolated from human patients, as well as from woody plants that appear to be the main environmental source of these fungi.  Nine new Phaeoacremonium species, of which six were obtained as etiologic agents of human opportunistic infection, are reported here.  The main economically important plant species involved are the cultivated grape, Vitis vinifera, as well as the date palm Phoenix dactylifera and the kiwi fruit vine, Actinidia chinensis.  Of these Petri Disease on grapevines has been the most extensively studied.  This disease is caused by a complex of vascular pathogens, namely Phaeomoniella chlamydospora and several species of Phaeoacremonium.  Diseased grapevines are characterized by stunted growth and die-back symptoms.  The different Phaeoacremonium species can be identified based on their cultural and morphological characters, and the identifications are strongly supported in phylogenetic analyses of partial sequences of the actin and (-tubulin genes.  A conventional key based on cultural and morphological characters, as well as a multiple-entry electronic key based on morphological, cultural and (-tubulin sequence data, were developed to facilitate routine species identification.  All available Pm. inflatipes isolates previously reported from human infections could be shown not to represent this species, but instead to belong to new taxa.
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ITS phylogeny reveals cryptic species within the Mycosphaerella leaf spot complex occurring on banana

Mahdi Arzanlou, Olaf Daviena, Edwin C.A. Abeln, Johannes Z. (Ewald) Groenewald and Pedro W. Crous

Centraalbureau voor Schimmelcultures, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands
Mycosphaerella leaf spot is regarded as a serious foliar disease of banana, and is responsible for major economic losses to banana growers worldwide.  Although several species of Mycosphaerella have been reported from this host, four species appear to be rather common, and are regarded as the most damaging, namely M. musicola (causal agent of Sigatoka disease), M. fijiensis (causal agent of black leaf streak disease), M. musae (causal agent of Mycosphaerella speckle) and M. eumusae (causal agent of eumusae leaf spot). In the past, the taxonomy of these species has been based on minute morphological differences present in their anamorphs, and the phylogenetic relationship among these species is poorly understood.  In this study we present a phylogeny of a global set of Mycosphaerella isolates from banana, based on Internal Transcribed Spacer (ITS) DNA sequences.  The phylogenetic tree obtained from these data revealed 13 distinct clades.  Some of the clades showed little variation, and correlated with sequence data of other known species of Mycosphaerella.  Significant variation was observed within M. eumusae, M. musae and M. musicola, while little variation was found to be present in M. fijiensis.  Contrary to earlier belief, this study has revealed that several species of Mycosphaerella are associated with leaf spot disease symptoms on this host, and that some of these appear to be new.  Further work is currently in progress to determine if the genetic variation observed in this study is supported by other gene loci and morphological characters. 
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QUANTITATIVE DETECTION OF PHYTOPATHOGENS IN HOST TISSUES USING REAL TIME PCR – PROBLEMS AND POSSIBILITIES

Leišová L., Kučera L., Kučerová D., Sýkorová S., Chrpová J., Šíp V.

RICP, Drnovská 507, 161 00 Prague 6 – Ruzyně, Czech Republic, e-mail: leisova@vurv.cz 

Real time PCR is a method that allows quantitative detection of fungal pathogens in plant host tissue. This method exploits the 5´nuclease activity of the AmpliTaq polymerase to cleave a Taq Man probe during PCR. The Taq Man probe contains a reporter and quencher dyes. During the reaction, the reporter dye and quencher dye become separated, resulting in increased fluorescence of the reporter. Accumulation of PCR products is detected directly by monitoring the increase in fluorescence of the reported dye. The initial amount of target DNA in the reaction can be related to a cycle threshold (Ct) defined as the cycle number at which there is a statistically significant increase in fluorescence. A great advantage of real time PCR is its specificity. It is given by primers and Taq Man probes design accuracy. We evaluated primers and Taq Man probes for quantitative detection of Pyrenophora teres f. sp. teres, P. teres f.sp. maculata and of Fusarium culmorum. In all cases primers are strictly species specific. In Pyrenophora experiment we pointed at detection of fungal pathogen – its spot and net form - in barley leaf tissues. Fusarium project was about detection of F. culmorum in wheat and barley seeds. There are two possibilities of real time PCR configuration. In the Pyrenophora project we preferred multiplex configuration that enabled detection of fungal and barley DNAs in one sample. Taq Man probe for fungi was labelled with fam fluorescent dye. Taq Man probe for barley was based on RacB gene sequence data and it was labelled with vic fluorescent dye. Both configurations: multiplex and uniplex were tested and the same results were obtained. In the Fusarium case, we chose the uniplex configuration because it has been relatively easy to get additional data like for example DON content that is rated to be the marker of Fusarium infection measure. It is necessary to check the reliability of the results obtained using real time PCR by testing a correlation relationship with the other data. Ct values obtained in Pyrenophora experiment were compared with the size of symptoms caused by Pyrenophora teres on barley leaves measured using image analysis LUCIA. A good correlation was found. In Fusarium project Ct values were compared with DON contents. Especially in barley case, we found R2 = 0,96 correlation between Ct values and DON contents. In wheat case we found a complicated correlation relationship between Ct values and DON contents. Further study showed that these differences were caused by different course of infection by studied varieties. The quantification of the fungal pathogens using real time PCR could be useful in phytopathological praxis; especially where the classical methods do not correlate well with infection measure. This project is supported by the National Academy of Agricultural Research (project no. QC1361).
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Potyviruses of Vanilla : A diagnostic puzzle

Karin Farreyrol1, Michael Pearson1*, Michel Grisoni2 and Laurence Rassaby2
1 School of Biological Sciences, The University of Auckland, Private Bag 92019, Auckland, New Zealand, 2  CIRAD-3P, UMR-PVBMT, Ligne Paradis, 97410 Saint Pierre, Reunion Island
Among the limiting factors for the successful cultivation of vanilla are diseases caused by potyviruses, with effects ranging from relatively mild to vine death. To date, three potyviruses, Vanilla mosaic virus (VanMV), Watermelon mosaic virus (syn. Vanilla necrosis virus), and Bean common mosaic virus have been definitively characterised from vanilla, but strain variability creates additional complications for diagnosis, as illustrated by VanMV. Coat protein gene sequence data indicates the existence of at least two distinct strains of VanMV, one from French Polynesia (VanMV-FP) and one from the Cook Islands (VanMV-CI), with distinctive features that suggest different biological properties. In addition, we have detected as yet unidentified potyviruses, including a Bean yellow mosaic-like potyvirus from Reunion Island. The diversity of potyviruses in vanilla makes simple, specific diagnosis difficult. Polyclonal antibodies have proved unreliable for specific virus identification, and although sequencing of PCR products, obtained using degenerate potyvirus primers, has been successfully used to identify some potyviruses in vanilla, it is not convenient for routine diagnosis. Consequently, there is a need for a broad-spectrum diagnostic procedure combined with identification of potyviruses to the species level.  Microarray technologies may offer a solution to this problem.
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Detection of bymo- and furoviruses on wheat by RT-PCR in Belgium

C. Vaïanopoulos, A. Legrève1, A. Barbier, S. Steyer2, H. Maraite1 & C. Bragard1
Unité de phytopathologie, Université catholique de Louvain, UCL1 & Département Lutte biologique et Ressources phytogénétiques, Centre Wallon de Recherches Agronomiques, CRA-W 2
Several viruses belonging to Bymo- and Furovirus are causing mosaic symptoms on wheat. They are transmitted by Polymyxa graminis, a common root-infecting parasite surviving in soil as resting spores that ensure the persistence of viral particles for several years. These viruses, present in Europe, have never been reported in Belgium. In order to assess the occurrence of these viruses in the country, the first step was to develop an RT-PCR method adapted to detect a wide range of bymo- and furoviruses. Eight primers pairs were designed to target different regions of the genomes of the viruses responsible of wheat mosaics in Europe: three specific for the Wheat spindle streak mosaic virus (WSSMV, a Bymovirus), one for the Soil-borne wheat mosaic virus and one for the Soil-borne rye mosaic virus (SBWMV and SBRMV, two furoviruses) and three universal for the furoviruses (the Soil-borne cereal mosaic virus (SBCMV), the European wheat mosaic virus (EWMV), the SBWMV and the SBRMV). The RT-PCR detections were validated on virus isolates from European origins. A hundred soils, mainly collected in the cereal producing area of the southern part of Belgium (Walloon region), in fields selected because of their potential contamination by barley mosaics, were then screened. RT-PCR tests performed on plant material (susceptible wheat cv. Cezanne and Savannah) grown on the collected soils, under adapted controlled conditions, revealed the presence of WSSMV and furoviruses in respectively 32 and 30 % of the soils. During the spring 2004, symptoms of mosaics were also observed on wheat plants in fields located in five Belgian provinces: Anvers (Malines), Brabant Wallon (Thines, Corroy-le-Grand), Hainaut occidental (Comines) and Namur (Flavion, Lonzée). The presence of WSSMV and furoviruses in these plants was confirmed by RT-PCR as well as by sequencing the virus genomes. It is the first time that WSSMV and furoviruses are reported on wheat in Belgium. These mosaics might represent a new threat for cereal growers in this country, but their actual impact on yield and the resistance potential of cultivars currently grown in Belgium have first to be assessed. This could also represent a new challenge for Belgian cereal breeders.

This work is performed in the frame of a research project funded by the Ministry of the Walloon Region.
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REACTION OF PLANTS OF PLUM CV. JOJO ON INFECTION WITH THREE DIFFERENT STRAINS OF PLUM POX VIRUS.

Polák J., Pívalová J., Svoboda J.

Research Institute of Crop Production, Division of Plant Medicine, Drnovská 507, 161 06 Prague 6, Czech Republic e-mail:polak@vurv.cz

Trees of plum Prunus domestica L., cv. Jojo declared as absolutely resistant or hypersensitive to PPV were inoculated by budding with three different strains of PPV. For inoculation PPV-M, PPV-D, and PPV-recombinant (PPV-M x PPV-D) were used, isolated from plum in the Czech Republic. Results of two years evaluation of inoculated plum trees are presented. Different responses of plum trees cv. Jojo to the inoculation with three PPV strains was proved. Strong hypersensitive reactions appeared in the next year after inoculation with PPV-M and PPV-recombinant strains. Not all inoculated trees died. PPV must be present in the tissue of plants cv. Jojo because the virus was transferred via cv. Jojo to the rootstock St. Julien. Plants of rootstock became systemic infected with PPV-M and PPV-recombinant strains, showing severe PPV symptoms. The presence of PPV was proved by ELISA in leaves of rootstock St. Julien, but not in leaves of cv. Jojo. Partial hypersensitive reaction of plants cv. Jojo appeared after inoculation with PPV-D strain. Recovering of plants cv. Jojo from PPV-D infection was observed after partial dying of shoots.
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Characterization of plant pathogenic bacteria associated with premature dying of apricot trees in the Czech Republic

Krejzar V., Jeřábková J., Kůdela V., 
Research Institute of Crop Production, 161 06 Prague-Ruzyně, Czech Republic, e-mail: krejzar@vurv.cz
Sixty two isolates of fluorescent pseudomonads were isolated from infected apricot trees on tree localities in south Moravia. Of the 54 fluorescent pseudomonads isolated, 94% were identified as Pseudomonas syringae pv. syringae van Hall (Pss) and 6% as Pseudomonas fluorescens (Trevisan) Migula 1895 (Pf). None of fluorescent isolates belonged to Pseudomonas syringae pv. morsprunorum (Wormald 1893) Young, Dye & Wikie 1978 (Pmp). Of the 25 isolates that expressed ice nucleation activity, 88% ranged to Pss and 12% to Pf. In pathogenicity test on immature cherry fruits, all Pss isolates were pathogenic and all Pf isolates were non-pathogenic. Pss isolates showed slight differences in biochemical characteristics (e.g. in utilisation of L-histidine, psicose and D,L-carnitine and in gelatine liquefaction) as well as in pathogenicity (according to size of necrosis in immature sweet cherry tees) and ice nucleation activities. Some Pss isolates nucleated ice at temperature as warm as -1°C, another isolates nucleated at temperature near to -5°C.
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Possibility to detect non-fluid strains of Clavibacter michiganensis pv. sepedonicus in potato tuber macerate

Jeřábková R., Krejzar V., Bryxiová M. Research Institute of Crop Production, 161 06 Prague-Ruzyně, Czech Republic 
Bacterial ring rot disease of potato, caused by Clavibacter michiganensis pv. sepedonicus (Cms) is a major concern of producers of seed potatoes in the all countries of the world. Current methods of detection of this pathogen rely primarily upon the use of serological procedures including an indirect fluorescent antibody stanining assay (IFAS) and enzyme-linked immunosorbent assay (ELISA).  Accurate identification of Cms is especially difficult when population levels are below 10,000 CFU per ml, of plant tissue or millilitre of plant sap. A further complication arises when potato samples contain other bacteria that exhibit cross-reactivity by IFAS and ELISA. Moreover, certain non-fluid variant of Cms that may occur in various natural populations exhibit antigenic variation and escape serological detection. 
In our tests, potato tubers from samples free of Cms were used.  Internal tissue was removed from tubers and homogenized. Cms strains were added to the homogenates to obtain final concentrations 104, 105, 10 6 and 10 7 CFU/ml. Bacterial extractions were prepared from homogenates. Of the 29 Cms tested, 22 strains belonged to fluid type, 3 to intermediate type and 4 to non-fluid type. Commercial monoclonal antibody Agdia (USA) again Cms was used to determination. Suitability of the monoclonal antibody for detecting various types of Cms strains was evaluated according to percentage of positive reactions. Using 22 fluid Cms strains, the percentage of positive reactions in potato tuber homogenates at concentrations 104, 105, 106 and 107 CFU/ml were 95, 91, 86 and 86 respectively. On the other hand, using 7 intermediate and no-fluid Cms strains, the percentage of positive reactions in potato tuber homogenates at concentrations 104, 105, 106 and 107 CFU/ml were 33-50, 33-50, 0-25, 0-50 respectively. The interesting thing about it is that the percentage of positive reaction in adequate Cms concentration in phosphate buffered saline was lower in comparison with Cms concentration in potato extracts.
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Identification and characteristics of saprophytic bacteria associated with populations of Clavibacter michiganensis subsp. sepedonicus in potato tuber samples

Klenová Hana, Kokošková Blanka

Department of Bacteriology, Research Institute of Crop Production, 160 01 Prague, Czech Republic

Clavibacter michiganensis subsp. sepedonicus (Spieckermann & Kotthoff) Davis et al. (Cms), causes bacterial ring rot of potato. Detection and diagnosis of Cms is carried out in accordance with the requirements of EC Directive No. 93/85/EEC based on indirect fluorescent antibody staining (IFAS) and a bioassay with eggplant as the indicator plant. Further diagnostic methods including immunochemical, biochemical and molecular tests are usually used to definitively identify Cms.  A total of 170 non-Cms strains were isolated from tuber samples of potato, ca 2/3 gram-negative and 1/3 gram-positive bacteria. The rate of bacteria cross-reacting with monoclonal antibodies for Cms (Agdia, USA) in immunochemical methods was about 3 %, both in DAS-ELISA (double antibody sandwich enzyme-linked immunosorbent assay) and IFAS. In contrast, the PCR (polymerase chain reaction) test proved to be very specific, because no amplification products were observed with the non-Cms strains. Using the Microbial Identification System BIOLOG, ca 2/3 recovered bacterial strains were identified. Among the Gram-negative bacteria (both aerobic and anaerobic), the strains found most frequently were Pseudomonas fluorescens. Occasional strains of P. syringae, Agrobacterium rhizogenes and Pantoea sp. were found. Among Gram-positive strains, the most frequently isolated were the non-spore-forming rod bacteria Curtobacterium sp., spore-forming rods Bacillus sp., and coccoid bacteria Staphylococcus epidermidis, Micrococcus luteus and Rhodococcus sp. The potential plant-pathogenic bacteria Agrobacterium tumefaciens, Pseudomonas syringae pv. syringae and Xanthomonas vesicatoria were also recovered. 
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Relationship between virulence of strains of Clavibacter michiganesis subsp. sepedonicus and intensity of metabolic activity of several sugars based on the Microbial Identification System BIOLOG

Kokoskova Blanka

Department of Bacteriology, Research Institute of Crop Production, 160 01 Prague, Czech Republic

e-mail: bkokoskova@vurv.cz
Clavibacter michiganensis subsp. sepedonicus  (Spieckermann & Kotthoff) Davis et al (Cms) causing ring rot of potato is subject to strict quarantine in several European countries, including the Czech Republic.  Confirmation of the ring rot bacterium in potato tuber samples is primarily based on a bioassay test using eggplants (cv. Black Beauty).  Differences in virulence among Cms strains are evident with the eggplant test. Cms strains with fluidal and non-fluidal colony morphology were tested using the eggplant bioassay and the Microbial Identification System BIOLOG. Monomers, including galactose, glucose, mannose, and ribose were known to be heavily involved in production of extracellular polysaccharides (EPS).  Higher metabolic activity of these particular monomers may be associated with increased virulence among specific Cms strains.  We found that a majority of Cms strains that were highly virulent in the eggplant bioassay also showed stronger metabolic activity of sugars forming EPS than less virulent Cms strains.  However, the correlation was not universal for all strains tested.
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THE INTERACTION OF TOLAASIN AND WLIP WITH MEMBRANES AS POSSIBLE MECHANISM IN PATHOGENESIS OF MUSHROOMS DISEASES CAUSED BY PSEUDOMONAS TOLAASI AND P. “REACTANS”
N.S. IACOBELLIS, P. LO CANTORE, M. DALLA SERRA1, M. CORAIOLA1, G. MENESTRINA1, S. LAZZARONI2 and A. EVIDENTE2
Dipartimento di Biologia, Università degli Studi della Basilicata, Potenza, Italy;  1 ITC &CNR-IBF – Unit in Trento, Italy; 2Dipartimento di Scienze del Suolo, Pianta e Ambiente, Università di Napoli “Federico II”, Italy. (e-mail: iacobellis@unibas.it)

“Brown blotch” of Agaricus bisporus and “Yellowing” of Pleurotus ostreatus, mushrooms diseases known to be caused by Pseudomonas tolaasii, have been recently shown to be complex diseases. In fact, besides P. tolaasii also other bacteria including P. “reactans” are responsible of the symptom development on the hosts. Furthermore, P. “reactans”, a bacterial entity not yet classified and known in bibliography for its use in the “white line” assay for the specific identification of P. tolaasii, has been determined to be the casual agent of the “Yellowing” of P. eryngii. Virulent strains of P. tolaasii produce in culture an extracellular lipodepsipeptide (LDP) called tolaasin I which is considered the main virulence factor of the pathogen. In fact, it has been reported that tolaasin I has antifungal activity and this is apparently due to the ability of this molecule to disrupt cell membrane function by the transmembrane pore formation. Also P. “reactans” produces a lipodepsipeptide called the “White Line Inducing Principle” (WLIP), which is known for its ability to interact with tolaasin I and form a white precipitates in the “white line” assay, but not yet characterised for the biological activities and for its possible role in the disease development. The fact that avirulent variants of the latter pathogen have been demonstrated to lack also the WLIP production prompt us to characterise it also in comparison to tolaasin I. Antimicrobial assays showed that tolaasin I and WLIP  inhibited the growth of filamentous fungi and yeasts as well as Gram-positive bacteria. Only a limited activity was observed toward some Gram-negative bacteria. Of particular interest is the activity of tolaasin I and WLIP toward the growth of the cultivated mushrooms Agaricus bisporus, Lentinus edodes and Pleurotus spp.. Assays of the two LDPs on blocks of A. bisporus confirmed their toxicity on fungal cells and, in particular, the  capacity to alter the mushrooms pseudo-tissues. Although, in the above assays WLIP showed a lower activity when compared to tolaasin I the results suggested the possible role of the two LDPs in the symptom caused by the mushrooms bacterial pathogens. The use of biological and model membranes permitted to evaluate the mechanism of the substances toxicity. Both LDPs were able to lyse red blood cells via transmembrane pore formation with a C50 of 4.3 and 34.6 (g/ml for WLIP and tolaasin, respectively. Pore radius, estimated with the Renkin theoretical approach, was 2.1 and 1.5 nm for tolaasin and WLIP, respectively. Furthermore, both LDPs were also able to form channels in lipid vesicles and the activity was dependent on liposomes composition. In particular, the toxicity increased with the sphingomyelin content in the membrane. Studies of dynamic light scattering suggested a detergent-like activity for WLIP at high concentration (>30 (g/ml). This effect was not detected for tolaasin up to 56 (g/ml. TIR-ATR experiments showed an increase in the helical content of tolaasin after absorption into the membrane. The orientation of the tolaasin (-helical fraction showed an angle of 24° with respect to the lipid acyl chains, suggesting that tolaasin is not laying on the membrane surface but it is inserted into the lipid core. The financial supports of projects “Biological characterisation of the tolaasin and WLIP, lipodepsipeptides of Pseudomonas tolaasii and P. “reactans”, PAT Fondo Progetti (Project AgriBi)  and MURST ex 60% are acknowledged.
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USE OF PCR FOR THE DETECTION OF Clavibacter michiganensis subs. insidiosus in lucerne seeds
Bryxiová M., Kůdela V.

Research Institute of Crop Production, Drnovská 507, 161 06 Prague 6 – Ruzyně, Czech Republic 
Bacterial wilt, caused by Clavibacter michiganensis subs. insidiosus (Cmi), is a serious disease of lucerne. The pathogen is of North American origin and has spread to many other countries. Cmi is an EPPO A2 quarantine pest, i.e., it is the quarantine pest present in some areas within the region. Seed transmission is virtually the only way to introduce the pathogen to previously free areas. A reliable and rapid method is needed in practice to check seed lots for infection. The objective of this study was to determine whether a polymerase chain reaction (PCR) based assay could be used to detect Cmi in lucerne seeds. Samples of 0.2 g from a seed lot were prepared, ground in a mortar and suspended with 5 ml culture medium. One millilitre of sterile water (as a negative control) and 1 ml of Cmi suspension at concentrations of 108, 107, 106, 105, 104, 103 and 102 cfu were added to each 5 ml seed macerate. The macerates were shaken at room temperature for 24 h. Total genomic DNA from macerates was isolated using a NucleoSpin kit (Macherey-Nagel). DNA primers were designed and used to detect Cmi in isolated DNA. Cmi was reliably detected in seed macerates which contained from 108 to 102 cfu. The detection of Cmi in lucerne seeds was enhanced using the PCR method.
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The Presence of Phytoplasma in Black Currant Infected with the Blackcurrant Reversion Disease.

J. Spak, J. PRibylova, D. Kubelkova and V. Spakova 

Department of Plant Virology, Institute of Plant Molecular Biology, Academy of Sciences of the Czech Republic, Branisovska 31, 370 05 Ceske Budejovice, Czech Republic E-mail: spak@umbr.cas.cz

A phytoplasma infection of the black currant cultivar Karlštejnský dlouhohrozen showing symptoms of the severe Russian (R) form of the blackcurrant reversion disease (BCRD) was identified in the Czech Republic in 2003. The size of phytoplasma bodies found by electron microscopy in phloem of leaf midribs was 530-750 nm. The phytoplasma infection was confirmed by the polymerase chain reaction (PCR) with the universal primer pair R16F1/R16R0, followed by PCR with the primer pair fU5/rU3. An amplification product of about 880 bp was obtained and sequenced. A comparison of its sequence with sequences available in the GenBank confirmed the classification of the phytoplasma in the 16SrI (Aster yellows group). The plant was also tested by RT-PCR for the presence of the Blackcurrant reversion virus (BRV), the causal agent of BCRD. A virus-specific 481 nt cDNA fragment of BRV was obtained and sequenced. The comparison of this sequence with sequences available in the GenBank proved BRV infection in this plant. Moreover, rhabdovirus-like particles were found in the plant by electron microscopy. This is the first evidence of the natural occurrence of phytoplasma infection in the black currant. This research was supported by the grant OC 853.001 Ministry of Education, Youth and Sports of the Czech Republic.
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Thermodynamic sequence screening and genome probing revealed Chenopodium-systemic (CS) European variants of potato virus S unrelated to Andean PVS strain.  

JAROSLAV MATOUŠEK,1, PETRA KOZLOVÁ,1,4 , JIŘÍ PTÁČEK,2 JORG SCHUBERT,3  and  PETR DĚDIČ,2 

1Institute of Plant Molecular Biology, AS CR, České Budějovice, Czech Republic, 2Institute for Potato Research, Havlíčkův Brod, CR, 3Federal Centre for Breeding Research, Aschersleben, Germany; 4South Bohemian University, Biological Faculty, České Budějovice, C R.

In our previous work, we reported a broad natural sequence variability among closely related Central European PVS isolates by analysis of cDNAs derived from 3'-terminal portions of PVS genomes using RT PCR and thermodynamic methods. In the present work we sequenced the entire PVS genome including the whole replicase gene and developed a system of molecular probing of PVS, where the whole PVS genome was divided into eleven zones, each probed with three primer pairs derived from ordinary PVS sequence using immunocapture RT PCR. 23 PVS isolates were probed including 14 so-called Andean variants of PVS, showing systemic infection on Chenopodium quinoa. In addition to these isolates 16 isolates originating from German potato cultivars included in ecological agriculture systems were analyzed. Among them 4 isolates (Yuguima, Peruanita, Clivia and Blaue mandel) were found to show systemic infection in the indicator. Our analyses revealed a broad variability of PVS throughout the whole PVS genome with characteristic probing cDNA fragment patterns for individual isolates. All European isolates did not show positive reactions with primers derived from Andean PVS in many positions, suggesting principal divergence of Central European isolates from published Andean variants. For detailed analyses we selected a zone covering the 7K-CP leader-coat protein (CP) region within a fragment of approximately 420 bp. TGGE analysis showed complex transition patterns for Andean and ordinary PVS populations  with melting points in the range from 42 to 50oC. Deviating sequence variants were selected from each group from cDNA libraries using heteroduplex methods and sequenced to determine possible conserved sites having either specificity for Andean or ordinary characters of PVS. It was found that both cDNA pools differ in distinct nucleotide positions especially within the 5' end of the coat protein gene, suggesting population shifts and divergence of these two groups of sequences. For instance the G or C nucleotide at position 232 in PVS-O group is replaced by the A-nucleotide in all Chenopodium systemic (CS) PVS isolates (PVS-CS). Distinct mutations also accumulated to high frequencies in other positions and in total 23 such positions were revealed. Some specific amino acid combinations were revealed at the amino acid level in these two groups. Especially methionine at position 17 in combination with serine at position 34 are frequently associated with the CS character of PVS. As shown in the consensus sequence, hydrophobic and polar amino acids are characteristic for positions 17 and 34 respectively in CS variants. Evolutionary distances show that CS-variants evolved most probably from ordinary European PVS and are unrelated to original Andean PVS. The project was supported by the grant NAZV QF 3109 and by GA AS CR project IBS5051014.
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Molecular characterization of two ampeloviruses in the Czech Republic

Petr Komínek, Marcela Bryxiová 
Research Institute of Crop Production, Drnovská 507, Prague-Ruzyně, 16106, Czech Republic

A prebasic propagation material of grapevine, held in the Research Station of Viticulture, Karlštejn, Central Bohemia, Czech Republic, was screened for the presence of viruses. Large numbers of vines were found to display symptoms of leafroll disease - the downrolling of leaf blades and the premature autumn discoloration of leaves. Dormant canes were taken from tested grapevines during winter, and phloem scrapings were used as tested tissue. DAS-ELISA and RT-PCR methods were used to identify the causal agent of the disease. Grapevines were tested by DAS-ELISA for the presence of Grapevine leafroll-associated virus 1 (GLRaV-1), Grapevine leafroll-associated virus 2, Grapevine leafroll-associated virus 3 (GLRaV-3), Grapevine leafroll-associated virus 5, Grapevine leafroll-associated virus 6, Grapevine leafroll-associated virus 7, and also for the presence of other viruses which can cause diseases of grapevine wood, Grapevine virus A (GVA) and Grapevine virus B. Two ampeloviruses, GLRaV-1 and GLRaV-3 were found to be widely spread in tested grapevines. Both viruses were detected by DAS-ELISA. Several primer pairs for amplification of important parts of the genome and the detection of those viruses were designed and utilized in RT-PCR. PCR fragments corresponding to the Heat shock protein 70 gene of those two viruses were cloned and sequenced. Obtained sequences are now available in GenBank under accession numbers AY644650 (GLRaV-1) and AY424408 (GLRaV-3). A phylogenetic tree was constructed and identity of our virus isolates and their classification to the genus Ampelovirus was confirmed. In addition, GVA was found to be present in a prebasic propagation material of grapevines, but occurred mostly in grapevines without symptoms of leafroll disease. Other viruses were not found in a prebasic propagation material of grapevine. The work was supported by grant number 522/01/D131 of Czech Science Foundation.
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Sequential variability among different isolates of potato mop-top virus (PMTV)  

T. PEČENKOVÁ1, T. MORAVEC1, M. FILIGAROVÁ1, P. DĚDIČ2  and  N. ČEŘOVSKÁ1
1Department of Virology, Institute of Experimental Botany, Czech Academy of Sciences, Na Karlovce 1a, Prague 6, 160 00, Czech Republic, 2Institute for Potato Research, Havlíčkův Brod, Czech Republic 

We determined the entire nucleotide sequence of coding regions of a Danish PMTV isolate 54-15 and compared it to other known and sequenced isolates of PMTV. Many nucleotide and amino acid changes were found in parts of the RNA coding for triple gene block (TGB) proteins and part of the RNA coding for the read-through region of the coat protein (CP). These regions from two other isolates, the weak one 54-10 and the strong one 54-19, were sequenced. Only two amino acid changes were found that correlated with the subdivision of isolates according to symptom development into weak and strong subgroups. Although the sequence comparisons indicate a high genetic stability of PMTV populations, the remarkable change was found in the newly sequenced isolates - the replacement of the AUG start codon of the fourth gene of the TGB encoding RNA, coding for a cystein-rich protein, by the less efficient GUG start codon. Phylogeny analysis confirmed that the three Danish isolates are closely related to each other. This research was supported by the grant No.522/04/1329 of the Grant Agency of Czech Republic.
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Incidence of Cereal Viruses in Primary Grain-Producing Regions of Asiatic Russia between 2001 and 2003

K.A. Mozhaeva, *L.L. Domier, T.B. Kastalyeva, **N.N. Kakareka, N.V. Girsova

Russian Research Institute of Phytopathology, B. Vyazyomy, Moscow Region, 143050, Russia, *United States Department of Agriculture-Agricultural Research Service, Urbana, IL  61801, USA, **Institute of Biology and Soil Science, Far East Branch RAS, Vladivostok, 690022, Russia

Barley yellow dwarf (BYD) is the most economically important and widely distributed disease of cereals throughout the world.  In Russia, a causal agent of BYD, Barley yellow dwarf virus (BYDV), was first identified in the Krasnodar Territory in 1961. In 1995, the virus was first found in Asiatic Russia. There have been reports of eight additional virus species damaging cereals in Asiatic Russia. In 2001-2003, leaves of cereal crops and cereal wild grasses with visible symptoms of BYD and those of other virus damage such as stripes, streaks and dwarfing were collected during field inspection or received from Provincial Stations for Plant Protection. BYDV and Cereal yellow dwarf virus (CYDV-RPV) were checked by ELISA using specific commercial antibodies against the viruses or monoclonal antibodies prepared in collaboration with T.N. Erokhina from the Institute of Bioorganic Chemistry of the Russian Academy of Science. Furthermore, eight other viruses, namely, Barley stripe mosaic virus (BSMV), Brome mosaic virus (BMV) Northern cereal mosaic virus (NCMV), Oat pseudorosette virus (OPV), Soil-borne wheat mosaic virus (SBWMV), Wheat dwarf virus (WDV), Wheat spindle streak mosaic virus (WSSMV), and Wheat streak mosaic virus (WSMV) were checked, using Agdia Inc. and Loewe diagnostics, in samples showing  corresponding symptoms. This work was conducted as part of an ISTC project. All known BYDVs (-PAV, -MAV, -SGV and -RMV) as well as CYDV-RPV were detected in samples from crop-producing territories and provinces of Asiatic Russia including Ural, Western and Eastern Siberia and the Far East. As a rule, cereal crops were damaged by several BYDVs or by BYDV(s) and CYDV. On average, for 3 years 45% of ELISA-positive samples contained BYDV-PAV, 50% of the samples contained BYDV-MAV, the latter percentage was true for BYDV-SGV and CYDV-RPV; BYDV-RMV was present in 60% of the samples. So, all viruses occurred as a mix infection of five (rarely), four, three or two viruses. Sometimes only one virus was present. Some differences were observed in BYDVs and CYDV incidence among the regions as well as within a region among years. In 2001, BYDV- MAV predominated in Ural and West-Siberian regions, while BYDV-PAV was predominant in Eastern Siberia.  In 2002, BYDV-PAV, -RMV and CYDV-RPV occurred equally in the samples from Ural region, the same was true for BYDV-PAV, -MAV, and -SGV in Eastern Siberia. In 2003, BYDV-RMV was found in 65-70% of the samples from all four regions. In Western Siberia, BYDV-SGV was predominant (75%) in 2003. BMV, BSMV and WSMV as well were detected in all mentioned regions, but there was no evidence for the presence viruses that are transmitted by soil-borne fungus Polymyxa graminis such as SBWMV and WSSMV. Of the viruses causing dwarfing, NCMV was found in the samples from Western and Eastern Siberia and the Far East, whereas OPV was detected only in West-Siberian and Far-Eastern samples. WDV was not found.
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Peanut clump virus is seed transmitted in pearl millet (Pennisetum glaucum) 

Otto1, G., De Herthog1 P., Delfosse2, P. & C. Bragard1
1 Unité de phytopathologie, Université catholique de Louvain (UCL), Croix du Sud, 2bte3, 1348 Louvain-la-Neuve, Belgium, 2 International Crops Research Institute fro the Semi-Arid Tropics, ICRISAT-Sadoré, BP 12 404,  Niamey, Niger

Since 1990, the harvested groundnut area has almost doubled in Africa, reaching 10.472.600 ha for an estimated production of 8.969.190 Mt of groundnuts in shell in 2003. Along with the increasing importance of groundnut in the livelihood of small scale farmers, growing health concerns have raised throughout groundnut cultivated area. Yield losses due to pests, fungi or viral diseases such as groundnut rosette or peanut clump became a significant problem. The clump disease produces symptoms characterized by a bushy aspect of the shoots and roots due to an internode reduction, leading to yield loss up to 60%. The viral agent responsible for the disease in Africa is the Peanut clump virus (PCV), transmitted by the root endoparasite Polymyxa graminis. Currently, the clump disease of groundnut has been detected in Burkina Faso, Chad, Ivory Coast, Mali, Niger, Nigeria, Senegal and Sudan. 
A less documented aspect of infection by PCV is the transmission through seed. Initiated in the roots through the infection by P. graminis, the viral infection moves throughout the plant and reaches the embryonic axis of the seed. The plantlet raised from a groundnut infected seed will display typical symptoms of the disease but with a stunting often less severe than early soil-infected plants. Transmission through seed is of critical importance for epidemiology as it can play a crucial part in the perpetuation and dissemination of the virus. Seed transmission of PCV to groundnut has already been demonstrated but its epidemiological significance was considered as low, due to the unability of the vector to produce numerous viruliferous resting spores dicotyledonous plants. This work focused on the study of seed transmission of the virus in two important monocotyledonous crops, pearl millet and sorghum. These cerals are often used in rotations with groundnut and are execllent hosts for P. graminis. The seed transmission rates under field conditions were assessed for ten pearl millet cultivars and ten sorghum cultivars. Grow-out tests highlighted the occurrence of PCV transmission in pearl millet seeds, with rates ranging between 0.19% and 2.45%. None of the ten cultivars tested showed a complete resistance to seed transmission but significant differences appeared between cultivars. The virus could be detected by DAS-ELISA in the roots of all the infected plants arisen from infected seeds. Moreover, the virus was always located near the apex of all the developing roots. The study underlines the risk of dissemination of the disease to healthy fields through the use of infected sowing material. The co-existence of non-viruliferous P. graminis and infected pearl millet roots may lead to the establishment of the disease in previously healthy areas. It also shows the potential for breeding cultivars with limited seed transmission of the virus.
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What is PVYNTN? The reaction of potato cultivars to inoculation with a range of PVY isolates 

I Browning1, K Charlet2, M Chrzanowska3, P Dedic4, C Kerlan2, A Kryszczuk3, J Schubert5 , C Varveri6, A Werkman7 and I Wolf8

1Scottish Agricultural Science Agency, Edinburgh, Scotland,  2INRA-ENSA, Rennes, Le Rheu, France, 3Plant Breeding and Acclimatization Institute, Mlochow, Poland  4Institute for Potato Research, Havlikuv Brod, Czech Republic. 5Federal Centre for Breeding Research on Cultivated Plants, Institute for Resistance Research and Pathogen Diagnostics, Aschersleben, Germany. 6 Benaki Phytopathological Institute, Athens, Greece. 7Plant Protection Service, Wageningen, The Netherlands. 8University of Vesprem, Georgikon Faculty of Agriculture, Regional Potato Research Certre, Hungary

PVYNTN is a variant of PVYN which causes Potato Tuber Necrotic Ringspot Disease (PTNRD). It was first reported from Hungary in 1979 and since then has occurred in many countries throughout the world. In some European countries the occurrence has been devastating for the potato industry. In view of the fact that separation of necrosing from non-necrosing isolates is not clearly defined there is some doubt regarding the reliability of molecular tests that have been developed for detection of PVYNTN. A prerequisite for development of any test method for detection of PVYNTN is the identification of a range of PVY isolates whose propensity to develop tuber necrosis has been clearly established. This study involved three potato cultivars and eight single lesion PVY isolates. Plants were manually inoculated in the glasshouse in eight countries and the severity of tuber necrosis was calculated by means of a disease index based on the proportion of tubers with PTNRD and the surface area affected. In some countries tests were also carried out in the field using varying numbers of isolates and cultivars. The PVYO and PVYC isolates tested induced little or no tuber necrosis in the cultivars examined. All PVYN isolates, including PVYN-605 and PVYNWi-P that have never been reported to be tuber-necrosing, were capable of inducing tuber necrosis to varying degrees depending on cultivar and country testing. Most severe tuber necrosis was obtained with a PVYNTN isolate from New Zealand. The cultivar Nadine proved to be particularly sensitive. Results in the Czech Republic, Hungary and France indicated that there was no greater propensity for tubers to develop PTNRD in glasshouse rather than field conditions. Further tests are required to establish the propensity of other PVYN and PVYN-W isolates to induce tuber necrosis in field and glasshouse conditions. Identification of isolates that are likely to cause significant tuber necrosis may be possible by setting a DI threshold. 
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Some Findings of a Potyvirus naturally infecting Yellow Oat-grass in the Czech Republic

Lenka Širlová, Mohammed Hassan, Josef Vacke, Milan Jokeš
Department of Virology, Research Institute of Crop Production, Drnovská 507, 161 06, Praha-Ruzyně, Czech Republic Tel: +420233022438 E-mail: sirlova@vurv.cz

The some characteristics of a potyvirus caused a mosaic-like disease of yellow oat-grass [Trisetum flavescens (L.) P. Beauv.] were studied. The cylindrical inclusions (pinwhells), characteristic for the family Potyviridae, were observed in ultra-thin sections from infected leaves. The identity of enquired virus with family Potyviridae was confirmed by RT-PCR using specific potyvirus primers (Gibbs & Mackenzie 1997). Virus was mechanically transmitted to Avena abyssinica (Hochst.), Avena barbata (Pott.), A. fatua (L.), A. ludoviciana (Dur.), A. nuda var. chinensis (L.), A. sativa (L.), A. sterilis (L.), Bromus mollis (L.) and Lagurus ovatus (L.). The transmission of the potyvirus to Agrostis tenuis (Sibth.), Alopecurus pratensis (L.), Arrhenatherum elatius (L.) P. Beauv., Bromus tectorum (L.), Dactylis glomerata (L.), Deschampsia caespitosa (L.) P. Beauv., Festuca arundinaceae (L.), F. pratensis (Huds.), Holcus mollis (L.), H. lanatus (L.), Hordeum vulgare (L.), Lolium multiflorum (Lam.), L. perenne (L.), Phleum pratense (L.), Poa anua (L.), P. pratensis (L.) and Triticum aestivum (L.) was failed. The filamentous virus particles about 650x12 nm were observed in sap from plants with mosaic symptoms by electron microscopy, whereas no particles were observed in sap from symptomless plants. The possible identity of the potyvirus was checked with Oat mosaic virus, OMV (Potyviridae: Bymovirus) by two-step RT-PCR (Clover et al. 2002) and with Oat necrotic mottle virus, ONMV (Potyviridae: Tritimovirus) by DAS-ELISA (Clark & Adams 1977). The results suggest that virus is not identical with previously described European isolates of OMV and is also not serologically identical with ONMV. 
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Occurrence of Pepper mild mottle tobamovirus (PMMoV) in Czech Republic

Svoboda Jiří, Červená Gabriela*) and Jokeš Milan, 
Research Institute of Crop Production, Division of Phytomedicine, Drnovská 507, 16106 Prague 6, Czech Republic, *) State Phytosanitary Office of the Czech Republic, Division of Diagnosis, Šlechtitelů 11, 783 71 Olomouc, Czech Republic; (jiri.svo@vurv.cz)

Symptoms of viral infection on pepper seedlings cv. Stalagnit F1 were observed in a greenhouse in 2002. Infected plants showed mosaic symptoms or mottling on leaves, and necrotic spots on fruits. The leaf tissue was examined by an electron microscope, and straight rod-shaped viral particles of about 300 nm were found, indicating a tobamovirus group. Serological and pathological tests with biological characterization of the isolates followed. In serological tests by ELISA the negative results for Tobacco mosaic virus (TMV) and positive reactions to the specific antiserum of PMMoV were obtained. For the biological characterization a broad range of test plants was inoculated. Based on reactions on different pepper cultivars with the TMV resistance genes L1, L2, L3 and L4, the Czech isolate was classified as PMMoV isolate belonging to the P1-2 pathotype. This is the first report of an isolate of PMMoV in the Czech Republic. Because this virus spreads through the seeds of infected plants, its chemical by NaOH was successfully checked.
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Elimination of Potato virus S (PVS) from basic seed-potato in Czech Republic

Petr Dědič1, Jiři Ptáček1, Vendulka Horáčková1, Jaroslav Matoušek2

1Potato Research Institute Havlíčkův Brod, Czech Republic, 2 Institute of Plant Molecular Biology, AS CR České Budějovice, Czech Republic.

In the Czech Republic, an improved procedure of multiplication breeding was adopted in 1985, incorporating post-harvest ELISA laboratory and field testing of selected plants and clones. Limited efficiency was attained mainly owing to an uneven distribution of viruses in the plants and tubers after primary infection. Certification schemes of seed potatoes have changed substantially in recent years mostly because of the widespread availability and utilisation of pre-basic (nuclear stock materials), obtained from tissue-cultured plantlets, maintained and rapidly multiplied free of known potato pathogens in in vitro conditions. Virus-free pre-basic transplants or tubers grown in protected greenhouse / nethouse are further propagated through open field “space isolators” and consecutive limited generation certification scheme. The main requirements for seed-potato production in the Czech Republic (set down by Law 92/1996, notice 191/1996 and renewal law 219/2003) are fully compatible with EU recommendations. The fields intended for seed multiplication must be free of quarantine pests and infection sources; additionally, well isolated from other fields infested with viruses; basic grades of seed potato are allowed to be maintained in closed areas only; and post-harvest laboratory test (ELISA) for viruses and IF test for quarantine bacteria are obligatory for all the seed grades. The certification agency, the Central Institute for Supervising and Testing in Agriculture (CISTA) in collaboration with State Phytosanitary Administration (SPA) are in the Czech Republic responsible for the whole official procedure of inspections and approval. To ensure satisfactory final product quality strict attention to recommended management practices for maintenance breeding and seed-potato production have to be observed. Since 1995, PVS was experimentally included into evaluation of basic seed materials. In the framework of research projects different aspects were investigated e.g. preparation and annual supply of virus-free pre-basic propagation material for maintenance breeding; systematic laboratory checking of health state of pre-basic and basic grades of cultivars; susceptibility of cultivars to PVS; field allocation of healthy lots according to degree of PVS infestation; occurrence of PVS in basic materials of imported cultivars; effect of different crop management practices etc. The results of the long-term effort to eliminate PVS in basic seed potato were evaluated in the final post-harvest laboratory ELISA test. Since 1998, when nearly all the domestic potato cultivars were severely infested with PVS (76,6 % of samples), and only 1,4 % of samples (belonging to two cultivars) were virus-free, on the contrary in 2003 severe infestation with PVS was found at 35,3% of samples from fifteen (i.e. 39,5%) of cultivars. The results clearly demonstrate the possibility of production of virus (PVS)-free basic seed-potato material also in less favourable conditions. This work was supported by the National Agency for Agricultural Research, project QE 1168.
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Nucleotide sequence analysis of apple stem pitting virus sources from apple and Pear in Czech Republic

M. Hassan, J. Kundu, J. Salava

Department of Virology, Research Institute of Crop Production, Drnovská 507, 161 06, Praha-Ruzyně Tel: +420233022438 E-mail:  Hassan@vurv.cz
Apple stem pitting virus (ASPV) and the closely related pear yellow vein virus (PYVV) occur world wide and are associated to complex growth disorders of apple and pear. The genetic variability of ASPV and PYVV was investigated by nucleotide sequence of the coat protein gene. Different ASPV isolates from pear and apple originated from Czech Republic, amplified by RT-PCR and the DNA products were cloned and sequenced. 
The Obtained results confirmed the high molecular variability already reported for ASPV. The nucleotide sequences of the coat protein gene of all isolates were compared and will be presented and discussed.  
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Non-Host Resistance: Is it Really a Durable Source of Resistance?

Paula C Rodrigues*,1, Jacqueline M. Garrood*,  Qian-han Shen*,2,Phil H. Smith* and Lesley A. Boyd *3
*Department of Disease and Stress Biology, John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, UK

1Departamento de Biologia, Escola Superior Agrária de Bragança, Campus de Santa Apolónia, 5301-855 Bragança, Portugal. 2 Max-Planck Institut fur Zuchtungsforschung, Dept. of Plant-Microbe Interactions, Carl-von-Linne-Weg10, D-50829, Koln, Germany. 

Yellow rust, caused by Puccinia striiformis West., is an important foliar disease of wheat and barley throughout the world, and the development of resistant cultivars is the most economical and environmentally friendly method of control. Breeding for resistance to yellow rust has, for decades, been based on the use of race-specific resistance genes, which have shown to be short-lived. Non-host resistance has been studied as a possible source of durable resistance. A non-host resistance associated with hypersensitivity has been detected in the wheat cultivar ‘Lemhi’ to the barley attacking form of yellow rust, P. striiformis f. sp. hordei. Two major genes, as well as an undetermined number of minor genes, have been identified as responsible for this resistance in ‘Lemhi’. The present study aimed at quantifying and mapping those genes using QTL (quantitative trait loci) mapping procedures. For that purpose, an F2 population of 114 individuals resulting from the cross of resistant ‘Lemhi’ with ‘Chinese 166’, a wheat cultivar susceptible to barley yellow rust, was used as the mapping population. QTL effects and significance were estimated by means of interval mapping and MQM mapping procedures. In all individuals showing resistance towards P. striiformis f.sp. hordei, there was a visual chlorosis/necrosis response typical of race-specific, host resistance. QTL analysis resulted in the mapping of two major QTLs on chromosome arms 1DS (Psh1) and 2BL (Psh2) and two other, with a minor effect, on chromosome arms 5AL (Psh3) and 6AL (Psh4). Psh1 and Psh2 have been mapped to segments of the wheat genome where other wheat yellow rust resistance genes (Yr genes) and QTLs had previously been mapped, suggesting an association between host and non-host yellow rust resistance genes.  The cloning of both major and minor Psh genes, as well as the Yr genes present in ‘Lemhi’, would allow us to determine the similarity of their structure and function. On the other hand, if a close linkage between major Psh genes and Yr genes is confirmed, it would suggest that these genes could have evolved from the same ancestral R gene. If that is to be the case, then their durability would be similarly perishable. The value of pursuing for non-host resistance genes as a source of durable resistance would therefore have to be seriously reconsidered.
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Developing screening system for resistance to anthracnose in grapes by using culture filtrates from Elsinoe ampelina.
Hae Keun Yun*, Kyo Sun Park, Jeong Ho Rho, Youn Jung Choi, and Sang Bouk Jeong.

National Horticultural Research Institute, RDA, Suwon 440-706, South Korea.  

This study aimed to show whether culture filtrates produced by E. ampelina are a substitute for pathogen inoculation or field screening of grape cultivars for anthracnose. Bioassays of grape leaves with culture filtrates showed that their phytotoxicities were active and host-selective. Ethyl acetate extracts from these also showed the toxicities and host selectivity among grape cultivars. The sensitive range of plants to culture filtrates of pathogen and their ethyl acetate extracts was consistent with the host range of the pathogen. Susceptible cultivars were sensitive to even highly diluted culture filtrates. However, resistant cultivars were not affected even by undiluted culture filtrates. Susceptible cultivars were more sensitive to the undiluted culture filtrates than highly diluted culture filtrates. This suggests that culture filtrates of the pathogen can be used as alternatives to pathogen inoculation or field tests in evaluating resistance to anthracnose in grapes. 
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Exploiting T. monococcum as a source of disease resistance traits to important UK fungal and viral pathogens 

Dmitry Kornyukhin*, Kostya Kanyuka, Darren Lovell, Kerry Maguire, Jon West, O. P. Mitrofanova* and Kim Hammond-Kosack

Wheat Pathogenesis Programme, Plant Pathogen Interactions Division, Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK, * N. I. Vavilov All-Russian Research of Plant Industry (VIR),  42-44, Bolshaya Morskaya Str., 190000,  St. Peterburg, Russia

Triticum  monococcum is a diploid wheat with an AA genome.  It is considered a rich source of novel genes and variant alleles.  T. monococcum is accessible to wheat breeders as a gene/ trait source via established sexual crossing procedures. Many novel resistance loci are already known to reside within T. monococcum accessions. For example, novel resistance to eyespot (Cadle et al., 1997, Plant Disease 81; 1181-1186) and mildew (Shi, et al., 1998, Phytopathology 88: 144-1470). Alternatively, in hexaploid wheat several disease resistance loci of relevance to European agriculture were shown to reside on the A genome. For example, novel resistance to Septoria leaf blotch (Brading et al., 2002, Phytopathology 92: 439-445), and infection by Fusarium ear blight (type 1 resistance) ( Ban and Suenaga, 2000, Euphytica 113: 87-99.). The overall scientific objectives have been to assess the utility of the diploid wheat T. monococcum as a source of resistance to various fungal and viral diseases of importance in the UK. An initial collection of 124 diploid accessions were selected from stocks held in Russia, USA and UK. The VIR lines (n=26) were selected because they were known to exhibit resistance to pathogens and pests important in Russia. Seed were bulked at RRes and stock line purity examined by molecular markers. Most of the diploid accessions have been screened for their resistance and susceptibility to a range of commercially important pathogens to the UK. The focus was Soil-borne Cereal Mosaic Virus (SBCMV, genus Furovirus) transmitted by vector species Polymyxa graminis and disease caused by the non-biotrophic fungi, ie. Tapesia yallundae (eyespot), Mycosphaerella graminicola (Septoria  tritici) leaf blotch and F. graminearum/ Fusarium  culmorum, ear blight (FEB). These disease assays were undertaken in the glasshouse and also as small field plot experiments for S. tritici sown in both the autumn and the spring and for Fusarium spp  from a spring sowing.  For all the fungi and Polymyxa inoculations visual disease symptom assessments were made and for some pathogens their molecular identity was confirmed by PCR or ELISA. The main results show: 1. One VIR line exhibits root resistance to Soil-borne Cereal Mosaic Virus (SBCMV) (Kanyuka et al.,(2004) Plant Pathology 53: 154-160.  Other resistant accessions will be reported. 2.  No resistance to virus vector Polymyxa graminis was recovered. 3. Almost all the tested accessions were immune to Mycosphaerella graminicola (Septoria  tritici) leaf blotch infections, only 4 accessions developed small lesions. 4. One VIR accession is highly resistant to Fusarium ear blight infection. 5.  The Tapesia screen is still in progress. In this poster we will provide details on these main findings and outline our intended future joint research activities. This research is sponsored by a Rothamsted Internal Fellowship award to DK. Rothamsted Research receives grant-aided support from the BBSRC. 
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RESISTANCE TO LEPTOSPHAERIA MACULANS IN THE PETIOLE OF BRASSICA NAPUS

E.J. PIRIE1, B.D.L. FITT1, O. LATUNDE-DADA1
1ROTHAMSTED RESEARCH, HARPENDEN, HERTS. AL5 2JQ

Leptosphaeria maculans is the main causal agent of phoma stem canker, the most important disease of oilseed rape in the UK and worldwide. Leaves are infected by air-borne ascospores in the autumn, causing pale lesions full of pycnidia. The fungus grows from these lesions down the petiole to the stem where it causes a canker and subsequent yield loss. Major gene resistance occurring in the leaf has been identified but there is evidence for the breakdown of this resistance in the field. Resistance to L. maculans may also occur in the petiole, stopping, or slowing growth. If the mechanisms of this resistance could be elucidated then they may provide a more durable form of resistance for field crops. 
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Identification of candidate genes involved in vertical rust resistance in poplar

Inge Maertens*, Peter Breyne°, Marijke Steenackers° & Godelieve Gheysen*

* Department of Molecular Biotechnology, Faculty of Agriculture and Applied Biological Sciences, UGent, Ghent, Belgium, ° Institute for Forestry and Game Management, Geraardsbergen, Belgium

The genus Populus is one of the most widespread and economically important wood resources in the world. Leaf rust fungi are the major class of pathogens that affect poplar. They can cause premature defoliation, shoot and root growth reduction, and even plant death. In Europe, Melampsora larici-populina is the most damaging species. In this study, we investigate the poplar transcriptome after infection with M. larici-populina race E1. The aim of the cDNA-AFLP study is to identify key regulatory genes induced early upon infection which might be the initial triggers leading to vertical resistance. Expressed genes can be detected by cDNA-AFLP and no sequence information is required. The analysed full sib family, an interspecific cross between Populus deltoides ‘S9-2’ and P. nigra ‘Ghoy’, segregates for rust resistance/sensitivity against races E1, E2 and E3. To minimize the detection of genetic polymorphisms, pools were made of 10 resistant and of 10 sensitive offsprings. 66 leaf disks were collected of each offspring and incubated upside down in multiwell plates. Half of the leaf disks were sprayed with a spore suspension (race E1) and the other half with water as a negative controle. The multiwell plates were stored in a climate chamber. As a verification of the race/plant interaction, two samples were left in the climate chamber for ten days. The infection level was then scored by means of the digital image processing system. In total, 4 conditions are being analysed: resistant-rust infected (R+), resistant-not infected (R-), sensitive-rust infected (S+) and sensitive-not infected (S-). All the conditions were sampled at 31 timepoints (0h, 0.5h, every hour from 1h until 24h, 36h, 48h, 72h, 96h and 120h). Total RNA was extracted from each sample and converted into double-stranded cDNA. In the cDNA-AFLP analyses, 20 random primer combinations (BstYI+1/MseI+2) were investigated. A comparison will be made between the expression profiles of the different conditions. Differentially expressed transcript tags will be further analysed.
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resistance of winter wheat cultivars to tan spot in the czech republic. 
Šárová J.*, Hanzalová A.

Research Institute of Crop Production, Prague 6 - Ruzyně, Drnovská 507, 161 06, Czech Republic. e-mail: sarova@vurv.cz

Tan spot, caused by homothallic ascomycete Pyrenophora tritici-repentis (Died.) Drechs., is one of the most important wheat leaf spot diseases in the Czech Republic. The reaction of 45 winter wheat cultivars (predominantly Czech registered cultivars) and new breeding lines to artificial infection with P. tritici-repentis was tested in greenhouse conditions. In total three different monosporic isolates of P. tritici-repentis originated from the Czech Republic were used for inoculation. The conidial suspensions of the isolates were applied on seedlings at the two-leaf stage. Reaction of the cultivars was rated about 7 days after inoculation, using the 1 to 5 rating scale (1 = resistant, 5 = susceptible). The study proved differences in the reaction of individual cultivars. The majority of the tested cultivars showed moderately resistant to moderately susceptible reaction. Cultivars/lines LP500U96, Clarus, Genova, Šárka, Rapsodia, and SG-U-7029 were moderately resistant to P. tritici-repentis in our greenhouse experiments. Only cultivar Biscay was susceptible to this pathogen. Differences in aggressiveness of P. tritici-repentis isolates were found out. This study was supported by the National Agency for Agricultural Research (project No. QD 1311), by the Ministry of Agriculture (project No. M 01-01-03).
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Stem canker of oilseed rape: molecular tools and mathematical modelling to deploy durable resistance

Neal Evans1, Bruce Fitt1, Frank van den Bosch1, Maria Eckert1, Yong-Ju Huang1, Stephane Pietravalle1, Zbigniew Karolewski1,10, Thierry Rouxel2. Marie-Helene Balesdent2, Simon Ross2,  Lilian Gout2, Hortense Brun3, Didier Andrivon3, Lydia Bousset3, Peter Gladders4, Xavier Pinochet5, Annette Penaud5, Malgorzata Jedryczka6, Piotr Kachlicki6, Anna Stachowiak6, Julia Olechnowicz6, Anna Podlesna8, Ingrid Happstadius7, Jan Meyer7 and Michel Renard9
1 Rothamsted Research, Harpenden, Herts., AL5 2JQ, U.K. E-mail:neal.evans@bbsrc.ac.uk 2 INRA, Unité PMDV, Route de St Cyr, Versailles 78026, France. E-mail: rouxel@versailles.inra.fr 3 INRA UMR BiO3P and 9UMR  APBV, Domaine de la Motte BP 35327, Le Rheu Cedex 35653, France. E-mail: brun@rennes.inra.fr 4ADAS Boxworth, Cambridge, CB3 8NN, UK. E-mail: peter.gladders@adas.co.uk 5 CETIOM,  B.P. no. 4, Thiverval-Grignon 78850, France. E-mail: pinochet@cetiom.fr 6 IGR PAN, Strzeszynska 34, Poznan, 60-479, Poland. E-mail: mjed@igrnov.igr.poznan.pl 7Svalöf Weibull AB, Svalöv, SE-268 81, Sweden. E-mail: ingrid.happstadius@swseed.se 8  IUNG-Pulawy, Czartoryskich 8, 24-100 Pulawy, Poland. 10 Dept. of Phytopathology, August Cieszkowski Agricultural University, Dabrowskiego 159, 60-594 Poznan, Poland. E-mail: karolew@au.poznan.pl
The main aim of SECURE (StEm Canker of oilseed rape: molecular tools and mathematical modelling to deploy dUrable REsistance) is to deliver a model for deployment of cultivars with resistance to Leptosphaeria maculans (phoma stem canker/blackleg) to improve durability of resistance and minimise risk that the resistance will break down. The project has four main parts.  Firstly, a life-cycle model for L. maculans has been developed.  This is currently being validated using existing data. Secondly, the fitness of virulent/avirulent races of the pathogen is being investigated. Genomic analysis of avirulence and virulence loci of the pathogen is also being done. Thirdly, the effects of plant genetic background and environmental factors on durability of resistance are being analysed.  This is being done in the field at a number of sites across Europe and also under controlled conditions.  Lastly, models are being developed to investigate the effects of different methods of resistance deployment on durability of resistance so that recommendations can be made for a sustainable strategy. Results are being disseminated during the course of the project using a website (www.secure.rothamsted.ac.uk), scientific and popular publications and workshops. The SECURE project is supported by the European Commission under the Fifth Framework Programme (QLK5-CT-2002-01813).
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Biodiversity and genetic resources for Brassica napus and its major fungal pathogens within the UK Defra Oilseed Rape Genetic Improvement Network (OREGIN)

A.O. Latunde-Dada1, G.R. Teakle2, N. Evans1, P. Hornby1, D.A.C. Pink2, B.D.L. Fitt1 G.J. King2, and I. R. Crute1
1. Rothamsted Research, Harpenden, Herts., AL5 2JQ, UK, 2. Warwick HRI, Wellesbourne, Warwick, CV35 9EF, UK, Email: akinwunmi.latunde-dada@bbsrc.ac.uk.ac.uk

As with many modern crops, oilseed rape exhibits genetic erosion due to allelic canalisation. This may restrict the scope for further crop improvement to address such issues as sustainable agriculture. Breeders therefore require access to novel alleles, but in a form that is well characterised. Within the UK Defra Oilseed Rape Genetic Improvement Network (OREGIN – see http://www.oregin.info) we are developing a Brassica napus Diversity Fixed Foundation Set (BnDFFS). This will be a public-domain set of 188 genetically fixed lines structured to represent the diversity within the species. The use of fixed lines enables trait and genotype data to be accumulated over time for common genetic material, and provides a number of advantages over diversity collections containing heterozygous or mixed lines. In addition, OREGIN has adopted the Tapidor x Ningyou 7 oilseed rape segregating DH population (TN population), developed by Prof. J. Meng and colleagues at Huazhong Agricultural University, China, as a complimentary public resource. A genetic linkage map for this population is currently being developed within the EU project IMSORB (http://brassica.bbsrc.ac.uk/IMSORB) and will be available later this year. The combination of these two plant resources will enable mapped genetic markers to be used in allelic diversity surveys and trait diversity analysis to be associated with the genetic map. A third set of resources being developed within the project are diversity collections for two major UK oilseed rape fungal pathogens, namely Leptosphaeria maculans (Phoma lingam, causing phoma leaf spot and blackleg or stem canker) and Pyrenopeziza brassicae (Cylindrosporium concentricum, causing light leaf spot). A database of important UK and exotic isolates of these pathogens is currently being compiled. Future work will involve allelic diversity assessments of these collections, using SSR and AFLP markers, together with screening them against the BnDFFS to look for novel sources of resistance. 
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The Fusarium Mycotoxin Deoxynivalenol Inhibits Programmed Cell Death in Arabidopsis thaliana
Mark Diamond, Olga Rocha*, Fiona Doohan* and Paul F. McCabe 
Departments of Botany and * Environmental Resource Management, UCD, Dublin 4, Ireland.  email: mark.diamond@ucd.ie
Some of the most commercially devastating diseases of crop plants are caused by fungi of the genus Fusarium.  They not only severely reduce yield but also contaminate grain with a variety of mycotoxins that are poisonous to humans and livestock alike. Two such mycotoxins are; deoxynivalenol (DON – F. graminearum and F. culmorum) and fumonisin B1 (FB1 – F. moniliforme).  Both are known to trigger PCD in animal cells.  Only FB1 has been shown to cause PCD in plants.  Here we investigate the effects of DON treatment on Arabidopsis cells.  Although DON induces PCD in animal cells, we found that it does not in plants.   In fact our studies show that DON actually blocks PCD in Arabidopsis cells.
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Incidence of Fusarium Head Blight disease (FHB) and mycotoxin production in Irish-grown wheat from 2001 to 2003 and their relationship with climatic factors

Suzanne Monaghan, Gerard Leonard, Josephine Brennan, Fiona Doohan and Bryan Michael Cooke

Molecular Plant Microbe Interactions Group, Department of Environmental Resource Management, Agriculture and Food Science Building, University College Dublin, Belfield, Dublin 4, Ireland

Fusarium head blight (FHB) is a worldwide disease in cereal crops, causing significant yield losses, grain quality reductions, and the production and accumulation of mycotoxins in the grain. The objective of this work was to analyse the influence of climatic factors on the incidence of FHB, the Fusarium species involved, and the mycotoxin content in wheat across Ireland during 2001, 2002 and 2003. At least ten field sites were selected each year. Two hundred ears of winter wheat were collected randomly at each site at mid-anthesis, milky-ripe stage and at harvest. Visual disease incidence, FHB species and mycotoxin analysis were completed. Temperature, relative humidity (RH), leaf wetness (LW) and rainfall were recorded at each site from early June (mid-anthesis) to the end of August (harvest). Results showed that FHB was present throughout Ireland in each year. There was no significant difference in disease incidence in 2001, 2002 and 2003, indicating that overall disease incidence in the country did not change. Disease severity however, was found to be higher in 2003 than 2002. Species-specific PCR showed that, across the sites, five Fusarium species were detected each year, but the relative abundance of each species varied dramatically. In 2001, F. culmorum was the predominant species and M. nivale var. nivale was the least, whereas M. nivale var. majus was the predominant species detected in 2002 and 2003. Mycotoxin analysis showed that in 2001, deoxynivalenol (DON) was present in all sites; zearalenone (ZON) was detected at 11 out of 12 sites and nivalenol (NIV) was detected in 10 sites. In 2002 mycotoxin incidence was low with DON, ZON and NIV present in less than 5 of the 13 sites. In 2003 DON was present in 7 out of 10 sites, ZON was detected at 3 out of 10 sites and NIV was detected in 1 out of 10 sites. There was no significant correlation between the visual symptoms (average head incidence), the amount of Fusarium (quantitative PCR), and the amount of mycotoxins, implying that mycotoxin accumulation may have occurred in healthy-looking grain. Statistical analysis showed significant correlations between visual symptoms and LW in 2001. Rainfall was significantly correlated with mycotoxin levels in 2001 and 2002.
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Development of potato tuber diseases caused by Rhizoctonia solani
Alex Hilton, R Griffin-Walker, S Matheson and SJ Wale 

SAC, Craibstone Estate, Aberdeen, Scotland

Rhizoctonia solani AG-3 causes a number of diseases of potato including, stem and stolon canker in the growing crop, black scurf and russetting on the tubers. Stem canker and black scurf are greater where crops are placed under stress but the cause and relationship to crop development and russetting are not understood. 

In a field experiment, healthy seed of cv. Desirée was planted in soil artificially amended with mycelia of R. solani. Three levels (Low 100 kg / ha, Medium 180 kg / ha and High 260 kg / ha) of nitrogen fertiliser were added at planting in order to create stress conditions. Once daughter tubers started to develop they were regularly assessed for disease and related to the status of the crop. This monitoring showed that russetting occurred soon after tubers developed but that black scurf did not appear till the canopy had started to senesce. Degree of skin set at harvest was also measured by placing tubers in a rotating scuff barrel and measuring level of skin damage. This revealed significant associations between skin set with both black scurf (r= -0.74) and russetting (r =-0.61). Although russetting and black scurf are both caused by R. solani they behave as two distinct diseases. Early harvesting will reduce the severity of black scurf but not russetting whilst application of nitrogen at planting had no effect on symptom development. 
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Analysing the risk of brown rot to the Scottish seed potato industry

P. van de Graaf1, J. Danial1, N.M. Parkinson2, J.G. Elphinstone2, G.J. Bryan3 & G.S. Saddler1
1 Scottish Agricultural Science Agency, 82 Craigs Road, East Craigs, Edinburgh EH11 8NJ, UK; 2 Central Science Laboratory, Sand Hutton, York YO4 1LZ, UK; 3 Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA, UK

The quarantine bacterium Ralstonia solanacearum biovar 2 race 3, the cause of potato brown rot, is known to be present in a number of European waterways, including some English rivers. It was previously detected in parts of the Tay river system but has not been found in Scotland for the past three years. Possible sources of future renewed contamination of Scottish rivers with R. solanacearum could include waste from imported potatoes in sewage and potato processing effluent. Once in the water, the bacterium would be able to survive and multiply in the wild host Solanum dulcamara, which is abundant along the banks of several Scottish rivers and streams. Any surface water contaminated with R. solanacearum used for irrigation would form a major threat to the health of potato crops, and thus to the Scottish seed potato industry. For this reason, SASA, in co-operation with CSL and SCRI, is currently analysing the risk of brown rot to Scottish seed potato crops in a three-year SEERAD funded project. Within the project, river systems are assessed on the likelihood of contamination with R. solanacearum and the chances of pathogen spread and survival. Infection and disease development are studied under conditions most likely to occur in the field in Scotland, such as low temperature and low inoculum level. The most commonly grown Scottish seed varieties are tested for their susceptibility to the pathogen under these conditions. Methods for the detection of R. solanacearum in water samples are improved to ensure more sensitive and thus faster discovery of the pathogen in Scottish waterways. The chances of pathogen survival and infection of potato crops could also be linked to the genetic variation in both the pathogen and its wild host, S. dulcamara. The molecular tools MLST and AFLP are being used to determine the genetic variation in different strains of R. solanacearum biovar 2 race 3 and in Scottish populations of S. dulcamara respectively. Any genetic differences found might be linked to differences in pathogenicity between strains of the bacterium or in susceptibility of different varieties of its wild host.
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SEED TRANSMISSION OF LIGHT LEAF SPOT (Pyrenopeziza brassica) IN WINTER OILSEED RAPE

K.G. Sutherland, E.J. Booth and K.C.Walker
SAC, Craibstone Estate, Bucksburn, Aberdeen, AB21 9YA

Light leaf spot (Pyrenopeziza brassicae) is one of the most important diseases of winter oilseed rape in the UK, incurring yield losses of £48 million/annum. Growers in Scotland routinely spray crops in the autumn and spring for light leaf spot control. Preliminary studies at SAC Aberdeen indicated that disease control in the growing oilseed rape crop can effect the levels of light leaf spot in the daughter crop grown from that seed, suggesting that light leaf spot may be seed-borne. However, these effects have not been quantified accurately nor the results translated into a form (e.g. yield penalty) whereby a grower home-saving seed can take this into account. Seed transmission of light leaf spot could have major implications on where certified seed is sourced and on autumn spray decisions. The aim of this study was to determine if light leaf spot is transmitted in the seed and if treatments applied to the crop influence disease in the daughter crop. Three fully replicated field experiments were carried out in Aberdeen during the seasons 2000 – 2003, plot sizes 40 m2. Varieties used included the conventional varieties Apex, Bristol and Lipton and the restored hybrid variety Pronto and the varietal association Synergy. Seeds from different parental sources were used, including home-saved seed from a parental crop that had received a fungicide treatment, home-saved seed from a parental crop that had no fungicide treatment and certified seed. In Years 2 and 3 seed harvested from field experiments that had received fungicide (+/-) and sulphur as a nutrient (+/-) was also included. Experiments received standard fertiliser and pesticide inputs for the region with the exception of fungicide, which was not applied. Disease assessments were carried out at 4-8 week intervals during the season, either after incubation in the laboratory or in the field. Yields were determined to 91% dry matter. Epidemics of light leaf spot were severe in all three years, with 60-100% of plants in all varieties showing light leaf spot infection on leaves. Parental seed source, fungicide treatment to the parent crop and application of sulphur fertiliser to the parent crop did not affect the levels of light leaf spot shown in the daughter crop nor did they affect yield of the daughter crop. It is concluded from this work that light leaf spot is not transmitted in the seed or, if it is, is of no importance for disease development in the daughter crop.  All varieties tested could be grown from home-saved seed with no penalties in yield compared with crops grown from certified seed.  Experiments were carried out in small plots with a plentiful supply of pollen from adjacent plots and result should only be used as an indication of the potential for home-saving the varieties, particularly Pronto and Synergy, and do not reflect what may occur in whole field crops.  It should also be noted that the British Society of Plant Breeders indicate that growers are not permitted to home-save seed from hybrids.
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Relationship of partial disease resistance components detected in detached leaf and seed germination assays using Microdochium nivale
R.A. Browne and B.M. Cooke
Department of Environmental Resource Management, Agriculture and Food Science Building, University College Dublin, Belfield, Dublin 4, Ireland; e-mail: roy.browne@ucd.ie

Microdochium nivale is well documented as a casual agent in seedling blight, snow mould, rot foot rot and Fusarium head blight (FHB) in wheat.  Significant correlations between FHB resistance and a detached leaf assay have been reported using M. nivale among Irish and UK commercial cultivars. This suggests resistances detected in the leaf assay and FHB resistance, in part, share a common genetic background.  However, Miedaner [Plant Breeding 1997, 116: 201-220] summarizing data from a number of studies suggested strong interactions between plant growth stages, host genotypes and plant organs, respectively. The objective of the research reported here was to evaluate resistance expressed in the germinating seed to M. nivale among commercial wheat cultivars and its relationship to resistances detected in the detached leaf assay. Results indicate that resistances detected in the germination assay were independent of the components of PDR detected in the detached leaf assay. It is likely that the resistances detected in the germination assay primarily reflect those found in the grain rather than in the developing shoot and root organs, as inhibition of seed germination rather than a reduction in subsequent growth of the seedling was evaluated in this work. The relationship between the germination assay and diseases caused by fungal species implicated in the FHB complex including seedling blight, foot rot and snow mould is unclear. However it could be hypothesised that the germination assay would relate most closely to seedling blight where failure of seedling emergence is characteristic. 
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A novel method for producing mycelium-free conidial suspensions from cultures of Microdochium nivale
R.A. Browne and B.M. Cooke

Department of Environmental Resource Management, University College Dublin, Belfield, Dublin 4, Ireland (E-mail roy.browne@ucd.ie)

A novel method to improve the sporulation in culture of Microdochium nivale, (a member of the Fusarium disease complex in wheat and causal agent of pink snow mould, stem rot and seedling blight), and to produce mycelium-free pathogenic conidial suspensions for plant inoculations was developed using cellophane-covered potato dextrose agar (CPDA). Cellophane membranes were cut to a 6 cm diam from uncoated non-moisture proof cellophane cellulose film type PT300, autoclaved in distilled water to remove plasticisers and to sterilise the cellophane, and each placed flat on the agar surface in separate 7 cm Petri dishes. Inverted plugs of mycelium taken from the edge of a growing colony were placed in the centre of the cellophane-covered PDA plates and incubated at 20 (C on coolplates for 7 days under a diurnal cycle of near-ultraviolet (NUV) and white light.  Yields of conidia were higher for isolates of both fungal varieties (P < 0.01) and conidial suspensions were produced free of the mycelial fragments present in suspensions from PDA only. The conidial inoculum produced on cellophane had lower pathogenicity to wheat cv. Equinox in a detached leaf assay showing significantly longer latent periods (P < 0.01) than conidia produced on PDA alone. However the decline in pathogenicity of conidial suspensions produced on cellophane compared to PDA alone was too small to adversely affect the new method of inoculum production. The use of the cellophane technique to produce conidial spore suspensions of M. nivale var. majus and var. nivale has a number of advantages, namely the shorter period to the onset of sporulation and the increase in the yield of mycelium-free conidial inoculum produced in culture, particularly for isolates originally showing poor sporulation.
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Potential mechanisms of resistance to Fusarium head blight detected using a detached leaf assay of wheat, barley and oats 

R.A. Browne and B.M. Cooke

Department of Environmental Resource Management, University College Dublin, Belfield, Dublin 4, Ireland (E-mail roy.browne@ucd.ie)

Wheat, barley and oats in common with other cereals are susceptible to Fusarium head blight (FHB). However the relative susceptibility to FHB among the three crops and resistance mechanisms and potential susceptibility factors are poorly understood. The detached leaf assay was successful in identification of an important component of the resistances to FHB in European wheat germplasm with significant correlations between whole plant resistance and components of partial disease resistance (PDR) detected in a detached leaf assay [Browne and Cooke 2004, European Journal of Plant Pathology 110: 91-102; Diamond and Cooke 1999, European Journal of Plant Pathology 105: 363-372]. The aims of this research were to comparatively assess the PDR components detected in detached leaf assays of a range of commercial cultivars of wheat, barley and oats thereby providing a starting point to investigate the utility of these techniques within each cereal crop. Barley cultivars showed incubation periods comparable to, and latent periods longer than the most resistant wheat cultivars evaluated. Incubation periods were longer for oats than for barley or wheat cultivars. However, oat cultivars differed from both wheat and barley in that mycelial growth was observed before obvious tissue damage was detected under macroscopic examination, indicating tolerance of infection rather than inhibition of pathogen development. Latent periods were longest in oat cultivars with morphology of sporodochia appearing less well developed.  Latent periods in barley were shorter than oats but longer than any wheat cultivars. The longer latent periods in barley and oat cultivars than wheat in the detached leaf assay suggests that these PDR components are likely to play a role in overall FHB resistance if the resistances are under the same genetic control as PDR components expressed in the head.  The results for barley and oat cultivars evaluated in the leaf assay contrast with previously published reports for wheat cultivars where incubation and latent periods were shorter and more variable between cultivars.  The significance of the various combinations of PDR components detected in the detached leaf assay as components of FHB resistance in each crop requires further investigation, particularly with regard to the apparent tolerance of infection in oats and necrosis in barley associated with retardation of mycelial growth and sporulation.
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Some aspects of tan spot epidemiology in Latvia, 1999-2003

Biruta Bankina, Ilze Priekule
Department of Plant Biology and Protection, Latvia University of Agriculture faizkat@cs.llu.lv

Tan spot, caused by Pyrenophora tritici repentis (Died.) Drechs., anamorph Drechslera tritici-repentis is one of the most important wheat disease in the world, especially in the regions of intensive wheat growing. In Latvia the disease was noticed and identified in the first half of the 1990s. Spreading of tan spot began rapidly with increase of wheat density in crop rotation. At the present time it is the most wide-spread and harmful disease of wheat in Latvia. Field observations were carried out in different locations during 1999-2003, where development of the disease was investigated in untreated plots (25-28 m2 with four replicates) in trials applying fungicides at different time and in different dosages. Several wheat varieties also were included in trials, total number of plots – 23. Assessments of the disease were made on three upper leaves every week from the beginning of stem elongation to complete ripening. The incidence and severity of the disease was determined. The apparent infection rate (r) was calculated during a definite period and during all growing seasons. Meteorological conditions were different at the time of observations in each year and severity of tan spot fluctuated from 0,4 % up to 99,0 % depending on year, locality and variety. However characteristic tendencies of the disease development were observed. The first symptoms of tan spot emerged at the time of stem elongation until milk ripening. Appearance of first symptoms was not dependent on meteorological conditions or varieties. Rapidity of appearance of first symptoms also did not influence further disease development and yield losses. A break in development of tan spot was observed in some cases after very early first symptoms. The severity of tan spot achieved 1 % only in 87 % of observed plots. Mostly it happened only at the time of flowering or later (65 % of observed plots). In general, tan spot developed slowly, average rate of infection reached only 0,1 during the vegetation season. The rate of infection changed during disease development, r value reached 0,4-0,5 at the time of flowering and especially at the time of milk ripening. The rate of infection mostly depends on wheat growth stages. The crucial period of tan spot development appears at the time of wheat flowering or later. Increase of disease development was determined by decrease of resistance of older leaves, peculiarities of spore maturation and distribution. Therefore tan spot is most harmful for late varieties with long period of ripening. Further studies on maturation time and liberation of ascospores in Latvian climate conditions are necessary.
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Evaluation of commercial biocontrol agents for Botrytis cinerea control in strawberry

Killian C. Brady1,2 , Martin Downes2 and Liam Staunton3

1Institute of Bioengineering and Agroecology, National University of Ireland Maynooth, Maynooth, Co. Kildare, Ireland, 2Teagasc, Oak Park Research Centre, Carlow, Co. Carlow, Ireland, 3Teagasc, Kinsealy Research Centre, Malahide Road, Co. Dublin, Ireland

Grey mould disease of fruit (Botrytis cinerea) is the most important fungal pathogen of strawberry in Ireland. Typically, control of B. cinerea is achieved with the use of chemical fungicides. However, consumer sensitivity to pesticide use and tolerance of B. cinerea to chemical fungicides has prompted the need to develop alternative methods for disease control. One such alternative is the use of biological control agents (BCAs), which have the potential to reduce or possibly remove, chemical fungicides from disease management programs. The effects of weekly applications of five commercial BCAs (Trichodex, Trichospray, Trianum-P, Serenade, Messenger) and the chemical fungicide Rovral (iprodione) on disease incidence and marketable yield of strawberry (cv. Elsanta) were evaluated in polythene-covered tunnels. Three days after BCA application, plants were challenge-inoculated with B. cinerea. Results showed that Botrytis fruit rot accounted for 10-15% loss in total yield in each treatment. Weekly applications of iprodione gave best disease control. Messenger gave poorest control, with up to 20% of total yield being lost. Control of Botrytis fruit rot was achieved using BCAs (except Messenger) and this level of control was not statistically different to that of the iprodione treatment (P > 0.05). Of the BCAs, disease control was best in the Trichodex treatment. Marketable yield was not adversely affected by the use of BCAs. Highest yields were obtained from plants treated with iprodione, although this was not statistically greater than any of the BCA treatments. It was concluded that BCAs have the potential to replace chemical fungicide usage in strawberry grown under protection.
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L-FORM BACTERIA: ENDOSYMBIONTS AND PLANT PROTECTION AGENTS

Allan, EJ., Daulagala, PWHKP., Glover, LA., Gooday, GW., Seddon, B.,  Tsomlexoglou, E. and Walker, R.

College of Life Sciences and Medicine,  University of Aberdeen, Aberdeen, Scotland. Email: e.allan@abdn.ac.uk.

Many cell-walled bacteria can be induced, either naturally or artificially,  into a phase of growth where the cell wall is either absent or modified, in this state they are called L-phase or L-form bacteria.  Successful artificial induction has been obtained from both Gram positive, including filamentous actinomycetes, and Gram negative bacteria.  A wide range of different plants can be treated with L-form bacteria to form plant-bacterial symbioses.  This poster will present results validating the plant-microbe association, show that the symbiosis results in the plants becoming protected against microbial pathogens and suggest a mechanism for this outcome. Stable L-form bacteria derived from Bacillus subtilis were genetically modified to express the gus gene (encoding (-glucuronidase) and were associated with Chinese cabbage. Histochemical staining of associated plants showed (-glucuronidase activity (X-gluc) while PCR detected the gusA gene.  Leaves from plants treated with B. subtilis L-forms 12, 21 and 35d, after association at the seed germination stage, showed that Botrytis cinerea (grey mould) conidial germination was reduced significantly compared to untreated plants.  Further studies have been undertaken with L-form bacteria derived from the plant pathogen, Pseudomonas syringae pv. phaseolicola.  In these studies induction of chitinases was investigated using a fluorometric assay with 4-methylumbelliferyl substrates.  Maximum chitinase activity was found 31 days after seed treatment with L-form bacteria and showed 4-fold and 1.5-fold endochitinase activities with 4-Methylumbelliferyl (-D-N-triacetylchitotrioside and 4-Methylumbelliferyl (-D-N-tetraacetylchitotetraoside respectively.  Plant/L-form association was detected using a range of methods including a slide agglutination assay, ELISA and by re-isolation of bacteria from seedlings.  L-form bacteria were also observed in root hairs using light microscopy.  Re-isolation showed that L-forms were systemically distributed throughout the plant, with the highest population in roots.  These Chinese cabbage seedlings, treated with the Ps. syringae pv. phaseolicola L-form bacteria, also had enhanced resistance to grey mould as determined using a whole plant bioassay.  This indicates that L-form bacteria induce systemic resistance in the host. Since L-form bacteria act as endosymbionts and can persist within the plant throughout its development this system has potential for targeted biological control of phytopathogens.
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Sympatric Subpopolations of Botrytis cinerea Per.:Fr. in Strawberries and Grapevine and their connection to Resistance to Dichlofluanid 

Topolovec-Pintarić S.*, Miličević T., Cvjetković B. 

Faculty of Agriculture, Dept of Plant Pathology, Zagreb, Croatia

During a survey in Croatia in 2002, samples were taken of strawberry and grapevine naturally infected with Botrytis cinerea. The 37 isolates were isolated and their sensitivity to dichlofluanid (fenilsulfamid) was tested in mycelial growth assays. The three phenotypes of B.cinerea  can be distinguished according to their response toward dichlofluanid and their EC50 and CMI values. The sensitive phenotype has EC50 1-3 ppm and CMI 6-10 ppm; the phenotype with a low level of resistance has EC50 3-10 ppm and CMI > 100 ppm and the higher resistant phenotype has EC50 10-30 ppm and CMI > 100 ppm. Based on the content of transposable elements the subpopulations Transposa and Vacuma were found among collected isolates. The Transposa strains were prevalent among isolates originated from grapevine bunches. Also, the isolates having only the transposon Boty or only the transposon Flipper were found among isolates from strawberry.
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Encapsulation of Trichoderma harzianum Rifai in sodium alginate pellets

Topolovec-Pintarić S.*, Miličević T., Džidić A., Cvjetković B., 

Faculty of Agriculture, Dept of Plant Pathology, Zagreb, Croatia

The introduction of antagonistic fungi into the soil as biocontrol agents (BCA) against phytopathogenic soil borne fungi is often difficult. The introduced antagonistic fungi must adjust to the environment and survive. Initially, it must compete with harmful microbes for the occupation  of the rhizosphere,  trying to colonize the available sites along the plant roots and prevent pathogens from making contact with the root tissue. Therefore, BCAs that use competition to suppress disease generally need to be applied in high densities before the pathogen is present. The development of effective, low-cost fungal inocula engineered to maintain inoculum potential during transport, storage and application, is one of the keys to the commercialisation of the fungal soil remediation. Most of the examples on different types of fungal inocula carriers for biological control include peat, granular vermiculite or clay mixtures, grains and alginate pellets. The objectives of this work were to determine the possibility of dispersal of an isolate of Trichoderma harzianum (TKP) in the soil in the form of sodium alginate pellets, and to determine the effects of the isolate TKP on the germination of the (pelleted( flax seed (seed coated with spore suspension of the isolate TKP and sodium alginate).
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EFFICACY OF FUNGICIDES in Yeast Based ENCAPSULATion formulations

Craig Duckham*, Marie Guingouain† & Steve Rossall†
*Micap plc. Lodge Lane, Newton-Le-Willows, WA12 0JQ UK.†Plant Sciences Division, School of Biosciences, University of Nottingham, Sutton Bonington Campus, Loughborough, LE12 5RD UK.

Micap plc has a patented technique for encapsulating active ingredients within micro-organisms. The technology has been developed primarily using yeast cells (Saccharomyces cerevisiae) as an adjuvant (excipient or carrier in drug and flavour delivery applications), although other fungi and bacteria are amenable. Initial successes were achieved in the flavour and fragrance industry protecting volatile components during processing but now trials are underway to demonstrate the principle of using the technology to deliver pesticides effectively in crop protection applications.Where disease control, provided by existing technology, is inadequate encapsulation can provide a means of delivering fungicides efficiently in crop protection applications and give opportunities for novel formulations. Microencapsulation may offer the prospect of reduced application rates where efficacy is improved and have an added attraction where environmental and food-residue advantages may be delivered. The target of this current study is the fusarium pathogens responsible for stem-based cereal diseases including Fusarium Ear (Head) Blight. The aim of the investigation was to evaluate Micaptm formulations of tebuconazole against Fusarium (F. culmorum) infection of wheat. Control of both the stem-base infection and ear blight stage of the disease were assessed. In both cases, products which remain localised to the site of infection should have an advantage over conventional products. Data are presented which demonstrate that Micaptm encapsulated tebuconazole is active in vitro and is more effective than a commercial formulation (Folicur) at treating stem and ear blight stages of Fusarium infection.  Ear blight control demonstrated both an increase in thousand grain weight and decreased accumulation of the mycotoxin deoxynivalenol (DON). DON concentrations were up to 5 fold lower in grain following treatment with Micaptm encapsulated tebuconazole compared with Folicur applied at the same rate.  On-going work will provide more data on the activity of Micaptm formulations of triazoles against Fusarium and Septoria diseases of wheat.
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ESSENTIAL OILS AS POTENTIAL BACTERICIDES IN PLANT PROTECTION

N. S. IACOBELLIS and P. LO CANTORE 
Dipartimento di Biologia, Difesa e Biotecnologie Agro Forestali, Università degli Studi della Basilicata, Viale dell’Ateneo Lucano 10, 85100 Potenza, Italy


The control of bacterial diseases of plants, which may be destructive under certain environmental conditions, is a considerable problem in the agriculture practice because of the limited availability of bactericides. Only a few chemical products are available on the market and often their use is hampered by the limited efficacy in the field and mainly for their potential negative effect either on the environment or on the human and animal health. The actual limitation of the use of antibiotics in plant protection is based on the possibility to select the pathogen population resistant to the substances of interest and the consequent potential transfer of the above character to animal and human pathogenic bacteria. Although the matter is still object of debate as a matter of the fact  the use of antibiotics is forbidden in many European Countries. Only in USA and a few other Countries oxytetracycline and streptomycin are used to control highly dangerous bacterial diseases on important crops. Also the use of copper compounds, so far the only bactericide widely used for the control of plant bacterial diseases, will be limited for their impact on the environment in the European union Countries by the rule n° 473/2002. As a consequence the measures to control plant bacterial diseases are mostly limited to preventive ones including the use of healthy propagation material (i.e. seeds, etc.,). The availability of new and eco-compatible bactericides may be very useful for plant protection by diseases caused by bacteria. Many studies have pointed out on the possibility to use essential oils and/or their components in medical pathology as well as in the food industry for the control of bacteria and fungi pathogenic to consumers and/or responsible for food spoilage. Hence, essential oils appear as good candidates for the control of plant diseases and, in particular, those caused by bacteria. With the above aim essential oils extracted from fruits of caraway, coriander, cumin and fennel, were assayed in vitro for antibacterial activity toward two laboratory and 29 phytopathogenic bacterial species as well as responsible of cultivated mushrooms diseases. Significant antibacterial activity was shown by essential oils of caraway, coriander, cumin against gram positive and  Gram negative bacteria belonging to Clavibacter, Curtobacterium and Rhodococcus and Erwinia, Xanthomonas, Ralstonia and Agrobacterium genera, respectively. A reduced effect was observed in the case of the fennel oil. The availability of new active principles such as essential oils appear promising for their possible use in the crop protection from plant bacterial diseases either in the field or, in particular, to eradicate and/or protect  seeds from the above pathogens. This is particularly appealing in bio-organic agriculture. Furthermore, the significant antibacterial activity of essential oils toward the bacterial pathogens of mushrooms suggest the possibility to use the substances also on this crop. Of course, other studies are necessary to evaluate the toxicity of the substances of interest toward seeds and/or plants as well as mushrooms and to point out appropriate formulations useful for the purposes. 
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Mechanisms in biocontrol of Botrytis cinerea on Arabidopsis thaliana and crop plants by various protective bacteria.

Henk-jan Schoonbeek1,2, Anne-Claude Jacquat1, Emmanuel Boutet1, Maarten A. de Waard2 and Jean-Pierre Métraux1.

1 Plant Biology, rue Albert Gockel 3, CH-1700, Fribourg, Switzerland

2 Laboratory for Plant Pathology, Wageningen University, Binnenhaven 5, Wageningen, The Netherlands. 

Henk-jan.Schoonbeek@unifr.ch

Botrytis cinerea is a widespread plant pathogenic fungus causing grey mould disease on a very broad host range. It causes billions of yield loss on crop plants such as gerberas, roses, strawberries, cucumber, tomato and grapes, and is subject to various disease control measures. Since chemical control is hampered by rapid development of fungicide resistance, biological control has drawn attention over the years. Fungi, yeasts and bacteria have already been found to exert a protective effect against B. cinerea, although they provided more often than not only partial reduction of disease symptoms. We tried to compare the efficacy of various bacteria with a different mode of action in B. cinerea control. Therefore, the role of antibiotics, induction of induced resistance and degradation of oxalate was studied in Pseudomonas chlororaphis, P. fluorescens and Wautersia campinensis. The P. chlororaphis strain PCL1391 has been described as a biocontrol agent working antagonistically against soil born diseases. One of the main factors contributing to protection is the production of antibiotics such as 2,4-DAPG, pyrrolnitrin and phenazines. Application of these bacteria on the surface of tomato plants could also provide some protection against B. cinerea. The in vitro antagonism of these antibiotics against B. cinerea is rather weak, and we found that they induce the expression of ABC transporters in the fungus. BcatrB, an ABC transporter involved in multidrug resistance, can also export phenazines, thus protect the fungus against these antibiotics, and render the plant-protection mechanism of antagonistic bacteria unusable. The plant growth promoting bacterium P. fluorescens CHA0 has been described to provide protection against both root and leaf pathogens when applied to roots, sometimes via induced resistance. They use the ethylene and jasmonic acid dependent pathway to provide Induced Systemic Resistance (ISR) against Hyaloperonospora parasitica in Arabidopsis thaliana. However, ISR was not functional in Arabidopsis when CHA0 was applied to the roots and the leaves were challenged with B. cinerea. In an attempt to deprive the pathogen of one of its virulence factors, we focussed on oxalic acid. B. cinerea and the related white rot fungus Sclerotinia sclerotiorum produce oxalic acid at the onset if infection to chelate Ca2+, disrupt the cell wall structure, lower the pH, and set the conditions for concerted action of cell wall degrading enzymes and other virulence factors. We have performed a screening of bacteria found in Swiss agricultural soil to find bacteria that are able to degrade oxalic acid. Of 42 isolates that could degrade oxalic acid on agar, four were selected that also provided protection of A. thaliana against B. cinerea. The degree of protection provided by W. campinensis Ox-strain B after spraying on leaves of A. thaliana, cucumber, tomato and grapevine is between 35 and 60% reduction of lesion size. Pilot experiments indicate that these bacteria are also able to protect grape berries under field conditions against grey mould. In conclusion, we can say that different mechanisms exerted by biocontrol bacteria only provide partial control of grey mould and that combination of these traits may render a more efficient strategy.
246
Effect of seed treatment of winter wheat with the biopreparation Supresivit or with the chemical dressing Panoctine 35 on occurrence of fungi of the Fusarium genus in the soil and on plant infestation of differently susceptible cultivars

Jana Brožová

Research Institute of Crop Production, Drnovská 507,  Prague 6 - Ruzyne, Czech Republic

Winter wheat varieties Sida, Siria, Livia and Arina were grown in field trials conducted on fields in RICP Praque-Ruzyně. The variants were founded in four replications and were configured randomly. The biopreparation Supresivit, containing conidia of the mycoparasitic fungus Trichoderma harzianum, was applied onto the seeds of winter wheat before sowing. The doses of biopreparations used in the experiments were recommended by producers in the Checklist of registered plant protection means. The efficacy of biopreparations was compared with standard chemical treatments with Panoctine 35 (quazatine). Monitoring of fungal diseases of the crop in the field was carried out during the entire season from sowing to harvest. Visual monitoring of infection stress and plant infestation was monitored along with collection of samples for laboratory tests. The monitoring of soil mycoflora changes was performed during the entire season using the methods of soil dissemination described by Komada (1976). Samples of a surface layer of the soil were collected from the field for every experimental variant and replication for every month during the growth of the crop. Winter wheat cultivation in the same field led to increased occurrence of Fusarium spp. in the soil during the three years. The seed treatment with the biological preparation Supresivit and the chemical dressing Panoctine 35 reduced this trend. Repeated introduction of T. harzianum conidia into the soil as a seed treatment acted by decreasing Fusarium spp. occurrence especially in the last experimental year. This could be due to creation of a new microbial balance in the soil. Fusarium spp. in the soil could influence plant infestation during the next time period and a moderately strong relationship (43%) was found. The amount of Fusarium isolated from the roots, root collars and nodes of winter wheat showed the importance of these pathogens. The seed treatment with the biological or the chemical preparation caused a decrease in plant infestation. No differences were observed between variety susceptibility. 
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Integrated management of Anthracnose (Colletotrichum gloeoesporioides (Penzig) Penzig & Sacc,), a disease of increasing importance of onion in the Philippines

R.T. Alberto1, M.V. Duca2 and S.A. Miller3 

1Professor 1, Department of Pest Management, College of  Agriculture, Central Luzon State University, Science City of Munoz, 3120 Philippines; 2Research Specialist, Crop Protection Division, Philippine Rice Research Institute, Maligaya, Science City of Munoz, Nueva Ecija, Philippines; 3 Associate Professor, Department of Plant Pathology, College of Agriculture and Environmental Science, OARDC, Ohio State University, Wooster, OH, USA. 

A field study was conducted at PhilRice Central Experiment Station in Maligaya, Science City of Muñoz, Nueva Ecija, Philippines to develop integrated management strategies against anthracnose of onion. Different combinations of disease management and cultural practices showed that wider spacing (18 x 20cm) of onion seedlings with low nitrogen (60kg/ha) application and Mancozeb application at 7 days interval significantly reduced the incidence, severity and AUDPC of anthracnose of onion. However, the yield did not differ significantly with the other treatments except with the treatment with no Mancozeb, standard spacing and low nitrogen. 
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Biological activities of 3-O-methylfunicone, a secondary metabolite of Penicillium pinophilum
Rosario Nicoletti1, Elisabetta Buommino2, Mario De Stefano3, and Maria A. Tufano2

1Tobacco Experiment Institute, Scafati, Italy, 84018, 2Department of Experimental Medicine, Section of Microbiology, The Second University of Naples, Napoli, Italy, 80100, 3Department of Environmental Sciences, The Second University of Naples, Caserta, Italy, 81100.

3-O-Methylfunicone (OMF) is a recently characterized secondary metabolite extracted by liquid cultures of the soil fungus Penicillium pinophilum. Its chemical structure is founded on a -pyrone ring connected to a resorcylide nucleus through a ketone function. Such a molecular framework is common to a family of closely related secondary metabolites produced by a few species belonging to the P. funiculosum group (Penicillium subgenus Biverticillium), and by the related species Talaromyces flavus (anamorph P. vermiculatum); the latter is a well known antagonist of soil-borne plant pathogenic fungi. More recently P. pinophilum has been also described as an ecological antagonist of Rhizoctonia solani, and its antagonistic behaviour has been reported in relation to the production of OMF. Actually mycotoxin production does occur in dual cultures prepared with isolates of both species. In vitro assays showed that the OMF is able to inhibit growth of R. solani hyphae at a concentration of 0.1 mg/ml; it also inhibits other plant pathogenic and dermatophytic fungi at the same concentration. Electron microscopy showed that the toxin induces plasmolysis and disorganization of the cell structure on R. solani hyphae. In vitro assays have been also carried out on several human tumour cell-lines, and potent cytostatic properties have resulted. In fact the metabolite is responsible of cell growth arrest associated to evident morphological changes and modifications in the organization of tubulin fibres. Expression of genes involved in the cell cycle, which is arrested in the G1 phase, is also affected; moreover induction of apoptosis has been demonstrated. The metastatic process may also be inhibited since cell motility is reduced substantially. The capacity of the compound to affect cell cycle and to modulate apoptosis is indicative of a potential for the development of a new agent for cancer chemotherapy. 
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Biological activity of the Qo Inhibitor fungicides trifloxystrobin and pyraclostrobin against Cercospora beticola
D. A. Karadimosa, G. S. Karaoglanidisb, and K. Tzavella–Klonaric 

a Hellenic Sugar Industry S.A., Sugar Factory of Larissa, Plant Protection Department, 41110, Larissa, Greece

b Hellenic Sugar Industry S.A., Sugar Factory of Platy, Plant Protection Department, 59032, Platy Imathias, Greece 

c School of Agriculture, Plant Pathology Laboratory, Aristotelian University of Thessaloniki POB 269, 54006, Thessaloniki, Greece
The effect of trifloxystrobin and pyraclostrobin on spore germination of Cercospora beticola, were determined in vitro. In addition, the protective, curative, translaminar and post-symptom activity against the pathogen was determined on sugar beet plants in growth chambers with difenoconazole and chlorothalonil as standard fungicide treatments. Both pyraclostrobin and trifloxystrobin were highly active causing complete inhibition of spore germination at concentrations of 0.01 and 0.1 μg ml-1, respectively. Both fungicides were protective against C. beticola when applied 96h and 24h before inoculation of plants. Both fungicides, applied at 20 μg ml-1 , were superior to difenoconazole applied at 10 μg ml-1 and to chlorothalonil applied at 100 μg ml-1. Effective control was obtained when strobilurin fungicides were applied 24h after inoculation, but were less effective at 96h after inoculation. Pyraclostrobin at 20 μg ml-1 applied 96h after inoculation, was more effective than difenoconazole while control with trifloxystrobin at 20 μg ml-1 applied 96h after inoculation was similar to that obtained with difenoconazole. Chlorothalonil showed little activity against C. beticola in curative treatments. Anti-sporulant activity was high with both strobilurin fungicides applied at concentrations of 10 or 20 μg ml-1 when applied after the appearance of the symptoms. The anti-sporulant activity of difenoconazole was similar to that of pyraclostrobin and trifloxystrobin applied at 5 μg ml-1, while chlorothalonil did not provide significant antisporulant activity. 
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Induced resistance to Leptosphaeria maculans (phoma stem canker) in Brassica napus by L. biglobosa and chemical defence activators in field and controlled environments

S. Y. Liuab, B. D. L. Fitta*†, N. Evansa, S. J. Fostera‡, Y. J. Huanga, Z. Liuac and J. A. Lucasa

a Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ, UK;  b Key Lab of Ministry of Agriculture for Genetic Improvement of Oil Crops, Oil Crops Research Institute, CAAS, Wuhan 430062, P.R. China;  and  c Crop Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, P.R. China
Local and systemic resistance induced by weakly virulent European Leptosphaeria biglobosa and the chemical defence activators, acibenzolar-S-methyl (ASM) and menadione sodium bisulphate (MSB), against subsequent infection by L. maculans were studied under controlled environment and field conditions. Ascospore suspensions of both pathogens were used as inoculum. In controlled environment experiments, pre-treatments with L. boglobosa, ASM or MSB delayed infection by L. maculans. The treatments reduced the lesion size caused by L. maculans in both induced leaves (local resistance) and non-induced leaves (systemic resistance). These results were validated in field experiments for two seasons, 2002/2003 and 2003/2004. Pre-inoculation with L. biglobosa or spraying with ASM significantly reduced not only % natural infection and number of lesions per leaf caused by L. maculans early in the season, but also reduced severity of stem canker caused by L. maculans later in the season. ASM was more potent than L. biglobosa in inducing resistance.
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Sensitivity of single spore isolates of Trichoderma harzianum and Cladobotryum dendroides to benzimidazole fungicides

Salem O. Abosriwil and Kevin J. Clancy

Dept. Environmental Resource Management, University College Dublin, Ireland

Effects of benomyl, carbendazim and thiabendazole on single spore isolates of Trichoderma harzianum and Cladobotryum dendroides, isolated from disease situations in commercial mushroom cultivation systems were evaluated in vitro.  Fungicide suspensions were added to malt extract agar media at 0.0, 0.5,50 and 250mg a.i.l-1.  A Keyworth Isolator plug cutter, 1mm diameter, replacing one objective lens of a light microscope, was used to cut cylindrical plugs of agar bearing one germinated conidium of the target fungi.  Plugs were lifted out with a sterile needle and transferred onto fungicide-treated media and incubated in the dark, at 27¢ªC for 48 hours, after which the mycelial growth was assessed.  Single spore isolates and parent cultures of both pathogens demonstrated significant variation in  sensitivity to benzimidazole fungicides both between single spore isolates themselves, and between them and their parent cultures.  It is concluded that there is a definite advantage in using a number of single spore isolates in addition to observations on multi-spored or gross mycelial isolates in any screening for chemical sensitivity in such rapidly growing and rapidly sporulating fungi in order to get early warning of insensitive forms in the population".
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Utilisation of immunochemical methods for the assessment of potato leaves resistance to Phytophthora infestans
I. Kudlíková, J. Chalupníková and J. Krátká 

Research Institute of Crop Production, Division of Plant Medicine, Drnovská 507, Prague, Czech Republic

Email: kudlikova@vurv.cz
In many countries, late blight caused by the fungus Phytophthora infestans (Mont.) De Bary is considered to be the most important potato disease. The most substantial part of integrated pest management for late blight in potato is breeding for resistance. In breeding programmes, the precise quantification of pathogen in host organs is essential. For that reason, a method of assessment on the base of immunochemical techniques was developed and applied in the comparison of potato cultivar resistance. Antigen was purified as a protein fraction from mycelium of four Phytophthora infestans isolates. Two polyclonal antibodies were prepared, characterised and applied in the detection of the pathogen in artificially infected leaves of ten potato cultivars (Vera, Kordoba, Lenka, Adéla, Impala, Filea, Liseta, Arnika, Rosella, and Désirée).  PTA-ELISA and dot-blot on nitrocellulose membrane were used to prove the presence of the pathogen and quantify its proteins in plant tissue. The level of resistance was determined for each cultivar on the base of calculated total amount of pathogen proteins in all leaves and of the number of leaves assessed as positive. The differences in susceptibility among tested cultivars were evaluated. Cultivars Arnika, Rosella and Désirée appeared as the most susceptible according to the both criteria. Likewise, cultivar Lenka was assessed as the most resistant according to the both criteria. On the base of the amount of pathogen proteins, continuous range of resistance among tested cultivars was observed from the most resistant Lenka to the most susceptible Arnika (Lenka Liseta, Filea, Impala, Kordoba, Vera, Adéla, Désirée, Rosella, and Arnika). Results also demonstrated that the evaluation of resistance by visual symptoms did not always correlate with the amount of the pathogen in host plant tissue. Cultivar Désirée was a typical case. It showed a hypersensitive reaction without sporulation of pathogen but according to the amount of pathogen proteins in host tissue it was classified as a highly susceptible cultivar. This study was supported by the Ministry of Agriculture of the Czech Republic, projects No. QC 1301.
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HLVd in hop gardens in Czech republic

P. Svoboda1, J. Matousek2, J. Patzak, K. Krofta, 
1Hop research institute, Co., Ltd, Kadanska 2525, 438 46 

Viroids are the smallest autonomously replicating pathogenic agent yet describe. They are responsible for significant losses of agricultural crops e.g. potato, avocado, coconut palm and hop. In hop plant are present two viroids: hop stunt viroid (HSVd) and hop latent viroid (HLVd) with worldwide distributions. For control presentation of HLVd was used isolation pathogenic RNA from cones with identification by Dot – blot molecular hybridisation with radioactively designated probes and from tissues and leaves by Concert™ Plant RNA reagent (Invitrogen, USA) for RT- PCR. Molecular sampling from hop garden was performed. We controlled in vitro plants in the Gene bank of hop, mother plant in greenhouse, experimental hop garden, hop garden under health control, nursery, young and old hop gardens. No morphological symptoms were observed on infected plants. In our experiments we have found HLVd and infection is practically 100% and spreading in hop garden is very rapid. Results are important for elimination of HLVd and production virus and viroid free planting material of hop in Czech Republic. This work was supported by the National Agency for Agricultural research of the Ministry of Agriculture in projects QD 1181 and QC 1183.
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CHARACTERISATION OF THE TRANSMISSION OF BARLEY MILD MOSAIC VIRUS BY VECTOR POLYMYXA GRAMINIS

Khalid Alhudaib, Mike Adams and Kostya Kanyuka 

Plant-Pathogen Interactions Division, Rothamsted Research, Harpenden, AL5 2JQ, UK
Barley mild mosaic virus (BaMMV) is one of the most important diseases of winter barley causing large losses to crops in Europe and East Asia. The virus causes systemic mosaic symptoms on infected plants, typically seen as pale green or yellow streaking on the youngest leaves. BaMMV is transmitted to plants through the roots by the vector, Polymyxa graminis Led. BaMMV contains positive sense single-stranded RNA, packaged in flexuous filamentous particles. The BaMMV genome is bipartite consisting of RNA1 and RNA2. Little work has been done to understand BaMMV, movement (within barley plants) or transmission by P. graminis. The aim of this study is to gain an understanding of the various functions of the BaMMV viral genome, and to study virus-Polymyxa vector interactions. Vector and mechanical inoculations of a UK BaMMV isolate to a susceptible barley cultivar were carried out, and first symptoms were observed after six and two weeks respectively. BaMMV isolate was purified and cloned into the plasmid pCR-XL-TOPO, this work was done in the first year. Subsequently, full length cDNAs of BaMMV (RNA1 and RNA2) have been modified and produced clones, which contain a SP6 promoter at the 5’-end and a poly (A) tail at the 3’-end on each cDNA. BaMMV clones are currently being tested for infectivity and the results have been mixed. In addition, antibody to coat protein is being used to track the virus in the roots of infected plants by immunofluorescence or immunogold labelling.
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