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FOREWORD

The role of plant pathology in our rapidly changing world is of increasing importance. Our discipline is connected with
very relevant social and economic issues: environmental protection and conservation, food safety and security, and climate
change, to name a few. Yet plant pathology is continuously challenged to maintain its identity and reaffirm an existence
based on the needs of those who grow food and fiber. As the ever-increasing world population demands more to consume,
we must respond with improved methods of disease control that are less destructive to the environment. Improvements in
agricultural technology require attention to basic science with applications that can be quickly focused to solve specific
crop production problems. Plant pathology is both a basic and an applied science. We are unique and indispensable be-
cause we represent an integrated science, a discipline that brings together components of many sciences such as botany,
plant physiology, and microbiology. Striving to achieve the right balance of disciplinary and mission-oriented research, and
striving to achieve fundamental advances in knowledge to apply problem/solving approaches, we must constantly adapt
and effectively implement our research findings.

I believe that all those aspects are covered in the invited and offered papers that you find in this Special issue of the Jour-
nal of Plant Pathology, hosting the abstracts of the 9 International Congress of Plant Pathology (ICPP 2008).

The Organising Committee has adopted the theme Healthy and safe food for everybody for the Congress, thus underlin-
ing the role of plant pathology in food safety and food security as well as emphasizing the effort made by the International
Society for Plant Pathology in the field of food security.

The Scientific Programme Committee of ICPP 2008 developed a comprehensive programme of Keynote and Concur-
rent sessions with an impressive list of presenters to address a broad range of contemporary plant pathology issues and top-
ics. Five Keynote Sessions (Role of plant pathology in food safety and food security; Host-pathogen interactions and molec-
ular plant pathology; Diseases of Mediterranean crops and forests; Recent developments in disease management; Knowl-
edge and technology transfer), two special Plenary Sessions, one on Global food security, the other one devoted to the Cen-
tennial celebration of the American Phytopathological Society, will take place. Two Special Sessions, sponsored by the Eu-
ropean Food Safety Authority and by the European Commission, together with more than fifty Concurrent Sessions will al-
low coverage and discussion of a broad range of topics, from airborne plant diseases to the future for plant pathology.

This volume contains more than 1800 abstracts, with over 1600 offered papers that are to be presented at ICPP 2008.
All contributors of offered papers have played an important part in the success of the Congress.

The very considerable efforts of people involved in developing the ICPP 2008 Programme and the ICPP 2008 abstract
publication are commended and acknowledged. The ICPP 2008 Scientific Programme Committee planned the programme
with the help of all Session organisers. The Organising Secretariat Valentina Communication — with Mrs. Flavia Antonino
and Dr Chiara Demaria — received and handled the abstracts, Dr Robert Milne did the language editing, while Dr Angelo
Porta-Puglia and Dr Paolo Gonthier compiled ICPP 2008 abstracts for publication and did the final editing with incredible
patience. The Valentina Communication Group (led by Dr Valentina Parenti) and the Scientific Secretariat of AGROIN-
NOVA (with Pietro Piazzolla iz primis) have provided essential assistance with the communication required to develop the
ICPP 2008 programme. Everybody worked with competence and passion.

ICPP 2008 promises to be a very successful and worthy successor to previous International Congresses of Plant Patholo-
gy. I extend my warmest wishes to all ICPP 2008 delegates for a very successful and worthwhile time in Torino.

M. Lodovica Gullino

Chairperson, ICPP 2008
Vice-President, International Society for Plant Pathology
Past President, Italian Association for Crop Protection (AIPP)
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PROFILES OF PLENARY AND KEYNOTE SPEAKERS

Plenary Session PS 1
Congress opening

Dr Timothy J. Hall

T.J. Hall worked as a research scientist in the UK before joining the European Commission services in 1983, be-
coming Head of Unit for S&T Cooperation with Developing Countries in 1994. He has also been responsible for
units dealing with general aspects of the life sciences and health research.

His current position is Head of Unit for Agriculture, Forestry, Fisheries and Aquaculture with primary responsibil-
ities for overseeing the management of projects in these areas supported by the EU RTD Framework Programmes.

Since 1 September 2007, he is also Acting Director for Biotechnologies, Agriculture and Food.

Plenary Session PS 2
Public discussion forum: plant pathology and global food security

Dr Peter R. Scott

P. Scott is a plant pathologist and an information scientist. He is Consultant to CAB International, where he has
been responsible for new developments in knowledge management in the applied biosciences. He has led the devel-
opment of CABI's Compendium Programme, and the formation of its international Development Consortia that now
include more than 60 participating organizations in the public, private and development assistance sectors.

Previously he was a plant pathologist at the former Plant Breeding Institute, Cambridge, UK, where he was re-
sponsible for research on the genetics of resistance to facultative parasites of cereals.

He is the Immediate Past President of the International Society for Plant Pathology.

Prof. Richard Strange

R. Strange is currently Honorary Professor of Biology at the University College London and Honorary Research Fel-
low in the School of Biology and Chemistry, Birkbeck College, University of London. He has published over 90 scientific
papers, mainly concerned with the mechanisms of resistance and susceptibility of plants to disease, and two books: Plant
Disease Control, Towards Environmentally Acceptable Methods (1992) and Introduction to Plant Pathology (2003). His
current interests lie in the promotion of global food security through the initiation of a new journal, Food Security: the
Science and Sociology of Food Production and Access to Food with Peter Scott (see http://www.isppweb.org/
nljul07.asp#1) and, at the bench, in the production of toxin-minus mutants of the chickpea pathogen, Ascochyta rabie:.

Dr Gurdev S. Khush

G.S. Khush was raised on a small farm in Punjab, India. He received BSc degree from Punjab Agricultural Univer-
sity in 1955 and a PhD in 1960 from the University of California, Davis. After serving as a faculty member of the Uni-
versity of California for seven years, he joined the International Rice Research Institute (IRRI) in the Philippines as a
Plant Breeder, and was appointed as Head of Plant Breeding Department in 1972. He retired in February 2002 as
Principal Plant Breeder and Head of Division of Plant Breeding Genetics and Biochemistry. During his 35 year career
at IRRI he spearheaded the programme for developing high yielding and disease and insect resistant varieties of rice
which ushered in green revolution in rice farming. More than 300 rice varieties developed under his leadership have
been released in Asia, Africa and Latin America. IRRI bred varieties or their progenies are grown on 60% of world’s
rice land. Rice production increased from 257 million tons in 1966 to 626 million tons in 2006.

Dr Cantrell, Director General of IRRI summed up Khush’s contributions by saying, “while his name may have
passed the lips of many, his life’s work passed the lips of almost half the mankind”.

Dr Khush had made outstanding contributions to advancing the frontiers of rice genetics. He has written 3 books,
and numerous papers in scientific journals. He has trained numerous plant breeders and served as consultant to sev-
eral national rice improvement programs.

For his contribution to food security he received the Japan Prize in 1987, the World Food Prize in 1996, the Rank
Prize in 1998 and the Wolf Prize in Agriculture in 2000. He received honorary doctorate degrees from eleven universi-
ties, the latest being from Guru Nanak Dev University. G.S. Khush was elected to the Indian National Science Acade-
my, Third World Academy of Sciences, US National Academy of Sciences and Royal Society of London.
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Dr Harry Evans

Nearly 40 years experience in disease identification and management in tropical agriculture and forestry. Over 160
scientific papers published on plant and insect pathology, including a standard reference book. Currently responsible
for initiating and coordinating research projects on the use of fungi for the biological control of weeds and plant dis-
eases.

Dr James M. Waller

Over 40 years experience in research and consultancy work on diseases of tropical crops, in particular coffee, with
much experience as technical advisor to development projects in crop protection in Africa, Asia and Latin America.
Research on coffee and sugarcane diseases in particular coffee berry disease in Kenya and in the development of inte-
grated crop management systems. Former Head of Plant Protection Services at CABI Bioscience. Former plant
pathology adviser to DFID crop protection programme. Extensive work experience as advisor and consultant and in
research projects. Author of 6 books and about 90 publications in books, articles and papers.

Dr James Brown

J. Brown leads a research programme at the John Innes Centre, Norwich, where he has worked since 1989. His
main interest is in strategies of developing durable resistance to crop diseases. Most of his work has concerned fungal
diseases of cereals, particularly powdery mildew and Sepzoria tritici blotch, and his programme covers both the genet-
ics of plant resistance and the population genetics of pathogens. His most important current goal is to devise ways of
breeding for durable disease resistance in crop varieties with excellent yield and quality.

Dr Florence M. Wambugu

EM. Wambugu, a renowned agricultural plant pathologist with specialization in virology and genetic engineering,
has a BSc Botany, University of Nairobi; MSc in Plant Pathology, North Dakota State University; PhD in Plant virolo-
gy, Biotechnology, University of Bath, England; and a Post-Doctoral Research Associate — Biotechnology, Plant Sci-
ence Monsanto, St. Louis, USA. EM. Wambugu who has over 25 years experience in agricultural crop research. She
is the Founder, Director and the Chief Executive Officer of Africa Harvest Biotech Foundation International (AHB-
FI) since 2002. AHBFI is a nonprofit foundation with offices in Nairobi, Kenya, Johannesburg, South Africa, and
Washington, D.C. Previously, she founded, established and worked as Africa Region Director, ISAAA — Afri-center,
in Nairobi; she also worked as Plant Biotechnology Research Scientist, Kenya Agricultural Research Institute (KARI),
Kenya. EM. Wambugu has made significant contributions in research, development and improved production in
maize, pyrethrum, banana, sweet potato and forestry in Kenya. She has published over 100 articles and co-authored
various papers. She is also the author and publisher of Modifying Africa: How Biotechnology Can Benefit the Poor
(www.modifyingafrica.com). Dr Wambugu is a strong believer in the power of biotechnology and has participated in
many international forums in support of biotechnology in Africa to increase food production. Under her leadership,
the Biotech Tissue Culture Banana Project has positively impacted thousands of small-scale farmers in Kenya and
Eastern Africa. She is the recipient of numerous local and international honours, awards, and grants. KARI’s 1989
Crop Science Award for outstanding scientist of the year; International Potato Center’s (CIP) Regional Research
Award/Grant, 1989; Noble Prize of the United Cultural Convention 2002; World Bank Global Development Net-
work Award in 2000 for successful introduction of the tissue-culture banana in Kenya; Woman of the Year 2001 by
the American Biographical Institute; and Woman of the Year Award by Eve Magazine. Under the leadership of EM.
Wambugu, Africa Harvest (and consortium collaborating institutions) has been awarded US$ 18.6 million from a
global competitive grant from Bill & Melinda Gates Foundation, Global Health Challenge for Health and Nutrition.
EM. Wambugu has served as a board member and in other capacities for both local and international institutions.
Previously she served in several board of directors which include Private Sector Committee of CGIAR, United Na-
tions Millennium Development goals Hunger task force; Executive Committee member of Forum for Agricultural Re-
search in Africa (FARA); DuPont Company Biotech Advisory Panel, USA; International Plant Genetics Research In-
stitute (IPGRI now called Bioversity) and African Biotechnology Stakeholders Forum (ABSF). Currently, she is serv-
ing as a Council Member of the Japan Science and Technology in Society (STS) Forum, a Steering Committee Mem-
ber of the European Action on Global Life Sciences (EAGLES) and a Science Board member of Bill and Melinda
Gates Foundation Grand Challenge in Global Health.

Prof. Thomas Hohn
T. Hohn is Professor “emeritus” at the Botanical Inistitute, University Basel. He is Austrian, has studied at the
Max-Planck Institute of Ttbingen and performed postdoctoral studies in Stanford, California. He was junior group



Journal of Plant Pathology (2008), 90 (2, Supplement), S2.7-S2.14 S2.9

leader at the Bicocenter of the University Basel and group leader at the Friedrich Miescher Institute Basel. His inter-
ests are in virology, originally of bacteriophages, where he together with his wife developed DNA-packaging, and later
of plant viruses, where he recognized the first plant pararetrovirus (CaMV) and detected special viral translation
strategies. Recently he became interested in the topic of RNA-interference and in transgenesis. He has published
more than 200 papers during his career. Since several years he is involved in the Indo-Swiss collaboration in Biotech-
nology project, working together with Indian scientists to apply biotechnology for the improvement of pulses (Legu-
minosae) and Cassava for the use by subsistence farmers.

Dr Corrado Clini

C. Clini is General Director of the Ministry for the Environment, Land and Sea of Italy since 1990. He received his
degree in medicine at Parma University - Departments of Ecology and Occupational Health in 1972, his PhD in Oc-
cupational Health at Padua University in 1975 and his PhD in Hygiene and Public Health at Ancona University in
1986. From 1990 to 2001 he had been Chairman of the Environment and Health European Committee. At present C.
Clini holds a number of leaderships positions and more specifically Chairman of the Board of the Regional Environ-
ment Center of Budapest, Member of the Bureau of the European Environment Agency, Vice Chair of the Hydrogen
Economy International Partnership, Chairman of the Global Bioenergy Partnership, Visiting professor at the Depart-
ment for Environmental Sciences and Engineering at Tshingua University of Beijing, Senior Research Fellow in the
Sustainability Science Program at Harvard’s Center for International Development.

Plenary Session PS 3
In celebration of 100 years of the American Phytopathological Society

Dr Paul D. Peterson

P.D. Peterson has a diverse background ranging from history to biology. He holds undergraduate and master’s de-
grees in history and a PhD in plant pathology from North Carolina State University. As a postdoctoral fellow at Clem-
son University, he conducted some of the first research on a newly emerging disease of turfgrass called rapid blight,
caused by Labyrinthula terrestis. Currently, he holds adjunct faculty appointments at Clemson University and Coker
College in South Carolina, where he teaches courses on the history of science and agriculture. He also serves as the
E.C. Stakman Visiting Scholar at the University of Minnesota and as the official historian of the American Phy-
topathological Society.

Prof. Karen-Beth G. Scholthof

K.-B. G. Scholthof is a Professor of Plant Pathology and Microbiology at Texas A&M University. Her research fo-
cuses on the molecular biology of satellite panicum mosaic virus. In addition, she has an NSF-funded history of sci-
ence project underway on the Development of Plant Virology in the Early 20th Century. K.-B. Scholthof teaches a
graduate course in Plant Virology, a writing-intensive undergraduate course on Pathogens, the Environment, and Soci-
ety and a course on The History, Literature, and Science of Disease for the Undergraduate Honors Program. In 2004
she received an Excellence in Teaching Award from the American Phytopathological Society.

Dr James D. MacDonald

J.D. MacDonald is a Professor of Plant Pathology at the University of California, Davis. He joined the faculty in
1978 and served as chair of the department from 1995-1999. He has served as executive associate dean of the College
of Agricultural and Environmental Sciences since 1999. Over his career, J.D. MacDonald has been very active in APS
where, among his many activities, he chaired the Electronic Technology Advisory Committee that conceived and initi-
ated the society’s electronic journals Plant Health Progress and Plant Health Instructor. Professor MacDonald was
elected vice president of APS in 2004 and served as president from August 2004 to August 2005.

Dr Jacqueline Fletcher

J. Fletcher, Sarkeys Distinguished Professor, Oklahoma State University, earned a BS (Emory University), MS (Uni-
versity of Montana) and PhD (Texas A&M) and was a postdoctoral fellow at the University of Illinois. Her research
focuses on niche adaptation of phloem-associated bacteria, the relationships between human pathogens and plants,
and microbial forensics.

Service in the American Phytopathological Society included terms as President, Secretary and Councillor-at-Large.
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She chaired the APS Bacteriology Committee, was Senior Editor of APS Press and Associate Editor for Plant Disease,
and served on the Office of International Programs and the APS Biosecurity Committee. She was named a Fellow of
APS (2005) and of AAAS (2007).

J. Fletcher serves currently as Director of the APS Public Policy Board, chairs the APS Plant Pathogen Forensics
Group, and is a member of the APS Threatening Pathogens Committee. She serves on the FBI’s Scientific Working
Group on Microbial Forensics and on a biosecurity advisory committee for the National Intelligence Council. She has
participated in EU and NATO sponsored multi-national crop biosecurity initiatives. J. Fletcher was recently appoint-
ed Director of OSU’s National Institute for Microbial Forensics and Food and Agricultural Biosecurity.

Dr Cristopher C. Mundt

C. Mundt received his PhD in Plant Pathology from North Carolina State University in 1985. He has since been on
the faculty of the Department of Botany and Plant Pathology at Oregon State University, where he is currently a Pro-
fessor. He also was a Visiting Scientist at the International Rice Research Institute from 1992-2001. His research inter-
ests are in the epidemiology of plant disease and population genetics of plant pathogens, with a focus on the effects of
host diversity. He has served as Editor-in-Chief of Phytopathology, and is a Fellow of the American Phytopathological
Society and the American Association for the Advancement of Science.

Dr R. James Cook

R. James Cook is best known for his research at Washington State University (WSU) on biological and ecological
approaches to manage root diseases of wheat. Starting in 1998, and before retiring from WSU in 2005, he held the R.
J. Cook Chair in Wheat Research, a position endowed with a $1.5-million gift to WSU from the Washington wheat
growers. He was elected to the US National Academy of Sciences in 1993 and the US Agricultural Research Service
Science Hall of Fame in1997. He holds BSc and MSc degrees from North Dakota State University, a PhD from the
University of California, Berkeley, and honorary doctorates from North Dakota State and the University of Turin.

Keynote Session KS 1
The role of plant pathology in food safety and food security

Dr Robert S. Zeigler

Plant pathology, research management. BS 1972 (biological sciences), University of Illinois, USA; MS 1978
(Botany), Oregon State University, USA; PhD 1982 (Plant Pathology), Cornell University, USA. Bob Zeigler was a
computer operator (1967-71) and laboratory assistant in Botany (1972) at the University of Illinois; secondary school
science teacher as a US Peace Corps volunteer, College Musim, Mokala, Zaire (1972-74); technical assistant, Fred
Hutchinson Cancer Research Center, Seattle, Washington (1974); graduate research-teaching assistant in Plant
Pathology at Oregon State (1975-77) and at Cornell University (1978-80); visiting research associate, CIAT (1980-81);
IDRC technical advisor, Burundi Maize-Pea Program (1982-85); CIAT plant pathologist (1985-86) leader, CIAT Rice
Program (1986-92); plant pathologist, IRRI (1992-99); leader of the Rainfed Lowland Rice Research Program, IRRI,
(1992-95); leader, Irrigated Rice Research Program, IRRI (1995-1999); professor and head, Department of Plant
Pathology, and director, Plant Biotechnology Center, Kansas State University (1999-2003), and director of the CGIAR
Generation Challenge Program based in Mexico (2004-2005). Sigma Chi (1982); Gamma Sigma Delta (Honor Society
of Agriculture, 2000); International Service Award, American Phytopathological Society (2001); fellow, American As-
sociation for the Advancement of Science, 2007.

Dr Emmanuel Moses

E. Moses completed his PhD in Plant Pathology at University College (University of London) in 1997 and joined
the Crops Research Institute of its native Ghana in the same year. He has occupied the positions of Head of Root and
Tuber Crops Research from 2001 to 2006 in its institute and the Coordinator of Adaptive Research in the Middle
Zone of Ghana in the National Root and Tuber Improvement Programme (in the same period). Some of its significant
achievements include winning the P.H. Gregory Prize award of the British Society for Plant Pathology in 1996 and re-
ceiving the second prize in Scientific Presentations of the International Society of Tropical Root Crops (African
Branch) in 2001. He was the recipient of the first Congress Challenge Award of the International Society for Plant
Pathology in 2003.
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Dr Niek van der Graaff

N. van der Graaff holds an advanced degree in Biology from Leiden University and a doctorate in Agricultural Sci-
ences (Plant pathology) from Wageningen University. He worked from 1973 to 2006 with the Food and Agriculture
Organization of the United Nations, starting with five years in Ethiopia, where he worked on resistance of Arabica to
Coffee Berry Disease. Subsequently, he was a plant pathologist at FAO’s headquarters and the Organization’s senior
plant pathologist. In 1986, he became the Chief of FAO’s Plant Protection Service, responsible for the Organization’s
programmes on pesticide management, locust control, integrated pest management and plant quarantine. He was re-
sponsible for the intergovernmental negotiations that established the International Plant Protection Convention as
the treaty that sets International Phytosanitary Standards. He oversaw, together with the Director of UNEP Chemi-
cals, the negotiations that led to the Rotterdam Convention on the Prior Informed Consent Procedure for Certain
Hazardous Chemicals and Pesticides in International Trade. He subsequently was also Secretary for both treaties.

Keynote Session KS 2
Host-pathogen interactions and molecular plant pathology

Prof. Brian Staskawicz

B. Staskawicz, PhD is professor and chair, Department of Plant and Microbial Biology, University of California-
Berkeley. B. Staskawicz received his BA in Biology from Bates College in 1974 and his PhD from the University of
California-Berkeley in 1980. B. Staskawicz’s work has contributed greatly to understanding the molecular interac-
tions between plants and their pathogens. He was elected to the NAS in 1998 for elucidating the mechanisms of
disease resistance, as his lab was the first to clone a bacterial effector gene from a pathogen and among the first to
clone and characterize plant disease-resistance genes. Staskawicz’s research focuses on the interaction of the bacte-
ria, Pseudomonas and Xanthomonas, with Arabidopsis, tomato, and pepper. He has published extensively in this
area and is one of the leading scientists in the world working on elucidating the molecular basis of plant innate im-
munity.

Prof. Roger Innes

R. Innes is Professor and Associate Chair of Biology at Indiana University in Bloomington, Indiana, USA. He has
been at Indiana University since 1991. Prior to that he trained with Dr Brian Staskawicz at the University of Califor-
nia at Berkeley and obtained his PhD from the University of Colorado at Boulder, studying under Dr Peter Kuempel.
R. Innes’s current research focuses on the molecular mechanisms that mediate pathogen recognition and the evolution
of these mechanisms. A detailed description of his research program can be found at http://www.bio.indiana.edu

/~inneslab/.

Prof. Dr Paul Schulze-Lefert

P. Schulze-Lefert was trained in biochemistry and genetics at Marburg, Freiburg, and Cologne Universities, Ger-
many. After a PhD thesis on cis-and trans-active factors regulating plant gene expression in response to light, he be-
came interested in fundamental processes controlling plant microbe interactions. Major research areas are the innate
immune system of plants, mechanisms of fungal pathogenesis, defense suppression, and the molecular basis of
biotrophic lifestyle. The research program includes the development of novel quantitative non-invasive imaging tech-
nologies and plant chemical genetics as tools for the dissection of dynamic biological processes.

He worked from 1989 to 1990 as postdoctoral fellow in Francesco Salamini’s department at the Max-Planck-In-
stitut fiir Ziichtungsforschung (MPIZ) Cologne on the development of DNA marker technologies in plant genomes.
In 1991 he started his own research group at the RWTH Aaachen with a focus on plant disease resistance mecha-
nisms to fungal pathogens. From 1995 to 2000, he held a senior research position and supervised a research team in
the Sainsbury Laboratory at the John Innes Centre, England. Since 2000 he is head of the Department of Plant Mi-
crobe Interactions at the MPIZ, Cologne, and Honorary Professor at the University of Cologne since 2003. Much of
his current work is dedicated to bridging traditional research areas like genetics, biochemistry, and cell biology in
the endeavor of increasing our understanding of the molecular mechanisms that control plant microbe interactions.
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Keynote Session KS 3
Diseases of Mediterranean crops and forests

Prof. Naldo Anselmi

N. Anselmi is currently full Professor of Forest Pathology at University of Tuscia. Scientific Responsible for Italy of
EU Forest Project on Poplar rusts and FAIR Project on Root pathogens in forest decline and PRIN National Projects
on Endophytic fungi in forest decline. Partecipating to the AIR Project on Root rots by Armillaria, and ENVIRON-
MENT project POPFACE on The effect of air increasing CO, on pathogen aggressiveness. Scientific responsible of lo-
cal Research Units in National (IPRA, RAISA, MiPAF) and Regional (DOCUP 5B, POM, PRAL) Projects. Coordina-
tor of the PhD on Plant Protection. Member of FAO Poplar Disease Commission and some IUFRO Working Parties.
Member of the Board of Associate Editors of the Journal of Plant Pathology (2000-2002) and Councillor of the Steer-
ing Committee of the Italian Society for Plant Pathology, STPaV (2002-2005). Member of Scientific Committees of
National and International Conferences. Referee of several scientific national and international journals. Since No-
vember 2007 he is head of the Plant Protection Department of the University of Tuscia. Author of a book Wood
Pathology and of 250 papers on the biology, epidemiology, strain composition and pathogenicity of several fungal dis-
ease agents of forest trees (Abies, Castanea, Juglans, Platanus, Picea, Pinus, Populus, Prunus, Quercus, Salix, etc.) and
on their integrated control. In the last 15 years, he has focused his research on forest decline, carrying out investiga-
tions on the role of water deficiency and fungal weakness pathogens; on fungal colonization of tissues exposed with
pruning cuts; on the endophytic habitus of weakness pathogens living in the bark in healthy trees; on the characteriza-
tion of pathogenic fungi with isozyme and molecular markers. At the same time, he has been continuing his studies on
rot roots agents, with special emphasis on Phytophthora and Heterobasidion in the Mediterranean area of central-
southern Italy.

Prof. Alessandro Ragazzi

BA in Forestry Sciences in 1973. Full Professor in Forest Plant Pathology. Member of the College for PhD in For-
est Plant Pathology. Member of the Executive Board of the National Union of Forestry Institutes. Member of the Ital-
ian Forestry Academy. Member of the IUFRO Groups Rust of Forest trees, Complex diseases, Phytophthora diseases.
Coordinator of the Work Group Diseases of Forest and Urban Trees, within the Italian Phytopathological Society.
President of the Curriculum in Tropical Agricultural Sciences. Member of the Inter-departmental Centre for Tropical
Studies. Scientific Reviewer of ‘NATURA’ Scientific Advisory Group. Coordinator of the main theme Plant Control in
the European Forum Preparatory Committee: Research in Agricultural for Developing Countries. Chief Editor of the
journal Micologia Italiana. Head of the Plant Pathology Section of the Agricultural Biotechnology Department, Uni-
versity of Florence. The main scientific competences are: biology and epidemiology of rusts of hard pines; patterns
and evolution of oak decline; role of microrganisms in oak decline, with special reference to fungal endophytes; ef-
fects of salinity on the behaviour of soil microrganisms. Author or co-author of 200 scientific papers, included 6 vol-
umes, on Forest Plant Pathology.

Prof. Andrea Vannini

A. Vannini is Associate professor at the Department of Plant Protection of the University of Tuscia (Italy). After
the degree in Forestry in 1984 he has been post doc at the Department of Botany and Plant Pathology of Michigan
State University and at the College of Environmental Science and Forestry at the New York State University. His main
activity is focused on diagnosis, monitoring and epidemiology of forest diseases with particular emphasis in decline
syndromes and soil borne pathogens of the genus Phytophthora. Most recent research activities are focused on alien
invasive species and their centres of origin. Andrea Vannini is coordinator of several national and international re-
search projects, centres of excellence and coordination actions. Of particular relevance are the cooperation research
activities, with ICPC countries as Algeria, Nepal, Argentina funded by national and International Institutions. He is
author of more that 110 research publications. Andrea Vannini is consultant of the Italian Ministry of Environment
and cooperates with the Food Agricolture Organization (FAO) in development projects in Asia. He has been invited
speaker at the ICPP 98 in Edinburgh.

Dr Matteo Garbelotto

M. Garbelotto is a Forest Pathology and Mycology Extension Specialist and Adjunct Professor in the Department
of Environmental Science, Policy, and Management, Ecosystem Sciences Division, at UC Berkeley (www.cnr.berke-
ley.edu/garbelotto/). His major area of research is the study of microorganisms, and in particular fungi, in forest sys-
tems. He is working to elucidate the effects of ecological modifications, whether man-made or natural, in the ecology
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and evolution of various fungi. Ongoing research in Garbelotto’s lab seeks to determine the biological and ecological
characteristics of important introduced pathogens in California and the impact of such introduced organisms on dif-
ferent or differently managed forests. M. Garbelotto, who has published widely, received his PhD from UC Berkeley
in 1996.

Dr Khaled M. Makkouk

K.M. Khaled M. Makkouk received his PhD in Plant Pathology from the University of California at Riverside in
1974. He was researcher in Plant Virology with the Lebanese National Council for Scientific research, and Professor
of Plant Pathology at the American University of Beirut. K.M. Makkouk is currently virologist at the International
Center of Agricultural Research in the Dry Areas (ICARDA), and President of the Mediterranean Phytopathological
Union.

Keynote Session KS 4
Recent developments in disease management

Prof. Matteo Lorito

Professor of Plant Pathology and Biotechnology, Faculty of Agriculture, University of Naples, Italy. Research Sci-
entist (1989) then Professor (2000) at the University of Naples; Visiting Scientist at Cornell University (1990-1994)
and Technical University of Vienna (1995); awarded fellowships by the Italian National Research Council (1990), the
OECD (Organization for Economic Co-operation and Development) (1995), the Fulbright Research Scholar Pro-
gramme (1997), the CIES-Occasional Lecturer Program in USA (1997) etc. Author of over 100 publications in refer-
eed journals, inventor in about 20 patents, invited speaker or chairman to many International Congresses, co-founder
of four Companies for implementation of new biotechnologies. Main research interests: biological control, new meth-
ods for plant protection, molecular basis of plant-microbe interactions.

Dr Richard Broglie

R. Broglie is Manager, Crop Genetics Research, DuPont Central Research & Development. He received his PhD in
Microbiology from Rutgers University and served as both Postdoctoral Fellow and Assistant Professor in the Labora-
tory of Plant Molecular Biology at The Rockefeller University before joining DuPont in 1985. At DuPont, he has led
research programs to identify traits for modified soybean and canola oils as well as disease resistance in corn, soybean,
wheat and rice. His most recent assignment involves developing and implementing global R&D strategies in India
and China to accelerate the discovery of genes for high value agronomic traits such as stress tolerance and efficient
nutrient utilization.

Dr Andy Leadbeater

After training as a plant pathologist in the UK, A. Leadbeater entered the plant protection industry in 1980 when
he joined Ciba-Geigy in the UK fungicides field trials department. He has now worked in industry for over 25 years
and during that time has been involved in the development and introduction and support to the market of many nov-
el active ingredients. He has led the UK development group of the company, has headed the European development
department of Syngenta (for all product types) and is now head of the international development team for fungicides
for Syngenta. A. Leadbeater has also taken a significant role in industry and non-industry groups and currently is the
chair of the FRAC International Qol Working Group, is the industry representative to the EPPO Working Group on
Plant Protection Products and a member of the European Crop Protection Association’s Efficacy Expert Group.

Keynote Session KS 5
Knowledge and technology transfer for plant pathology

Dr Steve Parker

S. Parker has worked as a Plant Pathologist for nearly twenty years. He began his career with ADAS, at that time
the UK’s public extension service, working in the plant clinic and servicing field experiments. This whetted his ap-
petite for a career in plant pathology and he joined Long Ashton Research Station in 1988 to study for a PhD in epi-
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demiology. After completing his PhD Steve stayed on to work on diseases of cereal and biomass crops, before rejoin-
ing ADAS as a cereals specialist in 1997. S. Parker joined CSL in 2003 where he works on a broad range of arable and
horticultural crops. Throughout his career, he has had particular interest in providing decision support tools both for
both tactical risk management (e.g., to support decisions about the need for fungicide treatments) and more strategic
analyses (e.g., designing crop ideotypes). In pursuit of this interest, he has led and provided plant pathology expertise
for a number of collaborative projects with biomathematicians and crop physiologists.

Dr Eric Boa

As head of the Global Plant Clinic, E. Boa lead a team of UK scientists who are active on three continents, sup-
porting mobile plant clinics, reporting on new plant diseases and training people to be plant doctors. This is a long
way from where he started, as a tree pathologist looking at ash canker. He then worked in Bangladesh on bamboo
blight followed by a spell in Indonesia on Sumatra disease of cloves. Since the early 1990s he has enjoyed close collab-
orations with anthropologists and social scientists, combining the study of plants (and their diseases) with the study of
people. The supply of technologies that people need and can benefit from requires the same rigour and attention to
detail that scientists apply to their work. Finding new ways to tackle old problems and helping farmers in developing
countries directly is proving the most rewarding time of his long career overseas.

Dr James Stack

J. Stack is Director of the Biosecurity Research Institute at Kansas State University, an 113,000 square foot biocon-
tainment research and education facility with BSL-3 and BSL-3Ag capabilities. As Director of the Great Plains Diag-
nostic Network, J. Stack coordinates a nine-state project for the rapid detection and diagnosis of high consequence
pathogens and pests. As Associate Director at the National Agriculture Biosecurity Center, he is the principal investi-
gator for two international projects regarding plant biosecurity. He formerly worked for EcoScience Corporation as
the Director of Applied Research, leading the discovery, development and commercialization of microbe-based prod-
ucts to protect fruit from storage decay pathogens.

The Jakob Eriksson Prize for 2008

Dr Laurence V. Madden

L.V. Madden is a leading international authority in plant disease epidemiology who has made numerous research
contributions that have substantially increased our understanding of disease development in time and space. He has
pioneered the use of many modelling approaches to: analyze, compare, and predict plant disease epidemics; charac-
terize the spatial pattern of disease incidence, and relate spatial heterogeneity to crop, pathogen, and environmental
factors; relate disease dynamics to crop losses; relate environment to disease and inoculum dynamics; and evaluate
control strategies. Of major significance is his work with colleagues on development of differential-equation models
for plant virus diseases with insect vectors. In this major contribution, the basic reproduction number for predicting
invasion and persistence of viruses was derived. In other long-term research, he has shown how spread of diseases
with rain-dispersed spores is determined by surface topography, plant canopy, and rain intensity.

Madden’s research has been extremely productive, with 200 peer-reviewed journal articles and two books on plant
disease epidemiology. He has received many honours, including the Ruth Allen Award from the American Phy-
topathological Society (APS), the Distinguished Scholar Award from the Ohio State University, and the E.C. Stakman
Award from the University of Minnesota. He is an elected Fellow of three scientific societies. He served as President
of APS in 1996-97.
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PLENARY SESSION PS 1
CONGRESS OPENING

PLANT HEALTH RESEARCH IN EUROPEAN PROGRAMMES.
T.J. Hall. DG Research, European Commission. Email: timothy.ball

@ec.curopa.eu

Agriculture and forestry have received increased political and
public attention in the context of today global challenges, includ-
ing climate change, bio-fuels, food security and the potential com-
petition between food and biomass production, globalisation as
well as food safety issues and biosecurity — many have implications
for plant health research. The European Commission has been
supporting trans-European and wider international scientific coop-
eration, both on pre-defined topics as well as on investigator-driven
research activities through its multi-annual Framework Pro-
grammes (FPs). Since plant diseases and their control are impor-
tant for farmers, consumers and the environment, research on
plant health, pesticide usage, low-input farming, food chain issues
and associated genomics and biotechnology have been important
components of recent FPs and will continue to be in the 7t FP.
The latter provides increased opportunities for plant health re-
search and crop-related research in general, under the Theme
Food, Agriculture and Fisheries, and Biotechnology, but also in
other parts. Since European Commission research funding repre-
sents only a small fraction of the overall European effort, it is vital
that a more coherent approach is developed across Europe to max-
imise research output. In recent years there has been progress to-
wards realising a more complete European Research Area in the
plant sciences but further advances are still needed. Several Tech-
nology Platforms are playing an important role in this respect, to-
gether with a number of ERANET coordination actions which
bring together managers of similar national programmes from dif-
ferent countries with a view to developing complementary priori-
ties, joint calls and possibly, ultimately, joint programming.

KEYNOTE SESSION

PLANT DISEASES AND WORLD DEPENDENCE ON RICE.
R.S. Zeigler and S. Savary. International Rice Research Institute
(IRRI), Los Basios, Laguna, Philippines. Email: r.zeigler@cgiar.org

This presentation deals with rice, the first food crop of hu-
mankind, and with rice diseases. It also deals with our present and
future need for managing rice diseases in a sustainable way. There-
fore I will also discuss pests other than diseases, with the diversity
of contexts farmers, scientists, and policymakers have to face, and
with the climatic challenges global agriculture faces in the near
term. Rice is, and is likely to remain, the world’s main food crop,
partly because of the plant’s tremendous adaptability, and partly
because of the flexibility of rice-based agroecosystems. This diver-
sity of production situations goes hand in hand with a large diversi-
ty of diseases and pests: in many ways, the diversity of these pest
injury profiles echoes the diversity of production situations. In or-
der to improve the performance of rice-based ecosystems, one has
to manage not a particular disease, but a combination of diseases —
an injury profile — whose yield-reducing effects must be minimized.
The unprecedented changes that ecosystems are facing today have
direct impacts on rice farmers, rice production, and rice diseases.
New injury profiles are emerging, in new production situations,
where new research must invent ways to produce more rice with
fewer resources, while improving rice-based ecosystem perform-
ances. As an international scientific community, we must rise to the
challenge of increaseing the knowledge we have on rice injury pro-
files and their management, and from the unprecedented develop-
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ment of new tools to understand, breed, and manage rice for fu-
ture and sustainable food security.

DEVELOPMENT OF APPROPRIATE STRATEGIES TO CON-
TROL CASSAVA DISEASES IN GHANA. E. Moses, J.N. Asafu-
Agyei, E. Ayueboteng, A. Adusei and K. Adubofour. CSIR-Crops
Research Institute, PO. Box 3785, Kumasi, Ghana. Email: e.moses@
cropsresearch.org

Production in Ghana of cassava (the most important staple
food crop) is significantly affected by diseases including African
cassava mosaic disease (ACMD) and root rot caused by Polyporus
sulphureus in some of the major production districts. P sul-
phureus, a parasitic mushroom, alone is capable of causing com-
plete crop failure in susceptible cultivars of cassava. Varieties
were tested for resistance to the major diseases of cassava particu-
larly ACMD and P. sulphureus root rot in disease hot spot areas
in the Kpando district of the Volta region using farmer participa-
tory approaches. Eight varieties showed resistance to ACMD and
Polyporus root rot while the local farmers’ variety succumbed se-
verely to ACMD. Two of the eight varieties gave root yields of
22.0 and 23.0 t/ha compared to 11.0 t/ha obtained from the
farmers’ local cultivar. Two hundred farmers and agricultural ex-
tension agents from four major cassava producing districts were
trained in disease identification and control through workshops
and field days. Two farmer field schools were established and op-
erated in the Sabadu and Aveme farming communities of Kpando
district, and trained local farmers in disease identification and
control. A disease identification and control guide was devel-
oped, published and disseminated to increase awareness and pro-
mote disease control. With improved disease control practices
and cultivation of some of the disease-resistant varieties identi-
fied, farmers can increase or double yields of edible roots and im-
prove on their incomes and food security.

BIOSECURITY IN THE MOVEMENT OF COMMODITIES AS
A COMPONENT OF GLOBAL FOOD SECURITY. N.A. van
der Graaff and W. Khoury. Former Chief, Plant Protection Ser-
vice, Food and Agriculture Organization of the United Nations
(FAQ). Email: vdgraaff@tiscali.it

Demand for agricultural produce will closely follow the con-
tinued growth of the world population and the change in con-
sumption patterns in major developing countries. International
agricultural trade, which more than doubled between 1987 and
2003, is vital for access to food. Biosecurity (regulatory regimes
for food safety, animal and plant health, and the introduction of
genetically modified organisms) results in technical barriers to
trade. The WTO Sanitary and Phytosanitary Agreement (SPS
Agreement, 1995) seeks to avoid arbitrary or unjustifiable dis-
crimination among countries. Phytosanitary biosecurity addresses
the introduction and spread of plant pests. Phytosanitary policies
and measures have a dominant effect on market access and many
countries have started a regulatory review to ensure a scientific
base for phytosanitary measures. The SPS agreement recognizes
the international standards for food safety set by the FAO/WHO
Codex Alimentarius as well as International Standards for Phy-
tosanitary Measures (ISPMs) concluded within the framework of
the International Plant Protection Convention (IPPC), an inter-
governmental FAO Treaty. The latter has led to major changes in
the international plant health framework: setting of international
phytosanitary standards has been taken up and the number of
IPPC Contracting State Parties has increased to 164. Future de-
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velopments might include the international recognition of pest-
free areas. Many countries are seeking synergies among their na-
tional regulatory systems for Biosecurity allowing for consistency
of decision-making and best use of limited resources. At interna-
tional level, there is a need for further alignment between the
above-mentioned agreements, and the Convention on Biological
Diversity and its Cartagena Protocol. While private standards
gain importance in food safety, phytosanitary biosecurity remains
primarily a government concern.

CONCEPTS IN BIOLOGICAL CONTROL
OF PLANT PATHOGENS

REBECA - ACTION TO REVIEW OVERLOADED EU REGU-
LATION POLICY ON BIOLOGICAL CONTROL AGENTS.
R.U. Ehlers. Iustitute for Phytopathology, University Kiel, Dept
Biotechnology & Biological Control, Klausdorfer Str. 28-36, D-
24223 Raisdorf, Germany. Email: eblers@biotec.uni-kiel.de

Understanding the diversity, mutualism and antagonism of bio-
logical control agents opens new horizons for their economic ex-
ploitation for sustainable agriculture and safe food production.
What begins in the laboratories of highly motivated and dedicated
scientists very often, however, ends up only on their shelves. Com-
mercial exploitation is often hindered and rapid market introduc-
tion delayed because of overloaded regulation requirements. One
of the major hurdles for commercial development is requirements
needed to register microbial products according to EU directive
91/414. The REBECA action (www.rebeca-net.de) has reviewed
existing regulation practice and proposed innovative alternatives to
accelerate the introduction of biological control agents into agricul-
tural markets.

BIOCONTROL OF PLANT PATHOGENS AND PLANT
GROWTH PROMOTION BY BACILLUS. B. McSpadden Gar-
dener and R. Raudales. The Obio State University — OARDC,
Wooster, OH, USA. Email: bbmg+@osu.edu

Numerous Bacz/lus strains have been investigated for their ca-
pacities to protect plants and stimulate their growth. In the past
decade, several of these have proven to be commercially viable
products. This talk will review how Bacillus and their products
have been used successfully as crop protectants and biostimu-
lants. Particular emphasis will be given to new observations made
on the biochemistry, diversity, distribution, and genomics of these
bacteria and how such information is being used to enhance com-
mercial development of biocontrol inoculants. Key gaps in our
understanding will be highlighted.

BIOLOGICAL CONTROL OF MACROPHOMINA PHASEOLI-
NA IN PAKISTAN. S. Shahzad. Department of Agriculture, Uni-
versity of Karachi, Karachi-75270, Pakistan. Email: saleemshah-
zad_pk@yahoo.com

Macrophomina phaseolina is known to infect more than 500
plant species in different parts of the world. In Pakistan, M.
phaseolina has been found associated with more than 125 species
including almost all the important crop plants. A number of mi-
croorganisms have been used for the biological control of the
pathogen. A review of progress and the prospects for biological
control of M. phaseolina in Pakistan will be presented.

BIOLOGY, BIOLOGICAL CONTROL AND MOLECULAR GE-
NETICS OF ROOT DISEASES OF WHEAT AND BARLEY. L.
Thomashow, D. Mavrodi, O. Mavrodi, R. Bonsall, T. Paulitz, P.
Okubara, K. Schroeder, Y. Quakand and D. Weller. USDA-ARS,
Washington State University, Pullman, WA 99164-6430, USA.
Email: thomashow@uwsu.edu

Root diseases cause billions of dollars annually in losses to ce-
real growers. Resistance to foliar diseases is common, but resist-
ance to root diseases is rare. Soilborne pathogens of cereals are
managed through crop rotation, tillage, and chemical seed treat-
ments. However, plants also defend themselves by supporting
rhizosphere microorganisms antagonistic to soilborne pathogens.
One of the best examples of natural root defense is the sponta-
neous decline during monoculture of take-all of wheat or batley
caused by Gaeumannomryces graminis var. tritici. Take-all decline
results from the buildup of strains of Pseudomonas fluorescens
that produce the antibiotic 2,4-diacetylphloroglucinol (DAPG).
The robustness of this suppressiveness appears to be modulated
by the genotype of the DAPG producer, the wheat variety, and
the sensitivity of the pathogen to DAPG. Strains of Pseudomonas
that produce phenazine antibiotics are abundant in the Pacific
Northwest of the USA where cereals are grown under low rain-
fall, and these strains may be involved in the suppression of root
diseases other than take-all. Pseudomonads involved in natural
suppression are excellent biocontrol agents and the basis of re-
combinant strains with enhanced biocontrol activity. The intro-
duction of genes encoding the phenazine biosynthetic pathway
into the DAPG producer P. fluorescens Q8r1-96, a highly aggres-
sive root colonizer of wheat and barley, resulted in enhanced con-
trol of Rhizoctonia root rot. Real-time PCR assays have made it
possible to rapidly determine the inoculum density of soilborne
pathogens and the population densities of natural microbial an-
tagonists, giving growers new tools to manage root diseases.

TROPICAL PLANT PATHOLOGY

FUNCTIONAL GENOMICS FOR IDENTIFICATION OF DISEA-
SE RESISTANCE GENES IN RICE. H. Leung, R. Mauleon, L.
Yan, L. Bin, J. Leach, K. Satoh and S. Kikuchi. Plant Breeding, Ge-
netics and Biotechnology Division, International Rice Research Insti-
tute, DAPO Box 7777, Manila, Philippines. Email: h.leung@cgiar.org

Achieving durable disease resistance has been an important
yet elusive target in rice breeding. In the case of bacterial blight,
pyramiding of major Xa genes has been successful in countering
the emergence of new pathogen races. However, finding the right
gene combinations for stable blast resistance remains difficult.
Genetic analyses of rice varieties showing durable resistance
against blast suggest that most of these varieties have basal quan-
titative resistance yet overlaid with a number of R genes. With a
complete rice genome sequence available, we are in a position to
examine genetic variation in parallel with expression patterns on
a genome-wide scale. To understand the genetic basis of quantita-
tive resistance against blast, we have taken two approaches: (1)
utilize genetic variants that generate contrasting disease expres-
sion patterns, and (2) use the whole rice genome structure to de-
velop statistical methods for associating expression profiles with
resistance phenotypes. Disease response transcriptomes of two
pairs of genotypes (resistant vs susceptible varieties and a gain-of-
resistance mutant vs wild type) were generated using the Agilent
22K rice oligoarrays. Relationships between genome structure
and expression patterns were determined by defining aggregation
of differentially expressed genes (DEGs) along a chromosome
and correlated expression within contiguous gene blocks across
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experiments. With this approach, nine genome regions of corre-
lated expression and fourteen regions of aggregation of DEGs
were located and characterized bioinformatically. Association of
these regions with disease resistance QTLs provides convergent
evidence for candidate genes contributing to quantitative resist-
ance that can be subsequently validated in the field.

INFORMATION AND COMMUNICATION TECHNOLOGIES
CAN DO MORE TO HELP FARMERS IN DEVELOPING
COUNTRIES: NEW METHODS FOR EXTENSION AND RE-
SEARCH. E. Boa. Global Plant Clinic, CABI E-UK, Bakebam: La-
ne, Egham, Surrey TW20 9TY, UK. Email: e.boa@cabi.org

When the Global Plant Clinic (GPC) set out to improve ac-
cess to plant health services we became aware of the need to im-
prove extension messages. Diagnosis of plant diseases was not
enough: extension workers and farmers wanted practical advice
on what to do. There was a mistaken belief that the GPC had ac-
cess to all the necessary expert knowledge, but this was soon dis-
pelled as the nature of the problems were better understood.
Working closely with farmer organisations and researchers we
reviewed local and scientific knowledge to identify practical so-
lutions to plant health problems. We saw the need to transform
and translate scientific knowledge and make it relevant to local
circumstances. Access to the internet was also not enough. The
same disease in different places does not mean the same advice.
New methods were developed for designing extension messages
(the snowman) and validating them (farmer peer review). We
taught techniques to improve use of widely available tools such
as digital cameras, videos, computers and printers. We analysed
demand and responded to it in collaboration with extension
staff, valuing their responses but also validating their knowledge.
Our experiences suggest practical responses to big themes such
as ‘knowledge and technology transfer’ and the use of ‘informa-
tion and communication technologies’ that may be of use to
plant pathologists wanting to work more closely with extension
and poor farmers.

MANAGING BANANA BACTERIAL WILT IN UGANDA.
W.K. Tushemereirwe. National Agricultural Research Organiza-
tion, National Agricultural Research Laboratories Institute -
Kawanda (NARLI), PO. Box 7065, Kampala, Uganda. Email: ba-

nana@imul.com

Banana is the most important food crop in Uganda but its
production is threatened by numerous constraints including: dis-
eases (bacterial wilt = Banana Xanthomonas wilt BXW or Ki-
wotoka, black Sigatoka, Fusarium wilt and banana streak virus
disease), pests (banana weevil, nematodes), declining soil fertili-
ty, socioeconomic problems (marketing, high crop management
costs and post-harvest handling/utilization). Of all these con-
straints, BXW is currently ranked the most important by the
farming community. The disease was first reported on ensete and
banana in Ethiopia in 1968 and in Uganda in 2001. The Uganda
Government responded by developing a comprehensive strategy
for disease management. The strategy of integrating research and
development emphasized massive creation of awareness and use
of participatory approaches to deploy control recommendations.
It specifically provided for the following activities: establishing
the prevailing status of banana bacterial wilt, generating infor-
mation and appropriate technologies for management of the dis-
ease, disseminating the technologies and information and ensur-
ing their application; evaluating impact of the research and de-

velopment activities on BXW. It also provided for creation of na-
tional and local government level platforms bringing together all
research and development actors to ensure coordinated inter-
vention. The highest priority was given to establishing the dis-
ease’s status and generating of information that would facilitate
refinement of the tentative control recommendations. The first
comprehensive survey conducted in early 2005 revealed that in
central Uganda where the disease was fully established, 76-95%
of the fields were affected. The disease was more severe in intro-
duced bananas (especially variety Kayinja, 60-70%) compared to
indigenous (Matoke) bananas (12-27%). Epidemiological stud-
ies revealed that: insects, mainly stingless bees were key agents of
disease spread as they fed on the sap that oozed from wounds
created when bracts and flowers fell off banana male buds; early
removal of the male buds (using a forked stick to break rather
than cut) protected the banana plants from infection; contami-
nated tools, any other wounding agents and moving infected
fleshy plant parts around were also confirmed to spread the dis-
ease. Canna lily and wild bananas were identified as alternate
hosts; persistence of the disease-causing bacteria in soil was es-
tablished to be two to three weeks. A recommendation based on
these findings was formulated, evaluated and disseminated. It in-
volved: avoiding introducing the disease into the garden on plant
parts or contaminated tools; breaking male buds to reduce
chances of insect transmission; clearing diseased plants and al-
ternate hosts to remove sources of inoculum; and cleaning (de-
contaminating) tools used on diseased plants to avoid spreading
the disease on the tools. Within one year 60-90% of farmers in
the target areas were able to completely eliminate the disease
from plantations.

STRATEGIES TO MITIGATE THE THREAT TO WHEAT
PRODUCTION FROM THE UGY99 (TTKS) RACE OF STEM
RUST. R.P. Singh, Y. Jin, J. Huerta-Espino, P. Njau, R. Wanyer
and R.\W. Ward. International Maize and Wheat Improvement
Center (CIMMYT), Apdo. Postal 6-641, 06600, Mexico, DE
Email: R.Singh@cgiar.org

The spread of race Ug99 (TTKS) of Puccinia graminis tritici,
causal organism of stem (or black) rust, from East Africa to the
Arabian Peninsula and its predicted migration towards North
Africa, the Middle East, Asia and beyond through predominant
winds, or other means, poses a major threat to wheat production
worldwide due to the susceptibility of a majority of popular culti-
vars and breeding materials. Although chemical intervention
backed by sound sutveillance can reduce losses, replacing suscep-
tible cultivars with resistant ones is the best control strategy. Sev-
eral known race-specific resistance genes, mostly transferred to
wheat from alien relatives, confer resistance and should be de-
ployed in combination to enhance their longevity. Greenhouse
and field testing has identified wheat materials that carry high to
moderate but adequate levels of adult-plant resistance (APR). A
common feature of wheats with the most APR is the presence of
the slow-rusting gene S72 in combination with other unknown
numbers of minor genes. Because complex APR is expected to be
durable, a breeding scheme that includes shuttling of segregating
populations between Mexico and Kenya is being implemented to
enhance the incorporation of APR in a wider range of wheat ma-
terials. Identification of APR genes and linked molecular markers
is also being pursued to aid selection of APR in the presence of
effective race-specific resistance genes or absence of disease. New
resistant wheat lines with high yield potential are being tested in
various high risk countries for their fast-track release and seed
multiplication.
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POST-HARVEST PATHOLOGY

MECHANISM OF PATHOGENICITY IN BOTRYTIS CINE-
REA. M. Hahn, M. Leroch, M. Kretschmer, A. Schamber, A.
Mosbach and G. Doehlemann. Department of Biology, University
of Kaiserslautern, Postbox 3049, 67663 Kaiserslautern, Germany.
Email: habn@rhrk.uni-kl.de

Botrytis cinerea is one of the major threats for crop produc-
tion, both as a pre- and a postharvest pathogen. The availability
of a complete genome sequence and microarrays, and the appli-
cation of molecular techniques have increased remarkably our
knowledge of the biology and the mechanisms of infection of the
grey mold pathogen. In my lecture, I will concentrate on mor-
phological and molecular processes during early stages of devel-
opment of a conidium on a plant surface. Conidial surface hy-
drophobicity promotes early attachment to the cuticle. In con-
trast to other fungi, no evidence was found that hydrophobins
are involved in the coating of Botrytis conidia. Germination de-
pends on both morphological (hardness, hydrophobicity) and
chemical (sugars) signals. Depending on the signals, different
modes of germination and penetration are observed. Signal per-
ception occurs by unknown receptor systems and is mediated by
either G-protein/ cAMP or MAP kinase signalling components.
These components are also required for the expression of viru-
lence factors that are required for penetration, killing and colo-
nization of plant tissue. Amongst those, ABC- and MFS-type
transporters that catalyse the energy-dependent efflux of plant
defense compounds have been analysed in our group.

MECHANISMS MODULATING FUNGAL ATTACK IN PO-
STHARVEST PATHOGEN INTERACTIONS. D. Prusky, I
Miyara, N. Alkan, O. Moskovitch and I. Kobiler. Department of
Postharvest Science of Fresh Produce, Agirculural Research Organi-
zation, Bet Dagan 50250, Israel. Email: dovprusk@agri.gov.il

As biotrophs, insidious fungal infections of postharvest
pathogens remain quiescent during fruit growth while at a partic-
ular phase during ripening and senescence the pathogens trans-
form to necrotrophs causing typical decay symptoms. Exposure
of unripe hosts to pathogens (hemi-biotrophs or necrotrophs),
initiates defensive signal-transduction cascades that limit fungal
growth and development. Exposure to the same pathogens dur-
ing ripening and storage activates a substantially different signal-
ing cascade which facilitates fungal colonization. This presenta-
tion will focus on modulation of postharvest host-pathogen inter-
actions by pH and the consequences of these changes. Host pH
can be raised or lowered in response to host signals, including al-
kalization by ammonification of the host tissue as observed in
Colletotrichum and Alternaria, or acidification by secretion of or-
ganic acids as observed in Penicillium and Botrytis. These
changes sensitize the host and activate transcription and secretion
of fungal hydrolases that promote maceration of the host tissue.
This sensitization is further enhanced at various stages by accu-
mulation of fungal ROS that can further weaken host tissue and
amplifies fungal development. Several particular examples of co-
ordinated responses which follow this scheme are described, fol-
lowed by discussion of the means to exploit these mechanisms for
establishment of new approaches for postharvest disease control.

MECHANISMS OF INDUCED RESISTANCE AGAINST BO-
TRYTIS. T. Mengiste. Department of Botany and Plant Pathology,
Purdue University, Lilly Hall of Life Sciences, 915 W. State Street,
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West Lafayette, Indiana 47907-2054, USA. Email: mengiste@
purdue.edu

Necrotrophic fungal pathogens constitute a significant prob-
lem in agricultural and horticultural crops production worldwide.
Many foliar, soil-borne and storage pathogens are necrotrophs
surviving by extracting nutrients from killed cells. To acquire nu-
trients, necrotrophs induce cell death (necrosis) and degrade
plant cell wall by releasing toxins and cell wall degrading en-
zymes into host tissue. Failure to limit necrosis or cell wall degra-
dation by the plant leads to enhanced infections resulting in dis-
eases that culminate in the death and decay of the entire infected
plant or its parts. Over the last decades, significant progress has
been made towards understanding the genetic control of plant re-
sponses to biotrophic pathogens. In contrast, the biological
processes underlying host responses to infection by necrotrophic
fungi are not understood that well. We are using host responses
to Botrytis cinerea as a model to understand the genetic compo-
nents of plant resistance to necrotrophs. B. cinerea is a typical
necrotrophic pathogen and causes the gray mold disease in di-
verse crops. Plant responses to Botrytis and other necrotrophic
pathogens are regulated by a complex network of interacting ge-
netic, molecular and hormonal factors in the plant. In addition,
diverse pathogen derived molecules and significant environmen-
tal factors contribute to disease development. Thus, identification
of genetic resistance to necrotrophic pathogens particularly
Botrytis has been challenging. Recent efforts by many laboratories
have started to shed light on the mechanisms of host responses to
necrotrophic pathogens. Comparisons of basal resistance in Ara-
bidopsis and tomato reveal resistance mechanisms that show a
functional conservation in the two plant systems but also differ-
ences in disease development. I will discuss recent progress in the
area of host responses to necrotrophic pathogens, cross-talk with
plant responses to insect pests and abiotic stress factors.

ROLE OF PRE-FORMED ANTIFUNGAL SUBSTANCES IN
THE RESISTANCE OF FRUIT TO POSTHARVEST
PATHOGENS. N. Adikaram, C. Karunanayake and C. Abaya-

sekara. Department of Botany, University of Peradentya, Sri
Lanka. Email: nkba@pdn.ac.lk

Fruits contain secondary metabolites with antifungal proper-
ties, called phytoanticipins. They are mostly concentrated in the
fruit peel and compartmentalized in vacuoles, organelles, oil bod-
ies or latex canals. Concentration and activity usually decline dur-
ing ripening in coincidence with fungal rot development. The in-
formation on antifungal systems in immature avocado, Carica pa-
paya, mango and wood apple (Limonia acidissima), reviewed
here, suggests that they play a role in natural disease resistance.
Immature mangoes have evolved a formidable antifungal system
comprising several galloyltannins, resorcinols and chitinases. Gal-
loyltannin and resorcinol levels are generally higher in resistant
cultivars than in susceptible ones. Mango latex, distributed in a
fine network of canals in the fruit peel, contains resorcinols and
chitinases and has the ability to rapidly digest conidia of Col-
letotrichum gloeosporioides. Galloyltannins and resorcinols de-
cline progressively during ripening and the latex disappears,
when ripe rot development begins. Retention of latex in the har-
vested fruit reduces anthracnose and stem-end rot development
during ripening. Although unripe mangoes respond to C.
gloeosporioides infection by inducing superoxides, peroxidase etc.
leading to cell death, the phytoanticipins appear to play a major
defensive role. Pre- or postharvest treatment with plant inducers,
and soil supplement with potassium or silicates enhanced fruit re-
sistance to anthracnose and stem-end rot. Carica papaya fruit too
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contains chitinases in the latex while avocados and wood apples
have strong antifungal systems, each with several phytoanticipins.
Fruits with strong phytoanticipin systems in general do not ap-
pear to induce phytoalexins, and chitinase seems to be a compro-
mise defence for phytoalexins.

VASCULAR PLANT PATHOGENS

INTERACTIONS OF VERTICILLIUM SPP. WITH BRASSICA:
ROOT INVASION, SYSTEMIC SPREAD AND PLANT RE-
SPONSE. C. Eynck, N. Riediger, B. Koopmann and A. von Tiede-
mann. Dept. of Crop Science, University of Gottingen, Grisebach-
strasse 6, 37077 Gottingen, Germany. Email: atiedem@guwdg.de

Verticillium longisporume (VL) is host-specific to Brassica
species and particularly threatens oilseed rape (OSR) in intense
crop rotations. VL infects the roots in the root hair zone by direct
penetration of the rhizodermis without formation of appressoria
and invades the vascular system, where it spreads by hyphal
growth and conidia. This colonization pattern is not found with V.
dahliae (VD), a species closely related to VL, which does not pen-
etrate the xylem or induce disease symptoms. In the field, detec-
tion of VL in infected plants by ELISA or quantitative PCR
showed that spread of infection was retarded until early maturity
stages of the crop (> GS 85). Similarly, spread of VL was discon-
tinuous in rapid-cycling rapeseed plants inoculated in the green-
house. After fast initial colonization of the root vessels until the
hypocotyl phase (0 to 14 dpi), an expanded phase (14 to 28 dpi)
followed in which the fungus was arrested at the hypocotyl zone.
After 28 dpi the pathogen readily spread systemically into the
shoot xylem. This pattern of colonization was accompanied by a
distinct change in salicylic acid levels in tissues and the xylem sap
of infected stems, although colonization did not induce oxidative
responses as reflected by the level of H,O, or NO. Resistance was
due to inhibition of fungal spread in the vascular system rather
than through the prevention of root penetration. Reduced
pathogen spread in less susceptible genotypes was associated with
distinct phenolic responses in the adjacent xylem parenchyma.

GENE EXPRESSION IN ARABIDOPSIS FOLLOWING IN-
DUCTION OF RESISTANCE TO VASCULAR WILT FUNGI
S.E. Tjamos, P.P. Antoniou and E.J. Paplomatas. Plant Pathology
Laboratory, Agricultural University of Athens, 75 lera Odos str,
11855 Athens, Greece. Email: stianos@yahoo.com

This study describes the ability of the biocontrol bacterium
Paenibacillus alvei, strain K165, to protect Arabidopsis thaliana
against Verticillium dabliae. A direct antagonistic action of strain
K165 against V. dabliae could be ruled out making it likely that
K165-mediated protection results from induced systemic resist-
ance (ISR) in the host. K165-mediated protection was tested in
various Arabidopsis mutants and transgenic plants impaired in
defense signaling pathways. These plants include: NahG (trans-
genic line degrading salicylic acid (SA)), etrl-1 (insensitive to eth-
ylene), jarl-1 (insensitive to jasmonate), nprl-1 (non-expressing
NPR1 protein), pad3-1 (phytoalexin deficient), pad4-1 (phy-
toalexin deficient), eds5/sid1 (enhanced disease susceptibility)
and sid2 (SA-induction deficient). ISR was found to be blocked
in the mutants nprl-1, eds5/sid1 and sid2 indicating that compo-
nents of the pathway from isochorismate and a functional NPR1
play a crucial role in K165-mediated ISR. Furthermore, a V.
dabliae strain was transformed with the EGFP gene to facilitate
monitoring of the colonization of A. thaliana roots and stem. It

was shown that application of strain K165 delayed the entrance
and reduced pathogen colonization of the root system and stem,
compared to the control plants. In addition, concomitant activa-
tion and increased transient accumulation of the PR-1, -2 and -5
genes was observed in the treatment where both the inducing
bacterial strain and the challenging pathogen were present in the
rhizosphere of the plants.

EVOLUTION OF VASCULAR WILT FUSARIUM TAXA INTO
PATHOGENIC RACES AND PATHOTYPES: THE FUSARIUM
WILT PATHOGEN OF CHICKPEA AS A MODEL. M.M.
Jimenez-Gasco. Department of Plant Pathology, The Pennsylvania
State University, University Park, PA, USA. Email: jimenez-gasco@
psu.edu

Evolution of virulence traits of plant pathogens has intrigued
phytopathologists for over a century. Clonally-reproducing fungal
plant pathogens provide ideal model systems for the study of
such traits since recombination obscuring evolution is absent.
The Fusarium oxysporum f. sp. ciceris—Cicer arietium is an ideal
system for that study. First, the pathogen is distributed world-
wide, since Fusarium wilt of chickpeas occurs in all chickpea-pro-
ducing areas of the world. Second, the pathogen is asexually re-
producing and it displays a large amount of pathogenic diversity;
populations consist of two pathotypes (symptom types, yellowing
and wilting) and eight pathogenic races. Unlike most formae spe-
ciales of E oxysporum, which are polyphyletic (i.e., host-specific
pathogenicity has evolved independently and multiple times), the
forma specialis ciceris is monophyletic, which postulates that all
their races and pathotypes have evolved from a single individual
capable of causing vascular infection in chickpeas. By using trans-
poson-based DNA fingerprints, we have inferred an intraspecific
phylogeny for races of E o. ciceris. Mapping of specific virulence
to chickpea cultivars onto that phylogeny showed that virulence
of races was acquired in a simple stepwise pattern, with few par-
allel gains or losses. Several lines of evidence also indicate that
the yellowing race 0 is probably ancestral to the more virulent,
wilting races. Although chickpea cultivars resistant to Fusarium
wilt are available, they have not yet been extensively deployed, so
the stepwise acquisition of virulence is still clearly evident. Un-
derstanding race evolution in E oxysporum f. sp. ciceris now helps
in generating specific hypotheses about the dynamics of pathogen
populations occurring in chickpea monocultures.

CHALLENGES IN CONTROLLING VERTICILLIUM WILT
BY THE USE OF NON-CHEMICAL ALTERNATIVES. G.
Lazarovits. Agriculture and Agri-Food Canada, Southern Crop
Protection & Food Research Ctr,, 1391 Sandford St. London, On-
tario, N5V 4T, Canada. Email: Lazarovits@agr.gc.ca

Verticillium wilt continues to be one of the most serious soil-
borne diseases worldwide. The loss of methyl bromide, the mostly
wide used fumigant for disease control, has stimulated new efforts
to control wilt diseases by non-chemical alternatives. We have
shown that high nitrogen organic amendments and liquid ma-
nures can significantly reduce disease severity and inoculum den-
sity. However, optimizing the use of such products needs refine-
ment if we are to obtain the control levels observed with chemical
fumigants. Identification of the modes of action for these products
has however provided new avenues to improve their efficacy.
Green manures, particularly Brasicca amendments, have been
widely tested and found effective for Verticllium wilt control
where such crops are grown on a wide scale. Combinations of
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green manures and solarization were shown to enhance the effica-
cy of both control procedures. Biological control is being widely
researched and may soon become available as a useable tool for
disease management, as commercialization of some potential
products nears reality. The most promising avenue for disease
control however, is the use of grafting where susceptible cultivars
are grafted onto Verticillium-resistant root stocks. Eggplants are
proving to be an excellent model system for testing this technolo-
gy and field trials are providing promising results. The potential
benefits and limitations of all these technologies will be discussed.

CLIMATE CHANGE AND PLANT DISEASES

FINGERPRINTS OF CLIMATE CHANGE AND DISEASES.
M.W. Shaw. School of Biological Sciences, The University of Read-
ing, Lyle Tower, Whiteknights, Reading, RG6 6AS, UK. Email:
m.w.shaw@reading.ac.uk

The fingerprints of climate change involve changes in the av-
erage behaviour or range of a species. The effects of climate
change on disease are likely to be complex and hard to predict
because they involve changes in host distributions and phenology
as well as direct biological effects on the pathogen. The long-term
dynamics of plant disease have been relatively little studied, due
to a lack of empirical data over long time-spans. The long-term
prevalence will be a balance between decline in unfavourable
parts of the season, and immigration and increase during
favourable parts; the latter has been most studied because of its
economic importance and ease of study. The worst surprises are
likely to arise from changed host ranges; however, for native
plants whose ideal ranges have moved or disappeared, stress may
produce entirely novel disease problems. Changes in vector-
borne virus diseases may be the easiest to predict, because vector
activity and range is often related to simple medium-term climatic
variables such as temperature sums. For bacterial and fungal dis-
eases the position is more difficult. Short-term forecast criteria
form a basis; however, most of these forecasts account for only a
moderate proportion of the annual variance in severity and are
based on empirical correlations over a decade or so, necessarily
ignoring parts of the life-cycle which were not critical in the ob-
servation period. Geographic comparisons offer the best hope of
predicting which diseases are likely to become more severe; but
we cannot expect to avoid surprises.

CHANGES IN HOST-PATHOGEN INTERACTIONS AT HIGH
LEVELS OF CO,. S. Chakraborty. CSIRO Plant Industry,
Queensland Bioscience Precinct, 306 Carmody Road, Brisbane,
QSL 4067, Australia. Email: sukumar.chakraborty@csiro.au

Rising atmospheric CO,, frost, variable and unseasonal rain-
fall, humidity, drought, cyclones and hurricanes, and warmer
temperatures will influence host-pathogen interactions to alter
the distribution, abundance and management of endemic
pathogens and re-define new and emerging biosecurity threats.
The few available host-pathogen models in climate change do not
capture impacts of rising CO, or their underlying mechanisms.
This is due to a lack of empirical knowledge of key influences/re-
lationships essential to develop process-based models. The hand-
ful of field studies under free air CO, enrichment (FACE) have
confirmed changes in leaf surface properties, host physiology and
resistance, previously observed from the more abundant growth
chamber studies. Increased disease severity at high CO, in the
majority of host-pathogen interactions, another finding from

growth room studies, also holds up in FACE trials on poplar rust,
rice blast and rice sheath blight diseases. Two important trends
have emerged from growth chamber studies. First, the enlarged
plant canopy, which traps more pathogen spores, has more infec-
tion sites and a favourable microclimate, shows enhanced resist-
ance. Secondly, the pathogen is slow to invade due to increased
resistance but grows faster through host tissue and increase its fe-
cundity by several fold. Mutation, selection and other evolution-
ary processes act on the massive pathogen population to acceler-
ate evolution of new races. Only long-term FACE studies can re-
alistically determine the interactive and evolutionary changes in
host-pathogen interaction and disease epidemiology at high CO,.
As host-pathogen studies in FACE become widespread, plant
pathologists can harness synergy through collaboration and ex-
change of ideas.

ECOLOGICAL GENOMICS FOR UNDERSTANDING AND
RESPONDING TO THE EFFECTS OF CLIMATE CHANGE.
K.A. Garrett. Department of Plant Pathology, Kansas State Univer-
sity, Manbattan, KS 66506-5502, USA. Email: kgarrett@ksu.edu

Ecological responses to global change offer one of the most
compelling contexts for genomic analysis. New genomic tools
make it easier to study one of the most important factors deter-
mining the effects of climate change on species — the ability of
species to adapt to the resulting new environments. Climate
change predictions for the tallgrass prairie regions of the U.S.
Great Plains include shifts to fewer, larger precipitation events,
potentially resulting in longer periods of drought stress. Tallgrass
prairie shares pathogens with the surrounding grass-based agri-
cultural systems, so changes in land use will also interact with cli-
matic shifts to alter selection pressures on pathogens. Our re-
search group evaluated visually-distinct foliar symptoms in syn-
optic samples of over twenty of the most common tallgrass
prairie species in a long-term field study. The highest disease inci-
dence was observed for rust of big bluestem and rusts were the
most common foliar diseases observed for all plant species stud-
ied. As a first step in understanding the potential for adaptation
in this pathosystem, we have studied the ecological genomics of
big bluestem rust. Drought stress led to increased rust severity
upon recovery from drought, associated with reduced expression
of some genes associated with disease resistance as well as damp-
ened phytohormone responses to rust.

CLIMATE CHANGE AND GEOGRAPHICAL DISTRIBUTION
OF PATHOGENS. B. Marcais, C. Husson, D. Piou, M. Déqué,
C. Robin and M.-L. Desprez-Loustau. UMR1136 Interactions Ar-
bres-Microoganismes, INRA-Nancy, 54280 Champenoux, France.
Email: marcais@nancy.inra.fr

Climate is a key driver in the dynamics of plant pathogen pop-
ulations. Continual change, by it magnitude is likely to deeply al-
ter the impact and distribution of many important plant diseases.
This may occur directly through impact on pathogen growth or
winter survival or indirectly through impact on host phenology or
physiology. Expansion in pathogen range may be dramatic when it
results in contact with new hosts that did not coevolve with the
pathogen, with results similar to introduction of exotic pathogens.
However, although climate has already changed over the last cen-
tury, surprisingly few studies relate changing pattern of disease oc-
currence with ongoing climate change. This is largely caused by
the lack of available data on the severity of plant diseases at large
geographical scales and/or long time periods for most of the im-
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portant plant pathogens. Cases of emergence of forest disease pos-
sibly related to climate change will be illustrated. Our study aimed
at simulating the effect of climate change on the distribution and
impact of an array of important forest diseases in France, using a
regionalised climatic scenario derived from global circulation
models. Several approaches were used and compared: i. A mecha-
nistic model focusing on key steps in pathogen life cycles; ii. Em-
pirical models using available data on pathogen occurrence from
the forest health survey system; iii. Generic models using the
Climex software. The results of the study will be discussed, in par-
ticular in relation to recent climate changes. However, one of the
main questions asked by managers is on the consequences of cli-
mate change on the overall impact of pathogens on a plant
species. The pathogen-specific approaches used in our study gives
limited insight into this more general question. Studies on deter-
minants of pathogen community richness might be more informa-
tive, as for many groups of organisms, species richness increases
with latitude, a gradient that appears to be related to increase in
temperature. Unfortunately, very few studies document this pat-
tern for pathogens.

SCIENTIFIC PUBLICATIONS

CHALLENGES OF LAUNCHING A NEW JOURNAL IN AN
ELECTRONIC AND HIGHLY COMPETITIVE AGE: THE MPP
STORY. G.D. Foster. School of Biological Sciences, University of
Bristol, Bristol BSS 1UG, UK. Email: Gary.Foster@bristol.ac.uk

Molecular Plant Pathology On-line (MPPOL), published by
the British Society of Plant Pathology (BSPP) was the world’s
first electronic copy-only, peer-reviewed journal dedicated to
plant pathology. MPPOL was a pioneering journal, created in
1996, as a rapid vehicle for publication of papers on a variety of
aspects of molecular pathology from scientists around the world.
The aim for the journal was to handle all papers and refereeing
electronically, and to publish papers via the WEB. In many ways
MPPOL was before its time, and suffered from the lack of a tra-
ditional paper version of the journal, and the journal ceased to
publish papers in December 1999. The advances made in tech-
nology and experience gained in creating MPPOL formed an ex-
cellent foundation for the launch of the new journal, Molecular
Plant Pathology (MPP), in January 2000, a joint venture between
BSPP and Blackwell Science (Wiley-Blackwell). The journal was
published electronically, as well as traditional hard copy version
that at the time would allow recognition by ISI. For all journals
this is now the norm, but during late 1990s early 2000s, MPP was
one of the first journals launched into this rapidly changing pub-
lishing world, with online access, open access, shrinking journals,
and the importance of impact factors taking on a greater signifi-
cance in many countries. This talk will cover the early years, as
the journal launched into a highly competitive age, and how it
progressed to the strong and secure position it holds today.

OPTIMAL ACCESS TO JOURNALS. R. Campbell. UK PA o Eric
Swanson, Wiley-Blackwell 9600 Garsington Road, Oxford OX4
2DQ, UK. Email: linda.harris@oxon.blackwellpublishing.com

Around 1.6 million peer-reviewed articles were published in
2006 and the number has risen steadily at 3-4% per annum for
decades. Driven by rising global spending on R & D, this rate of
increase could go up to around 4-5%. Library budgets have not
kept pace but through investing in new technology and develop-
ing new pricing models, access to the growing research literature
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has improved hugely in all parts of the world. Almost universal ac-
cess has been achieved without risking the sustainability of the
publication. Sustainability however remains a major problem with
Open Access (OA). Hardly any of the pay-to-publish OA journals
are profitable or even breaking even and we are now seeing new
titles being launched of questionable standard. The other route to
OA, self-archiving, is also unproven and the drive for access (de-
manded by some funding agencies) could corrupt the minutes of
science. Users will be accessing different versions of an article of-
ten without realising. Funders need to work with publishers to es-
tablish international standards for archiving and access.

CHALLENGES FACING ESTABLISHED JOURNALS: “THE
PHYTOPATHOLOGY STORY”. C.C. Mundt. Dept. of Botany &
Plant Pathology, Oregon State University, Corvallis, OR, 97331-
2902, USA. Email: mundtc@science.oregonstate.edu

Phytopathology has been a dominant plant pathology journal
for almost 100 years. Unlike many other modern journals, Phy-
topathology is published by a non-profit scientific society, and this
has influenced the income sources and pricing structures used to
support the journal. The American Phytopathological Society
(APS) has created new publications as the nature and volume of
plant pathology research has changed; today APS publishes three
print journals, three electronic-only journals, and owns a major
book publishing company. Though these ventures have been
quite successful, the process has required careful planning to
maintain identity and financial support for all publications. Like
most journals, Phytopathology is facing the challenge of keeping
readership high through increasingly open electronic access,
while maintaining an adequate income through subscriptions.
Additional challenges include responding to the ‘electronic revo-
lution’, the increasingly international nature of APS and its jour-
nals, and to political issues such as biosafety and economic em-
bargoes. Today, there is a large number of high quality, ‘compet-
ing’ plant pathology journals, and the science of plant pathology
is increasingly (and appropriately) being published in journals in
which plant pathology is not the primary emphasis. Thus, Phy-
topathology cannot depend primarily on its past reputation, but
must be responsive to the changing needs of science, rapid
changes in science communication, and changing expectations
for the editorial and peer review processes. The accomplishments
of Phytopathology are due in great part to a strong spirit of volun-
teerism among APS members, and to a highly effective and dedi-
cated professional staff at APS headquarters.

PHYTOPATHOLOGIA MEDITERRANEA. A. Graniti, G. Suri-
co, L. Mugnai and A. Canova. Dipartimento di Biotecnologie
Agrarie, Universita degli Studi, Piazzale delle Cascine 28, 50144
Firenze, Italy. Email: giuseppe.surico@unifi.it

The Mediterranean region is an ecological unit with peculiar
characteristics which have created distinctive plant pathology and
related problems. In 1960, Prof. A. Ciccarone and Prof. G.
Goidanich founded Phytopathologia Mediterranea, an interna-
tional Journal devoted to plant diseases in the Mediterranean re-
gion. Phytopathologia Mediterranea is a non-profit Journal with a
mission to assist the development of agriculture and agricultural
research in the region. In view of the economic conditions of sev-
eral of the countries, subscriptions were kept as low as possible,
and for years the Journal received funding from the Italian CNR
(National Research Council). Young plant pathologists from the
Mediterranean countries were encouraged to publish their papers
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in the Journal, and, as long as the results were sound, the Editors
preferred to help authors to improve their ability to write scien-
tific papers properly. In 1964, in order to promote cooperation
among Mediterranean plant pathologists, a regional society, the
Mediterranean Phytopathological Union (MPU), affiliated with
the ISPP, was established, and Phytopathologia Mediterranea be-
came its official organ. As key events of the MPU, many meetings
on specific topics and 12 international congresses have been held
in various Mediterranean countries. In spite of serious difficulties
and a lack of funds, the Journal has published 47 volumes. Many
of the papers have contributed substantially to a knowledge of
diseases of important Mediterranean crops, such as olive, citrus,
grapevine, date palm, fruit, ornamental and forest trees, cereals
and vegetables. Several diseases and pathogens new to the region
have also been first described here.

THE JOURNAL OF PLANT PATHOLOGY. G.P. Martelli. De-
partment of Plant Protection and Applied Microbiology, University
of Bari, Via Amendola 165/A, 70126 Bari, Italy. Email: martelli@
agr.uniba.it

The Journal of Plant Pathology (JPP), an international journal
of the Italian Society for Plant Pathology (SIPaV), is the continu-
ation of the Rivista di Patologia Vegetale (RPV), the second oldest
phytopathological journal in the world. RPV saw the light in
1892, just one year after the birth in Germany of the scientific
journal Zeitschrift fiir Pflanzenkrankheiten (now Journal of Plant
Disease and Protection), founded by P. Sorauer in 1891. RPV was
founded by the brothers A.N. Berlese, plant pathology teacher in
the Oenological High School of Avellino and A. Berlese, profes-
sor of entomology in the Faculty of Agriculture of the University
of Naples at Portici. It was intended to host scientific and practi-
cal articles in the field of plant pathology at large, contributed by
Italian and foreign scientists. The editors that followed the
Berlese brothers were L. Montemartini (1905-1943), R. Ciferri
(1961-1964), E. Baldacci and O. Ciferri (1965-1990) and G. Belli
(1991-1995). In 1997, the newborn SIPaV determined to resume
the publication of the once prestigious RPV under the name of
JPP. Editors of JPP have been in succession A. Matta (1997-
1998), A. Catara (1999-2000) and G.P. Martelli (2001 to date).
JPP is a quarterly journal that publishes original research papers,
short communications, disease notes and minireviews on funda-
mental and applied aspects of plant pathology. JPP has been
growing steadily (from 150 pages in 1997 to 445 pages plus a 88
page supplement in 2007) and is winning international reputa-
tion. Its current impact factor is nearly 0.8.

MOLECULAR DIAGNOSTICS FOR PLANT PATHOLOGY

BASICS OF REAL-TIME PCR, LABELLING SYSTEMS AND
MULTIPLEXING. N.W., Schaad and P. Planchon. ARS/USDA
Foreign Disease-Weed Science Research Unit, Ft. Detrick, MD,
USA. Email: norman.schaad@ars.usda.gov

Unlike classical PCR, with real-time PCR amplification of the
DNA product is continuously measured based on fluorescence.
Advantages over classical PCR include: 1) the assay is much more
rapid, 2) the system is closed, 3) the results are quantified in the
log-linear phase of amplification compared to traditional end-
point analysis, 4) an unknown sample can be quantified based on
extrapolation of a standard curve, and 5) the results can be ob-
served live on-line. The fluorescence is incorporated into PCR by
one of the following approaches: 1) intercalating dyes, 2) hy-

drolysable probes, 3) displaceable probes and, 4) mixed primer-
probes. All of these chemistries allow for detection of PCR ampli-
cons via the generation of a fluorescent signal. Intercalating dyes
are fluorophores that emit a fluorescent signal when inserted into
double-stranded DNA. Assays which incorporate SYBR Green
are highly sensitive but can lack specificity due to potential hy-
bridization of the dye to primer-dimers and other non-specific
products. Each of the probe methods depend on Fluorescence
Resonance Energy Transfer (FRET) to generate the fluorescence
signal, using two fluorochromes attached to the same or different
oligonucleotide substrates. Since fluorescent dyes with different
emission spectra may be attached to different probes and because
of the wide range of available dyes, fluorogenic probes allow up
to four DNA targets to be measured in the same sample (multi-
plex PCR). Also, multiplex PCR allows for internal controls to be
co-amplified in single-tube. Several examples of multiplexing
protocols for the detection of plant pathogens will be discussed.

COMPLETE BACTERIAL SEQUENCE INFORMATICS FOR
USE IN DESIGNING PRIMERS AND PROBES. A. Ignatov.
‘Bioengineering’ RAS, pr. 60-let Oktyabrya, 7/1, Moscow, 117312,
Russia. Email: an.ignatov@gmail.com

Dramatic achievements in complete microbial genome se-
quencing (558 completed and 835 in progress by 27 July 2007)
has created the greatest expectation in microbial diagnostics since
the discovery of the polymerase chance reaction (PCR) and de-
velopment of specific PCR analysis. To find sequences potentially
useful for plant-pathogenic bacteria diagnostics and verify them
we conducted genome analysis of the available genomes within
the genus Xanthomonas. Analysis was made by comparison of to-
tal nucleotide sequences, gene presence, gene copy number, gene
order, amino acid sequence of homologous genes, regulone/oper-
one structure, promoter and terminator regions, repetitive se-
quence number and location, single nucleotide polymorphism in
key genes and intergene regions, and by unique shortest substring
locations. The most important conclusion made from comparison
of the close bacteria was the high level of DNA and amino acid
similarity for most genes and the large share of lost/gained genes
and large genomic regions across the whole chromosome. The
chosen genes and intergene regions were tested as PCR targets on
world-wide collections of strains of Xanthomonas campestris pv.
campestris, X. euvesicatoria, X. vesicatoria, X. perforance, and X.
gardneri. The variation across genes and DNA regions important
for pathogenesis and bacterial adaptation was usually higher and
involved considerable duplication of short (2-10 bp) and long
(up to 300 bp) DNA fragments. Such target genes were more in-
formative for species and pathovar diagnostics. Major sources of
possible error in target sequence identification using bioinformat-
ic tools are described.

REAL-TIME PCR PROTOCOLS FOR DETECTION OF QUAR-
ANTINE ORGANISMS. L. Barker, G. Muller, S. Fuentes, R.
Mumford and N. Boonham. International Potato Center, Aparta-
do 1558, Lima 12, Peru. Email: i.barker@cgiar.org

Real-time PCR offers a generic platform technology for the
specific and sensitive detection of a wide range of plant
pathogens. The technique fits well into testing schemes for quar-
antine organisms either as for primary screening or for confirma-
tion. Real-time PCR is arguably a more robust method than con-
ventional PCR and yields results that are easier to interpret. The
use of control assays targeted against host plant genes, either in a
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single or multiplex format, additionally permits the interpretation
of negative test results which predominate in quarantine testing.
The ability to dry down the required reagents so that they are sta-
ble at room temperature, the lowering cost of equipment and ad-
vances in nucleic acid extraction will further stimulate uptake of
the technique, including use in smaller laboratories. The advan-
tages of the method will be discussed using the detection of Poza-
to spindle tuber viroid in potato and avocado as an example.
Challenges still remain in devising suitable validation strategies,
reducing the cost of reagents, achieving desired specificities, and
sample extraction.

UNIVERSAL DETECTION AND IDENTIFICATION OF PHY-
TOBACTERIA USING PCR/ELECTROSPRAY IONIZATION-
MASS SPECTROMETRY. E. Postnikova, C. Baldwin, C. White-
house, A. Sechler, N. Schaad, R. Sampath, V. Harpin, E Li, R.
Melton, L. Blyn, J. Drader, S. Hofstadler and W. Schneider.
United States Army Research Institute for Infectious Diseases, Fort
Detrick, MD USA; US Department of Agriculture Foreign Dis-
ease/Weed Science Research Unit, Fort Detrick, MD USA. Email:
chris.whitehouse@us.arnry.mil

PCR-electrospray ionization-mass spectrometry (PCR/ESI-
MS, previously known as “TIGER”) utilizes PCR with broad-
range primers to amplify products from all possible organisms
within a taxonomic group, combined with calculation of PCR
product mass using mass spectrometry. The precise masses are
analyzed by computers to determine base compositions for the
broad-range PCR products, which are compared to a database
for identification of the organisms in the original sample.
PCR/ESI-MS has the high sensitivity and high throughput capac-
ity characteristic of PCR-based assays, but can also detect and
identify organisms with no prior characterization or sequence da-
ta. PCR/ES-MSI has been used to characterize human bacteria,
to type unknown human viruses and to strain-type human bacte-
ria. The technology is universal in approach, and should be appli-
cable to phytobacteria. Existing broad-range PCR primers were
tested for their ability to amplify DNA of well-characterized phy-
tobacterial strains, and the data collected was used to populate
the existing PCR/ESI-MS bacterial database with base counts
from phytobacteria. In a blinded panel study, PCR/ESI-MS iden-
tified 93% of bacterial DNAs to the genus level and 73% to the
species/subspecies level. PCR/ESI-MS also detected and identi-
fied multiple bacteria within a single sample. The sensitivity of
PCR/ESI-MS was within the range of typical PCR assays. Prelim-
inary tests with samples from infected and healthy plants showed
that the PCR/ESI-MS system was readily capable of distinguish-
ing pathogens from endophytes as well. Additional broad-range
primer sets that will improve PCR/ESI-MS for phytobacteria are
under development.

DISEASE MODELS, EPIDEMIOLOGY

INTRODUCTION: SCOPE AND IMPORTANCE OF SCALE
FOR MODELING AND DISEASE MANAGEMENT. H. Scherm.
Department of Plant Pathology, University of Georgia, Athens, GA,
USA. Email: scherm@uga.edu

During the past quarter century, the concept of scale has
emerged as a fundamental paradigm of ecological research. Since
system processes or properties are often scale-dependent, various
approaches to scaling, i.e., relating or extrapolating measure-
ments made at one scale to those at another (finer or larger) scale,

have been developed. Scaling can occur temporally or spatially,
or across the molecular, physiological, and ecological attributes of
organisms. Most remarkable among the latter types of scaling re-
lationships are the power laws that seek to predict a species’ life
history characteristics and population interactions based on
metabolic theory of the individual organism. In the narrower
confines of botanical epidemiology, interest in the concept of
scale has increased steadily during the past decade. Traditionally,
epidemiological investigations have focused on the field scale, a
logical choice given the importance of individual fields as the ba-
sic unit for disease management. More recently, however, the
scale of analysis has broadened to include both finer and larger
scales, the former resulting from increased interest in precision
pest management, for example, and the latter as a consequence of
the need to understand the continental spread of non-indigenous
pathogens. Two examples will be given to illustrate temporal and
spatial scaling in botanical epidemiology and to provide context
for the presentations in this symposium: 1) a multi-scale analysis
of the effects of climate cycles on long-term epidemic dynamics;
and 2) a simple model for changes in the rate of advance of epi-
demics over successively larger spatial scales.

TREE DISEASE MANAGEMENT IN HETEROGENEOUS
LANDSCAPES. O. Holdenrieder, M. Pautasso and P.J. Weis-
berg. Institute of Integrative Biology, Department of Environmen-
tal Sciences, ETH, 8092 Zurich, Switzerland. Email: ottmar.holden-
rieder@eny.ethz.ch

Infectious tree diseases can significantly alter ecosystem struc-
ture, functions and services, particularly in the face of environ-
mental changes. Recent landscape pathology studies have deep-
ened our understanding of interactions between pathogen, host
and environment over broad spatial scales of relevance to forest
landscape management. Examples comprise, among others, basid-
iomycetous root rots, Phytophthora diseases, rust epidemics and
beech bark disease. Disease patterns and dynamics are at least
partly explained by host density and diversity, topographic,
edaphic and climatic factors, landscape connectivity and meta-
population dynamics. The effects of forestry on landscape struc-
ture influence the host-pathogen system in potentially predictable
ways, through fragmentation effects on pathogen spread, and in-
fluences of mosaic patterns of host composition on pathogen pop-
ulation dynamics. Recent research also provides quantitative mod-
els for how environmental heterogeneity influences forest suscep-
tibility to disease expression. New tools are being developed for
spatial risk assessment and monitoring of tree diseases at land-
scape and regional scales. We will explore the value of these find-
ings for sustainable forest management within a changing world.

PATTERNS OF DISTRIBUTION OF GENETIC VARIATION
FOR RESISTANCE AND VIRULENCE. ].J. Burdon and P.H.
Thrall. CSIRO-PI, PO. Box 1600, Canberra, ACT 2601, Australia.

Email: jeremry.burdon@csiro.au

Understanding the patterns of distribution of genetic variation
for resistance and virulence in natural host-pathogen systems de-
pends on recognizing that these interactions occur in heteroge-
neous environments that vary in space and time. Individual popu-
lations are parts of local metapopulations in which mutation, se-
lection, genetic drift, extinction, gene flow and recolonization, all
play a complex part in shaping their structure and that of the
metapopulation as a whole. Computer simulations of gene-for-
gene interactions provide a picture of the importance of dispersal
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distance in influencing the rate and direction of evolutionary
change through its direct impact on the probability of encounters
between host and pathogen. Empirical studies provide strong evi-
dence supporting the stochastic nature of these interactions with
marked variability in the size, persistence and structure of popula-
tions over time and space. Through time, resistance structures of
host populations may change rapidly in response to major disease
epidemics. Conversely, host populations may affect the infectivity
structure of pathogen populations, with host populations with di-
verse resistance structures favouring the local dominance of
pathotypes with broad infectivity, while more uniformly suscepti-
ble host populations favour pathogen populations dominated by
simpler pathotypes. At the metapopulation level there is evidence
of spatial structure in that more closely adjacent host populations
have a more similar resistance structure than more distant popula-
tions. For mobile pathogen populations, there is less evidence of
spatial structure in infectivity at very local scales, although local
adaptation may occur at regional scales, resulting in a mosaic of
different population structures among component demes.

MODELLING DISEASE IN LARGER LANDSCAPES: THE
CONNECTIVITY OF THE U.S. AGRICULTURAL LANDSCAPE.
K.A. Garrett, M.L. Margosian, J.M.S. Hutchinson and K.A.
With. Kansas State University, Manbattan, KS, 66506, USA. Email:
kgarrett@ksu.edu

Scaling up models of epidemiological processes to regions and
countries is a frontier for plant science. While these models are
being developed, the connectivity of landscapes may be studied
as a proxy for spatially realistic models of pathogen population
processes. We employed a graph theoretic framework in geo-
graphic information systems to describe agricultural connectivity
for four major crop species across the U.S. We estimated trans-
mission costs, based on crop acreage among adjacent counties, to
evaluate landscape connectivity and assess the risk of spread
within each crop across a range of scales. For organisms capable
of overcoming high transmission costs, owing to long-distance
dispersal or high environmental tolerance, maize and soybean
present a highly connected landscape at a national scale, com-
pared to the more regional production patterns of wheat and cot-
ton. Determination of the scales at which connectivity becomes
disrupted (as indexed by thresholds in transmission costs) may
facilitate the identification of regions where rapid response to
outbreaks or implementation of quarantine areas may be particu-
larly effective. Such thresholds could also be exploited in imple-
menting policies to strategically enhance heterogeneity of the
U.S. agricultural landscape. We conclude by presenting a new de-
cision tree for response to an introduced pathogen or pest that
emphasizes the importance of agricultural connectivity.

POST-HARVEST PATHOLOGY

DEVELOPMENT OF POST-HARVEST PATHOGENS AT LOW
TEMPERATURE: THE BOTRYTIS CINEREA-GRAPES INTER-
ACTION. A. Lichter, S. Ish-Shalom, T. Kaplunov, Y. Zutchi, S.
Lurie, A.K. Pandey and M.R. Davis. Department of Postharvest
Science, Agricultural Research Organization (ARQ), The Volcan:
Center, Bet Dagan, POB 6, 50250, Israel. Email: vtlicht@agri.gov.1l

Cold storage is the primary means to prevent deterioration of
fresh agricultural produce after harvest and development of fun-
gal decay. However, during cold storage there is often a selection
process in which postharvest pathogens become dominant and

prevent further storage. Botrytis cinerea is a prominent example
of a pathogen that dominates this niche, attacking a multitude of
fresh produce. Table grapes with their fleshy and sweet berry are
an ideal substrate for B. cinerea. Cold storage at 0°C slows down
but does not prevent the fungus from causing decay, necessitating
the use of aggressive antifungal treatments. Understanding the
processes underlying development of B. cinerea at 0°C should en-
able better control of fungal development in cold stores. Measur-
ing germination and growth of B. cinerea at different tempera-
tures and on different media including grape berries enabled de-
termination of the kinetics of development and acclimation of the
fungus to low temperature. Molecular enrichment for RNAs
highly expressed at low temperature helped to identify several
novel genes, and their involvement in low-temperature develop-
ment was genetically dissected. Availability of the B. cinerea
genome sequence enabled the systematic study of mechanisms
and genes known to be involved in the response and survival of
psychrotrophic microrganisms to low temperature. Taken togeth-
er, our data suggests that B. cinerea is highly adopted to patho-
genic interactions at low temperature.

GLOBAL REGULATION OF GENES IN CITRUS FRUIT IN
RESPONSE TO THE POSTHARVEST PATHOGEN PENICIL-
LIUM DIGITATUM. L. Gonzalez-Candelas, S. Alamar, A.R.
Ballester, P. Sanchez-Torres, J. Forment, J. Gadea, M.T. La-
fuente, L. Zacarias and J.F. Marcos. Iustituto de Agroguimica y
Tecnologia de Alimentos (IATA-CSIC). PO Box 73, Burjassot.
46100-Valencia, Spain. Email: lgonzalez@iata.csic.es

Large-scale EST sequencing projects and microarray hy-
bridization nowadays constitute two major approaches to analyse
biological systems at a molecular level. Although the use of these
methodologies are becoming commonplace in plant pathology,
their application to postharvest pathology has not yet been re-
ported. We will present analyses of the overall response of citrus
fruit to Penicillium digitatum infection. We have constructed
both subtracted and regular cDNA libraries from infected fruits.
Analysis of the non-subtracted library gives us a picture of what
genes are being transcribed, whereas the subtracted library pro-
vides more direct information on what citrus genes are induced
upon P. digitatum infection. A cDNA macroarray generated from
the subtracted library has been used to identify what genes are
upregulated in response to pathogen infection, and to determine
the influence of ethylene on their expression. Under the frame-
work of the Spanish ‘Citrus Functional Genomic Project, CFGP’
more than fifty cDNA libraries have been generated encompass-
ing more than 90000 ESTs. These clones have been used to devel-
op a cDNA microarray representing roughly 7000 unigenes. With
this tool we have analyzed the differences and commonalities of
the citrus fruit responses to ethylene, wounding, P. digitatum in-
fection and induced resistance. We will present the results of
such analyses emphasizing not only what genes are affected to a
larger extent but also describing what are the major changes in
biological processes and metabolic pathways.

HOST RESPONSES TO BIOLOGICAL CONTROL AGENTS. R.
Castoria. Dipartimento di Scienze Animali, Vegetali e dell’ Am-
biente, Universita del Molise, Campobasso, Italy. Email: castoria@
unimol.it

Biological control of plant diseases is a three-way interaction in
which pathogen, plant tissue and biocontrol agent (BCA) are in-
volved. The plant tissue cannot merely be considered as the battle-
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field where pathogen and biocontrol agent confront each other, be-
cause it appears to perceive both the presence of the pathogen and
the BCA. Perception of the pathogen and/or the BCA can be fol-
lowed by deployment of an active response that results in localized
and/or systemic induced resistance. The localized response is
based on rapid cell death, reinforcement of cell walls and accumu-
lation of phytoalexins. Systemic resistance also involves synthesis
and accumulation of antifungal depolymerases that attack the fun-
gal wall. Although systemic resistance can be considered a typical
response of more metabolically active tissues, some of its mecha-
nisms have also been reported in BCA-treated stored fruits. Espe-
cially for stored fruits, the defence capability gets weaker with
time. As the physiology of the fruits changes during maturation
and senescence, inhibitors of fungal growth decrease and the fruit
become more susceptible to pathogens, especially necrotrophic
ones. These changes, which affect the fruit in favour of necrotroph-
ic pathogens, such as tissue softening and the physiological shift of
the plant cells to a more oxidized state, also negatively influence
the success of BCAs. This work attempts to gather and analyse the
available information on host responses to BCAs, thereby present-
ing new possibilities for research in postharvest biocontrol.

PREHARVEST TREATMENTS FOR INDUCTION OF RESIST-
ANCE TO POSTHARVEST DISEASES IN FRUITS. E.K. Dann
and Zainuri. Department of Primary Industries and Fisheries, 80
Meiers Rd, Indooroopilly, QLD 4068, Australia. Email: elizabeth.
dann@dpi.qld.gov.au

Resistance to post-harvest diseases has been successfully en-
hanced in a range of annual and perennial fruit crops, including
melon and mango, by preharvest treatment with non-pesticidal ac-
tivators. One of the most effective treatments has been acibenzolar-
S-methyl (Bion®). Three or four sprays or soil drench applications
applied to mango trees from early fruit-set reduced post-harvest
anthracnose in fruit caused by Colletotrichum gloeosporioides, by
up to 50%. Application of the activator to well maintained trees
resulted in better induction of resistance than in poorly managed
orchards. The activities of chitinase and B-1,3-glucanase were en-
hanced in leaves of mango seedlings treated with Bion, however ac-
tivities were not significantly enhanced in fruit peel after soil
drench applications to trees. Activities of the enzymes and concen-
trations of two alk(en)ylresorcinol compounds were greatest in de-
veloping fruit prior to harvest, then declined to the ‘sprung’ stage,
but did not decline further as ripening progressed. Soil drench or
trunk injection treatments with potassium silicate solutions were
less consistently effective against the same diseases in mango and
avocado. Activation of plant defences for post-harvest disease con-
trol should be considered in conjunction with other disease-min-
imising practices. For example, severity of anthracnose is largely in-
fluenced by rootstock or variety in mango and avocado, and can be
related to levels of the pre-formed antifungal compounds alk(en)yl-
resorcinols and ‘diene’, respectively. As defences are maximally en-
hanced in healthy plants or trees, other important disease manage-
ment strategies include balanced and timely fertilisation and irriga-
tion, maintaining good crop hygiene (eg. pruning for inoculum
minimisation), and targeted applications of fungicides and other
pesticides.

GENOMICS AND PROTEOMICS

GENOMIC ANALYSIS OF HYALOPERONOSPORA PARASITI-
CA. ]. Beynon, L. Baxter, R. Allen, M. Coates, L. Hughes,
S. Lee, S. Hall, B. Tyler, J. Rogers and S. Clifton. Warwick Uni-

versity, Warwick HRI, Wellesbourne, CV35 9EE UK. Email: jim.
beynon@uarwick.ac.uk

The interaction between Arabidopsis thaliana and the downy
mildew parasite Hyaloperonospora parasitica has played a major
role in the identification of key genes involved in plant resistance.
Recent advances have allowed us to identify the pathogen genes
that are involved in this interaction. The cloning of avirulence
genes has allowed the definition of the RXLR motif that allows
targetting of the pathogenicity efectors to the host plant cyto-
plasm. The H. parasitica genome sequence is being assembled in a
collaboration between Warwick University and The Sanger Cen-
tre in the UK and Virginia Tech and Wash U in the USA. The
genome reveals that it is adapted to an obligate biotrophic
lifestyle, containing a vast repetoire of potential pathogenicity ef-
fector proteins. These genes imply an exquisite and complex rela-
tionship with their host plant and represent new tools with which
to elucidate this interaction.

MULTIPLE HOST-SPECIFIC TOXINS, LATERAL GENE
TRANSFER AND GENE LOSS IN THE EVOLUTION OF CE-
REAL PLEOSPORALEAN PATHOGENS. R.P. Oliver, P.S.
Solomon, J. Hane, M. Ferguson-Hunt, B.A. McDonald, J. Faris
and T.L. Friesen. ACNFP, Murdoch University, WA 6150, Aus-
tralia. Email: roliver@murdoch.edu.au

We are analysing the wheat pathogen Stagonospora nodorum
in order to determine the molecular basis of its pathogenicity.
The genome sequence of S. #odorum has been obtained and com-
pared to the tan spot pathogen Pyrenophora tritici-repentis. Com-
bined analyses of genome sequences, specific wheat populations
segregating for susceptibility, and pathogen population genetics
have revealed a new model of pathogenicity in S. #odorum. In this
model, the pathogen expresses at least 4 different host-specific
toxins (HSTs), each toxin interacting with a different host sus-
ceptibility gene. Interaction leads to necrosis which, unlike a clas-
sical gene-for-gene system, benefits fungal reproduction. The
consequences of this model for disease control will be discussed.
The evolutionary history of the toxin genes can be inferred by
analysis of the genome sequences and by sampling geographically
distinct pathogen populations. We have presented evidence that
ToxA has been laterally transferred both into S. nodorum and
from S. nodorum: into P. tritici-repentis. The fate of the transferred
DNA in P tritici-repentis has been examined, and evidence of
gene duplication and gene loss was found. The history of twenti-
eth-century emergence of plant disease is littered with examples
of fungi related to S. nodorum: and P. tritici-repentis, whose patho-
genicity is determined by host-specific toxins. The idea that later-
al transfer of the HST genes might be a common theme of these
twentieth century diseases will be discussed.

TRANSCRIPTOMICS IN THE USTILAGO-MAIZE PATHOSYS-
TEM. R. Wahl, M. Vranes, C. Pothiratana, K. Heimel, G. Doehle-
mann, R. Horst, L. Voll, U. Sonnewald, B. Usadel, F. Poiree, M.
Stitt, R. Kahmann and J. Kéamper. Max Planck Institute for Terres-
trial Microbiology, Karl-von-Frisch-Strasse, D-35043 Marburg, Ger-
many. Email: kaenper@mpi-marburg.mpg.de

We have used comparative transcriptomics of both fungal and
plant cells to get insight into the processes occuring during infec-
tion of maize by the corn smut fungus Ustilago maydis. Our data
revealed a complex cascade of fungal transcription factors that
coordinate cell cycle and filamentous growth. Specific regulators
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orchestrated a complex repertoire of secreted proteins thought to
establish the biotrophic interaction, which includes suppression
of plant defence, and reprogramming of metabolic resources
within the plant. Analysis of the host’s gene expression and
metabolome during infection revealed that U. maydis is recog-
nized initially and elicits plant defence reactions. With the estab-
lishment of the biotrophic interaction these responses are re-
pressed by the fungus. Our data indicate further that U. maydis
interferes with normal leaf development by preventing the transi-
tion from sink to source tissue. Our studies provide novel in-
sights into the complexity of a biotrophic interaction.

GENOMIC ANALYSIS OF TRANSCRIPTIONAL REGULA-
TORS OF FUSARIUM GRAMINEARUM. R. Coulson, M. Utr-
ban, J. Antoniw and K.E. Hammond-Kosack. Rothamsted
Research, Herts, AL5 2]Q, UK. Email: kim.hammond-kosack@
bbsrc.ac.uk

The trichothecene mycotoxin producing Ascomycete fungus
Fusarium graminearum causes ear blight disease of small grain ce-
reals. Infections lower grain quality and safety, and are of increas-
ing global concern. The F graminearum genome was sequenced
to a depth of ~10 X coverage by the Broad Institute. This assem-
bly has been completely aligned to the four chromosomes by us-
ing an available genetic map (Cuomo ez al., 2007, Science 317,
1400-1402). As part of the global initiative to annotate manually
the genome, we have explored in depth E graminearum se-
quences involved with the transcriptional process. Eukaryotic
transcription is a highly regulated process involving interactions
between large numbers of proteins, exhibiting a high degree of
taxon-specificity (Coulson & Ouzounis, 2003, NAR 31, 653-660).
To identify transcription-associated proteins (TAPs), TAP protein
families within the genome were detected by TAP-TRIBE analy-
ses and by querying with hidden-Markov models of DNA-bind-
ing protein domains present in well-characterised transcriptional
regulators. We have also explored the physical distribution of
each TAP gene amongst the four chromosomes, their pattern of
expression using the publically available Affymetrix data sets, se-
quence differences occurring between two field strains collected
in the USA and the presence or absence of each F graminearum
TAP gene in three additional Fusarium species for which full ge-
nomic sequence is now available.

MICROBIAL ENDOPHYTES

ENDOPHYTES: MASTERS OF PHENOTYPIC PLASTICITY.
B. Schulz. Institute of Microbiology, Technical Institute of Braun-

schweig, Spielmannstr. 7, D-38106 Braunschweig, Germany. Email:
b.schulz@tu-bs.de

Fungal endophytes are defined as those fungi that colonize
their plant hosts without causing visible disease symptoms. Life
history strategies of the individual fungi can vary considerably,
e.g. growth as latent pathogens, quiescent colonization, sporula-
tion as saprophytes following senescence. Many factors deter-
mine the outcome of the interaction, including the extreme phe-
notypic plasticity of some endophytes. This is demonstrated by
Phialocephala fortinii, isolated from the roots of Larix decidua.
When reinoculated into the roots of its host, the interaction was
mutualistic, fungal colonisation improving growth of the host. In-
oculated into non-host tomato (Lycopersicum esculentum), the in-
teraction was also asymptomatic. However, when the same fun-
gus was inoculated into the roots of the non-hosts Arabidopsis

thaliana or Hordeum vulgare, it was pathogenic. In contrast, the
host endophyte, Leptosphaeria maculans colonized A. thaliana
asymptomatically. In endophytic interactions there is an intricate
balance between fungal virulence and plant defence, a balance of
antagonisms that results in tolerance of the fungal inhabitant. The
host reacts to endophytic infection with defence metabolites, the
fungi with numerous mechanisms to modulate host defence. For
example, when P. fortinii is inoculated into tomato, host defence
seems to have been overcome by detoxification of the host
metabolite, a-tomatine. When colonizing L. decidua, P. fortinii
synthesizes IAA. Endophytes also produce numerous biologically
active metabolites. It is the phenotypic plasticity of fungal endo-
phytes that allows them to adapt to their respective hosts, colo-
nizing asymptomatically, colonizing as pathogens and causing dis-
ease, or merely growing as saprophytes on a dead host or other
organic matter.

RHIZOBIUM RADIOBACTER 1S A DETERMINANT OF THE
SYMBIOSIS BETWEEN PIRIFORMOSPORA INDICA AND
ITS HOST. K.H. Kogel, M. Sharma , M. Schmidt, A. Zuccaro, J.
Imani, P. Schifer and T. Hartmann. Research Centre for BioSys-
tems, Land use and Nutrition, Justus Liebig University Giessen, D-
35392 Giessen, Germany. Email: Karl-Heinz. Kogel@agrar.uni-
giessen.de

Fungi of the newly defined order Sebacinales are found on all
continents in temperate and subtropical climates in mutualistic as-
sociations with orchid plants. The canonical form of this order, Pir-
formospora indica, colonizes plant roots with the capability to pro-
mote grain yield and to induce resistance against various infectious
diseases. Owing to their remarkable beneficial activity in a broad
range of plants, including cereals and Brassicaceae, the Sebacinales
have attracted considerable interest as potential biocontrol agents.
Here we show that at least part of the beneficial activity previously
ascribed to the fungus itself, originates from a close association
with a-Proteobacteria of the species Rhizobium radiobacter. Treat-
ment of Arabidopsis seedlings with the bacterium results in growth
promotion and systemic resistance to the powdery mildew fungus
Golovinonryces orontii. Moreover, we found an exact match in Ara-
bidopsis mutants defective in the jasmonate/ethylene pathway to
failure in both P, indica and R. radiobacter-induced disease resist-
ance response. A screen of Sebacinales fungi closely related to P
indica revealed presence of endobacteria in all isolates tested sug-
gesting that Sebacinales species take part in complex symbioses
comprising host plants and bacteria.

FUNCTIONAL AND STRUCTURAL DIVERSITY OF BACTER-
IAL ENDOPHYTES. G. Berg. Graz University of Technology,
Environmental Biotechnology, Austria. Email: gabriele.berg@
tugraz.at

Endophytes are an interesting group of plant-associated bac-
teria that live inside plants and show neutral or beneficial interac-
tion with their hosts. The structure of bacterial communities in
endophytic microenvironments of important crops (different cul-
tivars of potato, lettuce, and sugar beet) and native plants (differ-
ent bryophyte species) was analyzed by a multiphasic approach at
different field sites in Europe. Interestingly, results of cultivation-
independent approaches using single-strand conformation poly-
morphism (SSCP) and/or terminal restriction fragment length
polymorphism (T-RFLP) of 16S rDNA amplified by universal as
well as group-specific and functional primers revealed a high di-
versity and specificity in endophytic bacterial communities. The
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antagonistic potential of endophytic bacteria, which was deter-
mined by screening for 7z vitro antagonism against different
pathogens (bacteria, fungi, protists, and nematodes) ranged from
5 to 43%. An impressive, phylogenetically diverse spectrum of
antagonistic strains was found. The indigenous antagonistic po-
tential of endophytic bacteria was influenced by the plant species
and developmental stage, the internal microenvironment, and the
soil type. Screening for biocontrol strains resulted in the selection
of promising candidates. These strains were evaluated in green-
house and field trials regarding their efficiency to control
pathogens under in situ conditions. One product (RhizoStar®)
based on Serratia plymuthica HRO-C48 to control Verticillium
wilt on different host plants was developed. For other promising
candidates like Pseudomonas trivialis 3Re2-7 (B3) and Serratia
plymuthica 3Re4-18 (B4) a biological control strategy against the
soil-borne pathogen Rhizoctonia solani will be established.

VISUALISATION OF PLANT-MICROBE INTERACTIONS US-
ING AUTOFLUORESCENT PROTEINS. E. Lagendijk, E. Con-
stantinescu and G.V. Bloemberg. I7stitute of Biology, Leiden Uni-
versity, Wassenaarseweg 64, 2333AL Leiden, The Netherlands.
Email: G.V.Bloemberg@biology.leidenuniv.nl

Plant roots are colonized by a large diversity of microorgan-
isms, pathogenic, neutral or beneficial to the plant. We focus on
the effects of beneficial plant growth-promoting rhizobacteria
(PGPR), which also interact and compete with the endogenous
microflora, consisting of other bacteria, fungi and/or mycorrhizal
fungi. Specifically we are interested in the use of PGPRs (for ex-
ample Pseudomonas and Bacillus species) for protecting plants
against pathogens, which is refered to as biocontrol. Usually PG-
PRs interact with the plant through (i) attraction to (root) exu-
date compounds (for example amino acids, organic acids and
sugars), (i) attachment, (iii) proliferation and (iv) colonization of
e.g. of roots, stem, leaves and flowers. To suppress plant diseases
a direct interaction between the biocontrol agent and the
pathogen is often observed. A powerful marker tool to study in-
teractions of PGPRs with the plant and the endogenous microflo-
ra is the use of auto-fluorescent proteins (AFPs), of which a
growing variety is available to the researcher. We will report the
latest results in developing tools for tagging microorganisms with
autofluorescent proteins and the success we have with visualizing
their interactions.

URBAN PLANT PATHOLOGY

SPATIAL ANALYSIS OF OAK WILT IN AN URBAN FOREST.
D.N. Appel and K. Camilli. Dept. of Plant Pathology and Microbi-
ology, Texas A&M University, College Station, TX 77843, USA.
Email: appel@ag.tamu.edu

The impact of tree diseases on urban forests depends on the
value of the trees, the structure of the tree populations, and the
nature of the disease-causing organisms. The destructive tree dis-
ease oak wilt, caused by the vascular pathogen Ceratocystis fa-
gacearum, provides an excellent model of how these factors com-
bine, under various circumstances, to cause significant localized
epidemics in Texas urban forests. Spatial data analyses of oak wilt
in Dallas, TX, were conducted to increase our basic understand-
ing of the epidemic process and provide clues on how to better
control the disease. For example, mating types of the pathogen
(A and B) appeared to be segregated throughout the 130 km?
study area. Significant clustering of disease centers, largely in resi-
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dential neighborhoods, was revealed using Rooks Case Moran’s I
and single linkage cluster analysis. Spatial autocorrelation, as ex-
amined with semivariograms, revealed spatial dependency among
the disease centers. Oak wilt centers also exhibited anisotropy, or,
a significant directional distribution of disease centers along an
axis. Various environmental parameters, such as street orienta-
tion, slope, aspect, and soil type, appeared to have little direct in-
fluence on the occurrence of infections. Some of the factors re-
sponsible for oak wilt epidemiology are fairly well understood,
such as relative susceptibilities of Quercus spp., insect vectors,
spread through root connections, and inoculum sources. These
are discussed in relation to the spatial patterns of oak wilt ob-
served in Dallas.

MASSARIA DISEASE (SPLANCHNONEMA PLATANI, AS-
COMYCETES) OF PLANE TREES IN GERMANY. R. Kehr and
D. Dujesiefken. Unzversity of Applied Sciences and Arts, Buesgen-
weg 1a, D-37077 Goettingen, Germany. Email: kehr@bawk-hhg.de

Since 2004, Massaria disease, caused by Splanchnonena platan:
(Ces.) Barr (Anamorph: Macrodiplodiopsis desmazieresii [Mont.]
Petrak), has been recognized as the cause of premature branch
death and branch breakage of plane trees (Platanus X hybrida) in
Germany. Reports from urban tree care professionals indicate that
the disease, which is widespread in southern Europe and the
USA, has been present in warm parts of southern Germany since
the late 1990s. The disease is now found throughout Germany.
Symptoms consist of elongate bark and cambium necroses on the
upper side of branches of all sizes in the lower crown. The
necroses are widest at the branch base, encompassing from less
than 20% up to 50% of the upper branch circumference, and ex-
tend outwards several meters, becoming thinner toward the outer
branch parts. The initial necrosis is followed either by death of the
whole branch or, more commonly, by breakage of the affected
branch. In the wood tissue below the necroses, wood decay bear-
ing resemblance to soft rot/white rot becomes established within
only a few months after bark death, making the branch very vul-
nerable to breakage. Massaria disease of plane trees has become a
very important economic problem for German tree owners and
municipalities, since the cost of tree safety inspection and tree care
has increased dramatically due to the disease. Hot, dry summers
apparently predispose plane trees to attack by the weak parasite
Splanchnonema platani. Therefore, further climatic warming is
seen as a problem for plane trees on dry sites.

CONTROL OF PLANE TREE ANTHRACNOSE BY SANI-
TARY PRUNING. M.L. Tello. Plant Pathology Lab, IMIDRA,
Apdo. 127, 28800 Alcalé de Henares, Madrid, Spain. Email:
marisa.tello@madrid.org

Plane trees (Platanus spp.) are common in urban areas, repre-
senting nearly 15% of the total urban trees in southern Europe.
In Spain Platanus X acerifolia (Ait.)Willd. is the most numerous
species. Anthracnose, caused by the fungus Apiognomonia veneta
(Sacc. & Speg.) Hohn. (anamorph Discula nervisequa), is the
most important and frequent disease affecting mature planes in
the central part of the Iberian Peninsula, and is also widespread
throughout Europe and other continents. The fungus affects
leaves, buds, shoots, twigs and older branches causing leaf necro-
sis, bud death, severe defoliation, branch growth in whorls,
cankers and eventually tree death. At present, the control of
plane anthracnose is restricted to prevention, via fungicide treat-
ments and cultural methods such as removing dead branches and
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fallen leaves. In 2000, 33 mature plane trees were selected in two
locations of central Spain. A third of them were pruned in Febru-
ary 2001 and another third were trunk-injected with a fungicide
in May 2001. The trees have been visited 3 times per year and
disease progress recorded following a disease severity rating scale
(DSRS). Results show better disease control in the pruned trees
than in both the injected and the untreated trees. In plantations
already established under the environmental conditions of central
Spain, sanitary pruning consisting of the removal of all shoots
and branches up to 3 years old is a suitable method to keep the
disease under control, whilst for new plantations the best control
method would be the use of tolerant Platanus spp.

TECHNIQUES FOR THE DETECTION OF AGENTS OF DE-
CAY AND ROT IN STANDING TREES. G. Nicolotti and P.
Gonthier. DI.VA.PR.A. Dept. for Exploitation and Protection of
Forestry Resources, University of Torino, Via Leonardo da Vinci 4,
1-10095 Grugliasco (TO), Italy. Email: giovanni.nicolotti@unito.it

Detection of wood decay in standing trees and identification
of the causal agents are crucial for assessment of hazardous trees
and prediction of severity and development of decay. The VTA
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instrumental approach represents an advance compared with the
use of the increment borer in the past, but penetrometers rarely
allow precise evaluation of the extent of rot. Recently there has
been an improvement in diagnostic techniques like electrical con-
ductivity meters, ultrasonic detectors, X-rays and y-rays, densime-
ters and nuclear magnetic resonance, but these instruments only
give local information concerning the material surrounding the
sensors. Some of these techniques have recently been developed
for tomographic investigation allowing reconstruction of the sec-
tion investigated, measuring the energy passing through the
trunk. Different types of energy give information about the dif-
ferent physical properties of wood: ultrasonic waves describe
elasticity, electric fields and radar electromagnetic waves reveal
conductivity, y-rays and X-rays measure density. Although mod-
ern technologies are improving the detection of wood decay,
identification of the fungal agents is not always feasible without
the presence of fruit bodies. Their identification is important to
predict the pattern of spread within the tree and the risk of
spread to neighbouring trees. Fungal DNA extraction directly
from wood is a promising method for specific and sensitive diag-
noses. PCR methods, based on taxon-specific nuclear or mito-
chondrial primers, have proved effective for identification, at dif-
ferent taxonomic levels, of the most important and widespread
decay fungi responsible for tree failures.
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PLENARY SESSION PS 2
PusLIC DiscussioN FORUM: PLANT PATHOLOGY
AND GLOBAL FOOD SECURITY

ISPP AND THE CHALLENGE OF FOOD SECURITY. P. Scott
and R. Strange. International Society for Plant Pathology, c/o
CABI, Wallingford, UK, Birkbeck College, University of London,
UK. Email: p.scott@cabi.org ; r.strange@sbc.bbk.ac.uk

We live in a world in which over 800 million people do not
have food security. Through malnourishment they are unable to
live healthy lives and many die prematurely. Children are particu-
larly vulnerable, 18,000 dying every day according to one esti-
mate. Although there are many reasons for food insecurity such
as inhospitable climate, poor soil, inadequate access to sources of
food, trade barriers and political constraints, plant disease is a
fundamental limitation. In response to a public challenge at ICPP
1998, the International Society for Plant Pathology (ISPP) estab-
lished a Task Force on Global Food Security. This has focused on
a few priorities where it was considered possible to deliver some-
thing tangible with limited resources. Some of the results and
prospects will be presented. A 3-year Challenge Project has been
supported, “Development of Appropriate Strategies to Control
Cassava Diseases in Ghana”. Cassava is but one staple crop. Oth-
ers and their principal diseases have been reviewed in “Plant Dis-
ease: A Threat to Global Food Security”, published for ISPP in
Annual Review of Phytopathology. A further Challenge Project is
to be supported, aimed at raising the public and political profile
of plant disease in developing countries. Also, from an initiative
within the Task Force, a new Journal of Food Security is proposed
which would reflect the multifaceted nature of the subject. ISPP’s
Task Force welcomes suggestions for new initiatives that have the
prospect of delivering practical benefit from limited resources.

WHY PLANT DISEASE MATTERS TO FOOD SECURITY. G.S.
Khush. 39399 Blackhawk Place, Davis California, 95616, USA.
Email: gurdev@khush.org

World food security depends upon continued productivity of
our food crops. However, crop productivity is always under threat
from attack by numerous pathogens such as viruses, bacteria, fun-
gi and nematodes. These pathogens may cause mild symptoms but
sometimes the losses are catastrophic resulting in food shortages
and famines. Examples of such large-scale famines are those
caused by potato blight in Ireland which resulted in one million
deaths in the 1840s. The great Bengal famine of 1943 resulted
from destruction of the rice crop by Cochliobolus miyabeanus and
two million people died. These examples show that in areas of the
world where a large proportion of the population depends upon a
single crop, they are at risk if that crop fails owing to a disease epi-
demic. The most logical defense against damage from plant dis-
ease is varietal resistance. However, pathogens are able to over-
come such resistance. Therefore it is important to study the biolo-
gy of the disease-causing organisms and examine the potential for
emergence of new virulent races. Crop genetic diversity is an im-
portant insurance against sudden breakdown of resistance. Large-
scale collection, conservation, evaluation and utilization of crop
germplasm is an important component to guard against disease.
Fortunately, large germplasm collections of food crops are being
maintained by CGIAR centres and National Crop Improvement
programs. For ensuring our future food security it is important
that national and international crop improvement and plant
pathology programs are adequately funded.
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GLOBALIZATION AND THE THREAT TO BIOSECURITY.
H.C. Evans and J.M. Waller. CAB International, UK-European
Centre, Egham, Surrey TW20 9TY, UK. Email: h.evans@cabi.org ;
Jwaller@cabi.org

Globalization has led to a dramatic increase in trade and travel,
and alien or immigrant species are now being exchanged, either ac-
cidentally or deliberately, at unprecedented rates between geo-
graphically isolated regions, countries and continents. Thus, the
natural barriers which once separated the world’s floras and faunas
no longer exist and invasive alien species pose a potent and bur-
geoning threat to both natural and agricultural ecosystems. Due to
a combination of luck, in the early days, and judicious selection or
quarantine, in later times, man successfully separated many of the
coevolved natural enemies (pests and pathogens) from his crop
plants to such an extent that most of the major crops are concen-
trated outside of their centres of origin where they are released
from, or have a much reduced, natural-enemy pressure. However,
progressively accelerating globalization over the past 150 years,
which is now in over-drive, has meant that coevolved natural ene-
mies have been catching up with their plant hosts, often with disas-
trous consequences. This paper discusses some past and present
examples of the accidental, as well as the deliberate (bioterrorism)
introduction of plant pathogens; and highlights those pathogens
with “restricted” distributions which have the potential to: desta-
bilise world commodity markets; disrupt global food security; and
promote natural-habitat destruction. Far-reaching impacts of
biosecurity on global warming and climate change are also dis-
cussed, as well as measures to improve both pre- and post-entry
control of plant diseases.

GENETIC UNIFORMITY OF CROPS AND THE THREAT TO
FOOD SECURITY. J.K.M. Brown. John Innes Centre, Norwich,
NR4 7UH, UK. Email: james.brown@bbsrc.ac.uk

The emergence of new crop diseases is nothing new: previous-
ly unknown pathogens appear from time to time and forgotten
pathogens re-appear. Environmental factors are often important
in the emergence of new diseases, while the acceleration of global
climate change will make it difficult to predict the most signifi-
cant future threats to our crops. Plant breeding has been a cor-
nerstone of global food security, especially in providing cultivars
resistant to disease. Its success depends upon predictability, with
the results of breeders’ trials being reflected in the long-term per-
formance of selected varieties. Increasing variability and uncer-
tainty in the prevalence of different diseases presents a tough
challenge to breeding and indeed to all agricultural technologies.
Robust strategies of breeding will be more vital than ever in a
rapidly changing environment. Such a strategy could be based on
selection against high susceptibility to a broad spectrum of dis-
eases, because susceptible cultivars not only suffer damage them-
selves but also spread disease to other, more resistant cultivars.
Effective selection against susceptibility needs to proceed in par-
allel with selection for the key traits of yield and quality. An im-
portant recent development in plant breeding is association ge-
netics, in which information about phenotypes, markers and
pedigrees of many cultivars is combined. Simultaneous analysis of
the genetics of numerous traits in diverse varieties is enabling
breeders to achieve the long-desired goal of using diverse genes
to control disease in top-class cultivars. It should also enable
breeders to contribute to future food security by responding rap-
idly to new disease threats.
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GM AS A NEW TOOL IN THE RESISTANCE TOOLBOX. E
Wambugu, T. Hohn and J. Onsando. Africa Harvest Biotech
Foundation International, Nairobi, Kenya; Sainsbury Laboratory,
Jobn Innes Centre, Colney, Norwich, UK. Email: fwambugu@ahb-
fi.or.ke; david.baulcombe@sainsbury-laboratory.ac.uk

GM technology has developed multiple approaches to disease
resistance in plants. There are GM plants with modified or en-
hanced forms of natural resistance mechanisms and others into
which completely novel mechanisms have been engineered. We
will describe some examples of both approaches and discuss the
issues for their application in African agriculture, with the aim of
improving food security. Sorghum is a staple for about 300 mil-
lion people in Africa but its grain has a number of nutritional de-
ficiencies and poor digestibility. The African Biofortified
Sorghum Project aims to develop sorghum varieties that will sub-
stantially improve grain nutritional quality. Specific reference will
be made to Kenya as a case study of how biotechnology can ben-
efit the poor and hungry.

KEYNOTE SESSION
HOST-PATHOGEN INTERACTIONS AND MOLECULAR PLANT PATHOLOGY

ROLE OF PATHOGEN EFFECTOR PROTEINS IN PLANT IN-
NATE IMMUNITY. B.]. Staskawicz. Department of Plant and Mi-
crobial Biology, University of California, Berkeley, CA 94720,
USA. Email: stask@berkeley.edu

It has now been well established that all classes of pathogens
are able to deliver effector proteins directly to host plants often
via specialized infection structures. Pathogen effector proteins
are involved with the suppression or modulation of plant innate
immunity and fundamentally control plant pathogenesis. Interest-
ingly, the same proteins that modulate pathogen virulence are al-
so involved in triggering genotype-specific plant disease resist-
ance. In this presentation, I will highlight the original approaches
that led to the discovery of pathogen effectors and how this infor-
mation has shaped our current understanding of the “dual” role
of effectors in both plant pathogenesis and the activation of dis-
ease resistance signalling pathways. Furthermore, I will provide
recent data from my laboratory in our attempts to employ
pathogen effector proteins as molecular probes to identify host
targets controlling plant innate immunity. Finally, I will present
our recent data on elucidating the molecular events that are in-
volved in effector recognition and the activation of plant disease
resistance.

MOLECULAR MECHANISMS UNDERLYING THE ACTIVA-
TION OF NB-LRR DISEASE RESISTANCE PROTEINS. R.W.
Innes, J. Ade and B. DeYoung. Department of Biology, Indiana Uni-
versity, Bloomington, IN 47405, USA. Email: rinnes@indiana.
edu

This talk will focus on the molecular mechanisms by which
plant disease resistance (R) proteins mediate pathogen recogni-
tion. In Arabidopsis, the RPS5 gene confers resistance to
Pseudomonas syringae strains that carry the avrPphB gene. RPS5
encodes a member of the nucleotide binding (NB)-leucine rich
repeat (LRR) family of disease resistance proteins, while avrPphB
encodes a cysteine protease. We have previously shown that
AvrPphB specifically targets a protein kinase in Arabidopsis called
PBS1. RPS5 forms a protein complex with PBS1 and cleavage of
PBS1 is required to activate RPS5-mediated resistance (i.e. both

RPS5 and PBS1 are required for recognition of AvrPphB). We
have recently shown that mutations in RPS5 that abolish nu-
cleotide binding block RPS5 signalling, while mutations that re-
duce hydrolysis, but not binding, constitutively activate RPS5. In
addition, we have shown that removal of the LRR domain also
constitutively activates RPS5. We thus propose a model whereby
RPS5 is held in an inactive ADP-bound state by intramolecular
interactions and association with PBS1. Cleavage of PBS1 would
then induce a conformational change in RPS5 that promotes ex-
change of ADP for ATP, which in turn enables RPS5 to engage
downstream activators of resistance. Current work is focused on
testing this model using a recently developed 7z vitro system con-
taining purified RPS5, PBS1 and AvrPphB proteins. We are also
attempting to identify downstream activating proteins. Progress
in both of these areas will be presented.

SIGNAL INTEGRATION IN AND INTRACELLULAR DY-
NAMICS OF THE PLANT IMMUNE SYSTEM. P. Schulze-
Lefert. Carl-von-Linné Weg 10, 50829 Kéln, Germany. Email:
schlef@mpiz-koeln.mpg.de

We study fundamental molecular processes underlying inter-
actions between plants and pathogens. Plants and animals have
evolved structurally related innate immune sensors inside cells to
detect the presence of microbial molecules. Evolutionarily an-
cient folding machinery becomes engaged for the synthesis of au-
torepressed receptors in both kingdoms. The receptors act as reg-
ulatory signal transducers and are activated upon direct or indi-
rect perception of non-self structures. Our findings indicate that
nucleo-cytoplasmic partitioning and nuclear activity is critical for
the function of plant immune sensors that trigger disease resist-
ance responses to widespread ascomycete fungal parasites. The
activated immune sensor directly associates with WRKY tran-
scriptional repressors and interferes with their activity, thereby
linking receptor function to transcriptional reprogramming of
host cells for pathogen defence. Plant cells assemble pathogen-in-
ducible machinery at the cell surface that shares several features
with the immunological synapse, a specialized junction between a
T cell and a target cell in animals. This, in both plants and ani-
mals, enables execution of immune responses through focal se-
cretion. Common mechanisms include co-stimulatory non-
self/alarm signals as triggers, cell polarization driven by actin cy-
toskeleton remodeling, protein concentration into ring-shaped
assemblies at the cell periphery, and focal SNARE protein-medi-
ated exocytosis. Whilst in plants execution of immune responses
by polar secretion appears to be a cell-type independent property,
its confinement to T cells in animals might reflect a greater divi-
sion of labour in the animal immune system.

CONCEPTS IN BIOLOGICAL CONTROL
OF PLANT PATHOGENS

IMPROVEMENT OF TRICHODERMA BIOCONTROL ACTI-
VITY BY PROTOPLAST FUSION AND AGROBACTERIUM
TUMEFACIENS-MEDIATED TRANSFORMATION. Y. Hetong,
M. Ryder, H. Yujie, P. Harvey and T. Wenhua. Biology Institute
of Shandong Academy of Sciences, Jinan, Shandong Province, PR.
China. Email: yanght@keylab.net

Protoplast fusion and Agrobacterium tumefaciens-mediated
transformation (ATMT) methods were adopted in an attempt to
improve the ability of Trichoderma spp. to control plant
pathogens. Trichoderma harzianum isolate T9 which is a good
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producer of conidia and is naturally resistant to benomyl but is
sensitive to hygromycin B, and T koningii isolate 7a (Tk7a)
which is a poor producer of conidia and is naturally resistant to
hygromycin B but sensitive to benomyl, were used for protoplast
fusion to obtain fusants with improved biocontrol activity and
conidiation. Protoplasts obtained from the two parental strains
after digestion of young hyphae with lysing enzymes were used in
the fusion experiment. Most fusants performed better than
parental strains in chitinase, glucanase and endoglucanase activi-
ty. There were no observable differences between fusants and the
parental strains in their ability to parasitise Rhizoctonia solani and
Gaeuwmannymyces graminis var. tritici in vitro.

The Agrobacterium  tumefaciens-mediated transformation
(ATMT) system is an important technical method in the study of
many filamentous fungi. We successfully transformed Trichoder-
ma viride LTR-2 by A. tumefaciens mediated transformation with
an efficiency of 30-80 transformants per 10> conidia. When com-
pared with the wild type in a dual culture 7 vitro experiment,
LTR-2C7 had an increased effect against Rhizoctonia solani, with
the inhibition percentage increasing by 9.4%. In a pot experi-
ment, LTR-2C7 also had a greater effect on suppression of cot-
ton Fusarium wilt caused by Fusarium oxysporum f. sp. vasinfec-
tum than the wild parent. The bio-control effect of LTR-2C7 in-
creased by 28% compared with the wild parent as assessed by
rating the disease severity.

IMPORTANCE OF MULTITROPHIC INTERACTIONS FOR
SUCCESSFUL BIOCONTROL OF PLANT PARASITIC NEMA-
TODES WITH PAECILOMYCES LILACINUS STRAIN 251.
S. Kiewnick. Agroscope Changins-Waedenswil, Research Station
ACW, Plant Protection, Zoology, Schloss PO. Box 185, CH-
8820 Waedenswil, Switzerland. Email: sebastian.kiewnick@acuw.
admin.ch

The facultative egg-pathogenic fungus Paecilomyces lilacinus is
the most widely tested biocontrol agent for control of plant para-
sitic nematodes. The commercial strain 251 (PL251) is available in
several countries and is mainly used for control of nematodes on
Banana in the Philippines and root-knot nematodes in southern
Europe. In the US, PL251 was recently registered as a bio-nemati-
cide under the trade name MELOCON WG for use on a variety of
crops. So far PL251 has demonstrated efficacy in reducing root-
knot, cyst and free-living nematodes on a range of crops. To better
understand the multitrophic interactions between PL251 and host-
plants, target nematodes and other soil antagonists, ecological
studies were conducted. The interactions of PL251 with host- or
non-host plants, nematodes, mutualistic fungal endophytes, and
mycorrhizas were investigated and their importance for biological
efficacy and possible unwanted side effects determined. It could be
shown that the efficacy of PL251 is not linked to the presence of
the target nematode or to the host plant. Furthermore, some plants
seemed to provide unsuitable conditions in their rhizosphere. Un-
like other nematophagous fungi, rhizosphere competence is not a
key factor for the efficacy of PL251, which makes it a control op-
tion in production systems where nematode infestation is severe
and highly susceptible crops are grown. In none of the studies con-
ducted, did the application of PL251 result in adverse effects on
mutualistic fungal endophytes, mycorrhizas, fungal antagonists or
entomopathogenic nematodes. Co-application of PL251 with rhi-
zosphere-competent antagonists increased biocontrol efficacy
against root-knot nematodes.
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INTERACTIONS BETWEEN GLIOCLADIUM CATENULA-
TUM, FUSARIUM OXYSPORUM AND CUCUMBER ROOTS
LEADING TO BIOLOGICAL CONTROL OF FUSARIUM
ROOT AND STEM ROT. Z.K. Punja and S. Chatterton. Depart-
ment of Biological Sciences, Simon Fraser University, Burnaby,
British Columbia, V5A 156, Canada. Email: punja@sfu.ca

The biocontrol product Prestop Mix (Kemira Agro Oy) con-
taining Gliocladium catenulatum (G.c.) (Clonostachys rosea f.
catenulata) provides effective control of root rot diseases on cu-
cumber caused by Fusarium and Pythium species. Roots were ex-
tensively colonized by G.c. within 7 days following application,
especially at the root tips. Survival on the roots was evident for
up to 50 days, with 1x10° colony-forming-units per gram of root.
G.c. was transformed using Agrobacterium containing the 3-glu-
curonidase (#id A) and hygromycin phosphotransferase (hph)
genes. Histochemical staining for GUS expression showed hy-
phae in the underlying epidermal cells of roots and stems, sug-
gesting endophytic colonization. In culture, G.c. produced chiti-
nases and [3-1,3-glucanases when grown on E oxysporum cell
walls. Several isoforms (20 to 45 kDa in size) of 3-1,3-glucanase
were observed on SDS-PAGE gels when laminarin or cucumber
roots was the sole carbon source. Reverse-transcriptase PCR con-
firmed the induction of (8-1,3-glucanase expression. Cell-free cul-
ture filtrates containing glucanases were inhibitory to mycelial
growth and spore germination of F oxysporum. Extensive root
colonization and production of hydrolytic enzymes contribute to
the biological control efficacy of G. catenulatum.

SCREENING OF BIOCONTROL AGENTS FOR CONTROL
OF FOLIAR DISEASES. J. Kohl. Plant Research International,
PO. Box 16, 6700 AA Wageningen, The Netherlands. Email:
Jurgen.kohl@uwur.nl

Success of biocontrol depends on antagonists with high effica-
cy and optimum niche adaptation. Success of commercialisation
of biocontrol agents depends on more criteria, and many criteria
besides efficacy testing have to be considered. Criteria for appli-
cations of antagonists in the phyllosphere are cold tolerance,
drought tolerance, resistance against high temperatures and UV-
irradiation and rain-fastness. These ecological characteristics de-
termine the persistence of inoculum. Other important criteria for
commercial exploitation are suitability for mass production, and
potential risks which may jeopardise registration. Examples will
be presented of testing various characteristics of Botrytis cinerea
or Venturia inaequalis antagonists under controlled conditions
and field conditions. Conidia of the antagonist Ulocladium atrum,
efficient in crops such as grapevine, tomatoes and ornamentals
against B. cinerea, survive on leaf surfaces during periods with
UV irradiation and high temperatures, and are very efficient in
germinating during short wetness periods in a broad temperature
range. Novel antagonists of V. inaequalis (cause of apple scab)
were first selected by pre-screening. All candidates obtained from
apple leaves were tested for their ability to produce a minimum
number of spores on a standard medium, to grow at 5°C (cold
tolerance) and to grow at low water potentials (drought toler-
ance). Candidates growing at 36°C or belonging to fungal genera
with known potential to produce mycotoxins such as Aspergilius,
Fusarium or Penicillium were excluded. Approximately 50% of
the candidates passed the pre-screening and were subsequently
tested in bioassays and in the field for their potential to suppress
V. inaequalis.
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PLANT VIRUS EPIDEMIOLOGY

MOLECULAR EPIDEMIOLOGY OF POTYVIRUSES, AN EX-
AMPLE: WATERMELON MOSAIC VIRUS. C. Desbiez, C. Rys,
B. Joannon, M. Girard, C. Chandeysson and H. Lecoq. INRA,
Station de Pathologie Végétale, Domaine Saint Maurice, PB4,
43143 Montfavet, France. Email: Cecile. Desbiez@avignon.inra.fr

Potyviruses cause severe epidemics in crops worldwide and
several ‘emerging’ species or strains have been observed during
the last decades. However, very little is known on the dynamics of
dispersal and evolution, key factors for understanding potyvirus
epidemiology and emergence. Watermelon mosaic virus (WMV) is
very common in cucurbits. It is widespread in France but had,
until recently, a limited agronomic impact on zucchini due to its
mild symptoms. Since 1999, severe symptoms on zucchini have
been associated with WMV. A molecular analysis was performed
to study the origin of severe isolates. We found that worldwide
WMV populations cluster in 3 groups without obvious geograph-
ic structure. Only one group (‘classic’ isolates) was observed in
France before 1999, whereas since 1999 a second group of
‘emerging’ isolates, highly divergent molecularly, was also detect-
ed. Epidemiological surveys in France (2004 to 2007) showed the
presence of ‘classic’ isolates everywhere, but ‘emerging’ ones
were restricted to South-Eastern France. Four molecular sub-
groups were defined within the “emerging” group, with a strong
population structure. In South-Eastern France, ‘classic’ and
‘emerging’ strains were frequently found in the same field or
plant, and this raises the question of interactions between isolates
(competition, population replacements, and potential emergence
of recombinants...). The same distribution patterns were ob-
served from 2004 to 2007, suggesting limited long-distance move-
ment of the virus. However, the proportion of emerging isolates
tended to increase. Our results suggest that the ‘emerging’ strains
spread only slowly from their site(s) of introduction but are pro-
gressively replacing local (‘classic’) strains.

BARLEY YELLOW DWARF EPIDEMIOLOGY AS INFLU-
ENCED BY APHID VECTORS AND DISEASE RESISTANCE.
N.A. Bosque-Perez, E.S. Jimenez-Martinez, K.J. Medina-Ortega,
E. Ngumbi and S.D. Eigenbrode. Department of Plant, Soil and
Entomological Sciences, University of Idaho, PO. Box 442339,
Moscow, ID 83844-2339, USA. Email: nbosque@uidabo.edu

Barley yellow dwarf is a serious cereal disease caused by Bar-
ley yellow dwarf luteovirus (BYDV). Our research addressed eco-
logical and epidemiological relationships among wheat, BYDV
and bird cherry-oat aphid, Rhopalosiphum padi, a main BYDV
vector. We monitored life history, behavior and virus transmission
efficiency of R. padi on BYDV-infected or uninfected virus-sus-
ceptible Lambert and moderately-resistant 103.1] (Lambert-de-
rived transgenic expressing BYDV-PAV coat-protein gene).
Virus-infected transgenic plants were inferior hosts for aphids
compared with virus-infected Lambert, but non-infected trans-
genics were superior hosts than non-infected Lambert. We ob-
served reduced transmission efficiency after acquisition from
virus-infected transgenics compared to virus-infected Lambert.
Aphids preferentially responded to headspace from virus-infect-
ed rather than non-infected Lambert, but showed no preference
for virus-infected compared to non-infected transgenics. Further
tests indicated aphid responses to virus-infected plants are due to
attraction rather than arrestment and that responses are mediated
by volatile cues. Aphids preferentially responded to paper strips
treated with individual compounds from virus-infected Lambert
than to a blank control. Volatile organic compounds (VOCs) re-

leased by virus-infected Lambert are higher in total concentration
and differ in relative component concentrations compared to
virus-infected transgenics, or non-infected plants of either geno-
type. We conclude that transgenic virus resistance in wheat can
indirectly affect vector life history. Such resistance influences pro-
duction of VOCs by virus-infected plants altering aphid response
to transgenics relative to non-transformed plants. The combined
effects of reduced vector population growth on, reduced attrac-
tion to, and reduced transmission efficiency after acquisition
from virus-infected transgenics could reduce secondary virus
field spread, influencing virus epidemiology.

EPIDEMIOLOGICAL INTERACTIONS OF TOMATO VIRUSES
IN GREENHOUSE COMPLEXES IN SPAIN. E. Moriones, ]J.
Navas-Castillo, J.A. Diaz-Pendén and C. Cadizares. Laboratorio
Virologia Vegetal, Estacién Experimental La Mayora, CSIC, 29750
Algarrobo-Costa, Mdlaga, Spain. Email: moriones@eelm.csic.es

Viruses cause great damage to tomato crops worldwide. In
Spain, tomatoes are severely affected by insect-transmitted viruses.
Notably, outbreaks of the whitefly Benzisia tabaci Gen have result-
ed in the emergence of viruses like the begomoviruses (family
Geminiviridae) associated with tomato yellow leaf curl disease or
the crinivirus Tomzato chlorosis virus (ToCV; Closteroviridae). Also,
important losses are caused by the thrips-transmitted tospovirus
Tomato spotted wilt virus (TSWV; family Bunyaviridae), although
in this case virus damage could be controlled by using cultivars
carrying the Sw-5 resistance gene. Mixed viral infections are fre-
quent in nature, and result in interactions with unknown epidemio-
logical consequences. We have shown that multiple begomovirus
infections occur in commercial tomatoes. Moreover, interactions in
single plants can result in the emergence of new recombinant virus-
es, with novel pathogenic characteristics. The dynamics of recom-
bination and of associated mechanisms was studied, as this knowl-
edge would help to understand the evolution of begomovirus pop-
ulations and to forestall damage. Interestingly, interaction of virus-
es can result in synergisms or antagonisms that could compromise
virus control. We observed synergistic interactions in tomato plants
doubly infected with ToCV and TSWV, resulting in a dramatic in-
crease of disease symptoms in susceptible plants with enhanced
ToCV accumulation, although with no evident egress from phloem
tissues. More remarkable was the synergism observed in TSWV-re-
sistant plants that resulted in the breakdown of Sw-5 resistance in
the presence of ToCV. Viral products that could be involved in vi-
ral synergism have been investigated.

EVOLUTIONARY EPIDEMIOLOGY OF PLANT VIRUSES. E
Van den Bosch. Rothamsted Research, Harpenden, AL5 2]Q, UK.
Email: Frank.vandenbosch@bbsrc.ac.uk

Any method of control of plant viruses inevitably imposes a
selection pressure on the virus. This can cause the pathogen to
evolve strains that are less prone to the control method. Models
of these evolutionary processes help define disease control meth-
ods that put a minimal selection pressure on the virus to evolve
more harmful strains. In this presentation I discuss two virus
traits that can undergo evolutionary change due to selection pres-
sures imposed by disease control. These are the within-cell multi-
plication rate of the virus, and the evolution of suppressors of
gene-silencing. The results show how the direction of selection
depends on the effect of the virus on plant traits. The two effects
investigated are damage to plant parts increasing necrosis of this
plant part, and damage to the plant resulting in reduced plant
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growth and development. A range of disease control options will
be discussed including plant resistance traits such as (i) acquisi-
tion/inoculation resistance, (ii) tolerance, (iii) reduced systemic
virus dispersal, as well as control using (iv) sanitation, (v) vector
control, and (vi) selection of planting material. The feasibility of
disease control without selecting more damaging virus strains will
be discussed.

AIRBORNE PLANT DISEASES

A RAINFALL CYCLE INVOLVING PLANT PATHOGENS AS
INCITANTS OF PRECIPITATION? D.C. Sands. Dept Plant Sci-
ence and Plant Pathology, Montana State University, Bozeman, M'T
59717-3150, USA. Email: dsands@montana.edu

A rare trait among microbes is ice nucleation activity. Only
three groups of bacteria are able to initiate ice formation at tem-
peratures as high as -1 or -2 °C, and these are the plant-associated
Pseudomonas syringae, Xanthomonas campestris pv. translucens,
and Pantoea agglomerans (formerly Erwinia herbicola). The plant-
associated fungus Fusarium avenacearum is also ice-nucleation ac-
tive. The primary interest among researchers has been that ice
nucleation activity was important in initiating frost injury in
plants. A second factor may be that ice nucleation enhances
pathogen dissemination by favouring the formation of ice in
clouds leading to snow or rainfall thereby bringing bacteria back
to the ground. The completion of such a cycle would allow feed-
back via strong selection for traits leading to such dissemination.
Furthermore, there is evidence that some of these organisms can
enhance the condensation of water (cloud condensation nuclei)
and thus favour the formation of clouds. The global ubiquity of
non-host-specific strains of P. syringae and P. agglomerans may be
because of their ability to disseminate via rainfall. They might
now be an important component of rainfall initiation, and with a
concerted collaborative effort among scientists, selected popula-
tions of these ice nucleation bacteria could be increased in the
environment, in particular via agricultural practices favourable to
their epiphytic development, to enhance precipitation and in the
process complete a bioprecipitation cycle.

OUTSIDE THE TRADITIONAL BOUNDARIES OF AGRO-
ECOSYSTEMS: SURPRISING NICHES FOR PLANT PA-
THOGENS. C.E. Motrris. INRA, Plant Pathology Research Unit,
B.P. 94, 84140 Montfavet, France. Email: cindy.morris@avignon.
inra.fr

Disease control practices are based on knowledge of the life
cycles and ecology of pathogens and on disease epidemiology.
Sources of inoculum and conditions favoring pathogen prolifera-
tion and disease expression are essential clues for reducing
pathogen development and disease severity. Understanding the
mechanisms generating genetic diversity in pathogens can also
give essential insight into pathogen evolution so as to make dis-
ease control practices durable. Knowledge of pathogen life histo-
ries can be translated into cultural practices to avoid inoculum or
limit its proliferation, and be useful for developing biocides and
other chemical or biological control agents, and for strategies to
create and deploy resistant plant lines. For human and animal
pathogens, it has long been recognized that some can reside and
flourish in non-host habitats where they evolve and diversify
somewhat independently of their activity as pathogens, whereas

the life cycles of plant pathogens have almost exclusively been de-
fined in agricultural contexts sensu stricto i.e. in terms of the
availability and response of host crop plants. The role of non-
agricultural and non-plant niches in the evolution of plant
pathogens and in their life history has seemingly been ignored.
Recently, evidence has emerged that some strains of Pseudomonas
syringae inhabit diverse substrates in aquatic and alpine environ-
ments, and their life history seems to be intimately linked to the
water cycle. The potential for important roles of non-agricultural
habitats for this and other plant pathogens, and the impact for
their ecology and diversification will be discussed.

WHERE DO ALL THE NEW POWDERY MILDEWS COME
FROM? L. Kiss. Plant Protection Institute of the Hungarian Acad-
emy of Sciences, H-1525 Budapest, P.O. Box 102, Hungary. Email:
lkiss@nki.hu

Powdery mildew fungi (Erysiphales) are ubiquitous obligate
biotrophic plant pathogens as the symptoms they cause are obvi-
ous on leaves and other aerial parts of their host plants. Thus,
their occurrence and spread can easily be monitored. Year by
year, the highest number of ‘new disease reports’ published in in-
ternational journals refers to this group of fungal plant
pathogens. In most cases, however, the origins of the powdery
mildew fungi reported for the first time on a certain host plant
species or in a given geographic area remain unclear. Sometimes
it is likely that they originate from other geographic regions, e.g.
other continents. Biological invasions caused by North American
and Asian powdery mildew fungi in Europe have already been
documented using molecular tools. The biological invasion
caused by the grapevine powdery mildew pathogen, Erysiphe
necator, in Europe in the 19 century is a well-known example,
and the histories of two recent severe European powdery mildew
epidemics, caused by E. flexuosa on horse chestnut (Aesculus
spp.) and E. elevata on Indian beam (Catalpa bignonioides) trees,
seem to be similar to that process. Some other species of the
Erysiphales, thought to be native to North America or Asia, have
also started to spread in Europe quite recently. Another source of
‘new’ powdery mildews could be a host range expansion of taxa
already known from certain host plant species. Such an event has
recently been documented for the first time in powdery mildews.
However, a recent genome-wide analysis of a few ‘new’ powdery
mildew fungi showed that these all should be regarded as distinct
taxa with restricted host ranges. Other sources of ‘new’ powdery
mildews will also be discussed.

DETECTION AND QUANTIFICATION OF AIRBORNE FUNGI
BY FLOW CYTOMETRY. G. Lingua, V. Prigione and V. Filipello
Marchisio. DiSAV, Universita del Piemonte Orientale “A. Avo-
gadro”, via Bellini 25/G, 15100 Alessandria, Italy / Dipartimento
di Biologia Vegetale, Universita degli Studi di ‘Torino, viale Mattioli
25, 10125 Torino, Italy. Email: guido.lingua@mfn.unipmn.it /
valeria.marchisio@fastwebnet.it

Fungal propagules prevail in the bioaerosol. Their quality and
quantity are relevant to the assessment of air quality in hospitals,
sewage areas, composting and industrial plants. In agriculture de-
tection of airborne plant pathogenic fungi can assist in forecast-
ing diseases and assessing pathogen resistance to fungicides and
the environmental impact of biological control treatments. Meth-
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ods for detecting the mycoaerosol usually rely on microscopy or
culture techniques. The first approach is tedious and time con-
suming, while the precision and efficiency of the second is limited
by the inability of media to allow the growth of all species, by the
presence of fungal aggregates and by fungistasis. Flow cytometry
is a quantitative cell-biology approach, allowing the counting and
characterization of single cells or even organelles in liquid sus-
pension. Due to its rapidity, it allows analysis of several thousand
cells in a few minutes. A protocol to stain conidia with a fluores-
cent dye was set up, after microwave pretreatment of the propag-
ules. Conidia of various fungal species from laboratory and envi-
ronmental samples collected by an impinger were successfully
counted by epifluorescence microscopy and flow cytometry. Flow
and microscopy results were compared, showing that the former
provides a correct assessment of the samples, while the latter was
affected by a systematic error, linked to the concentration of coni-
dia. An immunological approach was also introduced, indicating
that immuno-labelling of conidia is possible, although specific
identification still requires some research. These results disclose
appealing and promising applications in the area of environmen-
tal monitoring.

MANAGEMENT OF FOREST DISEASES

MANAGEMENT LESSONS LEARNT FROM 90 YEARS OF
DUTCH ELM DISEASE RESEARCH. ]J. Webber. Forest Re-
search, Alice Holt Lodge, Farnham, Surrey, GUI10 4LH, UK.
Email: joan.webber@forestry.gsi.gov.uk

Over the 20t century several pathogens have emerged which
have been extremely harmful to wild or naturalised plants includ-
ing long-lived woody perennial species such as trees. One of the
best known examples is illustrated by the two pandemics of Dutch
elm disease that have swept through the Northern Hemisphere;
the first caused by Opbiostoma ulmi, the second by Ophiostoma
novo-ulmi. The biology and epidemiology of the disease caused by
these two pathogens has been well documented, and it is now
clear that episodes of hybridisation and genetic introgression have
produced the highly aggressive elm pathogen Ophiostoma novo-ul-
mi. A further driving force has been the activities of a few species
of highly effective bark beetle vectors, mainly within the genus
Scolytus. The behaviour of each beetle species, and even the be-
haviour of individual beetles, can markedly influence the transmis-
sion of O. novo-ulmi and O. ulmi at many points in the disease cy-
cle. Beetle behaviour during breeding in the bark of diseased trees
affects the quantity and quality of pathogen spores carried by
newly emerged beetles. Later on, the behaviour of beetles during
dissemination and host seeking also impacts on the successful
transfer of the pathogen from vector to feeding groove and, ulti-
mately, the potential for colonisation of a tree’s vascular system.
Overall, the interaction between host, pathogen and vector is fine-
ly tuned, providing many opportunities to interrupt the disease cy-
cle. The challenge has been to use this knowledge as part of an in-
tegrated approach to manage and control Dutch elm disease.

HETEROBASIDION ROOT ROT IN CONIFERS IN EUROPE.
P. Capretti and K. Korhonen. D:BA Sez. di Patologia Vegetale, Pi-
azzale delle Cascine 28, 50144 Firenze, 1taly, Finnish Forest Re-
search Institute, Vantaa Research Unit, PO. Box 18, FI-01301 Van-
taa, Finland. Email: paolo.capretti@unifi.it

Root and butt rot caused by Heterobasidion annosum s.1., also

known as Fomes annosus, is regarded as the most injurious fungal
disease of coniferous forests in the Northern Hemisphere. The
fungus commonly attacks species of Pinus, Picea and Abies. The
disease agent is a species complex consisting of five taxa. Three
Eurasian taxa are regarded as species: H. annosum s.s, H. parvipo-
rum and H. abietinum. The taxonomic rank of the two North
American taxa is unclear; the ‘North American P group’ is closely
related to the Eurasian H. annosum s.s. while the ‘S group’ is re-
lated to both H. parviporum and H. abietinum. In Europe, H. an-
nosum s.s. has a wide distribution and causes mortality in pine
forests but is also able to attack several other conifers. H. parvipo-
rum causes extensive damage only on Picea abies, and its distribu-
tion follows the natural distribution area of this tree. The known
distribution of H. abietinum is restricted to southern and central
Europe and Asia Minor. It grows on different species of Abizes
but is generally a relatively weak pathogen. The North American
P group now also occurs in Europe; it was probably imported by
US troops to coastal Pinus pinea forests of central Italy during the
Second World War. It appears to be well adapted to these forests
in terms of pathogenicity and spreading, and it is able to produce
hybrids with the European H. annosum s.s. This pathogen is a
new threat to the pine forests of Europe.

ADAPTIVE MANAGEMENT OF SUDDEN OAK DEATH IN
CALIFORNIA WOODLANDS. M. Garbelotto and D. Rizzo.
University of California, 338 Hilgard Hall, Berkeley, CA 94720,
USA. Email: matteo@nature.berkeley.edu

Sudden oak death is an emergent disease caused by the exotic
pathogen Phytophthora ramorum. This newly described Phytoph-
thora is also responsible for a disease of ornamental plants, and
multiple lines of evidence indicate its introduction in North
America is linked to the trade of infected ornamental plants. In
particular, some US nurseries contain all three known lineages and
both mating types of the pathogen, while California and Oregon
woodlands only contain one lineage and one mating type. P. ramo-
rum is predominantly aerially transmitted, but a soil and water
phases, not unlike other forest Phytophthoras are also present.
One striking feature of the epidemiology of the disease is that the
largest amounts of infectious aerial sporangia are produced on bay
laurel leaves, while oaks appear to be non-infectious. Our strategy
to deal with the disease has been multiple and involves the follow-
ing aspects: 1)- Understand the mode of introduction of the
pathogen, and monitor potential new escapes in the wild; 2)- Un-
derstand factors linked to the reproductive and spread potential,
e.g. seasonal patterns in the life cycle of the pathogen and distance
of spread; 3)- Define the relationship between ecological stand
characteristics and severity of the disease, inclusive of predictive
modeling; 4)- Qualify precise pathways for infection; 5)- Reduce
infection rates by modifying known infection pathways; 6)-
Change stands characteristics to make them less favorable to the
spread of the disease, e.g. by selective thinnings; 7)- Protect indi-
vidual trees and some populations of the highly susceptible tanoak
using phosphonate chemical treatments. Because our knowledge
of the epidemiology and biology of the disease is still rather limit-
ed, recommendations are expected to change in time, as our un-
derstanding of the disease improves.

MANAGEMENT OF SCLERODERRIS CANKER IN NORDIC
COUNTRIES. ]. Hantula. Finnish Forest Research Institute, PO.
Box 18, 01301 Vantaa, Finland. Email: jarkko.hantula@metla.fi

In Finland the last major epidemic of Scleroderris canker
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caused by Gremmeniella abietina occurred in the 1980s. In Swe-
den an even more serious epidemic caused large-scale destruction
in 2001. Both epidemics were due to exceptional weather condi-
tions. In Finland, since the 1980s epidemics, the pine forests have
been relatively healthy for two main reasons. Weather conditions
suitable for G. abietina have not occurred and the legislation on
the provenance is relatively tight. In future the major question
will be the influence of climate change on the balance between
climate and trees, especially as pressures may appear to favour
southern provenances against the local ones. No chemical control
has been used for Scleroderris canker in Finland outside the nurs-
eries. However, recent research has shown that G. abietina is in-
fected by a diverse community of mycoviruses, although the use-
fulness of these is unclear.

CROP BIOSECURITY

IS THERE REALLY A BIO-WAR THREAT TO CROPS? S.
Whitby. Bradford Disarmament Research Centre, Department of
Peace Studies, University of Bradford, UK. Email: S.Whitby@Brad-
ford.ac.uk

In order to address the question “is there really a bio-war
threat to crops?”, this session seeks to develop an appreciation of
state biological warfare programmes is so far as they relate to the
development of offensive capabilities to wage biological warfare
against food and cash crops. It highlights some of the salient fea-
tures of such programmes and focuses on agent/pathogen choice,
and methods of dispersal. It illuminates the possible linkages and
areas of concern between state programmes that have resulted in
militarily-significant crop warfare capabilities, and sub-state
groups/terrorists, and offers an appraisal of the health of the in-
ternational legal prohibition which bans this form of warfare. In
this connection, legally-binding obligations regarding the imple-
mentation of national measures are discussed alongside related
emerging national measures concerning deterrence, preparedness
and response.

BIOFORENSICS AND PLANT PATHOLOGY: NEEDS, METH-
ODS AND APPLICATIONS. ]. Fletcher. National Institute for
Microbial Forensics, Food & Agricultural Biosecurity, Department
of Entomology & Plant Pathology, Oklahoma State University,
Stillwater, OK 74078, USA. Email: jacqueline.fletcher@okstate.edu

Because national agriculture and food systems are extensive,
open, interconnected, diverse, and complex, they are vulnerable
to diseases and pests that occur naturally, are unintentionally in-
troduced, or are intentionally delivered. An attack on a nation’s
crops, rangelands and/or forests could have catastrophic social
and economic effects, such as reduced yield and quality, erosion
of consumer confidence, economic impact, and effects on human
nutrition. Crop producers, consultants and agricultural scientists,
unaccustomed to thinking of intentional pathogen introduction,
traditionally focus disease management strategies on prevention,
eradication and/or long-term management. Efforts targeted large-
ly towards prevention may reduce the introduction and move-
ment of plant pathogens and pests, but are not sufficient for re-
sponding to and mitigating an attack. Preparedness for bioterror
events requires a strong security plan that also includes steps for
microbial forensics and criminal attribution. Microbial forensic
technology is needed to determine the source of the pathogen
and provide robust evidence that can lead to prosecution of those
responsible. This capability should include strategies for (1) as-
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suring high stringency (validation, confidence, and consistency);
(2) tracing pathogen origin and movement; (3) deducing the tim-
ing and site of initial pathogen introduction; (4) identification of
the perpetrators; (5) evidence for criminal attribution; and (6)
links to the law enforcement and security communities. Although
much currently available plant pathology information, technolo-
gies and resources, developed for peaceful applications, can be
used for such purposes, new initiatives and targeted research are
needed to support the emerging discipline of plant pathogen
forensics.

USDA’'S HOMELAND SECURITY ROLES AND RESPONSI-
BILITIES. S. Maddux. U.S. Department of Agriculture, Room
12B, 1400 Independence Ave S.W., Washington, DC 20250, USA.
Email: Sheryl Maddux@usda.gov

Due to its vast nature and open systems, protection of the
Food and Agriculture Sector is riddled with challenges. The
United States Department of Agriculture (USDA) plays an in-
strumental role in the protection of this sector. As identified in
Homeland Security Presidential Directive 7 (HSPD-7), USDA,
along with the Food and Drug Administration, are the Sector
Specific Agencies responsible for the coordination of infrastruc-
ture protection activities within the Sector. In that role, USDA
works closely with our private sector partners, who own or con-
trol the majority of the sector’s assets. Further, HSPD-9 sets a na-
tional policy for defending our food and agriculture system
against terrorist attacks, major disasters, and other emergencies.
USDA is the lead (or is the lead in conjunction with other Feder-
al agencies) on several tasks under HSPD-9. These activities will
be outlined within the presentation.

IMPACTS OF BIOTERRORISM THREAT ON PLANT
PATHOLOGY RESEARCH. C. Allen. Dept Plant Pathology, Uni-
versity of Wisconsin-Madison, Madison, WI 53706, USA. Email:
cza@plantpath.wisc.edu

Plant pathologists depend on open transfer of information,
seeds, and strains to understand and control plant diseases. This
is especially true now that globalization and free trade agree-
ments have increased movement of plants and their associated
microbes, which include many destructive exotic pathogens. Dis-
eases like soybean rust and citrus greening (Huanglongbing) have
appeared on new continents, causing serious losses. Plant pathol-
ogists struggling to manage outbreaks caused by introduced
pathogens need scientific expertise and reference strains from
colleagues in the pest’s countries of origin. Unhappily, this wave
of exotic pathogen movement coincided with anxiety about
bioterrorism in the developed world and about biopiracy in the
developing world. In the past 10 years, increasingly draconian
legislation has restricted scientific exchange and constrained the
ability of plant pathologists to address serious threats to agricul-
ture. US anti-bioterrorism laws mandate strict new security and
reporting measures for researchers working with selected high-
risk pathogens. They also limit or prevent transfer of strains be-
tween scientists. Meanwhile several developing countries have
tried to protect biological patrimony by forbidding export of na-
tive plants or microbes for research purposes. Thus, as globaliza-
tion increases the risk of new crop epidemics, biosecurity laws re-
duce ability of plant pathologists to manage them. A further per-
verse outcome of these laws is that researchers in the developed
world are discouraged from studying diseases of crops critical to
economic and nutritional well-being in the tropics. Scientists
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need to find effective ways of developing reasonable policies that
support the research activities needed for continued agricultural
productivity.

BIOREMEDIATION

POLLUTION ALLEVIATION OF WATER AND SOIL BY 7RI-
CHODERMA AND TRICHODERMA-PLANT INTERACTIONS.
G.E. Harman, J. Lynch and M. Lorito. Cornell University, 630 W.
North Street, Geneva, NY 14456, USA. Email: geh3@cornell.edu

Fungi in the genus Trichoderma are well known for their plant
growth promoting effect and for their abilities to produce extracel-
lular enzymes. They are able to enhance root growth and develop-
ment; therefore, roots of plant colonized by Trichoderma spp. are
likely to penetrate more deeply into soil profiles and to extend in
the soil more completely than in the absence of these fungi. This is
expected to make phytoremediation strategies more rapid and ef-
fective. In fact, one plant useful in such processes is crack willow,
and root colonization by Trichoderma increases both shoot and
root mass. In addition, some plants and Trichoderma strains are
able to degrade toxic compounds such as cyanide. Willows are
among the cyanide-degrading plants. Since their growth is substan-
tially enhanced by Trichoderma spp., and these fungi also degrade
cyanide, Trichoderma-colonized willows can be grown on sites pol-
luted by this toxicant or other pollutants and efficiently degrade
them. Willows grow rapidly and can be used for energy-producing
biomass. Thus, sites can be simultaneously detoxified and used to
produce energy. Further, Trichoderma spp. may degrade toxic com-
pounds in bioreactors. An example is the complex polyphenol
mixtures produced from olive pressing. The byproducts are readily
degraded in bioreactors containing Trichoderma spp. and thereby
the toxicity in the material eliminated or strongly reduced. The
abilities of Trichodema spp. to produce a wide range of enzymes
that can degrade toxicants make them highly attractive for either
in-situ applications where toxins must be removed from soils or in
bioreactor settings.

DEGRADATION OF PETROLEUM AND OTHER SOIL POL-
LUTANTS WITH PLANTS COLONIZED BY ACC DEAMI-
NASE-PRODUCING BACTERIA. B.R. Glick, X.D. Huang and
B.M. Greenberg. Department of Biology, University of Waterloo,
Waterloo, Ontario, Canada N2L 3G1. Email: glick@sciborg uwa-
terloo.ca

Phytoremediation is defined as the use of plants to remove,
destroy or sequester hazardous substances from the environment.
Unfortunately, even the growth of plants that are relatively toler-
ant of various environmental contaminants can be inhibited in
the presence of the contaminant so that the plants grown in con-
taminated soils often remain small and slow growing. To remedy
this situation, plant growth-promoting bacteria that facilitate the
proliferation of a wide range of plants especially under environ-
mentally stressful conditions may be added to the plant roots.
These bacteria typically produce both the enzyme 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase, which can lower the
level of growth-inhibiting plant stress ethylene levels, and the
phytohormone indoleacetic acid (IAA), which can stimulate plant
growth. In addition, by synthesizing siderophores, the bacteria
can help to provide the plant with iron from the soil. The net re-
sult of adding these bacteria to plants is a significant increase in
both the number of seeds that germinate and the amount of bio-
mass that the plants are able to attain, making phytoremediation

in the presence of plant growth-promoting bacteria much faster
and more efficient. The application of plant growth-promoting
bacteria, both in the laboratory and in the field, as an adjunct in
the phytoremediation of polycyclic aromatic hydrocarbons and
persistent total petroleum hydrocarbons will be discussed in de-
tail. In addition, the mechanistic basis for the positive effects ob-
served will be elaborated.

A NOVEL PHYTOREMEDIATION SYSTEM FOR SOILS CON-
TAMINATED WITH PERSISTENT ORGANIC POLLUTANTS.
M.P.N. Gent, ]J.C. White, B.D. Eitzer and M.J.I. Mattina. Cozn-
necticut Agricultural Experiment Station, PO Box 1106, New
Haven, CT 06504 USA. Email: Martin. Gent@po.state.ct.us

Contamination of soils by persistent organic pollutants may be
remedied by growing certain plant species, such as squash (Cu-
curbita pepo), that take up such chemicals into their stems and
leaves. We examined how this species differs from cucumber (Cu-
cumis sativus), a species that does not accumulate organic pollu-
tants from soil. Two subspecies within Cucurbita pepo differ in
phyto-extraction from soil of DDE (a metabolite of DDT). Field-
grown zucchini, subspecies pepo, phyto-extracted about 1.0% of
the DDE, while yellow summer squash, subspecies ovifera, re-
moved less than 0.2% of the contaminant in the soil. Organic
acids from the roots of these genotypes were collected under hy-
droponic conditions. Subspecies pepo exuded more citric acid
than ovifera only under phosphorus depletion. Under nutrient-
stressed conditions, cucumber seedlings accumulated similar
amounts DDE in the roots as zucchini, but it did not move to
above-ground tissues. The concentrations of organic acids in rhi-
zosphere soil of nutrient-stressed cucumber were at least as high
as those of zucchini. Thus, DDE uptake into roots seemed to be
related to organic acid exudation. We also supplied to DDE to
plants at a constant concentration in hydroponic solution over
two weeks. The concentrations and amounts of DDE were as-
sayed in various tissues of cucumber and zucchini plants over
time. These measurements indicated that DDE moved in the
transpiration stream, rather than through the air. The apparent
fugacity, or tendency of DDE to partition to xylem water, ap-
peared to be 25 fold greater in zucchini than in cucumber.

PHYTOREMEDIATION OF ORGANIC XENOBIOTICS: HOW
MIXED POLLUTION INTERFERES WITH DETOXIFICATION
CAPACITY. P. Schréder, L. Lyubenova and A. Golan-Goldhirsh.
Department of Microbe-Plant Interactions, GSF-Research Centre for
Environment and Health, Ingolstidter Landstrafe 1, D-85764
Neuherberg, Germany. Email: peter.schroeder@gsf.de

Heavy-metal stress in the environment has become of prime
concern in the last decade, because metal contaminants can pene-
trate into the food chain and cause severe poisoning in humans,
cattle and other animals. In low amounts some heavy metal ions
such as Cu?*, Zn?*, Co?*, Fe’* and Mn?* may be essential as en-
zyme cofactors and for interactions with proteins. Others, such as
Cd?*, Pb?", Hg?* and Ag?* are already toxic at low concentra-
tions. They activate the defence mechanisms in cells. Most de-
scribed effects depend to a large extent on the ability of the metal
to induce free radicals which may damage cell components via
oxidative stress. As metals are not degradable, reducing their tox-
icity in plants is best achieved by lowering absorption and uptake
or by binding and sequestration to biomolecules. This latter ca-
pability to sequester heavy metals is exploited in phytoremedia-
tion, where research identifies metal hyperaccumulator plants by
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their ability to cope with heavy metal stress. With a view to the
use of plants in phytoremediation and the removal of unwanted
organic xenobiotics and metals from the environment, the per-
formance of plant detoxification enzymes under multiple pollu-
tion is of utmost importance. We present data indicating induc-
tion or inhibition of key enzymes of the glutathione pathway after
incubation with heavy metals. Multiple pollution must be seen as
a risk for the performance and survival of plants in phytoremedi-
ation. It is important to obtain data on the actual capacity of
plants to metabolize organic pollutants from soil and water.

MOLECULAR DIAGNOSTICS FOR PLANT PATHOLOGY

PAST AND FUTURE OF IMMUNOLOGICAL ASSAYS FOR
THE DETECTION OF PLANT PATHOGENS. R.R. Martin. US-
DA-ARS Horticulture Crops Res. Lab., 3420 NW Orchard Ave.,
Corvallis, OR, 97330, USA. Email: Bob.Martin@ars.usda.gov

Prior to the 1980’s, most serological applications in plant
pathology were based on gel diffusion assays used with viruses or
immuno-fluorescence used with bacteria. With the development
of monoclonal antibody technology in 1975 and the introduction
of ELISA in 1977, the application of serology for detection of
plant pathogens increased greatly. Since monoclonal antibodies
interact with a single epitope it became possible to clearly sepa-
rate closely related pathogens including viruses, bacteria, fungi
and phytoplasmas, or to develop diagnostics that were useful in
the identification of pathogens at the species or genus level.
These two developments, ELISA and monoclonal antibodies, re-
sulted in standardization of testing for many plant pathogens, the
development of mechanized sap extraction devices and robotics
for processing large numbers of samples. It also spawned compa-
nies based on production and sales of detection related supplies
and that also performed assays. These serological assays have be-
come integrated into certification and quarantine programs and
are critical in quality control used for international commerce in
plants and plant products. Due to the mechanization, standardi-
zation and low costs, these serological assays are the method of
choice for large scale detection of many pathogens and will con-
tinue to be so for the foreseeable future. The use of immuno-cap-
ture PCR (or RT-PCR) for the detection of plant pathogens can
be used to avoid problems with plant inhibitors often observed
with woody plant tissues or to increase the sensitivity of detection
by effectively concentrating the pathogen prior to nucleic acid
extraction and PCR.

FIELD APPLICATIONS OF DNA ARRAYS FOR DETECTION
OF PLANT PATHOGENS. B. Lievens and B.P.H.]. Thomma.
Scientia Terrae Research Institute, Fortsesteenweg 30A, 2860 Sint-
Katelijne-Waver, Belgium. Email: bli@scientiaterrae.org

Failure to adequately identify plant pathogens using culture-
based morphological techniques has prompted the development
of alternative, culture-independent methods. Increasingly, meth-
ods based on detection of nucleic acids are being used for plant
pathogen diagnosis, providing reliable identification, sensitive de-
tection, and accurate quantification of plant pathogens. However,
since plants or parts thereof can be infected by multiple
pathogens, multiplex assays that can detect and quantify different
pathogens simultaneously are highly desirable, especially when
taking into account efficiency, cost, time, and labour. Currently,
polymerase chain reaction (PCR)-based DNA array technology is
one of the most suitable techniques to detect multiple pathogens

in a single assay, even if they differ in only a single to a few bases
in the nucleotide sequence that is targeted. Recently, this technol-
ogy was made quantitative, rendering DNA arrays highly attrac-
tive for several practical applications. Increasingly, diagnostic lab-
oratories are implementing DNA array technology for routine
plant pathogen diagnosis. In addition, the ability to get quantita-
tive results has led to the challenge of predicting disease develop-
ment based on pathogen densities in specific environments, such
as plant parts, soils, artificial substrates, water or air. Ultimately,
timely and regular analyses using such DNA arrays should allow
prescribing and performing preventive treatments, resulting in
minimized environmental impact.

EXPLOITING PHYLOGENETIC AND DNA BARCODE
DATABASES TO DESIGN BROAD SPECTRUM ASSAYS. C.A.
Lévesque. Agriculture and Agri-Food Canada, Central Experimen-
tal Farm, 960 Carling Ave., Ottawa, ON, K2A 2P8, Canada.
Email: levesqueca@agr.gc.ca

The size of the average dataset for phylogenetic studies is get-
ting larger because the cost and effort involved in DNA sequenc-
ing is constantly decreasing. Moreover, the advent of large DNA
barcoding initiatives contributes to the rapid expansion of data-
bases that can be exploited to design assays for pathogen detec-
tion. DNA sequencing is no longer a bottleneck for designing as-
says but new limitations have emerged. Detection assays must be
designed and validated with strains that are well identified and
datasets that are as complete as possible. Unfortunately, taxo-
nomic expertise and biological collections have not seen the ex-
pansion that has happened to DNA sequencing capacity. For a
few rare genera of Eu/Oomycota, the sampling and coverage of
the phylogenetic/barcoding work has been extensive and sup-
ported by solid taxonomy. In these genera, bioinformatics be-
comes the next bottleneck to analysis because standard genomics
tools are not readily amenable for the design of multiplex detec-
tion assays. For instance, we have used datasets of Penicillium,
Fusarium, Pythium and Phytophthora to design DNA array detec-
tion systems. In some cases where variation of the selection was
rather low, the assays had to be designed on the single nucleotide
polymorphisms to provide species specificity. The standardiza-
tion of the array systems provides an opportunity to multiplex
further by combining the arrays of different genera on a single
platform. Once such multiplex assays have been designed the
next bottleneck is validation, an issue that needs to be discussed
further among laboratories interested in these tools.

PADLOCK PROBE TECHNOLOGY, VISION OF A UNIVER-
SAL, MULTIPLEX AND QUANTITATIVE SYSTEM FOR VER-
SATILE APPLICATIONS. C.D. Schoen, M. Szemes, R. van
Doorn, M. Dieho, O. Mendes, M. van den Berg, T. Prins, J. van
Dijk, J. Peters, J. Bergervoet, M. Vasic, H. Zuilhof, M. Slawiak,
E. Lojkowska and PJ.M. Bonants. Plant Research International
(PRI) B.V, Department of Biointeractions and Plant Health,
Droevendaalsesteeg 1, 6708 PB. Wageningen, The Netherlands.
Email: cor.schoen@uwur.nl

Plant Research International has recently developed a principle
for multiplex detection based on padlock probe technology,
which offer a means of introducing a universal step into target de-
tection by microarrays and real-time analyses. Padlock probes
(PLPs) are long oligonucleotides carrying the target complemen-
tary regions at their 5° and 3’ ends, which recognize adjacent se-
quences on the target DNA or RNA molecule. Thus, upon hy-
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bridisation, the ends of the probes get into adjacent position, and
they can be joined by enzymatic ligation. Ligation occurs and the
probes are circularized only when both end segments recognize
correctly the target sequences. Subsequently, the target-specific
products are detected by micro-array or real-time analyses using
special designs of the PLPs. Advantages of the developed PLP
based diagnostic applications are: flexible and easily adaptable de-
sign, high level of specificity and multiplexing, universal down-
stream processing after ligation, and high-throughput format with
real-time analysis. Potential fields of application are targeting of
quarantine pathogens, pathogens on cultivated crop, identification
of micro-organisms based on multiple motifs and/or indicator or-
ganisms for soil health status. Recently developed padlock probe-
based applications are multiplex target detection and genotyping,
microbial community analysis and multiplex quantitative target
detection. Advantages of different design strategies in different
applications of the multiplex detection system will be discussed.

EFSA SPECIAL SESSION

RISK ASSESSMENT AT THE EUROPEAN FOOD SAFETY AU-
THORITY. R.L. Maijala. European Food Safety Authority, Risk
Assessment Directorate, Largo N. Palli 5/A, 4300 Parma, Italy.
Email: Rittta Maijala@efsa.curopa.eu

The European Food Safety Authority is the keystone of EU risk
assessment regarding food and feed safety. In close collaboration
with scientists, national authorities and in open consultation with
its stakeholders, EFSA provides independent scientific advice and
communication on existing and emerging risks. Since EFSA’s ad-
vice serves to inform scientific knowledge for risk managers, a large
part of EFSA’s work is undertaken in response to specific requests
for scientific advice. Requests for scientific assessments are re-
ceived from the European Commission, the European Parliament
and EU Member States. EFSA also undertakes scientific work on
its own initiative, so-called self-tasking. The EFSA risk assessment
is based on available scientific evidence and is undertaken in inde-
pendent, objective and transparent manner. The EFSA Scientific
Committee and the Scientific Panels provide opinions on issues re-
lated to specific biological risk factors for human health, animal
and plant health and regulated substances and products. Aiming at
strengthening the European food safety system EFSA further de-
velops risk assessment approaches and methodologies. Databases,
monitoring and reporting systems are built jointly with the EU
Member States to ensure that the risk assessments are supported
by comprehensive data. Scientific excellence of EFSA experts in
risk assessment matters matched with high scientific standards, in-
dependence, transparency and efficiency supports the EU risk
managers in their decision making processes.

THE EFSA PANEL ON PLANT HEALTH: ACCOMPLISH-
MENTS AND CHALLENGES FOR THE EU PEST RISK AS-
SESSMENT. ]. Schans, E. Ceglarska, S. Cheek and G. Stancanel-
li. European Food Safety Authority, Panel on Plant Health, Largo
N. Palli 5/A, 4300 Parma, Italy. Email j.schans@minlnv.nl

Directive 2000/29/EC of the European Community enforces
protective measures against the introduction into and spread
within the Community of organisms harmful to plants or plant
products. The right to take such measures has been established
(IPPC, 1997; WTO-SPS, 1995), provided that these are based on
scientific principles and are not maintained without sufficient sci-
entific evidence. Internationally endorsed guidelines for Pest
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Risk Analysis’ have been developed (ISPM No. 2, No. 5, No. 11,
No. 21). The EFSA Plant Health (PLH) Panel provides scientific
advice on the risks of plant pests to the safety and security of the
food production chain and its environment in the EU, underpin-
ning risk management decisions. The PLH Panel started its activ-
ity in June 2006. It is composed of 21 Members with expertise in
various fields of risk analysis and plant health. It operates with
the support of the EFSA PLH secretariat through four perma-
nent working groups. Since its start, it has published six scientific
opinions on the risk posed by invasive plants, weeds, a citrus bac-
terial disease and a citrus insect pest. The PLH Panel is currently
reviewing pest risk assessments of banana and citrus pests for the
French overseas departments. The target of the PLH Panel is to
contribute to development of a harmonized approach for pest
risk assessment in the EU, in cooperation with EU Member
States and international organizations. Noteworthy challenges are
the analysis of uncertainties relating to pathways and impacts and
evaluation of their effects on conclusions of pest risk assessment.

OVERVIEW ON THE WORK OF THE EFSA PANEL ON
PLANT PROTECTION PRODUCTS AND THEIR RESIDUES
(PPR PANEL) SINCE 2003. M. Dunier-Thomann. European
Food Safety Authority, PPR Unit, Largo N. Palli 5/A, 4300 Parma,
Italy. Email: muriel. dunier-thomann@efsa.europa.eu

In the EU, the placing of pesticides used to protect plants or
plant products on the market is mainly regulated by Directive
91/414/EEC, which states that chemical substances or micro or-
ganisms in pesticides are only approved for use after undergoing
a peer-reviewed safety assessment. In 1993, the European Com-
mission launched an extensive review programme —including the
peer review of active substances used in plant protection prod-
ucts, managed by the Pesticide Risk Assessment Peer Review
(PRAPeR) unit of EFSA- to evaluate the safety of active sub-
stances used in the EU. The timeline is 2008. The Panel on plant
protection products and their residues (PPR) gives scientific ad-
vice on issues that cannot be resolved within peer review proce-
dures or when further scientific guidance is needed. Since 2003,
the PPR Panel has produced 35 scientific opinions in the fields of
toxicology, ecotoxicology, fate and behaviour of pesticides and on
residues. The PPR Panel is also in charge of revising/updating
existing EU guidance documents (GD) and developing new GD
for risk assessment. GDs provide guidance to notifiers (industry)
and Member States on how to conduct a risk assessment in the
context of the peer review of active substances used in plant pro-
tection products. The first GD to be updated is on Risk Assess-
ment for Birds and Mammals, which will be finalised by mid
2008. The second GD under revision is on Persistence in Soil. An
open consultation of stakeholders on the EFSA website is
launched before and at the end of each revision.

EFSA’'S EUROPEAN RISK ASSESSMENT OF AFLATOXINS IN
ALMONDS, HAZELNUTS AND PISTACHIOS. C.W.
Heppner, D.J. Benford, J.C. Larsen, J.R. Schlatter, C.P. Wild and
S. Fabiansson. European Food Safety Authority, CONTAM Unat,
Largo N. Palli 5/A, 4300 Parma, 1taly. Email: claudia.heppner@ef-
sa.europa.eu

Aflatoxins primarily produced by Aspergillus flavus and As-
pergillus parasiticus are commonly associated with e.g. maize,
groundnuts, tree nuts, dried fruit, rice. Aflatoxins are genotoxic
and carcinogenic and the European Union introduced regula-
tions for these toxins in 1998. The Codex Alimentarius proposes
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the setting of higher maximum levels of total aflatoxins (AFs) in
groundnuts and nuts than those currently in place in Europe.
Therefore, EFSA’s CONTAM Panel was asked by the European
Commission to provide an opinion on the potential increased risk
to consumer health if the European maximum levels were in-
creased from 4 to 8 or 10 pg/kg for AFs in “ready-to-eat” al-
monds, hazelnuts and pistachios. In Europe, estimated AF aver-
age intakes from all sources were 0.352-1.934 ng kg b.w. per day.
The CONTAM Panel derived a BMDL10! (ng/kg b.w. per day)
of 170 for liver carcinogenicity in rats and of 870 based on hu-
man data (China) as well as a BMDL1! of 78 using human data
(Africa). Margin of exposures (MOEs) were calculated for the
general population, vulnerable groups and high level consumers
by dividing the BMDL values by the dietary exposure estimates.
The CONTAM Panel concluded that raising the maximum levels
for AFs from 4 to 8 or 10 pg/kg in almonds, hazelnuts and pista-
chios would have minor effects on dietary exposure, cancer risk
and MOEs because of the low contribution of these commodities
to total exposure. However, the Panel also pointed out that expo-
sure to AFs from all sources should be reduced to as low as rea-
sonably achievable, because of the genotoxic and carcinogenic
nature of AFs.

1 95% lower confidence limit of the benchmark dose for a
10% or 1% increase in cancer.

EVALUATION OF RISK ASSESSMENTS ON FUNGAL AND
BACTERIAL PATHOGENS OF BANANA FOR THE FRENCH
OVERSEAS DEPARTMENTS. D. Caffier, J. Choiseul, E. Dor-
mannsné Simon, D.R. Jones, D. Makowski, C. Manceau, L.
Manici, A. Oude Lansink, A. Porta Puglia, J. Smith, G. Stan-
canelli, R. Steffek, E. Stefani, A. Stromberg and 1. Vloutoglou.
European Food Safety Authority, Panel on Plant Health, Working
Groups on fungal and bacterial plant pathogens, Largo N. Palli
5/A, 4300 Parma, 1taly. Email: david.caffier@agriculture.gouv.fr

The EFSA Panel on Plant Health has recently evaluated 30 pest
risk assessments made by France for the French overseas depart-
ments of Martinique, Guadeloupe, French Guiana and Réunion,
with the aim of harmonizing their phytosanitary rules with the EU
plant health legislation. A total of 15 pest risk assessments regarded
organisms (arthropods, viruses fungi and bacteria) harmful to ba-
nana. These included three bacteria (Xanthomonas canpestris pv.
musacearum, Ralstonia solanacearum race 2, Ralstonia sp. agent of
banana blood disease), four fungi (Fusarium oxysporum f. sp.
cubense races 4 and T4, Mycosphaerella fijiensis, Mycosphaerella eu-
musae and Phyllosticta musarum), and one oomycete (Tra-
chysphaera fructigena). The evaluation was carried out following
the International Standard for Phytosanitary Measures No. 11.
Pest categorization, assessment of the probability of entry, estab-
lishment and spread and assessment of the potential economic con-
sequences, including social and environmental impact, were evalu-
ated for each pathogen. Two main sources of uncertainties were
noted: unclear or undefined taxonomical position for some bacteri-
al pathogens; lack of published scientific and technical literature
both for new emerging pathogens (X. campestris pv. musacearum
and M. eumusae) and for pathogens investigated in the past but re-
cently neglected (T. fructigena). Access to data sources regarding
entry pathways, host plants and agricultural practices in the PRA
area proved to be a limiting factor of the pest risk assessments and
a challenge for the Panel in the evaluation procedure. This contri-
bution is based on Scientific Opinions adopted by the EFSA Plant
Health Panel (www.efsa.europa.eu/EFSA/ScientificPanels/PLH/),
whose Members we wish to thank.

DISEASES OF MEDITERRANEAN CROPS

CLIMATE AND PLANT DISEASES IN THE MEDITER-
RANEAN REGION. G. Surico and M. Bindi. Dipartimento di
Biotecnologie agrarie sez. Patologia vegetale, Piazzale delle Cascine
28, 50144 Firenze, Italy. Email: giuseppe.surico@unifi.it

The history of countries bordering on the Mediterranean Sea
is integral with the history of man, and the reason for this is in
large part the peculiar climate of the region, which has been de-
scribed as a sort of planetary anomaly, inasmuch as at different
seasons it resembles one or other of its two flanking climate
zones, in winter the temperate zone, and in summer the tropical
zone. Most climates have greater rainfall close to, or within, the
summer period, but in the Mediterranean region rainfall is con-
centrated outside the summer season; as a consequence there are
long, hot, dry summers, and mild winters. This climate has led to
the formation of a distinctive Mediterranean biome, and distinc-
tive development of a number of plant diseases. In 1960, Israel
Reichert, in the first number of the Journal Phytopathologia
Mediterranea, noted that plant pathologists working in the region
would have “to be cautious in accepting the directions and in-
structions worked out in other geographic latitudes and applying
them in their own countries.” In addition to differences in the
disease cycle of certain diseases there are also plant diseases that
are peculiar to the region. This paper will examine the distinctive
aspects which some diseases assume in the Mediterranean region,
also considering future impacts of climate change.

INTEGRATED MANAGEMENT OF WHITEFLY-TRANSMIT-
TED VIRUSES IN VEGETABLE CROPS. E. Moriones, D.M.
Tomas, E. Garcia-Cano, F. Monci, J. Navas-Castillo, M.]J. Ro-
driguez-Lopez, R. Fernandez-Muiioz, R.O. Resende and L.S.
Boiteux. Plant Virology Laboratory and Plant Breeding Depart-
ment, Estacion Experimental La Mayora, CSIC, 29750 Algarrobo-
Costa, Mdlaga, Spain. Email: moriones@eelm.csic.es

Epidemics of viral diseases are a major constraint to vegetable
production in the Mediterranean area. Notably, insect-transmit-
ted viruses cause severe damage and among them whitefly
(Hemiptera: Aleyrodidae)-transmitted viruses are the major cause
of concern. Tomato (Solanum lycopersicum) is an important veg-
etable crop in this area and it is severely affected by whitefly (Be-
misia tabaci Gen.)-transmitted viruses. Emergence of this insect
has resulted in outbreaks of viruses like begomoviruses (family
Geminiviridae) associated with the tomato yellow leaf curl disease
(TYLCD) and the Tomzato chlorosis virus (family Closteroviridae).
The spread of whitefly-transmitted viruses can only be partially
curtailed by spraying insecticides against the vector, which is the
major protection measure used by growers. Therefore, integrated
management strategies are one of the most viable alternatives to
reduce virus incidence. We have evaluated several strategies for
integrated management of TYLCD. Induction of systemic ac-
quired resistance and use of UV-absorbing plastics films in pro-
tected crops resulted in reduced disease incidence. Moreover,
lines/populations with begomovirus and/or whitefly resistance
were developed and they can be used as basic breeding materials
to control virus infections and to minimize insecticide sprays.
Combination of these strategies will be discussed for effective in-
tegrated management of TYLCD.

MAJOR AND EMERGING DISEASES OF POME FRUIT IN
THE MEDITERRANEAN REGION. E. Montesinos. Institute of
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Food and Agricultural Technology-CIDSAV-CeRTA and Department
of Chemistry, University of Girona, Campus Montilivi, 17071
Girona, Spain. Email: emonte@intea.udg.edu

Apple and pear are the main Mediterranean pome fruit crops.
Nearly half a million hectares with a production of up to eleven
million tons per year are grown in fifteen countries across Eu-
rope, but the main production is in Spain, Italy and France. Sev-
eral diseases affect orchards due to a wide range of agents like
viruses, bacteria, fungi and nematodes. Disease susceptibility usu-
ally follows a cultivar-dependent pattern, and the severity of out-
breaks changes greatly with year and region. However, only a few
diseases have been economically important or of serious concern
in recent years. Key points and prospects will be given on eco-
nomically important classical diseases like fire blight caused by
the bacterium Erwinia amylovora affecting apple, pear and orna-
mentals, and scab caused by Venturia spp. mainly in apple and
less so on pear. Some emerging diseases have become of econom-
ic importance like necrosis of dormant flower buds of pear, a dis-
ease of complex aetiology in which Pseudomonas syringae pv. sy-
ringae has been implicated, and brown spot of pear caused by
Stemphylium vesicarium. The epidemiological and integrated con-
trol aspects of these diseases will be discussed in more detail.

ESCA DISEASE OF GRAPEVINE. L. Mugnai, P. Larignon and
W.D. Gubler. Dipartimento di Biotecnologie Agrarie, Universitd
degli Studi, Piazzale delle Cascine 28, 50144 Firenze, Italy. Email.
laura. mugnai@unifi.it

Trunk diseases of grapevine have recently received wide inter-
est among phytopathologists in many production areas around
the world. Of trunk diseases, esca has become increasingly im-
portant due to its recently increased incidence and spread world-
wide. Research in all grape-growing countries has shown that the
disease no longer appears only as a wood rot, leading to disrup-
tion of the xylem, but as a complex of different diseases, in which
tracheomycotic fungi belonging to recently described genera,
Phaeomoniella and Phaeoacremonium, appear to be most impor-
tant. New research has allowed better understanding of the aeti-
ology of the disease and its epidemiology, factors involved in
symptom development, and disease control, and has revealed the
unexpected importance of early infections in propagation materi-
al. These findings have opened new research fields in the preven-
tion of infection in the nursery, and on factors promoting symp-
tom development in the field from latent infections. The very
complex interaction of microbial activity, including enzymes and
metabolites produced in the plant, have prevented the develop-
ment of effective chemical control methods, but the outlook for
development of an economic control strategy is good. Many ac-
tive research programs and collaborations among scientists con-
tinue to increase our understanding of the disease and will ulti-
mately lead to effective control.

SOIL DISINFESTATION

BEHAVIOUR OF FUMIGANTS IN SOIL. H. Ajwa and A.
Minuto. Department of Plant Sciences University of California,
Davis, 1636 East Alisal St. Salinas, CA 93905, USA. Email: haa-
Jwa@ucdavis.edu

Methyl bromide use for soil disinfestation has been phased out
in most developed countries and is becoming restricted in develop-
ing countries. Several fumigants (1,3-dichloropropene, chloropi-

crin, iodomethane, propargyl bromide, sodium azide, dimethyl
disulfide, and methyl isothiocyanate generators such as metam
sodium and dazomet) have been proposed to replace methyl bro-
mide. Due to its very high vapor pressure and low boiling tempera-
ture, methyl bromide converts immediately into gas when shank-
injected into the soil. The high volatility and biological reactivity of
methyl bromide make it the most versatile fumigant. Todomethane
also has a low boiling point and high vapor pressure and is more
biologically reactive than methyl bromide on a molar basis.
Iodomethane is not an ozone-depleting chemical because it de-
grades readily in the atmosphere by photolysis. Except for
iodomethane, the other available alternative fumigants have low va-
por pressure and high boiling temperatures and do not volatilize
and dissipate in soils like methyl bromide. Therefore, effective con-
trol of soilborne pathogens and weeds requires more specialized
application equipment and methods to achieve good distribution
of fumigants across the target soil profile. Concerns over emissions
and risk to human and environmental health have prompted the
development of new formulations and application techniques such
as drip application of combinations of fumigants. This presentation
will summarize fumigant physicochemical properties and environ-
mental fate.

ACCELERATED DEGRADATION OF FUMIGANTS IN SOIL.
A. Gamliel. Agricultural Engineering Institute, ARO, Volcani Cen-
ter, Bet Dagan 50250, Israel . Email: agamliel@agri.gov.il

Soil fumigation is used to control soilborne diseases world-
wide. In moist soil, fumigants undergo decomposition to the ac-
tive ingredient, for example metam-sodium (MS) (sodium N-
methyl dithiocarbamate) generates methyl isothiocyanate
(MITC). The generation and dissipation curve of fumigants in
soil follows first-order degradation kinetics and is controlled
mainly by microbial and physico-chemical processes. The rate of
MITC dissipation from soils increases with increasing soil organic
content, temperature and pH. In some cases, MS fumigation is
ineffective in controlling soilborne pests. Accelerated degradation
of a pesticide occurs when it undergoes rapid decomposition in
the soil, losing biological activity. Accelerated degradation of MS
following repeated application has been reported as a possible
reason for the ineffective control of such diseases. MITC was rap-
idly degraded in soils which had been previously treated with ei-
ther metam sodium or dazomet indicating induced cross-acceler-
ated degradation with both fumigants. Accelerated degradation
of MITC was documented in Israel under field conditions. This
phenomenon is persistent (the rapid degradation capacity of
MITC was still evident in soils for 18 to 30 months after treat-
ment). Accelerated degradation of fumigants is likely to cause
poor pathogen control in commercial fields upon repeated appli-
cation of the fumigants. Thus, there is an urgent need for rational
use of pesticides to maintain their efficacy.

SOIL SOLARIZATION - 30 YEARS ON: WHAT LESSONS
HAVE BEEN LEARNED? ]. Katan and A. Gamliel. Faculty of
Agricultural Food and Environmental Quality Sciences, Rehovot
76100, Israel. Email: Katan@agri.huji.ac.il

Disinfestation using soil solarization (SH) in its present form
was first introduced in Israel in 1976. Shortly thereafter, its po-
tential was explored in the USA and since then, in over 60 coun-
tries, both developed and developing, in hot-climate regions, e.g.
the Mediterranean and California but to some extent also in more
humid and cooler regions. SH is now used by farmers in the
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Mediterranean region, some Caribbean and Latin American
countries and Japan among others, in both small and large farms.
The introduction of SH has involved several stages covering both
fundamental and applied aspects: 1. Exploring its effectiveness
(the spectrum of pests controlled) in various regions and crop-
ping systems. 2. Studying mechanisms of pathogen control (both
physical, and especially biological) and of crop growth improve-
ment, including physical and biological models. 3. Implementing
SH, including special machinery. 4. Improving SH and adapting
it to various uses, e.g. structural solarization and use with peren-
nial crops, to name a few. 5. Integration with other treatments,
non-chemical and chemical (at reduced dosages). 6. Developing
extension and training tools. International symposia and sessions
at conferences have been dedicated to SH and hundreds of stud-
ies have been published. SH is climate-dependent and has its ad-
vantages and limitations. It is not tied to commercial companies,
making its dissemination more difficult. Multidisciplinary studies,
governmental support and economic analyses are essential for in-
troducing non-chemical methods of control. Global crises, such
as the phase out of methyl bromide, emphasized the need for al-
ternatives and enhanced SH adoption.

BACK TO THE FUTURE: TOTAL SYSTEM MANAGEMENT
(ORGANIC, SUSTAINABLE). D.O. Chellemi. USDA, ARS, U.S.
Horticultural Research Laboratory, 2001 South Rock Road, Fort
Pierce, Florida, 34945, USA. Email: dan.chellemi@ars.usda.gov

Many soil disinfestation programs are implemented prior to
crop cultivation due to the paucity of therapeutic interventions
for controlling soilborne pests. In the 1950’s a proliferation of
chemical control options ushered in an era of soilborne pest con-
trol based upon a single or limited group of chemicals to control
target pest organisms. Unfortunately, many chemicals also affect-
ed a broad and complex range of nontarget organisms compris-
ing multiple trophic levels. This has necessitated their perpetual
use to ensute pest control in agroecosystems where natural pest
regulating mechanisms have been compromised. Presently, regu-
latory issues impact the availability of many chemical pesticides
and urbanization of agricultural production regions restrict their
use. Future trends further impacting growers include carbon se-
questering and trading, demands for renewable energy sources
and conservation and stewardship of natural resources. An alter-
native systems-based approach with multiple economic, environ-
mental and social goals is suggested for future crop production.
In this total system approach, mitigation of soilborne pest out-
breaks is incorporated into the design of the crop production sys-
tem. For example, rotation crops providing renewable energy
and increased soil carbon sequestering will be selected to provide
economic incentives for their inclusion into long-term farm man-
agement plans. Concurrently, selection will also be based upon
the ability of rotation crops to minimize outbreaks of soilborne
pests, thus reducing the need for interventive pest control ac-
tions. An example of a total system management approach under

development for producers of field grown fresh market vegeta-
bles will be discussed.

GLOBAL PHASEOUT OF METHYL BROMIDE UNDER THE
MONTREAL PROTOCOL: IMPLICATIONS FOR THE
OZONE LAYER, BIOPROTECTION AND BIOSECURITY. L
Porter, J. Banks, S. Mattner and P. Fraser. Technology and Eco-
nomic Assessment Panel, Montreal Protocol CA, Australia. Email:
tan.j.porter@dpi.vic.gov.au

The Montreal Protocol has been very effective in reducing the
major ozone-depleting product, methyl bromide (MB), and repre-
sents an excellent model for future phaseout of environmentally
damaging products, such as those involved with climate change.
Over a ten year period, 85% of MB (c. 45,000 t) used for preplant
soil fumigation has been phased out and a wide range of other
products and technologies adopted for disease and weed control in
agriculture. Restrictions on the use of MB have stimulated new
knowledge on the importance and relationships between microbial
diversity and crop growth, and improved our understanding of soil
health and the development of new products and production sys-
tems to produce futures food without the impact of harsh pesti-
cides. This has led to increased use of substrate systems, grafting
and plant resistance for disease control thus avoiding the need for
soil disinfestation, and the use of alternative products, such as 1,3-
dichloropropene/chloropicrin (Pic), metham, methyl iodide/Pic,
drip applied fumigants and barrier films as alternatives strategies
for soil disinfestation. Implementation of these alternatives has led
to a 45% fall in bromine in the troposphere and 30% reduction in
effective chlorine load in the stratosphere. Internationally, pressure
is mounting to restrict use of all fumigants worldwide (EC Reg
2037 and US Cluster Analysis) and this will further stimulate new
technologies for plant disease control. Pressure is also mounting to
restrict MB use for quarantine and pre-shipment (QPS) with QPS
MB use exceeding 14,000 t in 2005. Industries need to be prepared
for adoption of new crop protection, biosecurity and IPM manage-
ment strategies.

FASTIDIOUS BACTERIA

HUANGLONGBING DISEASE OF CITRUS AND THE GENUS
CANDIDATUS LIBERIBACTER. S. Eveillard, D.C. Teixeira and
JM. Bové. UMR 1090, Institut National de la Recherche
Agronomique et Université Victor Segalen, Bordeaux 2, B.P. 81,
33883 Villenave d’Ornon Cedex, France. Email: sandrine.eveil-
lard@bordeaux.inra.fr

Huanglongbing (HLB), an insect-vector-transmitted disease, is
destructive and endangers the very existence of commercial citrus.
Leaves with blotchy mottle and lopsided fruits with aborted seeds
are characteristic of HLB. The causal agents are endogenous bacte-
ria, restricted to the phloem sieve tubes, and members of the genus
Candidatus Liberibacter, a new genus within the alpha-proteobac-
teria. The liberibacters have never been obtained in culture. Their
phylogenetic and taxonomic characterizations are based on 16SrD-
NA sequence comparisons. Until 2004, two species of liberibacters
causing HLB were known: Candidatus Liberibacter africanus and
Ca. L. asiaticus, responsible for the disease, respectively in Africa
and Asia. In 2004, characteristic symptoms of HLB were observed
in Sao Paulo State, Brazil. Some trees were infected with Ca. L. asi-
aticus, but most trees were PCR-negative with the primers specific
for the African or the Asian liberibacter. PCR amplification with
universal primers for prokaryotic 16StDNA led to the discovery of
a third species of liberibacter, Ca. L. americanus, and the develop-
ment of specific primers for its detection. HLB was noticed in
Florida in 2005, and only Ca. L. asiaticus was found to be involved.
For further characterization, the 7usG-rp/KAJL-rpoBC gene clus-
ter was sequenced for the three liberibacter species, and used to
determine the percentage sequence identity. An estimation of spe-
ciation dating has been attempted. It appears that Ca. L. asiaticus
and Ca. L. africanus diverged some 150 million years ago, while
speciation of Ca. L. americanus might have started some 300 mil-
lion years ago.
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CONTROL OF CITRUS YELLOW SHOOT DISEASE (HUAN-
GLONGBING) IN SOUTH AND NORTH AMERICA. AlJ.
Ayres, S.A. Lopes, R.B. Bassanezi, P.T. Yamamoto, J. Belasque
Junior, D.C. Teixeira, N.A. Wulff and J.M. Bové. Fundecitrus,
Araraguara, Brazil. Email: ayres@fundecitrus.com.br

Huanglongbing (HLB) is a destructive disease affecting all cit-
rus species and Murraya paniculata. In Brazil, it is caused by Can-
didatus Liberibacter americanus and Ca. Liberibacter asiaticus,
disseminated by Dzaphorina citri, and first reported in July 2004
in Araraquara municipality of Sao Paulo State. In October 2007
HLB had been detected in 149 municipalities with 80% of the
estimated 2 million affected trees found in Araraquara and the
vicinity. To suppress HLB, Fundecitrus and governmental institu-
tions have implemented a strong campaign to advise growers of
the need to frequently inspect and immediately eliminate sympto-
matic trees (this is required by law), to control the vector, and to
use healthy trees for planting (mandatory production of nursery
trees under inset-proof conditions since 2003). Today, a team
from Fundecitrus trains growers on symptom recognition and
disease control and helps the government in farm inspection.
Most farmers who rigorously adopted the management practices
have succeeded in suppressing the disease. Low disease incidence
and absence of other affected farms in the vicinity are factors that
decisively contribute to the success of control. In Florida, Ca.
Liberibacter asiaticus was first discovered in August 2005 in a
commercial nursery in Florida City and in the residential commu-
nities of Pinecrest and Coral City. By October 2007, HLB had
been reported in 28 counties, predominately in the southern half
of the Florida peninsula. Florida is moving to certified screen-
house nurseries, but there is no law for HLB eradication. Psyllids
are controlled and symptomatic trees eradicated spontaneously
by conscientious growers.

AUSTRALIAN STRAWBERRY LETHAL YELLOWS. C. Streten
and K.S. Gibb. Bioscience North Australia, Charles Darwin Univer-
sity, Darwin, NT 0909, Australia. Email: claire.streten@cdu.edu.au

Commercial strawberry plants are grown in Victoria, Queens-
land, Western Australia and South Australia. Between 2003 and
2004 these farms produced approximately 40,000 tonnes of
strawberries with a farm gate value of 200 million dollars. As a
high-value crop, even low-incidence diseases can cause significant
economic hardship, particularly in the runner production area.
We report studies on diseases that affect the Queensland straw-
berry industry in particular. These diseases include strawberry
lethal yellows (SLY) and strawberry green petal (SGP) diseases,
which are associated with “Candidatus Phytoplasma australiense”
(Ca. P. australiense). In addition, a rickettsia-like-organism (RLO)
is associated with SLY disease. SLY and SGP diseases can have a
significant impact on productivity because flowering and fruit set
is inhibited. Diseased strawberry plants and symptomatic alterna-
tive host plant species were sampled between 2000 and 2002. Of
363 SLY samples, 117 tested positive for the RLO, 67 tested posi-
tive for Ca. P. australiense AGY strain and 11 plants tested posi-
tive for Ca. P. australiense Phormium yellow leaf variant strain.
Thirty one other plant species were observed with symptoms dur-
ing the study and of these, 18 species tested positive using phyto-
plasma-specific primers and two for the RLO. Findings from this
study suggest regional disease management strategies are re-
quired in Queensland. Eight plant species were identified as pos-
sible reservoirs for the agents associated with these strawberry
diseases. For SLY disease control strategies to be effective, they
will have to address the sources of inoculum in the areas sur-
rounding strawberry farms.

XYLELLA FASTIDIOSA IN GRAPEVINE AND CITRUS. A.H.
Purcell. Dept. of Environmental Science, Policy and Management,
137 Mulford, University of California, Berkeley, CA 94619-3114,
USA. Email: purcell@nature.berkeley.edu

Various strains of the xylem-limited bacterium Xylella fas-
tidiosa cause diseases in numerous crops and forest trees in the
subtropical and tropical Americas, but grapevine and sweet or-
ange are the most seriously affected crops. Significant new epi-
demics of citrus variegated chlorosis disease in sweet orange in
Brazil and Pierce’s disease of grapevine in California have acceler-
ated research on this bacterium over the past 10-15 years. Disease
prevention is the only available disease management strategy. In
California control of leafhopper vectors is the main method of
management of Pierce’s disease. In Brazil, a rigorous sanitation of
planting stock and disease removal combined with vector control
is used. A citrus strain of X. fastidiosa was the first plant patho-
genic bacterium to be completely sequenced, and promising new
ideas for control of X. fastidiosa have emerged from molecular-
based studies employing various knockout bacterial mutants defi-
cient for fimbriae, pili, hemaglutinins, cell-cell communication,
Type I and Type V secretion systems. For example, over expres-
sion of X. fastidiosa’s cell-cell signalling molecule within plants
suppresses bacterial movement and reduces symptom severity. A
dominant gene (PdR1) for resistance to Pierce’s disease has been
identified and mapped from hybrids of Vitis vinifera x Vitis ari-
zonica, and backcrosses to V. vinifera are underway to produce
resistant wine and table grape cultivars with commercial quality.
A selection of recent research highlights will be presented.

DISEASES OF ORNAMENTALS AND TURFGRASSES

EMERGENCE OF NEW VIRAL DISEASES AFFECTING OR-
NAMENTALS. A.M. Vaira and A. Gera. CNR, Istituto di Virolo-
gia Vegetale, Strada delle Cacce 73, 10135 Torino, Italy. Email:
a.vatra@yv.cnr.it

Plant viruses, discovered at the end of the nineteenth century,
are nowadays responsible for great economic losses, affecting
plant value by reducing vigour and marketability. The growing
demand for high-quality, disease-free propagation material, in-
creasing international trade, and the high sanitary standards im-
posed by many countries for importing propagation material,
have highlighted the significance of virus diseases in ornamental
crops. The introduction of new crops, climate change, the migra-
tion of virus vectors and the inefficient prevention of infection
play key roles in spreading new viruses into old crops and both
old and new viruses into newly introduced crops. For many high-
ly destructive viruses, such as Cucumo-, Tospo-, Tobamo- and
Potyviruses affecting multiple hosts, reliable, robust and some-
times rapid serological tests are available. High-quality group- or
genus-specific PCR assays are also available or under study for
some viruses, and microarray tests able to detect most ornamen-
tal-infecting viruses will likely become available in the near fu-
ture. Moreover, new viruses are continuously being discovered
and generic virus-detection techniques such as electron mi-
croscopy, together with bioassay, virus purification, or dsSRNA as-
says remain extremely helpful diagnostic tools. We will present
the most compelling viral problems on ornamentals affecting the
five continents with contribution of experts locally involved in
detection and molecular studies of viruses infecting ornamentals.
Thanks are given to the Floral and Nursery Plants Research Unit,
USDA-ARS Beltsville, MD, USA, for hosting the presenting au-
thor as a visiting scientist.
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EMERGING PROBLEMS IN SOILBORNE DISEASES OF OR-
NAMENTAL PLANTS. D.M. Benson and G. Magnano di San
Lio. North Carolina State University, Raleigh, NC, USA, 27695-
7629, Universita Mediterranea di Reggio Calabria, Facoltd di
Agraria, Reggio Calabria, Italy. Email: mike_benson@ucsu.edu,
gmagnano@unirc.it

In both North America and Europe, Phytophthora ramorum,
cause of ramorum blight in ornamentals and sudden oak death in
forest trees, has had a large impact on the nursery industry. The
interconnection of the nursery industry across regions within
countries and continents has resulted in spread of this pathogen
and subsequent regulatory action. In surveys aimed at detecting
P. ramorum, new species such as P asparagi, P. niederbauserii, P.
bedraiandra and P tentaculata have been isolated, and exotic
species such as P. palmivora and P. tropicalis have been found on
new hosts. PCR-amplification and DNA sequencing are key tech-
nologies for identifying these species. In floriculture, damping-off
pathogens are endemic and new diseases such as Fusarium wilt of
African daisy, unnoticed in conventional soil cultivation, have ap-
peared. Intensification of cultural practices has favoured the out-
break and spread of recently introduced pathogens such as Cylin-
drocladium spp. In woody ornamentals, Phytophthora root rot oc-
curs frequently due to persistent survival on nursery land and in
irrigation supplies. Root-infecting nematodes affect health and
vigor of field grown ornamentals in sub-tropical and temperate
regions since few fumigants or post-plant treatments are avail-
able. As urbanization expands to farm lands formerly in agricul-
tural crops, soilborne pathogens and nematode problems become
commonplace on ornamentals planted in subsequent landscapes
on commercial properties and around new homes. Management
options, however, are limited, so planting stock selection is criti-
cal. Growers will continue to meet emerging soilborne disease
problems in ornamentals with sound IPM practices.

EMERGING PROBLEMS IN FOLIAR AND VASCULAR WILT
DISEASES OF ORNAMENTAL PLANTS. M. Daughtrey and
L. Orlikowski. Cornell University L.1. Horticultural Research &
Extension Center, Riverbead, NY 11901, USA. Email: mld9@
cornell.edu

During the period 2003-2007, foliar and vascular wilt diseases
caused major repercussions in the ornamentals industry. The
costly introduction of Ralstonia solanacearum race 3, biovar 2 in-
to North America in geranium cuttings from Kenya, Guatemala
and Costa Rica in 2002-2003 led to increased regulations for off-
shore production. New downy mildew diseases have been found
on floral crops including argyranthemum, coleus, and rudbeckia
in North America. Downy mildew has been important on impa-
tiens in both North America and Europe, and on lisianthus and
statice in Europe. New Fusarium wilts have affected gerbera in
Europe and coreopsis in the US. The rust Uromzyces transversalis
was found on gladiolus in the US for the first time in 2006.
Rhodococcus fascians has recently been recognized as the cause of
leafy galls on numerous new hosts. Powdery mildews new to
North America have been found on petunia, gaillardia, scabiosa
and mahonia, while powdery mildew diseases on deutzia and lilac
have been significant recently in Europe. Vegetative propagation
in countries with low labor costs, such as areas of Central Ameri-
ca and Africa, is now a major factor in the introduction of new
diseases into Europe and North America. Microscopic inoculum
or latent infections are easily introduced on cuttings. Slowing the
rate of new disease emergence will require better screening of
new plant introductions by propagation companies, enhanced
communication and cooperation among plant pathologists world-
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wide, and year-round plant inspections on location in the coun-
tries where young plants originate.

NEW TRENDS IN BIOCONTROL OF DISEASES OF ORNA-
MENTAL PLANTS. H. Hoitink. Department of Plant Pathology,
The Obio State University, 1680 Madison Ave., Wooster, OH,
USA. Email: hoitink.1@osu.edu

The production of ornamental plants in containers is a grow-
ing industry. Substrates used for such plants typically are pre-
pared from fibrous, light Sphagnum peat, recycled organic prod-
ucts such as bark, composted manures, coir, etc. These substrates
have high microbial carrying capacity, and biocontrol agents ran-
domly colonize them immediately after formulation. Controlled
inoculation with specific biocontrol agents during the formula-
tion process allows this introduced microflora to establish itself
and provide effective control of some diseases caused by soil-
borne plant pathogens whereas inoculum applied later typically
fails. Even so, control of damping-off diseases in these fortified
substrates typically is weak. Thus, compatible fungicides still are
critical for effective control of the latter diseases. Substrates inoc-
ulated with ISR-active biocontrol agents can significantly sup-
press foliar diseases (powdery mildew, Botrytis, Phytophthora,
bacterial blights, etc.) under mild disease pressures. For example,
Trichoderma bamatum 382 (T382) can be as effective as fungi-
cides under mild but not under severe disease pressures. T382 in-
creases the expression of several disease and stress resistance
genes in plants (includes extension genes). This may explain why
T382 provides a high degree of control of Botryosphaeria
dieback. The significance of these developments in the container
industry will be discussed.

KEYNOTE SESSION
DISEASES OF MEDITERRANEAN CROPS AND FORESTS

IMPACT OF FOREST PATHOGENS IN THE MEDITER-
RANEAN REGION. N. Anselmi, A. Ragazzi and A. Vannini. Di-
partimento di Protezione delle Piante - Universita degli Studi della
Tuscia, Via S. Camillo de Lellis, 01100 Viterbo, 1taly, Dipartimento
di Biotecnologie agrarie, Universita degli Studi di Firenze, Piazzale
delle Cascine, 28, 50144 Firenze, Italy. Email: anselmi@unitus.it,
alessandro.ragazzi@unifi.it, vannini@unitus.it

Forest cenoses of the Mediterranean Basin represent a unique
source of biodiversity at risk due to human pressure and effects
of global climatic changes. Recently a number of primary forest
pathogens have severely affected vitality and survival of some of
the most important Mediterranean forest species, including Euro-
pean chestnut, cypress, elm, pine and plane. Most of these
pathogens are alien invasive organisms that in the past found the
optimal climatic conditions for reproduction and spread on sus-
ceptible hosts. Effects of global climatic changes are determining
unexpected scenarios of the presence and impact of old and new
invasive pathogens in Mediterranean forests. While some
pathogens, for example those strictly dependant on seasonal rain
for their spread, are facing a notable reduction in impact; other
are increasing in incidence and severity, and are expanding in
area; others may find suitable conditions for massive spread in
case of accidental introduction. The introduction of alien
pathogens in Mediterranean forests is an important issue basically
associated with the globalization of the plant trading market. The
higher frequency of extreme climatic events such as intense
flooding and drought may increase the intensity of diseases asso-
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ciated to filamentous Oomycota (e.g. the genus Phytophthora),
and water-stress-mediated tree decline syndromes. Native weak-
ness pathogens in Mediterranean forests heavily impaired by cli-
matic constraints, are determinant in the modification of tree and
shrub specific composition and ranking, causing, in extreme con-
ditions, a dramatic decline of the forest and an increase of the
risk of desertification.

USING DNA TO TRACK MICROBIAL INVASIONS OF
MEDITERRANEAN NATURAL ECOSYSTEMS. M. Garbelotto,
D. Rizzo and P. Gonthier. Department of ESPM, University of
California, Berkeley, USA. Email: matteo@nature.berkeley.edu

In the last decade, the number of known introduced plant
pathogens has risen dramatically. The rise can be attributed to a)
our enhanced ability to detect invasive pathogens, and b) to an
actual rise of introductions linked to increased trade and move-
ment of plants or plant parts around the world. Mediterranean
ecosystems are particularly at risk because they are normally
densely populated, and characterized by mixed economic models
inclusive of a significant agricultural or horticultural component.
It is becoming increasingly evident that successful introductions
are linked to human activities ranging from the obvious agricul-
tural ones, to less obvious ones such as the ornamental plant
business and military operations. It is also becoming broadly ac-
cepted that not all introduced microbes cause significant obvious
damage to an ecosystem. I will discuss the introduction and
spread of four Phytophthora species in California natural ecosys-
tems, two causing almost no obvious damage, and two, namely P,
ramorum and P. cinnamomi, causing extremely high damage as
exemplified by the well known sudden oak death disease. I will
further discuss the ecological and evolutionary impacts of the in-
troduction of the conifer root pathogen Heterobasidion annosum
from the US into Italy, by the US Army during WW II. DNA
analysis can aid in the diagnosis and the understanding of the epi-
demiology of introduced diseases. The studies described in this
talk had a significant impact on the inclusion of DNA-based di-
agnostic in the world’s regulatory policies for plant pathogens,
and succeeded in identifying routes of introduction for at least
three exotic pathogens, and in clarifying the reason of their suc-
cessful adaptation to Mediterranean ecosystems.

CURRENT STATUS OF CEREAL AND LEGUME VIRUS DIS-
EASES IN THE MEDITERRANEAN BASIN. K.M. Makkouk
and S.G. Kumari. International Center for Agriculture Research in
the Dry Areas, ICARDA, Aleppo, PO. Box 5466, Syria. Email:
k.makkouk@cgiar.org

Small-grain cereals and food legume are widely cultivated
field crops in Mediterranean Basin and provide protein and
calories for a large part of the population. Small-grain cereals in
the region are reported to be affected by 3-4 viruses, among
which Barley yellow dwarf viruses (BYDVs, family Luteoviridae)
are the most important. Due to their host range and the wide-
spread occurrence of vectors, BYDVs cause the most economi-
cally important and widespread virus disease of cereals. Losses
can be very serious but vary with strains, growth stage at infec-
tion, varieties and environmental conditions. High infection has
been reported in Algeria, Morocco, Tunisia, Italy and Greece
with epidemics occurring every 3-5 years, depending on the area.
In addition, Maize dwarf mosaic virus (MDMYV, genus Potyvirus,
family Potyviridae) causes economic losses on maize in Croatia,
Egypt, France, Israel, Italy, Morocco, Spain and Turkey. Around
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twenty viruses have so far been identified as affecting food
legumes in the region. Those with major economic importance
are: Faba bean necrotic yellows virus (FBNYV, genus Nanovirus,
family Nanoviridae), Bean leafroll virus (BLRV, genus Luteovirus,
family Luteoviridae), Beet western yellows virus (BWYYV, genus
Polerovirus, family Luteoviridae), Chickpea chlorotic dwatf virus
(CpCDV, genus Mastrevirus, family Genziniviridae), Bean yellow
mosaic virus (BYMV, genus Potyvirus, family Potyviridae), Broad
bean mottle virus (BBMV, genus Bromovirus, family Bromoviri-
dae), Pea enation mosaic virus-1 (PEMV-1, genus Enamovirus,
family Luteoviridae) and Pea seed-borne mosaic virus (PSbMV,
genus Potyvirus, family Potyviridae). Other viruses such as Alfal-
fa mosaic virus (AMV, genus Alfamovirus, family Bromoviridae),
Cucumber mosaic virus (CMV, genus Cucumovirus, family Bro-
moviridae), Broad bean wilt virus (BBWYV, genus Fabavirus, fami-
ly Comoviridae), Broad bean stain virus (BBSV, genus Comovirus,
family Comoviridae) and Pea early browning virus (PEBV, genus
Tobravirus) can be important in specific locations. Tomzato spot-
ted wilt virus (TSWV, genus Tospovirus, family Bunyaviridae) has
been reported on faba bean in Spain. Yield loss could vary from
almost none to a complete crop failure. Barley and wheat geno-
types resistant to BYDV, lentil genotypes resistant to PSbMYV,
PEMV-1, BLRV, FBNYV and Soybean dwarf virus (SbDV, genus
Luteovirus, family Luteoviridae); and faba bean genotypes resist-
ant to BLRV and BYMV were reported. Less progress was made
with chickpea. Losses have been reduced because of progress
made over the last two decades in developing resistant varieties
or improving management practices. In some countries of the
Mediterranean Basin, facilities are lacking and virus identifica-
tion is based only on field diagnosis and indexing on indicator
plants. Development of integrated control measures to control
virus diseases in some important crops is urgently needed.

KNOWLEDGE TRANSFER FOR PLANT PATHOLOGY

TECHNOLOGY TRANSFER IN EXTENSION: EXPERIENCE
IN THE US. P. Vincelli. Unzversity of Kentucky, Department of
Plant Pathology, 207 Plant Science Bldg. Lexington, KY, USA.
Email: pvincell@uky.edu

The internet is the most important catalyst of change in the
way the science of plant pathology is extended in the U.S. Provi-
sion of real-time disease alerts and other updates through the in-
ternet provides many benefits to producers and agricultural pro-
fessionals; Extension programs for Asian soybean rust represent
an eminently successful example. Increasingly more trainings and
meetings are being conducted online, promoting efficiency and
maintaining Extension productivity in times of generally static-to-
declining budgets, although face-to-face meetings continue to
have their place. Internet-based consultation or diagnosis using
digital images of symptoms — and in some cases, microscopic im-
ages — have become common. Information flow is no longer verti-
cal, from researchers through the local Extension system to farm-
ers. Producers now receive information from a wide range of
sources, and Extension specialists are not necessarily their princi-
pal source for day-to-day information needs. More than ever, we
Extension specialists must protect our credibility as unbiased, sci-
ence-based experts in order to remain relevant. Nucleic acid-
based techniques are becoming fundamental to Extension pro-
grams, increasing precision and/or speed of pathogen detection.
Appropriate use of molecular tools requires awareness of their
limitations as well as strengths.
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CLASSROOM IN THE COCOA BLOCK. J. Konam, Y. Namaliu,
R. Daniel and D.I. Guest. Faculty of Agriculture, Food & Natural
Resources, The University of Sydney, NSW 2006, Australia. Email:
d.guest@usyd.edu.au

More than 80% of Papua New Guinea’s annual cocoa pro-
duction of 42,000 t is produced by 150,000 smallholder farming
families. The current average yield of 300 kg dry beans/ha is
much less than the potential yield because of poor management
and yield losses to Phytophthora pod rot and canker (Phytophtho-
ra palmivora) and vascular streak dieback (Oncobasidium theobro-
mae). Apart from improved cocoa genotypes, technology adop-
tion is poor and over 95% of 108 farmers surveyed had no
knowledge of cocoa disease and pest management. We developed
a series of low, medium, high and very high Integrated Pest and
Disease Management (IPDM) options that include different lev-
els of sanitation, harvest frequencies, canopy and shade manage-
ment, fertiliser application and weed and insect control that con-
tribute to reduced disease and increased yield. The choice of in-
put level recognises the aspirations and resource limitations of in-
dividual smallholder farmers. On-farm demonstration plots are
established in highly visible areas through participatory action re-
search (PAR). IDPM training is scheduled with local cropping
cycles and farmers are trained during establishment of the plots.
Over 108 PAR trials have been established and more than 1,500
farmers trained. The uptake of options is close to 100%, and over
80% of farmers prefer the higher input options. Yield increases
of more than 100% have been reported and PNG smallholders
are investing in cocoa for the first time. We aim to transform the
industry from the current 90% low input to 50% medium input
farms.

KNOWLEDGE TRANSFER THROUGH FARMER-PARTICI-
PATORY TRAINING AND RESEARCH. ]J.G.M. Vos, S.LJ.
Page and U. Krauss. CAB International (CABI), Kastanjelaan 5,
3833 AN Leusden, The Netherlands. Email: j.vos@cabi.org

Globalisation of trade implies that farmers in developing
countries increasingly need to meet new standards of quality and
reliability. With plant diseases attracting the bulk of hazardous
pesticide use in some cropping systems (examples will be provid-
ed), farmers need new knowledge on crop protection methods.
Implementation of sustainable crop protection methods is com-
plex and dependent on many factors. This fact alone has implica-
tions for the style of knowledge transfer, as complex systems can-
not be translated into simple messages. Farmer-participatory
methods aim to mitigate situations where farmers lack access to,
for them, new knowledge. Farmer Participatory Training (FPT)
focuses on knowledge transfer through facilitated discovery
learning. FPT in plant disease management goes through three
consecutive steps: (1) Identification, (2) Understanding, (3) In-
formed problem solving. Farmer Participatory Research (FPR)
focuses on knowledge generation through facilitated farmer ex-
perimentation. The focus in FPR is on meeting farmers’ needs
and demands by appropriate knowledge generation through local
technology development and/or validation, and follows the four
continuous problem-solving steps: (1) Identify and experience,
(2) Observe and reflect, (3) Form abstract concept, (4) Test in
new situation. The focus of knowledge transfer and generation is
indirectly to achieve food security and/or expected product qual-
ity, but first and foremost to improve smallholder’s livelihoods.
Impact assessments do show the hoped-for results: more stable
production with improved product quality, and increase in farm-
ers’ incomes. However, for lasting impact, more actors in the
agricultural knowledge system need to become engaged.

KNOWLEDGE TRANSFER: THE EXTENSION-INDUSTRY
INTERFACE. G. Munkvold. lowa State University, 160 Seed Sci-
ence Bldg., Ames, IA 50011, USA. Email: munkvold@iastate.edu

A multitude of information sources is available to farmers
seeking to improve profit and sustainability. In the United States,
university Extension services continue to be a critical resource for
knowledge transfer to farmers, but their predominance as pri-
mary, direct sources of crop production information has waned.
While Extension services may enjoy a high level of credibility,
their direct access to farmers and their ability to be proactive
have been curtailed by budget constraints. At the same time, in-
dustries that supply inputs to the farmer have assumed an ever
greater role on providing advice on technology and crop produc-
tion practices. These trends have converged to foster competitive,
yet synergistic, relationships between public agencies, such as
university Extension, and private businesses seeking to inform
farmers. Although priorities may differ, public and private enti-
ties share an interest in improving farmers’ efficiency, profitabili-
ty, and sustainability. Public/private partnerships are increasingly
important mechanisms for developing and disseminating science-
based recommendations to farmers, both in relation to technolo-
gy products and cultural practices. These partnerships can take
many forms, and can be universally beneficial. However, atten-
tion must be paid to protecting the reputation of public agencies
as unbiased information sources. In the foreseeable future, ever
closer ties between public and private entities will result in timely
knowledge transfer to farmers but conflicts will inevitably arise,
and it may become more difficult for farmers to discern the origi-
nal source of information they receive.

PLANT PATHOGENIC BACTERIA

FUNCTIONAL GENOMICS OF THE HRPG AND HRPX REG-
ULON OF XANTHOMONAS CAMPESTRIS PV. VESICATORIA.
U. Bonas. Martin-Luther-University Halle-Wittenberg, Department
of Genetics, Weinbergweg 10, D-06120 Halle, Germany. Email:
ulla.bonas@genetik.uni-halle.de

Pathogenicity of the Gram-negative bacterium Xanthomonas
campestris pv. vesicatoria (Xcv), the causal agent of bacterial spot
disease on pepper and tomato plants, depends on a type III se-
cretion (T3S) system which translocates more than 20 bacterial
effector proteins into the plant cell. The T3S system is encoded
by plant-inducible Ah7p (hypersensitive reaction and pathogenici-
ty) genes which are clustered in a 33-kb pathogenicity island on
the bacterial chromosome. The master regulators of T3S are
HrpG (OmpR type regulator) and HrpX (AraC-type regulator),
expression of which depends on activated HrpG. HrpG is acti-
vated by so far unknown environmental signals, but a mutated
derivative, termed hrpG*, leads to constitutively active HrpG in
different conditions. To identify the entire HrpG and HrpX reg-
ulons and possibly new virulence factors, we performed microar-
ray analyses using the sequenced Xcv strain 85-10 and deriva-
tives. Approximately 140 genes were found to be induced,
whereas 50 genes were repressed under conditions simulating in-
fection. Most upregulated genes encode T3S system compo-
nents, helpers and type III effectors, and proteins of unknown
function. New insights on regulation of pathogenicity of Xcv will
be presented.

FUNCTIONAL GENOMICS AND HOST SPECIFICITY DE-
TERMINANTS OF RALSTONIA SOLANACEARUM. S. Genin.
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LIPM, INRA-CNRS, 31326 Castanet-Tolosan, France. Emuail:
sgenin@toulouse.inra.fr

Ralstonia solanacearum, the causal agent of bacterial wilt, is
considered as a species complex with an uncommonly wide host
range; It can be transmitted through water, seedlings and soil,
where it can survive for long periods. According to recent classifi-
cation, the species complex is subdivided into four main groups
called phylotypes that highly correlate with strain geographical
origins. We have undertaken a microarray-based genomic diversi-
ty study aimed at the identification of host-specificity determi-
nants within R. solanacearum strains. Based on the complete se-
quence of strain GMI1000, a genomic microarray was developed
earlier. More recently, two additional 12X draft genome se-
quences of strain IPO1609 (potato strain) and strain Molk2 (ba-
nana strain) were obtained and 1150 new genes that are not pres-
ent in strain GMI1000 were included in the microarray. We in-
vestigated the genomic repertoire of R. solanacearum strains
showing differential behavior in their host specificity with a focus
on identifying host-specificity determinants of a subset of strains
that specifically attack banana. In particular, emerging strains
have been identified in the West French Indies (Martinique)
which share similar genomic characteristics with R. solanacearum
strains pathogenic on banana plants (PB strains) but that are un-
able to cause symptoms on this host (NPB strains). Comparison
using the DNA hybridization results of 5 PB strains and 6 NPB
strains allowed identification of 17 candidate genes that could de-
termine specificity on banana. The functional characterization of
these candidates is currently under way.

USING FUNCTIONAL GENOMICS TO [IDENTIFY
PSEUDOMONAS SYRINGAE TYPE III EFFECTORS AND DE-
TERMINING THEIR ACTIVITIES IN PLANTS. ].R. Alfano.
Center for Plant Science Innovation and the Department of Plant
Pathology, University of Nebraska, 1901 Vine St., Lincoln, NE,
68588, USA. Email: jalfano2@unl.edu

The ability of Pseudomonas syringae to be pathogenic on
plants and to elicit the hypersensitive response (HR) is dependent
upon the type III secretion system (T3SS). The genome of P sy-
ringae has recently been mined for type III effector genes that en-
code proteins that are injected into plant cells by the T3SS. Type
IIT effectors appear to be able to suppress both effector-triggered
immunity (ETI) and pathogen-associated molecular patterns
(PAMP)-triggered immunity (PTI). We developed bioassays to
determine whether any of the type III effector proteins could
suppress ETI and PTI. These bioassays revealed that many of
these type III effectors could suppress both ETT and PTI. The
high proportion of effectors that suppress plant immunity sug-
gests that suppressing plant immunity is one of the primary roles
for P. syringae type III effectors and a central requirement for
pathogenesis. Many type III effector genes are arranged in clus-
ters known as pathogenicity islands (Pais) within the bacterial
genome. These Pais, which were likely acquired through horizon-
tal gene transfer, were identified based on the presence of type III
promoters, an atypical GC content, mobile DNA elements, and
the presence of known type III effector genes. We have con-
structed unmarked Pai mutants and poly-Pai mutants that lack
many type III effector genes allowing us to discover phenotypes
that would otherwise be masked by effector redundancy. Our
mutagenesis strategy and phenotypes from our initial Pai mutants
will be presented.

GENOMICS OF CLAVIBACTER MICHIGANENSIS. R. Eichen-
laub, A. Burger, K.-H. Gartemann, M. Fliigel, I. Grifen and
O. Kaup. Bielefeld University, Dept. of Gene Technology and Mi-
crobiology, P.O. Box 100131, 33501 Bielefeld, Germany. Email:
eichenlaub@uni-bielefeld.de

The Gram-positive actinomycete Clavibacter michiganensis,
comprises several subspecies which are pathogens on a variety of
agriculturally important plants. C. 7. subsp. wichiganensis
(Cmm) is a pathogen of tomato and causes a tracheobacteriosis
leading to wilt and canker. In earlier work we have shown that
wilting of infected plants depends on two plasmid-encoded genes
of Cmm, celA, carried by plasmid pCM1 and encoding a 3-1,4-
endoglucanase, and pat-1 mapping on plasmid pCM2, encoding a
putative serine protease. Loss of the plasmids converts the
pathogen to an endophyte not inducing disease symptoms. The
Cmm genome sequence was recently obtained, and conclusions
derived from this information will be presented. For example we
identified a pathogenicity island of 130 kb flanked by 1.9 kb re-
peats close to the origin of replication. Deletion of this region as
well as inactivation of certain serine proteases located in this re-
gion affect colonization and lead to a drastic reduction of iz plan-
ta titre. A tomatinase which also maps on this pathogenicity is-
land was studied and shown to deglycosylate the tomato phytoan-
ticipine a.-tomatine to the inactive compound tomatidine. How-
ever, we found that inactivation of the t024 gene did not signifi-
cantly affect Cmm virulence. A Cmm genome chip was used to
study differential gene expression of Cmm when grown in tomato
xylem sap as compared to growth in minimal medium. By this ap-
proach we hope to identify further genes which may be relevant
for this microbe-plant interaction.

NATURAL COMPOUNDS AND DISEASE CONTROL

NATURAL PRODUCTS AND DISEASE RESISTANCE IN CE-
REALS. A. Gierl and M. Frey. Lebrstubl fiir Genetik, WZW, Tech-
nische Universitit Miinchen, Am Hochanger 8, 85350 Freising,
Germany. Email: gierl@uwzw.tum.de

Plant secondary metabolites constitute a large field of chemi-
cal biodiversity that is important for the survival strategies of
plants. A secondary metabolic pathway can be defined by the
branch point from primary metabolism, and the downstream re-
actions that lead to end product formation. Evolution has recruit-
ed specific enzymes that catalyse these reactions. The function
and evolution of the biosynthesis of protective natural products
will be discussed using benzoxazin biosynthesis of maize and ave-
nacin biosynthesis in oats as examples. Gene duplication was es-
sential for the evolution of the genes encoding these pathways.
The examples show that gene duplication does not necessarily re-
sult in redundancy; rather it is a prerequisite for the generation of
biodiversity.

PLANT-DERIVED NATURAL PRODUCTS - SYNTHESIS,
FUNCTION AND THE BASIS OF METABOLIC DIVERSITY.
A. Osbourn, Department of Metabolic Biology, John Innes Centre,
Norwich NR4 7UH, UK. Email: anne.osbourn@bbsrc.ac.uk

Plants produce a huge array of natural products, many of
which are specialised metabolites associated with particular
species. These secondary metabolites often have important eco-
logical roles, facilitating pollination and seed dispersal and/or
providing protection against attack by pests and pathogens. Al-
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though the ability of plants to perform iz vivo combinatorial
chemistry by mixing, matching and evolving the genes required
for different secondary metabolite biosynthetic pathways is likely
to have been critical for survival and diversification of the Plant
Kingdom we know very little about the mechanisms underpin-
ning this process. This talk will focus on the function and synthe-
sis of plant natural products and on the origins of metabolic di-
versity and will draw on our research on triterpene synthesis in
crop and model plants.

REGULATION AND FUNCTIONAL ANALYSIS OF BIOPRO-
TECTIVE METABOLITE GENES FROM THE GRASS SYM-
BIONT EPICHLOE FESTUCAE. B. Scott, K. May, D. Takemoto,
C. Young, A. Tanaka, D. Fleetwood and R. Johnson. Molecular
BioSciences, Private Bag 11 222, Massey University, New Zealand.
Email: d.b.scott@massey.ac.nz

Epichloé¢ endophytes are biotrophic fungi that systemically
colonise the intercellular spaces of leaves of grasses to form mu-
tualistic symbiotic associations. The production of secondary
metabolites by these fungi confers bioprotective benefits to the
grass. However, in pastoral ecosystems some of these metabolites
are toxic to grazing mammals. We have cloned and functionally
analysed genes for the synthesis of three classes of these biopro-
tective molecules, peramine, lolitrem B and ergovaline (Tanaka et
al., 2005; Young et al., 2005 & 2006; Fleetwood et al., 2007). A
single gene, perA, encoding a non-ribosomal peptide synthetase
appears to be required for peramine biosynthesis (Tanaka ez al.,
2005). Complex gene clusters with 10 and 11 genes, respectively,
are required for lolitrem B (/72 genes) (Young et al., 2005 &
2006) and ergovaline (eas genes) (Fleetwood et al., 2007) biosyn-
thesis. The biochemical function of some of these genes is being
elucidated by a systematic deletion analysis combined with chem-
ical analysis of intermediates that accumulate 77z planta. These ex-
periments will allow us to propose biosynthetic schemes for the
synthesis of these metabolites. Symbiota of these ‘knock-out” mu-
tants are being used to examine biological function of the
metabolites. Spatial and temporal patterns of gene expression are
being examined 7n planta using promoter fusions with the GUS
reporter gene (May et al., 2008). To dissect signaling pathways re-
quired for activation of these genes 71z planta we are using gusA
‘knock-in’ constructs combined with T-DNA mutagenesis. An
overview of progress to date will be presented.

EXPLOITATION OF NATURAL COMPOUNDS IN
ECOFRIENDLY MANAGEMENT OF PLANT PESTS. N.K.
Dubey. Centre of Advanced Study in Botany, Banaras Hindu Uni-
versity, Varanasi 221005, India. E-mail: nkdubey2@rediffmail.com

In recent years, use of natural compounds for plant disease
control has gained considerable attention. Pyrethrins from
Chrysanthemum cinerariaefolium have a long record of safe use as
a natural pesticide because of excellent safety profile and
biodegradable nature. Allyl isothiocyanate, a component in mus-
tard and horseradish oil is used as an effective antimicrobial in
preservation of different foods. Carvone, from Carum carvi has
been introduced as a natural pesticide to protect potato tubers
from microbial rot. Azadirachtin from Azadirachta indica is an
outstanding natural pesticide with great potential for commercial
exploitation. Many natural products have been recommended for
integrated pest management because of their efficacy as semio-
chemicals affecting the physiological behaviour of pests. The ovi-
cidal, antifeedant and oviposition-deterrent efficacy of some nat-

ural compounds strengthen their exploitation as novel agrochem-
icals in pest management. Some essential oils have been recom-
mended as substitutes for synthetic fumigants in controlling post-
hatvest infestations of food commodities and mycotoxin secre-
tions. These are recommended for enhancement of shelf life of
commodities without showing any residual problems. Unlike the
prevalent fumigants, the problem of development of resistant
strains of pests may be solved by the use of essential oils because
of the synergism between different components of the oils. Mi-
croencapsulation technology is being introduced for flavour sta-
bilization of oils during their use as antimicrobials in the food in-
dustry. Naturally-occurring compounds appear to have a promi-
nent future in the development of biodegradable and cost-effec-
tive commercial pesticides for agricultural crop productivity as
well as safety of the environment and public health.

DISEASE MANAGEMENT IN ORGANIC FARMING

FUNGAL DISEASE MANAGEMENT IN ORGANIC OR-
CHARDS: EPIDEMIOLOGICAL ASPECTS AND MANAGE-
MENT APPROACHES. L]. Holb. Centre for Agricultural Sci-

ences and Engineering, University of Debrecen, H-4015 Debrecen,
PO. Box 36, Hungary. Email: holb@agr.unideb.hu

Environmental considerations are becoming increasingly im-
portant and, as a consequence, interest has turned from conven-
tional to organic fruit production, where management practices
differ from those in conventional production. Synthetic products
are banned in organic fruit production, and in plant protection
and nutrient supply, only natural products are permitted accord-
ing to IFOAM standards. As a result, disease control is less effec-
tive than in conventional production with the consequence that
epidemics are likely to be more serious. This lecture will provide
current management options against key fungal diseases of fruit
crops in the growing season. Then development of fungal disease
management in pome and stone fruit species will be illustrated by
focusing mainly on management practices against scab and
brown rot. This will include epidemic features of apple scab and
brown rot in organic apple orchards, the risk of early scab epi-
demics initiated by sexual and asexual forms of fungi in organic
apple orchards, possible strategies for control of inoculum
sources in organic production systems, efficacy and phytotoxicity
of approved fungicidal products, and appropriateness of various
sanitation practices in organic fruit production. The role of resist-
ant vs. susceptible cultivars in disease epidemiology and manage-
ment of organic orchards will also be discussed. Based on the
above examples, a theoretical and practical decision-making ap-
proach will be provided for organic orchards based on mechani-
cal, agro-technical, biological and chemical control options. Fu-
ture trends in fungal disease management will be discussed.

MANAGEMENT OF LATE BLIGHT IN ORGANIC FARMING.
D. Shtienberg. Department of Plant Pathology and Weed Re-
search, ARO, the Volcani Center, P.O. Box 6, Bet Dagan 50250, Is-
rael. Email: danish@uvolcani.agri.gov.il

Late blight, caused by Phytophthora infestans, is the major fo-
liar pathogen of tomatoes in Israel. Coping with the disease is
much more difficult in organic production of tomatoes, as only
copper compounds are available for use, and their efficacy is oc-
casionally low. Moreover, it is likely that in the near future the
rates of copper used will be reduced, due to consumer pressure.
The objective of this study was to develop means to manage late
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blight in organic production of tomatoes with reduced rates of
copper. The effects of various management procedures (covering
the soil with polyethylene, application of fungicides and sanita-
tion), and their interactions, were studied in a series of experi-
ments conducted in walk-in tunnels and commercial-model
greenhouses. Under conditions of the western Negev (south west
Israel) foliar infection by the pathogen could be suppressed by
covering the soil with reflective polyethylene (that reduced rela-
tive humidity and increased air temperature) and by application
of novel fungicides. Under conditions of high temperature (>20
°C) and low relative humidity the foliage remained dry and infec-
tions did not occur. Nevertheless, the pathogen may progress
from infected leaf-blades via the petioles, to the stems, where it
causes stem lesions. Stem lesions eventually lead to plant mortali-
ty. Observations made in the greenhouses suggested that the
damage resulting from stem infections is more significant than
that from foliar infections. It is possible to prevent stem infec-
tions by sanitation, i.e. removal of infected plant material.

CONTROL OF DISEASES ON SEED FOR ORGANIC PRO-
DUCTION. .M. van der Wolf. Plant Research International, PO.
Box 16, 6700 AA Wageningen, The Netherlands. Email: Jan.vander
Wolf@wur.nl

Seed-borne pathogens can seriously affect crop yield and
quality in organic plant production. The most effective means of
control is by exclusion and reduction of inoculum during seed
production. For this, a number of measures can be used, includ-
ing the use of pathogen-free basic seed, resistant cultivars, crop
rotation, spacing within or between crops, the control of weeds
and crop debris, and the use of appropriate fertilization, irriga-
tion- and hygiene practices. Seed-borne inoculum can also be re-
duced by treating basic seed or plantlets used for seed produc-
tion with natural resistance inducers. Several bacterial and fungal
extracts, as well as specific organic compounds and micronutri-
ents, have been found to induce resistance against plant
pathogens after treatment of seeds or plantlets. Infection and
contamination of seed, however, cannot always be avoided. To re-
duce seed-borne inoculum after seed production, various seed
treatments can be applied. Within the EU STOVE project (2003-
2006, www.stove-project.net), different physical and biological
treatments suitable for use in organic vegetable seed production
were developed and evaluated. Physical treatments with hot wa-
tet, aerated steam and low energy electrons were found highly ef-
fective against a number of seed-borne fungal and bacterial
pathogens in cabbage, carrot, parsley, bean, pea and lamb’s let-
tuce. It also reduced disease expression in greenhouse and field
experiments. From biological treatments tested, including the use
of antagonists, antimicrobial compounds and resistance inducers,
only thyme oil reduced fungal pathogens to levels comparable to
that of physical treatments.

MANAGEMENT OF VIRUS DISEASES IN ORGANIC AGRI-
CULTURE. R.A.C. Jones. Agricultural Research Western Aus-
tralia, Locked Bag No. 4, Bentley Delivery Centre, WA 6983, Aus-
tralia. Email: rjones@agric.wa.gov.au

Virus diseases often cause serious losses in yield and quality of
cultivated plants grown in organic production systems. These
losses, and the resulting financial damage, are limited by control-
ling virus epidemics using measures that minimise infection
sources and suppress spread. When diverse control measures that
act in different ways are combined, their effects are complemen-

tary resulting in far more effective overall control. Such experi-
ences have led to development of Integrated Virus Disease Man-
agement (IVDM) concepts that suit organic systems. Although
chemical control of invertebrate and fungal vectors with pesti-
cides and fungicides, and of virus reservoir hosts such as weeds
and volunteer crop plants, with herbicides is precluded in such
systems, effective control of virus diseases can still be achieved by
combining available host resistance, and phytosanitary, cultural
and biological control measures. Selecting the ideal mix of meas-
ures for each pathosystem and production situation requires
knowledge of the epidemiology of the causal virus and the mode
of action of each individual control measure so that diverse re-
sponses can be devised to meet the special features of each of the
scenarios encountered. The tactics devised must be robust and
necessitate minimal extra expense, labour demands and disrup-
tion to standard practices. Examples of applying IVDM to differ-
ent organic systems will be described. These examples will illus-
trate how to achieve effective control of virus diseases in diverse
pathosystems and production situations, without compromising
on the need for environmental and social responsibility.

NEMATOLOGY AND PLANT DISEASES

EVOLUTION AND THE TAXONOMY OF PLANT PARA-
SITIC NEMATODES. B. Adams. Microbiology and Molecular Bi-
ology Dept. 775 WIDB Brigham Young University Provo, UT,
84602-5253, USA. Email: bjadams@byu.edu

A promising approach to nematode management is exploita-
tion of genomics to target molecular aspects of nematode
pathogen biology. These discoveries are leading to more sophisti-
cated engineering of plant resistance via genetically modified
hosts, and the ability to confound expression of specific nematode
parasitism genes. However, these revolutionary approaches re-
quire a logical basis for establishing the origin and maintenance of
parasitism-associated genes, and characterizing their distribution
across the enormous genetic diversity of Nematoda. Apart from
an evolutionary framework (phylogeny), the relevant diverse mo-
lecular genetic patterns cannot be meaningfully and efficiently ex-
plored, compared, and extended. Similarly, unless hierarchical
taxonomic relationships reflect phylogeny, they will be irrelevant
at best, or misleading at worst, to informing management pro-
grams. Collaborative work by several groups is gradually produc-
ing both fine-scale and deeper node resolution of nematode phy-
logenetic relationships. The resulting hypotheses have laid the
groundwork for taxonomic revision at all hierarchical levels, and
bring greater objectivity, stability and replication to the enterprise.

MOLECULAR GENETICS OF NEMATODE-HOST INTERAC-
TIONS. V.C. Blok. Plant Pathology Programme, Scottish Crop Re-
search Institute, Invergowrie, Dundee, Scotland, UK. Email:

vblok@scri.ac.uk

During the last decade, our understanding of the molecular in-
teractions between plant-parasitic nematodes and their hosts has
greatly improved revealing that nematodes have acquired a variety
of factors not found in animal-parasitic or free-living nematodes
that enable them to penetrate and manipulate their hosts in order
to form specialized feeding sites. A number of large-scale ge-
nomics projects involving plant parasitic nematodes are currently
underway and it is expected these will reveal much more concern-
ing the evolution of parasitism, how many genes have been ac-
quired and how these are arranged in the genome. The interaction
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between obligate endoparasitic nematodes and their hosts is com-
plex and undoubtedly the result of extended co-evolution. Inter-
estingly there are marked differences in these highly specialized
relationships. For example the cyst nematodes Globodera spp.
typically have very restricted host ranges within the Solanaceae
whilst some root knot nematodes such as Melozdogyne incognita
have extremely broad host ranges enabling then to develop on
thousands of plant species. Elucidating the molecular bases which
differentiate these interactions continues. Clearly the ability to
evade host defences is central to these interactions. Comparisons
of intraspecific variation within highly specialised species and
those with wide host ranges has revealed contrasting levels of di-
versity, with implications for the genetic basis of nematode-host
interactions. Topic Area: Nematology and Plant diseases.

MANAGING NEMATODES IN THE POST-METHYL BRO-
MIDE ERA. N. Greco and L.W. Duncan. CNR - Istituto per la
Protezione delle Piante, Sezione di Bari, Via Amendola 122D,
70126 Bars, Italy. Email: n.greco@ba.ipp.cnr.it

The phase-out of methyl bromide has caused problems in the
management of some economically important plant parasitic ne-
matodes. Scientists are trying to implement new strategies that
are effective, convenient, safe, sustainable and profitable. Future
management programmes will rely more on the integration of re-
sistant cultivars with crop rotation and other control tactics. In-
creased reliance on nematode identification, spatial monitoring,
and the adoption of precision agricultural methods are also likely.
Greater emphasis will be placed on some existing management
tactics and new tactics will be adopted. Increased reliance on
quarantine measures will help to reduce the spread and establish-
ment of exotic nematodes. Plant nurseries can play a key role by
releasing only material that is free of nematodes and other pests
and diseases. Managing the water and nutrient holding capacity
of soil can help plants tolerate nematode infestations and some
industrial and municipal wastes used as soil amendments can also
suppress nematode populations. Many plant extracts are being
studied for their nematicidal activity and some are available as
commercial formulations. Micro-organisms that are antagonistic
to nematodes or that induce resistance in plants are being com-
mercially formulated. Physical methods of controlling nematodes
are being re-evaluated. Solarization and biofumigation are in-
creasingly adopted and new machinery is being developed to pro-
duce hot water or steam at an acceptable cost for use in protected
cultivation and in the field. Although conventional nematicides
(primarily organophosphate, carbamate, halogenated hydrocar-
bons) have decreased in availability, some new nematicides and
nematicide mixtures being studied appear promising.

PERSPECTIVES IN BIOLOGICAL CONTROL OF NEMA-
TODES. B.R. Kertry. Newmatode Interactions Unit, Rothamsted
Research, Harpenden, Herts, AL5 2]Q, UK. Email: brian.kerry
@bbsrc.ac.uk

Screening of soil micro-organisms over >50 years has led to the
development of a number of biological control products based on
<10 organisms. This empirical approach has generally failed to
provide growers with robust biological control strategies. The in-
accessibility of nematode pests in soil and the extended period
over which some crops require protection present an especial
challenge for the effectiveness of biological control agents in re-
ducing nematode damage. However, the continued identification
of suppressive soils in which specific micro-organisms control

nematode pest populations indicates that biological control is
practical in commercial crop production in some situations. The
importance of microorganisms in the regulation of nematode pop-
ulations in natural ecosystems has been demonstrated in recent re-
search in European sand dunes, and has provided new insights in-
to pest management. If whole organisms rather than their genes or
metabolites are to be used reliably in crop protection, it is essen-
tial to understand their ecology in the rhizosphere, especially the
interactions with the plant and target nematode. An integrated ap-
proach that combined studies at molecular, whole organism and
population scales has provided new insights into the use of the ne-
matophagous fungus, Pochonia chlamydosporia, as a biological
control agent. This research has resulted in a registered product
based on P. chlamydosporia for use against root-knot nematodes
by small growers in the tropics. Up-scaling from applications in
small-grower plots to commercial agriculture is an additional chal-
lenge, which will demand further understanding of the spatial dy-
namics of host-parasite interactions in soil.

WALL-LESS, PHLOEM-LIMITED BACTERIAL PLANT PATHOGENS

DYNAMIC GENOMES AND THE EMERGENCE OF PLANT
PATHOGENIC MOLLICUTES. R.E. Davis, Y. Zhao, R. Jo-
mantiene, W. Wei and .M. Lee. Molecular Plant Pathology Labo-
ratory, USDA-Agricultural Research Service, Beltsville, MD, USA.
Email: robert.davis@ars.usda. gov

Plants are vulnerable to attack by wall-less bacterial pathogens
— phytoplasmas and plant pathogenic spiroplasmas that in nature
live obligately parasitic lifestyles. Emergence of the phytoplasma
clade from an Acholeplasma-like ancestor gave rise to an intrigu-
ing group of wall-less prokaryotes through a remarkable and con-
tinuing evolutionary process. In a ceaseless progression, phyto-
plasmas evolved reduced genomes, lost biochemical pathways for
synthesis of nutrients supplied by hosts, and gained capabilities
for transkingdom parasitism and pathogenicity in plants and in-
sects. Complete, draft, and targeted genome sequencing has
opened exceptional possibilities for understanding the evolution-
ary divergence of phytoplasmas and free-living acholeplasmas
from a common ancestor, and has revealed dynamic structures in-
cluding varied mobile elements, phase variable genes, and se-
quence-variable mosaics (SVMs) of clustered genes that appear to
function as platforms of genome plasticity, providing loci for ac-
quisition of new genes and for targeting of mobile genetic ele-
ments to specific regions in phytoplasma chromosomes. Similarly,
available genome sequence data have provided a rich resource for
understanding spiroplasma evolutionary emergence, pathogen-
host interactions, cell-cell communication, motility, and potential
for gene exchange through conjugation, as well as the divergence
of spiroplasmas and vertebrate-pathogenic Mycoplasma spp. from
a common ancestor. The small, AT-rich genomes of phytoplasmas
and spiroplasmas have evolved unique and dynamic architec-
tures. The future challenges us to understand how these features
may enable adaptations to the continually shifting environments
encountered during obligate, transkingdom parasitism.

SPIROPLASMA-HOST RELATIONSHIPS: PLASMIDS AND IN-
SECT-TRANSMISSION OF SPIROPLASMA CITRI. M. Breton, S.
Duret, N. Berho and J. Renaudin. UMR 1090 Génomigue Diver-
sité Pouvoir Pathogéne, INRA Université de Bordeaux 2, F-33883
Villenave d’Ornon, France. Email: renaudin@bordeaux.inra. fr

Spiroplasma citri is the causative agent of lethal stunting dis-
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eases in various host plants including citrus, several brassi-
caceaeous species and periwinkle. The spiroplasmas multiply in
the phloem sieve tubes and are transmitted from plant to plant by
phloem sap-feeding insects (leathoppers) in a persistent, circula-
tive manner. S. citri GII-3 contains 7 plasmids, 6 of which (pScil-
6) share highly conserved regions including the replication region,
which we characterized functionally. These plasmids encode adhe-
sion-related proteins ScARPs and the hydrophilic protein P32,
which have been tentatively associated with insect transmission.
When experimentally injected into insects, all S. ci¢ri strains multi-
ply in the hemolymph. However, while some strains (GII-3,
Alc254) are readily transmitted to host plants by the infected in-
sects, others (R8A2, 44) are not. Interestingly, non insect-transmis-
sible strains do not express these proteins and even do not carry
pScil-6. To further study the role of plasmid-encoded proteins in
insect-transmissibility, S. czt77 strains GII-3 and 44 with modified
plasmid contents were constructed and assessed for their ability to
be transmitted by the leathopper vector. Plasmids from GII-3 (as
well as mutated/deleted derivatives) were introduced into the
non-transmissible strain 44. Also, based on the incompatibility of
their replication regions, plasmids of GII-3 were replaced by their
mutated/deleted derivatives. Experimental transmission of the
whole set of transformants should provide new insights into the
role of plasmid-encoded determinants in the biology of S. citri.
First data proved pSci6 to be essential for transmission.

PHYTOPLASMA-INSECT VECTOR INTERACTIONS AND
SPECIFICITY. D. Bosco and C. Marzachi. Di.Va.PR. A Ento-
mologia e Zoologia applicate all’ Ambiente, Universita di Torino,
Via L. da Vinci 44, 10095 Grugliasco (TO), Italy. Email: domenico.
bosco@unito.it

Phytoplasmas are transmitted by leaf-, plant-hoppers and psyl-
lids in a persistent manner. Following acquisition from the infected
source plant, there is a latent period before the vector can trans-
mit. During this time phytoplasmas multiply in different insect tis-
sues. The multiplication in the vector points to highly evolved in-
terrelationships and explains the high level of specificity of trans-
mission. An insect unable to sustain multiplication of a phytoplas-
ma will not serve as a vector. The generally accepted model pro-
poses the passage of ingested phytoplasmas into the midgut lu-
men, adhesion to midgut epithelium cells, passage between or
through midgut cells, subsequent invasion of haemolymph with
transport to different organs and tissues, including salivary glands,
and finally excretion with saliva during feeding. Several factors are
involved in acquisition and transmission specificity, among these
the most important are feeding behaviour (phytoplasmas are

phloem-limited and are transmitted by phloem feeders), host-plant
(monophagous vs polyphagous vectors), and genetics of both the
vector and the phytoplasma. Phytoplasma membrane proteins are
in direct contact with insect cell membranes and are involved in
mediating specific interactions with the vector. Insect proteins in-
teract with phytoplasma membrane proteins possibly as receptors
and transporters. Different phytoplasmas can also infect the same
vector and compete for insect transmission. Vector specificity can
be investigated, besides transmission from plant to plant, by mi-
croinjection and artificial feeding experiments. The spread of phy-
toplasmas results from a complex picture, involving ecological, be-
havioural and molecular factors that control interactions between
phytoplasmas and their hosts.

PHYTOPLASMA FUNCTIONAL GENOMICS AND HOST-PAR-
ASITE INTERACTIONS. S. Namba. Department of Agricultural
and Environmental Biology, Graduate School of Agricultural and
Life Sciences, The University of Tokyo, Japan. Email: anamba@
mail.ecc.u-tokyo.ac.jp

Phytoplasmas are transmitted from plant to plant by sap-feed-
ing insect vectors (leafhoppers), and infect more than 700 plant
species worldwide. We have examined several molecular findings
involved in both plant-phytoplasma interactions and insect—phy-
toplasma interactions. First, the complete phytoplasma genome
sequence suggested that the genome encodes very few metabolic
functions, implying that the consumption of metabolites by phy-
toplasmas in plants may cause disease symptoms (Oshima et al.,
2004, Nature Genet.). Second, the approximately 30-kb region,
including glycolytic genes, was tandemly duplicated in the
genome of a severe pathogenic phytoplasmas (Oshima er al.,
2007, Mol. Plant Pathol.). The presence of two glycolytic gene
clusters suggested that a higher consumption of the carbon
source may affect the growth rate of the phytoplasma and may al-
so directly or indirectly cause more severe symptoms. Third, posi-
tive selection was recognized on Amp, a phytoplasma surface
membrane protein (Kakizawa et al., 2006, J. Bacteriol.). This pos-
itive selection may reflect an interaction between the phytoplas-
ma and the host cytoplasm. Fourth, an affinity-column assay
showed that Amp formed a complex with insect microfilament
proteins. In addition, this interaction was correlated with the
phytoplasma-transmitting capability of leathoppers (Suzuki et al.,
2006, PNAS). Our results suggest that Amp has an important
function in the insect-phytoplasma interaction. The phytoplasma
genome encodes many membrane proteins whose functions are
still unknown; further analysis of these will provide valuable in-
sights into host-phytoplasma interactions.
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IN CELEBRATION OF 100 YEARS
OF THE AMERICAN PHYTOPATHOLOGICAL SOCIETY

STAGING A CENTENNIAL: MILESTONES IN THE DEVEL-
OPMENT OF THE AMERICAN PHYTOPATHOLOGICAL SO-
CIETY. P.D. Peterson and K.B.G. Scholthof. Department of En-
tomology, Soils, and Plant Sciences, Clemson University, Florence,
S.C. 29506-9706, USA. Email: ppeters@clemson.edu

As part of the growing specialization generally in the biologi-
cal sciences between 1880 and 1920, the creation of the American
Phytopathological Society (APS) in 1908 was a response to the
developing professionalism within the agricultural sciences in the
United States. Inspired and led by senior federal plant patholo-
gist C. L. Shear, the organization and early membership reflected
both the growing impact of plant disease losses and the expan-
sion of problem-solving research by the United States Depart-
ment of Agriculture, agricultural colleges and state agricultural
experiment stations. At the time of the first regular meeting in
1909, at Harvard Medical School, Boston, Massachusetts, 130
plant pathologists from the U.S. and Canada had become charter
members. Hosted by the American Association for the Advance-
ment of Science (AAAS) in both 1908 and 1909, APS then met
jointly with AAAS for its first 33 years before meeting alone or
with other specialized scientific societies. As the profession grew
in the 20th century, the Society reflected increased specialization
within university departments, government, and industry, while
membership increased to nearly 5000 scientists worldwide. An
examination of pivotal developments and influential scientists in
plant pathology during the last century provides a backdrop for
understanding the past, current, and future role of the APS.

THE GROWTH OF APS AS A PUBLISHER OF PLANT
PATHOLOGY LITERATURE. ].D. MacDonald. Department of
Plant Pathology, University of California, One Shields Ave., Davis,
CA 95616, USA. Email: jdmacdonald@ucdavis.edu

In February, 1911, shortly after its founding, the American
Phytopathological Society launched the journal Phytopathology,
which stood as the society’s primary publishing focus for approx-
imately 50 years. During the 1960s, APS joined in a partnership
with the American Association of Cereal Chemists which led the
two societies to share a professional operations staff and to open
a joint headquarters building in 1972. Both societies viewed pub-
lication of discipline-specific books as an important membership
need enabled by their shared editorial and business staff. Over
the following decade, APS published the first of its highly suc-
cessful compendium series and several books that emerged large-
ly as symposium proceedings. In 1980, APS took over Plant Dis-
ease Reporter from the USDA and re-launched it as Plant Disease.
The society founded APS Press in 1984 to bring cohesion and
strategic planning to its book publishing efforts and in the follow-
ing 24 years, the book publishing ventures of APS grew exponen-
tially. With the emergence of molecular plant pathology, APS col-
laborated in 1987 with the International Society for Molecular
Plant-Microbe Interactions to launch the journal Molecular Plant-
Microbe Interactions. Through the 1990s, APS gained experience
with electronic technologies and APS Press digitized its extensive
image collection to produce CDROM products. In 2000 APS
launched the all-electronic journals Plant Health Progress and
Plant Health Instructor, and led in founding the multi-society on-
line resource, Plant Management Network. Over the past 50
years, visionary leaders, talented staff and creative members have
done much to move APS into the information age.

THE AMERICAN PHYTOPATHOLOGICAL SOCIETY: PUB-
LIC SERVICE AND OUTREACH. ]. Fletcher. Department of En-
tomology & Plant Pathology, Oklahoma State University, Stillwa-
ter, OK 74078, USA. Email: jacqueline.fletcher@okstate.edu

From its War Emergency Boards formed during WW I and
WW II to address food security issues to recent white papers and
a congressional briefing on crop biosecurity, APS has sought to
serve and inform the public on national issues. APS also has a
history of outreach to the nation’s youth, as in a 1960s series in
the American Biology Teacher, judging at international science
fairs, and an annual exhibit at the Future Farmers of America
Convention. Public policy involvements initiated through coali-
tions include the National Academy of Sciences in the 1960s and
later, the Intersociety Consortium for Plant Protection in the
1980s, and the Council for Agricultural Science and Technology
and the Coalition on Funding Agricultural Research Missions
since the 1990s. The APS National Plant Pathology Board (now
Public Policy Board), begun in 1991, was charged to interact
with federal, private, and public advocacy groups; inform APS
members of national developments; and advise Society officers
on policy issues. The Office of Public Affairs and Education
(now Office of Public Relations and Outreach) was formed in
1995 to lead the Society’s diverse public outreach programs and
to interact with the media. The addition, in 2000, of Eversole As-
sociates as a professional “Washington presence” greatly in-
creased the visibility and leadership of APS on crop biosecurity,
USDA/EPA rules and policies, the sequencing of plant pathogen
genomes, sustainable agriculture, graduate education, culture col-
lections, and many other national issues critically important to
plant pathologists and the discipline of plant pathology.

APS LEADERSHIP AND PARTICIPATION IN INTERNA-
TIONAL AGRICULTURE. C.C. Mundt. Dept. of Botany & Plant
Pathology, Oregon State University, Corvallis, OR 97331-2902,
USA. Email: mundtc@science.oregonstate.edu

From its earliest days, the American Phytopathological Soci-
ety (APS) has indicated its intention to play a significant role in
international agriculture. Prominent members of APS played a
key role in establishment of programs that led to the “Green Rev-
olution”. Over the years, a large number of APS members have
been actively involved in international agricultural organizations
and in cooperative endeavors between U.S. and foreign institu-
tions. The International Cooperation Committee was among ten
Standing Committees formed during the first 50 years of the So-
ciety and provided leadership for the establishment of the
Caribbean Division in 1960. Increasing interest in international
activities resulted in establishment of the Office of International
Programs (OIP) in 1996. These international bodies of APS have
been involved in a diversity of projects, including library assis-
tance, programmatic activities at annual APS meetings, recom-
mending honorary awards, administering grant and travel funds,
and addressing policy issues. The most controversial policy issue
centered on the relationship of human population growth to
world hunger, and took nearly 20 years to resolve. International
membership has been the fastest growing sector of APS for many
years, and stood at 34% of total membership in 2006. Similarly,
submissions to APS journals have become increasingly interna-
tional. This international flavor also has brought challenges, how-
ever, and APS currently is working towards better representation
of its international members in committees, governance, and edi-
torial boards. APS is striving to build linkages with other plant
pathology societies, for example, through a recent collaboration
with the Chinese Society for Plant Pathology.
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CONTRIBUTIONS OF PLANT PATHOLOGY TO THE LIFE
SCIENCES IN THE PAST 100 YEARS. R.]. Cook. Department of
Plant Pathology, Washington State University, Pullman, WA
99164, USA. Email: ricook@uwsu.edu

Already at the turn of the 20t century, and as recently as the
1950s, the discussion was on whether plant pathology is a science
in it own right or applications from other fields of science. Yet
the crystallization by 1935 of TMV and the proof in 1936 that
TMV is a nucleoprotein preceded the first crystallization of an
animal virus by 20 years. Plant virology also produced the first
evidence that RNA (not just DNA) serves in heredity. No area of
the life sciences has been impacted scientifically more by plant
pathology over the past 100 years than mycology, including med-
ical mycology. Most lists of other seminal contributions from
plant pathology include density gradient centrifugation and SDS-
PAGE gel electrophoresis as tools of molecular biology; discov-
ery of viroids, MLOs, spiroplasmas, and fastidious vascular-limit-
ed phytopathogenic bacteria as agents of disease; the type III and
IV secretion systems in phytopathogenic bacteria; and RNA-si-
lencing in plants. Plant pathology has also broadened its scientific
leadership in plant-microbe interactions to include, in addition to
host-pathogen interactions, the beneficial mycorrhiza and plant
growth promoting rhizobacteria and plant-associated (food-
borne) human pathogens. Interestingly, Flor’s gene-for-gene mod-
el emerged from an applied program aimed at control of flax
rust, but helped spark the emergence of molecular plant biology
through molecular characterization of virulence, defense and in-
nate resistance, now on the forefront in the life sciences but still
to find practical application; whereas knowledge of the molecular
basis for crown gall emerged from curiosity-driven research but is
resulting in major practical applications.

KEYNOTE SESSION
RECENT DEVELOPMENTS IN DISEASE MANAGEMENT

BIOCONTROL FUNGI ACT AS PLANT SYMBIONTS AND
IMPROVE RESISTANCE TO BIOTIC AND ABIOTIC STRESS-
ES. M. Lorito. Department of Aroboriculture, Botany and Plant
Pathology, University of Naples, Portici (Naples), Italy. Email:
lorito@unina.it

Our current understanding is that the activity of a fungal bio-
control agent is not limited to the direct killing or inhibition of
the pathogen, but also involves extensive changes in the manner
in which plants and pathogens interact. By using Trichoderma
spp. as a model, we demonstrated that these saprophytic mi-
crobes establish a type of symbiotic relationship with the plant.
They stimulate root formation, and consequently plant growth
and crop vyield, in order to increase the area to colonize and the
quantity of exudates to use as nutrients. At the same time, effec-
tor proteins are released by the biocontrol agent within the plant
tissues and “sensed” by the plant cells, resulting in defence-relat-
ed reactions such as spikes in Ca?* uptake and PCD. This gener-
ates a pre-activation of the systemic resistance to pathogens and a
deep change in the plant “interactome” produced in response to
pathogen attack. The outcome of this complex beneficial effect is
that crops colonized by effective Trichoderma strains grow better,
are more resistant to both foliar and soil-borne diseases, and are
less susceptible to abiotic stresses such as lack of nutrients,
drought, etc. The knowledge gathered so far allows the develop-
ment of a new generation of bio-agents capable of protecting the
plant from various stresses and displaying both the fertilizer and
disease control effects.
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POSITIONAL CLONING AND CHARACTERIZATION OF A
MAJOR QTL IN MAIZE THAT CONFERS RESISTANCE TO
ANTHRACNOSE SHEATH BLIGHT. R. Broglie. DuPont Cen-
tral Research & Development, Wilmington, DE, 9880, USA.
Email: richard.m.broglie@cgr.dupont.com

Colletotrichum is a large genus of Ascomycete fungi that infect
a wide range of important crop and ornamental plants. Col-
letotrichum graminicola causes anthracnose stalk rot and anthrac-
nose leaf blight of maize. Depending on the severity of disease,
yield losses from anthracnose stalk rot can range from 2-10% or
higher if lodging occurs. Although much progress has been made
in understanding the signaling pathways leading to disease resist-
ance in model plants, less is known about the biochemical and
genetic basis of fungal pathogenicity in economically important
crops. This has hindered the development of alternative disease
control strategies for major row crops. To address this need, we
set out to understand the biochemical mechanisms involved in re-
sistance of tropical maize to Colletotrichum graminicola. This
work was conducted in collaboration with researchers at the Uni-
versity of Delaware. Resistance to anthracnose stalk rot in the
tropical maize line MP305 had been localized previously to a
QTL region on chromosome 4 by RFLP mapping. Fine-mapping
of this QTL from MP305 in near-isogenic maize lines has enabled
the map-based cloning of a novel LRR-containing R gene, termed
Regl. The role of Regl in conferring anthracnose stalk rot resist-
ance was confirmed by Mu-transposon knock-out strategies. A
survey of public maize germplasm showed that Regl is present
rarely; when present, it is found mainly in older open-pollinated
tropical material. This data indicates that Rcgl may have been
lost in the selection of elite genetics.

THE CHALLENGE OF CHEMICAL CONTROL OF PLANT
DISEASES. A.]. Leadbeater. Syngenta Crop Protection AG,
Schwarzwaldallee 215, CH-4058, Basel, Switzerland. Email:
andy.leadbeater@syngenta.com

Since the first fungicide, sulphur, was used to control powdery
mildew on grapes, production of most crops has become depend-
ent on the use of fungicides to avoid disease losses. In the late
1840s the Irish potato famine proved the necessity for chemical
intervention to prevent human and economic disaster. Recently it
has become increasingly difficult for growers to control crop dis-
eases. Genetic resistance of crops towards diseases has been in
many cases short-lived (for example cereal rusts), GMOs have
only limited success for disease control and acceptability. With
more intensive cropping, new diseases have arisen which are dev-
astating if not controlled, such as Asian Rust of soybean. In addi-
tion, new more aggressive pathotypes of diseases have arisen. All
these changes require the rapid development of chemical control
measures to prevent economic disaster, since reliance on genetic
resistance and cultural techniques have been insufficient. Inten-
sive use of chemical control measures has in turn led to it own
challenges, including fungicide resistance. The sustainable use of
fungicides to prolong their effectiveness and usefulness to grow-
ers is key, and the implementation of resistance management
strategies an essential part of this. Only if the long-term effective-
ness of fungicides can be ensured will industry invest the money
and resources required for their discovery and development, es-
pecially considering the high standards of today’s registration re-
quirements. The Fungicide Resistance Action Committee
(FRAC) and its network play a vital role in the design and sup-
port of these strategies.
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CONCEPTS IN CHEMICAL CONTROL

REGULATORY ASPECTS IN CHEMICAL CONTROL OF FUN-
GAL DISEASES: IMPACT ON EFFICIENT PLANT PROTEC-
TION. G.E _Backhaus. Federal Biological Research Centre for

Agriculture and Forestry, Messeweg 11/12, Braunschweig, Ger-
many. Email: g.fbackhaus@bba.de

Chemical plant protection measures against plant diseases
have a long history. In particular since the 19% century chemicals
containing copper, sulphur, or phenolic compounds have been
successfully used. From the middle of the 20™ century new
fungicides were invented which proved to be efficient against
dangerous pathogens like powdery and downy mildews or Phy-
tophthora infestans. However, very soon farmers demanded an
official approval, by special authorities, for those substances to
guarantee sufficient efficacy and no phytotoxicity. In Germany,
this was the main reason for the first obligatory testing of plant
protection products (PPPs), laid down in the plant protection
act of 1968. Nowadays PPPs are intensively tested in the frame
of the European evaluation of active substances and the national
registration procedures for efficacy, phytotoxicity and resistance
management and, in particular, for their impacts on human and
animal health, the ground water and the environment. In addi-
tion, many regulations have been set up for the use of registered
PPPs in the fields with special regards to application machinery,
user protection, and distances to water bodies, natural habitats
or human living areas. Current discussions in the European
Union suggest that such regulations may become even stricter in
the future, even though this might enhance harmonization be-
tween European countries. In contrast, other groups of experts
wish to extend the worldwide development of strict quarantine
regulations to prevent spread and establishment of dangerous
pathogens including treatments with PPPs. The manifold impact
of those regulations on practical plant protection against fungal
diseases is discussed.

CONTRIBUTION OF GENOMICS IN REVEALING THE
MODE OF ACTION OF FUNGICIDES. R. Beffa, F. Schmitt, D.
Nennstiel, J.L. Zundel, P. Perret, A.L. Mauprivez, A. Lappar-
tient, V. Toquin, F. Villalba, T. Knobloch, V. Lempereur and
M.-H. Lebrun. BCS Biochemistry department and UMR5240
CNRS-UCB-INSA-BCS, Functional Genomics of Plant Pathogenic
Fungi, Bayer Cropscience, La Dargoire, Research center, 14-20 rue
P Baizet, 69263 Lyon Cedex 09, France. Email: roland.beffa@
bayercropscience.com

The expanding field of fungal genomics fuels the development
of genome wide functional tools and comparative analyses in
plant pathogenic fungi. As a consequence, transcriptomics, pro-
teomics and metabolomics studies coupled with high throughput
forward and reverse genetics are now available in a significant
number of fungal plant pathogens (e.g. Ustilago maydis, Magna-
porthe grisea, Fusarium graminearum, Botrytis cinerea). These
functional and their associated bioinformatics tools are essential
in accelerating the discovery of biochemical targets required to
develop novel fungicides. These tools also offer the possibility to
accelerate the identification of the biochemical mode of action of
novel fungicides. This knowledge is required to characterize and
follow efficiently the emergence of resistance. We will review the
available genomic tools in plant pathogenic fungi. Several case
studies will be discussed by comparing the information obtained
using classical biochemical approaches and adequate genomic
and bioinformatics tools. These studies have shown that the effi-
cient discovery of modes of action requires a multi-disciplinary

approach involving cellular biology, biochemistry, molecular ge-
netics and genomics.

GENOMICS-BASED DISCOVERY OF ANTIFUNGAL TAR-
GETS INVOLVED IN PATHOGENICITY ON PLANTS. M.-H.
Lebrun, K. Lambou, C. Ant, J. Collemare, M. Droux, O. Frelin, C.
Ribot, C. Barbisan, M.-]. Gagey, A. Lappartient, P. Perret, E Vil-
lalba, D. Nennstiel, E Schmitt, J.-L. Zundel, and R. Beffa.
UMR5240 CNRS-UCB-INSA-BCS, Functional Genomics of Plant
Pathogenic Fungi and BCS Biochemistry department, Bayer Crop-
science, La Dargoire, Research center, 14-20 rue P Baizet, 69263 Lyon
Cedex 09, France. Email: marc-henri.lebrun@bayercropscience.com

Genomics of plant pathogenic fungi is an expanding field (12
available and 6 ongoing genome sequences). This great resource
covers the main crop diseases and is boosting functional analyses.
Comparative genomics is also starting to unravel the evolutionary
trends shaping fungal genomes. First analyses suggest fungal
plant pathogens do not significantly differ from their related
saprophytes, except for the expansion of gene families involved
in secondary metabolism and signaling, as well as genes families
encoding secreted proteins. Some pathogenicity factors are con-
served in a wide range of fungi (Pmk1 MAP kinase), while others
are only involved in the infection process of few fungi (Hog MAP
kinase). This information is needed to identify conserved patho-
genicity factors as possible targets for novel fungicides. The
tetraspanin Pls1 was first identified in the rice blast fungus Mag-
naporthe as essential for appressorium mediated penetration.
Further studies showed that it is required for the penetration of
unrelated fungi (Colletotrichum, Botrytis). Plsl is a membrane
protein likely involved in the traffic of appressorial membrane/se-
creted proteins required for the formation of the penetration peg.
Identification of partners of Pls1 using yeast two hybrids allows
the development of high throughput screens (HTS) for this type
of target. The role of amino acid biosynthetic pathways in infec-
tion was evaluated using targeted auxotrophic mutants. Some
pathways are not essential for infection, while others do, in par-
ticular the methionine biosynthesis required for penetration and
colonization of the plant. Regulatory networks are also interesting
possible fungicide targets. The transcription factor (TF) Bip1 is
essential for the penetration of Magnaporthe into its host plant.
Identification of the promoters controlled by Bip1 allows the set-
ting of HTS for this type of target. Finally, the development of
novel cell wall inhibitors such as echinochandins pointed out the
role of the Slt2 MAP kinase pathway in the basal cellular resist-
ance to these fungicides. In conclusion, the recent expanding
field of fungal genomics is increasing our understanding of fungal
pathogenicity on plants and may lead to the discovery of novel
highly active and specific fungicides.

REDUCTION OF MYCOTOXINS THROUGH CHEMICAL
CONTROL. P. Nicholson and P. Jennings. John Innes Centre,
Norwich Research Park, Colney, Norwich NR4 7UH, UK. Email:
paul.nicholson@bbsrc.ac.uk

Fusarium head blight (FHB) of wheat and barley constitutes a
disease complex involving toxin-producing species (e.g. Fusarium
culmorum, and E graminearum) and non toxin-producing species
(e.g. Microdochium majus and M. nivale). The chief toxins pro-
duced are trichothecenes, of which deoxynivalenol (DON) and
nivalenol (NIV) are most commonly associated with FHB. Fungi-
cides tend to be differentially active against the toxin-producing
and non toxin-producing species that cause FHB. For example
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strobilurin chemistry, such as azoxystrobin, tends to exhibit high
activity against Microdochium species but only limited activity
against Fusarium species while the converse is observed for azoles
such as tebuconazole or metconazole. Effective control of FHB
through the application of fungicide is challenging, not least be-
cause the proportion of toxin-producing and non-producing
species differs markedly across locations and, critically, these fun-
gi are antagonistic to one-another. Where Fusarium and Mi-
crodochium species co-exist the application of azoxystrobin may
lead to increases in the toxin content of grain. Other factors af-
fecting fungicide efficacy include application rate, with control of
FHB decreasing with decreasing fungicide dose, and the time of
application with fungicides being at their most effective when ap-
plied during crop anthesis and within £2-3 days of inoculum ar-
riving at the ear; outside of this window fungicide efficacy drops
off dramatically. The new azole fungicide prothioconazole ex-
hibits very high activity against Fusarium spp. while possessing
moderate efficacy against Microdochium spp. The potency of this
compound provides greater flexibility to the grower, not only due
to the wider range of species it is active against, but also because
it is effective over a wider application window. However, even
with the introduction of this new azole chemistry, where disease
pressure is high and the resistance of crop varieties is low it re-
mains challenging to limit DON accumulation to below EU per-
mitted levels. An integrated approach involving improved vari-
eties and agronomic practices combined with precision applica-
tion of potent antifungal compounds is required to eliminate the
risk of mycotoxins entering the cereal food chain.

INDUCED RESISTANCE

RESISTANCE INDUCED BY RHIZOBACTERIAL VOLATILES.
C.-M. Ryu, H.-S. Yi, Y.-R. Ahn, H. Zhang, M.A. Farag, P.W. Paré,
and J.W. Kloepper. Systerzs Microbiology Research Center, KRIBB,
Daejeon, Republic of Korea. Email: cnryu@kribb.re.kr

Certain plant growth-promoting rhizobacteria (PGPR), in the
absence of physical contact with plants, stimulate plant growth
and elicit induced systemic resistance (ISR) via volatile organic
compound (VOC) emissions. Gas chromatographic analysis of
VOCs collected from the PGPR strains Bacillus subtilis strain
GBO03 and Bacillus amyloliguefaciens strain IN937a reveals consis-
tent patterns in VOC emissions in comparison with non-growth-
promoting strains such as E. colf DH5a. The two most abundant
compounds, 2,3-butanediol and 3-hydroxy-2-butanone, are con-
sistently emitted from GB03 and IN937a while these metabolites
are not released from DH5a. Of several Arabidopsis mutant lines
tested for regulatory control of ISR against Erwinia carotovora
subsp. carotovora, only the ethylene-insensitive line (ez#2) did not
exhibit an amelioration of disease symptoms when Arabidopsis
plants were pre-treated with GB03 volatiles. To assess potential
utilization of PGPR VOGCs for crop plants, volatile blends from
GBO03 and IN937a have been applied to pepper and tobacco
roots. Bacterial survival capacity of 2,3-butanediol null mutants
was significantly reduced in proximity with plant tissue. These re-
duced bacterial survival rates suggest that in addition to bacterial
VOC:s triggering plant growth and ISR in plants, such chemicals
provide protection for PGPR via chemical signaling within the
host plant. Our results suggest that 2,3-butanediol produced by
B. subtilis may serve dual functions: to elicit indirectly ISR in the
leaves and directly the production of plant antimicrobial com-
pounds in the roots, and to act as a protecting agent for bacterial
cells against the compounds.
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THE ROLE OF PRIMING IN INDUCED RESISTANCE. B.
Mauch-Mani. Unzversity of Neuchitel, Laboratory of Molecular
and Cellular Biology, Rue Emile-Argand 11, C.P. 158, CH-2009
Neuchatel, Switzerland. Email: brigitte.mauch@unine.ch

In plants, a primary infection of above-ground parts by necro-
tizing pathogens or the colonization of roots with certain benefi-
cial microbes can induce a unique physiological state called
“priming”. This primed state can also be reached through treat-
ment with various natural and synthetic compounds. Such
primed plants display more rapid and stronger (potentiated) acti-
vation of the numerous cellular defence responses that are in-
duced in response to an attack by pathogens or pests or exposure
to abiotic stress. Although the phenomenon has been known for
years, most progress in our understanding of priming has been
made only recently. Priming for tolerance to biotic and abiotic
stress operates via various metabolic pathways. Priming in plants
shows phenotypic similarity to potentiation phenomena seen in
the overall defence response of animals including man, suggesting
that the mode of action of priming and the resulting potentiation
of cellular defence responses, rather than the direct up-regulation
of defence signalling cascades, may be of great advantage for liv-
ing organisms. Consequently, plants in the primed state are effi-
ciently protected against stress without major trade-off effects on
commercially and ecologically important traits, such as growth
and seed set. Current knowledge of priming in various induced-
resistance phenomena in plants will be summarised.

SIGNALING DURING INDUCED SYSTEMIC RESISTANCE
IN ARABIDOPSIS. C.M.]. Pieterse, S. Van der Ent, M.H.A. Van
Hulten, L.C. Van Loon, M.]. Pozo, J.Ton and S.C.M. Van Wees.
Plant-Microbe Interactions, Utrecht University, Sorbonnelaan 16,

3584 CA Utrecht, The Netherlands. Email: C.M.].Pieterse@uu.nl

The alarm signal molecules salicylic acid (SA), jasmonic acid
(JA) and ethylene (ET) are major regulators of induced plant de-
fence. Their signalling pathways cross-communicate, providing
the plant with great potential to fine-tune its defence reaction.
Plants of which the roots have been colonized by specific strains
of non-pathogenic, fluorescent Pseudomonas spp. develop a
JA/ET-dependent form of protection that is called rhizobacteria-
induced systemic resistance (ISR). We identified a MYB-type
transcription factor gene, AtMYB72, whose expression is specifi-
cally up-regulated in the roots upon colonization by ISR-inducing
rhizobacteria. Mutant analysis revealed that AtMYB72 is an es-
sential part of local signalling events in the roots, which eventual-
ly lead to systemic expression of ISR in the leaves. Transcript pro-
filing of ISR-expressing Arabidopsis leaves revealed that the onset
of ISR is not associated with detectable changes in gene expres-
sion. However, upon pathogen attack, a large set of predominant-
ly JA/ET regulated genes showed potentiated expression. Evi-
dently, ISR-expressing plants are primed for augmented expres-
sion of pathogen-inducible genes, which might allow the plant to
react more effectively to a broad spectrum of pathogens. The
promoters of JA-responsive, ISR-primed genes appeared to be
significantly enriched in binding sites for the transcription factor
MYC2, suggesting an important role for this transcription factor
in priming. Priming is a cost-effective process that provides the
plant with enhanced capacity for rapid and effective activation of
cellular defence responses that are induced only after contact
with a pathogen, resulting in ecological fitness benefits when
plants are grown under pathogen pressure.
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ROLE OF REDOX STATE IN SYSTEMIC ACQUIRED RESIST-
ANCE. P.R. Fobert, H. Shearer, K. Hahn, L. Wang, A. Rochon, P.
Boyle and C. Després. Protein Research Group, National Research
Council Plant Biotechnology Institute, 110 Gymnasium Place, Saska-
toon SK, STN OW9, Canada. Email: Pierre. Fobert@nrc-cnrc.ge.ca

In Arabidopsis, defense responses against biotrophic
pathogens, including systemic acquired resistance (SAR), require
the phenolic metabolite salicylic acid (SA) and the non-expres-
sion of the pathogenesis gene NPR1. Exogenous application of
SA increases the ratio of reduced to oxidized glutathione, the ma-
jor cellular redox buffer. SA treatment also triggers monomeriza-
tion and nuclear localization of NPR1, presumably via reduction
of conserved cysteine residues. Nuclear localization of NPR1 is
required for its interaction with TGA transcription factors and
the activation of PR genes. Our recent findings indicate that
NPR1 and TGA2 form an SA-dependent enhanceosome able to
activate PR-1. This enhanceosome requires the oxidation of
NPR1 Cys-521 and Cys-529 as well as the core of the NPR1
BTB/POZ domain. With respect to redox control of TGA fac-
tors, we previously reported that NPR1 preferentially interacts
with the reduced form of TGA1l clade transcription factors,
which predominate following SA treatment. To ascertain the con-
tribution of this clade of TGA factors to defense responses, we
have now isolated T-DNA insertion mutants and shown that they
are compromised in resistance to the bacterial pathogen
Pseudomonas syringae. The mutants display altered levels of phy-
tohormones and patterns of PR gene expression. Using yeast two-
hybrid screens, we have also identified an interaction between
TGA factors and a novel class of glutaredoxin-like proteins.
These proteins co-localize with TGA2 in plants and are encoded
by genes that are responsive to both SA and pathogens.

MYCOTOXINS

ECOPHYSIOLOGY OF MYCOTOXIGENIC FUNGI: UNDER-
STANDING FUNCTION FOR BETTER CONTROL. N. Magan
and R. Geisen. Applied Mycology Group, Cranfield Health, Cran-
field University, Bedford, MK43 0AL, UK. Email: n.magan@cran-
freld.ac.uk

The production of mycotoxins such as trichothecenes, aflatox-
ins, ochratoxins are predominantly dependent on nutritional ma-
trices, and interacting environmental factors such as temperature,
pH and water availability. Ecophysiological studies have deter-
mined the profiles for germination, growth and mycotoxin pro-
duction to enable predictive modelling approaches to be devel-
oped. Often under environmental stress, growth is unrelated to
levels of mycotoxin production. Sometimes growth inhibition oc-
curs while significant toxin production occurs, especially under
fluctuating environmental conditions. The relationship between
such abiotic factors, growth and the triggering of toxin gene clus-
ter expression need to be related to phenotypic toxin production.
We have thus examined the impact of interacting environmental
factors on trichothecene, aflatoxin and ochratoxin biosynthetic
genes and clusters using toxin gene microarrays and quantitative
PCR and correlated expression with phenotypic mycotoxin ex-
pression. The efficacy of interacting abiotic stresses on gene clus-
ters (e.g. tri genes; F. culmorum, F. graminearum) were elevated
and paralleled high phenotypic expression of DON and vice ver-
sa. This now provides tools for targeted approaches to evaluate
and test control systems directly on these toxin gene clusters un-
der simulated environmental regimes. Recent studies with ozapks
gene expression for P. verrucosum demonstrated that sub-optimal
preservatives, especially under water stress conditions, lead to

significant stimulation of expression and phenotypic ochratoxin
production. These targeted arrays will enable a better under-
standing of the influence of interacting abiotic and plant factors
on regulation of important toxin gene clusters and be an excel-
lent tool for examining novel chemical and non-chemical control
strategies for prevention of mycotoxins entering the food chain.

GENOMICS, GENE EXPRESSION, AND THE CONTROL OF
AFLATOXIN CONTAMINATION. G.A. Payne, A.L. Dolezal,
D.M. Nielsen and C.P. Woloshuk. Department of Plant Patholo-
2y, North Carolina State University, Raleigh, NC 27695-7567,
USA. Email: gary_payne@ncsu.edu

Contamination of maize with the carcinogen aflatoxin remains
a worldwide problem. Effective control strategies are lacking,
leading to serious health concerns and economic losses. An avail-
able genome sequence and Affymetrix GeneChip microarrays for
Aspergillus flavus provide new resources to better understand the
regulation of aflatoxin biosynthesis and the interaction of the fun-
gus with its host. The Affymetrix GeneChip microarray contains
elements representing both the predicted genes in A. flavus and
8,000 genes expressed in maize seeds. Transcriptional analysis of
developing seeds infected with A. flavus in the field revealed a
suite of plant and fungal genes uniquely expressed in the host-
parasite interaction. The differentially expressed fungal genes
were not expressed under several cultural conditions, and the
host genes were not expressed in wounded but non-inoculated
kernels. Some of the differentially expressed fungal genes showed
similarity to pathogenicity factors previously described for other
pathogens. Among the differentially expressed genes in the host
were well-characterized genes expressed in response to foliar
pathogens. These data support a hypothesis that A. flavus and
maize seeds perceive one another, and that maize seeds respond
to infection by the opportunistic pathogen A. flavus similarly to
how they respond to more aggressive plant pathogens. A better
understanding of the interaction between A. flavus and its host
will aid in the development of resistant germplasm.

CONTRIBUTION OF ERGOT ALKALOIDS TO SUCCESS OF
A FUNGAL ENDOPHYTE-GRASS SYMBIOSIS. D.G. Panac-
cione, C.L. Schardl and D.A. Potter. West Virginia University,
Morgantown, WV 26506-6108, USA. Email: danpan@uwvu.edu

Fungi that produce ergot alkaloids often accumulate them in a
complex profile that includes large quantities of certain pathway
intermediates and spur products in addition to the pathway end
product. Inefficiency in the pathway leading to accumulation of
multiple ergot alkaloids may be maintained because the multiple
products account for multiple benefits for the producing organ-
ism. Neotyphodium sp. Lpl, an endophyte of perennial ryegrass
(Lolium perenne), accamulates high concentrations of the ergot
alkaloid pathway intermediate chanoclavine and the spur product
6,7-secolysergine (both of the clavine class of ergot alkaloids), as
well as ergine (from a spur in the later portion of the pathway),
during its biosynthesis of the ultimate pathway product ergova-
line. Perennial ryegrass infected with a strain in which the first
pathway gene (dmaW) was knocked out accumulated absolutely
no ergot alkaloids; strains in which a gene (/psA) controlling a lat-
er step was knocked out accumulated the clavines chanoclavine
and 6,7-secolysergine but not ergine or ergovaline. Comparison
of grasses containing the mutant endophytes to uninfected grass-
es or those containing wild-type Neotyphodium sp. Lpl showed
that the clavines deterred feeding by rabbits (Oryctolagus cunicu-
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lus) but were not effective against black cutworm (Agrotis ip-
szlon). Conversely, later pathway products ergine and ergovaline
deterred feeding and decreased weight gain and survival of black
cutworm. The data suggest that different ergot alkaloids in the
complex profile produced by Neotyphodium sp. Lpl contribute
to different bioprotective abilities conferred by this endophyte to
its host grass.

BIOLOGICAL AND CHEMICAL COMPLEXITY OF FUSARI-
UM PROLIFERATUM. A.E. Desjardins, R.H. Proctor and M.
Busman. National Center for Agricultural Utilization Research,
United States Department of Agriculture, 1815 N. University St.,
Peoria, Illinois, 61604, USA. Email: anne.desjardins@ars.usda.gov

The heterothallic ascomycete Fusarium proliferatum (teleo-
morph Gibberella intermedia) is a genetically diverse biological
and phylogenetic species with a worldwide distribution and an
unusually broad host range. E proliferatun: is a frequent compo-
nent of the Fusarium ear rot complexes of maize and wheat, and
also causes diseases of plants as diverse as asparagus, garlic, reed,
rice, and various palm species. F. proliferatum produces a strik-
ingly wide range of mycotoxins and other biologically active
metabolites, including fusaric acid, moniliformin, terpenoids
(fusaproliferin), cyclic peptides (beauvericin and enniatins), and
polyketides (bikaverin, fumonisins, fusarins). In addition to
polyketide synthase (PKS) genes for these three metabolites, F.
proliferatum contains a PKS for perithecial pigment, and at least
seven additional PKS genes of unknown function. We have be-
gun production of PKS gene-deletion mutants of F. proliferatum,
starting with FUM1, the PKS gene required for the biosynthesis
of carcinogenic fumonisin mycotoxins. Our objective is to deter-
mine the functions of fumonisins and other fungal metabolites in
development and plant pathogenicity of E proliferatun:.

INNOVATIVE DISEASE CONTROL STRATEGIES

NEW METHODS FOR THE MANAGEMENT OF PLANT
PARASITIC NEMATODES. R.A. Sikora. INRES-Phytomedizin,
Soil Ecosystem Phytopathology and Nematology, University of
Bonn, Nussallee 9, D-53115 Bonn, Germany. Email: rsikora@uni-
bonn.de

Integrated management of plant-parasitic nematodes is under-
going major and in some cases uncontrollable changes. Rotations
used for nematode management are being altered drastically by
the increasing need for food, feed, fibre and more recently bio-
fuel. Demand and high commodity prices are affecting crop se-
lection which then dramatically changes the structure of tradi-
tional cropping systems. These alterations are often made without
considering their impact on pest control. The influence of agri-
culture on climate will also affect how crops are managed in the
future. These factors will require a new IPM mind-set with re-
gard to combating damage caused by nematodes. For example,
shorter and near-monoculture rotations will require new sources
of resistance. The few genes available, coupled with near-mono-
culture rotations will promote pathotype selection and compli-
cate management. However, the results from functional ge-
nomics, and development of genetically modified crops with nov-
el genes for nematode resistance could lead to a reduction in
nematode damage on some crops. New seed treatment technolo-
gies and new nematicides could be important in reducing early
root infection in the pathozone with simultaneous reduction in
environmental impact. Biological enhancement of planting mate-
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rial with biocontrol agents will also improve protection of the
root system. Advances in remote sensing and site-specific treat-
ment will be needed to reduce treatment cost. These technologies
will be discussed and their advantages and disadvantages for
nematode management outlined.

QUORUM-SENSING AS A TARGET FOR NOVEL BIOCON-
TROL STRATEGIES DIRECTED AT PECTOBACTERIUM. Y.
Dessaux, A. Cirou, S. Uroz, X. Latour and D. Faure. Institut des
Sciences du Végétal, CNRS, 91198 Gif-sur-Yvette, France. Email:
dessaux@isv.cnrs-gif fr

In bacteria, quorum-sensing (QS) permits a synchronous and
cell density-dependant expression of target genes. In the plant
pathogen Pectobacterium, production of maceration enzymes and
the toxic peptide harpin are under QS control, with N-acyl-ho-
moserine lactones (AHLs) as essential signals. However, several
organisms have evolved the ability to inactivate AHLs by produc-
ing degradative enzymes (AHLases). We and others have identi-
fied numerous bacteria with AHLase activity. Amongst these,
Rhodococcus erythropolis strain W2 showed very strong AHLase
activity due to the production of an AHL lactonase, an amidohy-
drolase and an oxido-reductase (Uroz et al., 2003; 2005). Recent-
ly, we have characterized the lactonase genetic determinant that
codes for a phosphotriesterase-like enzyme, unrelated to known
AHL lactonase. Strain W2 actively reduces or suppresses the vir-
ulence of Pectobacterium carotovorum in potato tuber assays
demonstrating the value of this quorum-quenching strategy. Fur-
ther experiments were undertaken to promote the bacterial com-
munity naturally degrading AHL in a plant environment (Cirou
et al., Env. Microbiol., in press). Based on their structural related-
ness with AHL, biochemicals were assayed for their possible role
in favoring the growth of this functional community. One com-
pound was identified that indeed promoted the AHL degradative
potential of the rhizobacterial community, via the selection of
AHL-degrading bacteria. Preliminary experiments using a potato
tuber assay showed that the community selected by this com-
pound actively protected the plant from Pectobacterium-induced
disease, opening a path for novel biocontrol approaches.

INNOVATIVE FUNGICIDES AND INNOVATION IN THEIR
USE. H.-W. Dehne. Institute of Crop Science and Resource Con-
servation, Nussallee 9, D-53115 Bonn, Germany. Email: buw-
debne@uni-bonn.de

Fungicides are an important tool in plant production — espe-
cially to ensure the quality of food and feed at high yields. The
development of fungicide resistance within pathogen populations
and changes in the incidence of particular plant pathogens as well
as changes in pathogen populations stimulate efforts to create
new antifungal compounds with new modes of action. Most new
compounds within a particular group of fungicides show higher
biological efficacy as well as a different or broader spectrum of
activity. Recently, fungicides with new modes of action have been
identified. Their development has led to improved potential for
plant disease control. Innovations in the use of fungicides are
provided by more efficient formulations of active compounds
and new additives. Furthermore the application of innovative
tools for diagnosis of plant pathogens improves the decision
process for use of the most efficient fungicide or fungicide com-
bination. Methods for forecasting disease development and the
influence of disease progress on yield can lead to more accurate
timing of fungicide application, and this leads to more efficient
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disease control. Innovative application techniques range from air-
assisted spraying equipment to point-application. They lead to in-
creased efficacy of fungicide use with simultaneously reduced en-
vironmental side effects.

MICROBIAL COMMUNITY MANAGEMENT TO CONTROL
SOILBORNE PLANT DISEASES. L. Kinkel. Department of
Plant Pathology, 495 Borlaug Hall, University of Minnesota, Saint
Paul, MN, USA. Email: kinkel@umn.edu

Soils support a diverse microflora, including plant pathogens,
symbionts, saprophytes, and pathogen antagonists. However, we
have limited understanding of the ecological and evolutionary dy-
namics of these distinct functional groups in soil. Among these,
antibiotic-producing bacterial antagonists have been used widely
in the biological control of plant pathogens. In Minnesota, a nat-
urally-occurring disease suppressive soil supported Streptomzyces
communities having significantly greater densities, inhibitory ac-
tivities, and a greater diversity of antibiotic phenotypes than com-
munities in an adjacent disease-conducive soil. We hypothesized
that density- and frequency- dependent selection are important to
generating and maintaining a high intensity and diversity of in-
hibitory activities within the suppressive soil. Extensive sampling
in native prairie soils provides support for the hypotheses of fre-
quency and density-dependent selection, and specifically that lo-
cal coevolutionary interactions are important to pathogen in-
hibitory activity in soil. In further research, we have explored the
potential for green manures to impose density-and frequency-de-
pendent selection on the soil microbial community and enhance
pathogen suppressive activity. Specifically, we have shown that
green manures can enhance the frequency and intensity of antibi-
otic inhibitory activities within soilborne Streptonzyces communi-
ties, and can reduce the intensity of plant diseases on multiple
host crops. More broadly, our results suggest that long-term man-
agement strategies for soilborne plant pathogens should incorpo-
rate active efforts to maintain high densities of indigenous soil
microbes in agricultural soils, and that regular integration of
green manures into cropping systems may be beneficial to the de-
velopment of effective and sustainable disease control.

PRECISION AGRICULTURE AND PLANT PATHOLOGY

PROSPECTS FOR PRECISION AGRICULTURE TO MANAGE
AERIALLY DISPERSED PATHOGENS IN A PATCHY LAND-
SCAPE. D.E. Aylor and EJ. Ferrandino. The Connecticut Agricul-
tural Experiment Station, Dept. of Plant Pathology and Ecology,
PO. Box 1106, New Haven, CT 06504, USA. Email: Donald.
Aylor@po.state.ct.us

Precision application of disease control measures for an aerially
dispersed pathogen depends on the spatial scale and temporal dy-
namics of pathogen spread and host development. These dynamics
can be expressed in terms of basic biological and physical proper-
ties, viz., latent period, infectious period, basic infection rate, dis-
persal distance and survival time scales, host phenology, and the
level of acceptable risk. A mean waiting time for new infections to
appear on discrete patches of host plants a certain distance from a
focus of disease is defined in terms of these basic parameters. We
illustrate how this waiting time can be used to help establish guide-
lines for minimizing application of fungicides, while maintaining
acceptable yield. We examine the following questions: 1) Once dis-
ease or the pathogen is detected locally, can a safety zone around a
focus be protected without spraying the whole field? 2) When can
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small fields separated by a given distance be treated as separate
management units? 3) For hosts distributed on the regional or
landscape scale, can we define waiting times that allow us to forgo
or delay control measures in a neighboring region? These ideas will
be illustrated using apple scab, potato late blight, tobacco blue
mold, and stem rust of wheat as examples.

MODELLING PLANT DISEASE EPIDEMICS FOR CROP
PROTECTION. V. Rossi. Iustitute of Entomology and Plant
Pathology, “Sacro Cuore” Catholic University, Via Emilia Parmense
84, 29100 Piacenza, Italy. Email: vittorio.rossi@unicatt.it

Initially plant disease models were developed as simple rules,
graphs, or tables, and later as descriptive tools. Advances in envi-
ronmental monitoring, automatic data processing, and botanical
epidemiology enabled the development of a new class of mecha-
nistic dynamic models, which are more accurate and robust. They
explain mathematically the relations within a pathosystem (includ-
ing both pathogens and host plants) by means of linked differen-
tial equations, and describe the way in which the system changes
over time and space as an effect of external variables. Thus, the
equation parameters do not have fixed values but vary according
to the influencing weather conditions. These models require input
data, particularly meteorological data, to be collected over time
and space. Scales of time and space for inputs may differ accord-
ing to the application of the model: from warning services, which
use models to produce crop protection information at the collec-
tive level on a territorial scale, to precision agriculture which uses
models at a within-plot scale. While the use of mechanistic dy-
namic models in warning services for crop protection is well es-
tablished, their use in precision agriculture has yet to be devel-
oped. These models could be used to draw dynamic maps of cur-
rent and future spatial distribution of both visible and latent infec-
tions within a plot, so that timing, active ingredients and rates of
fungicides may be defined accordingly. The main challenge that
needs to be overcome before this can be accomplished is the lack
of meteorological inputs at the within-plot level.

DETECTION AND MONITORING OF AIRBORNE
PATHOGENS BY OPTICAL REFLECTANCE AND AIR SAM-
PLING. I.S. West, S.L. Rogers, S.D. Atkins and B.D.L. Fitt.
Rothamsted Research, Harpenden, AL5 2]Q, UK. Email: jon.west@
bbsrc.ac.uk

To detect and monitor progress of airborne pathogens it is
possible to assess disease symptoms or to detect airborne inocu-
lum before infection occurs. Numerous optical techniques have
been used to detect early disease symptoms. Chlorophyll fluores-
cence often changes before visible symptom expression but is dif-
ficult to measure in crops and provides only a warning of immi-
nent disease without identifying the causal agent. Changes in the
canopy spectral signature vary with host-pathosystem but gener-
ally a reduction in the ratio of green to far-red light reflected
from the canopy indicates chlorophyll reduction associated with
disease development. Imaging rather than spectrographic tech-
niques are usually needed to distinguish chlorophyll reductions
caused by discrete leaf lesions from overall reductions caused by
nutrient deficiency. In practice, it is often necessary to apply
fungicides to entire fields by the time visible foci of diseases such
as stripe rust are observed. Monitoring inoculum in air can pro-
vide an earlier warning of potential disease. Immunological or
molecular diagnostic techniques applied to air samples have im-
proved accuracy and quality of information gained, compared to
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identifying and counting spores by microscopy. Spore numbers
can be estimated directly from the amount of pathogen DNA de-
tected by quantitative PCR and additional genotypic information,
such as presence of genes conferring fungicide resistance, can be
obtained. Recent research suggests that integration of spore trap-
ping with quantitative PCR has great potential for forecasting dis-
eases of arable crops and for monitoring changes in populations
such as development of fungicide resistance.

APPLICATION OF REMOTE SENSING TECHNOLOGIES
FOR STUDY OF WHEAT STREAK MOSAIC VIRUS. C.M.
Rush, FE. Workneh, J. Price, D. Jones and S.R. Evett. TAES 2301
Experiment Station Road, Bushland, TX 79012, USA. Email:
cm-rush@tamu.edu

A variety of remote sensing technologies have been developed
and several have been used extensively to study plant diseases.
However, no instrument or technology is suitable for all situa-
tions and care must be taken to ensure that a specific technology
is capable of acquiring the type of data needed for a particular
study. In preliminary research, a handheld hyperspectral ra-
diometer was used to differentiate nitrogen deficient wheat
(Triticum aestivum) from wheat infected by Wheat streak mosaic
virus (WSMV). Results were often ambiguous and unreliable.
Later, Landsat 5 images were acquired from January - May for
one county in the Texas Panhandle. The first image was acquired
in January 2006 to identify dormant wheat fields. Normalized dif-
ference vegetative index (NDVI) was calculated using ENVT soft-
ware to identify wheat fields and create a mask on subsequent im-
agery. For ground truth data, fields with wheat streak mosaic
(WSM) were identified and rated for severity. Data were used as
the basis for classification within the mask of the image. Initially,
56,168 ha of wheat were detected by Landsat imagery and of
those 17,893 ha were later classified as severely infected with WS-
MV. Furthermore, 95% of the known ground truth points ex-
hibiting severe WSM were classified correctly. In additional stud-
ies, a handheld hyperspectral radiometer was used to quantify
severity of WSM. Correlation coefficients for reflectance at 550
nm X disease rating averaged 0.83 and were highly significant. Re-
mote sensing technologies will be useful in developing automated
site-specific irrigation systems for wheat.

DISEASES OF SOILLESS CROPS

THE STATUS OF BIOLOGICAL CONTROL OF PLANT DIS-
EASES IN SOILLESS CULTIVATION. J.M. Whipps and J. Post-
ma. Warwick HRI, University of Warwick, Wellesbourne, War-
wick, CV35 9EE UK Email: john.whipps@uarwick.ac.uk

Avoidance of plant diseases has been a major driver for the
development of soilless cultivation systems. Nevertheless, dis-
eases still occur in these systems and the need for additional con-
trol measures exists. Traditionally, control has relied on the use of
chemical fungicides but environmental pressure to reduce chemi-
cal usage in the environment, and fewer active ingredients regis-
tered for use, has stimulated the development of biological meth-
ods of disease control. One approach has been to utilise micro-
bial inoculants as straight replacements for chemical pesticides,
and some commercial products are now available. Another ap-
proach has been to utilise slow sand filters (SSFs) to remove
pathogens such as Pythium and Phytophthora species, and these
SSFs depend upon the development of an active microbiota. In-
terestingly, in some cases, the use of growing systems that recircu-

late nutrient solution to save on water and waste have also exhib-
ited disease suppression and this effect appears to depend, at
least in part, upon the development of an active microbiota. Re-
cent microbial population studies examining both culturable and
non-culturable bacteria and fungi from SSFs and recirculating
systems have begun to reveal the microorganisms associated with
the development of pathogen suppression. Although some specif-
ic antagonists such as Lysobacter sp. with potential for use as mi-
crobial inoculants in these systems have been identified, it seems
that in some cases, the development of suppression depends up-
on the establishment of an active, non-specific microbiota.

CHALLENGES, OPPORTUNITIES AND OBLIGATIONS IN BI-
OLOGY AND MANAGEMENT OF PLANT PATHOGENS IN
IRRIGATION WATER. C.X. Hong and G.W. Moorman. Virginia
Polytechnic Institute and State University, 1444 Diamond Springs
Road, Virginia Beach, Virginia, USA. Email: chhong2@ut.edu

Plant pathogens in irrigation water were recognized early in
the last century as a significant crop health issue. This issue has
increased greatly in scope and degree of impact since that time
and it continues to be a challenge as horticulture and agriculture
increasingly depend on recycled water for irrigation. The present
paper examines this issue in light of global agricultural water se-
curity, and reviews current knowledge of plant pathogens in irri-
gation systems and water treatments. Major challenges, opportu-
nities and obligations in biology and management of waterborne
pathogens and resultant diseases will be highlighted. The interna-
tional community of plant pathologists is called to intensify re-
search and collaborate with hydrologists, agricultural engineers,
ecologists, geneticists, economists, statisticians and farmers to at-
tack this complex issue of growing worldwide significance.

TRANSMISSION OF VIRUSES IN SOILLESS CULTIVATION
SYSTEMS. C. Biittner, M. Bandte, H.J. Echevarria Laza, U.
Paschek, C. Ulrichs, D. Schwarz and W. Pestemer. Huzboldt-Uni-
versitit zu Berlin, Department Phytomedicine, Lentzeallee 55/57, D-
14195 Berlin, Germany. Email: carmen.buettner@agrar.hu-berlin.de

It has been shown that plant pathogenic viruses are widely
spread in the environment and occur in soil and bodies of water
like ditches, rivers, streams, lakes, sea water and even glacier ice.
Plant viruses detected in water share certain features as they are
stable, except a few samples like Cucumber mosaic virus (CMV)
and Tomato spotted wilt virus (TSWV), possess wide host ranges,
and occur in high concentration in plant tissue. All of them can
infect plants through their roots. It has been demonstrated for a
number of viruses that they can be released from undisturbed
roots, and obviously from micro-wounded cells into the soil and
water. Infected plants growing in the vicinity of water may thus
likewise be a source of plant viruses in rivers and lakes. Dump
material from vegetables and ornamentals as well as composts
have to be considered as sources of viruses in surface waters.
Plants will be repeatedly inoculated with viruses contaminating
the water, independent of whether the initial source of water har-
bours viruses or viruses have entered the water along its course.
Hence the use of hydroponic systems with recirculating nutrient
solutions may facilitate virus transmission. Experiments on the
transmission of many different viruses demonstrate the infection
of plants through roots in recirculating irrigation systems within 1
to 3 months. Therefore the risk of dissemination of plant virus
diseases often resulting in crop losses has to be evaluated before
the assignment of recirculating or reused water.
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METHODS FOR DETECTION AND QUANTIFICATION OF
PLANT PATHOGENS IN RECYCLED IRRIGATION WATER.
C.A. Lévesque. Agriculture and Agri-Food Canada, Central Exper-
imental Farm, 960 Carling Ave., Ottawa, ON, K2A 2P8, Canada.
Email: levesqueca@agr.gc.ca

The microbial ecology of the rhizosphere and growth sub-
strate suffers from “black box” syndrome despite being a very
important factor in root and plant health. The so-called unex-
plained inconsistencies between treatments applied in different
locations after all physical and chemical parameters are measures
and considered equal are often attributed to unknown microbial
differences in the growth substrate. While molecular biology is
providing new tools to study microbial populations, the vast di-
versity in natural soils slows illumination of the box. In natural
soils, the clumped distribution of many pathogens becomes a ma-
jor challenge for detection and quantification because DNA is of-
ten extracted from relatively small, localized samples. Soilless
crops offer a good model for comprehensive microbial studies of
rhizosphere and growth substrate because the biological diversity
appears to be lower than in natural soil, and representative sam-
pling of the substrate can be easily achieved in recirculated sys-
tems. Biosensors that continuously sample and test water are the
holy grail of public health authorities responsible for drinking
water quality, and such devices will eventually become available
for modification and application in soilless crops. Different labo-
ratories are characterizing the microbiota in this rather unique
environment to better understand the microbe-microbe relation-
ships that lead to plant health or root disease. Such characteriza-
tion is essential for developing robust molecular detection tools
amenable to routine sampling and testing. Understanding the in-
teractions among microorganisms is essential to interpret the
complex molecular detection data.

HOST-PATHOGEN INTERACTIONS

STRATEGIES OF PLANT VIRUSES TO OVERCOME SILENC-
ING BASED ANTIVIRAL RESPONSE. ]. Burgyan. Agricultural
Biotechnology Center, Godollo, Szent-Gyérgyi Albert 4, Pest 2100
Hungary. Email: burgyan@abc.hu

Viruses are inducers, as well as targets of RNA silencing-based
antiviral defence. Replication intermediates or folded viral RNAs
activate RNA silencing, generating small interfering RNAs (siR-
NAs), which are the key players in the antiviral response. Viruses
are able to counteract RNA silencing by expressing silencing-sup-
pressor proteins. Many of the identified silencing-suppressor pro-
teins sequester siRNAs to prevent the assembly of the RNA-in-
duced silencing complex (RISC), which targets the correspon-
ding viral RNA. However, viruses also developed alternative
strategies to inhibit the antiviral plant response by targeting dif-
ferent component of silencing machinery. The molecular bases of
the silencing suppressor strategies and their effects on endoge-
nous silencing pathways will be also discussed.

ACTIVATION OF DEFENCES BY OLIGOGALACTUR-
ONIDES: HOW PLANTS SENSE AND RESPOND TO A
BREACH IN THE WALL. G. De Lorenzo. Dipartimento di Bi-
ologia Vegetale, Universita di Roma La Sapienza, 00185 Roma,
Italy. Email: giulia.delorenzo@uniromal .it

Upon tissue injury or pathogen infection, homogalacturonan
(HGA) in the cell wall is broken down into smaller fragments

(oligogalacturonides: OGs). OGs activate the plant innate im-
mune response, acting as endogenous elicitors and alerting the
plant cell of a breach in tissue integrity. OGs are therefore signals
derived from an altered-self (host-associated molecular patterns
or HAMPs) and microarray analysis shows that they induce re-
sponses largely overlapping those activated by PAMPs. In Ara-
bidopsis, OGs increase resistance to the necrotrophic fungus
Botrytis cinerea independently of jasmonate-, salicylic acid- and
ethylene-mediated signalling. OG formation may be favoured by
the interaction of fungal endopolygalacturonases with plant cell
wall leucine-rich-repeat proteins (PGIPs: Polygalacturonase-in-
hibiting proteins). PGIPs possess an OG-binding domain and
may take part in the perception of these oligosaccharides. Despite
their simple primary structure, OGs not only induce defences but
also have a wide range of effects on plant growth and develop-
ment. Their activity as regulators of growth and development is
related to their auxin antagonism. Similarly, OG-induced resist-
ance to fungal infection is antagonized by exogenous auxin. By
using both biochemical and genetic methods we are dissecting
the OG perception/transduction pathway to elucidate the molec-
ular basis of the OG/auxin antagonism and its significance in de-
fence and development.

GENOME-WIDE CATALOGS OF OOMYCETE EFFECTORS:
FROM STRUCTURE TO FUNCTION. S. Kamoun. The Sazns-
bury Laboratory, Colney Lane, Norwich, NR4 7UH, UK. Email:
sophien.kamoun@tsl.ac.uk

Eukaryotic plant pathogens, such as oomycetes and fungi, se-
crete an arsenal of effector proteins to modulate plant innate im-
munity and enable parasitic infection. Deciphering the biochemi-
cal activities of effectors to understand how pathogens successful-
ly colonize and reproduce on their host plants became a driving
paradigm in the field. This presentation will focus on effectors of
oomycetes such as Phytophthora infestans, arguably the most de-
structive pathogens of dicot plants. Tremendous progress has
been made recently in understanding the biology of comycete ef-
fectors. Two classes of effectors target distinct sites in the host
plant: apoplastic effectors are secreted into the plant extracellular
space, while cytoplasmic effectors are translocated inside the plant
cell, where they target different subcellular compartments. Of par-
ticular interest are the RXLR and Crinkler (CRN) cytoplasmic ef-
fectors that are characterized by conserved motifs following the
signal peptide. The RXLR domain is functionally interchangeable
with a malaria host targeting domain and appears to function in
delivery into host cells. The recent completion of five oomycete
genome sequences enabled genome-wide cataloguing of the effec-
tor secretome revealing hundreds of candidate effectors. Effectors
are frequently organized in clusters of paralogous genes, many of
which exhibit hallmarks of positive selection probably as a result
of a coevolutionary arms race with host factors. We also utilized
the discovered RXLR effectors in high-throughput 7 planta ex-
pression assays to screen for avirulence and virulence activities.
Understanding the perturbations caused by effectors is helping to
unravel mechanisms of pathogenicity and plant defense.

HIDDEN ASPECTS OF INNATE IMMUNITY OF ARABIDOP-
SIS TO BOTRYTIS CINEREA. ].P. Métraux. Department of Biol-
ogy, University of Fribourg, Ch. du Musée 10, CH-1700 Fribourg,
Switzerland. Email: jean-pierre.metraux@unifr.ch

Botrytis cinerea is a ubiquitous pre- and postharvest necrotroph-
ic pathogen with a broad host range that causes substantial crop
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losses. Germinating B. cinerea conidia penetrate through the cuticle
and epidermal walls leading to the death of invaded cells and to tis-
sue softening, rot or necrosis, depending on the invaded parts. The
cuticle and the cell wall are considered important potential barriers
for this fungus. Unexpectedly, we observed several situations where
this classical and intuitive notion turns out to be invalid. Firstly, a
powerful resistance was observed against B. cinerea in plants im-
paired in cuticle structure and permeability (abnormal cuticle-asso-
ciated resistance; ACR). They included plants overexpressing a
gene encoding a fungal cutinase as well as mutants with alterations
in various genes associated with synthesis of the cuticle. Secondly,
strong immunity was also obtained in plants when B. cinerea spores
were inoculated directly at wound sites (wound-induced resistance;
WIR). The absence of symptoms after B. cinerea inoculation in
ACR and WIR was associated with a strong decrease in hyphal
growth compared to wild-type plants. This implies the deployment
of active defence mechanisms in the plant. This talk will present an
overview of what we have learned on the molecular basis of ACR
and WIR with respect to early events, defence signalling and ex-
pression of genes involved in defence.

SOILBORNE PLANT DISEASE AND THEIR CONTROL

IPM FOR SOILBORNE DISEASE MANAGEMENT FOR VEG-
ETABLE AND STRAWBERRY CROPS IN SE USA. EJ. Louws.
Dept. Plant Pathology, North Carolina State University, P.O. Box
7616, Raleigh NC 27695, USA. Email: frank_louws@ncsu.edu

Implementation of methyl bromide (MB) alternatives in veg-
etable and strawberry production systems in NC and surround-
ing SE-States required a tiered approach. Tier I included the re-
search and development of new products, methods of application
or farming systems research on University research stations. Tier
IT engaged growers and other stakeholders in on-farm-research to
evaluate practical issues and solutions to ensure implementation
feasibility. Research efforts generated novel information on the
biology of parasitic and beneficial microbes and included the de-
velopment and implementation of chemical and non-chemical de-
pendent strategies. Sixty different taxa amongst 1300 fungi and
stramenopiles isolated from strawberry roots documented Pyzhi-
um irregulare and Rhizoctonia fragariae AG-A, AG-G predomi-
nated. Important and less prevalent pathogens included Pythium
HS and Group ‘F’, Phytophthora cactorum and a newly named
species Phytophthora bisheria Abad, Abad & Louws sp. nov. Eco-
nomic analysis (Sydorovych ez al., 2006, HortTech. 16:118-128)
based on 2-15 years of data demonstrated chloropicrin alone (un-
der low weed pressure conditions), Telone-C35 and metam sodi-
um generated 25- 1670 $US in higher returns/A than MB; all su-
perior to non-fumigated controls (-$6450). Technical issues re-
main. Compost-based farming systems combined with cover
crops generated marketable strawberry yields of 90-104% com-
pared to MB. Non-amended plot yields were 62-80%. Verticilli-
um wilt race-2, Fusarium wilt, and bacterial wilt (Ralstonia
solanacearum) were documented as major tomato pathogens. Fu-
migants with high chloropicrin content offered superior suppres-
sion of the fungi but only grafted plants provided effective bacte-
rial wilt management. Novel IPM-based information was translat-
ed into train-the-trainer programs for agents and other consult-
ants and extended to growers.

SUSTAINABLE APPROACHES FOR CONTROLLING SOIL-
BORNE PATHOGENS. C.T. Bull. USDA/ARS, 1636 E. Alisal
St., Salinas CA 93901, USA. Email: chull@pw.ars.usda.gov

Sustainable cropping systems for the purpose of this discus-
sion have three major imperatives: 1) environmental; 2) econom-
ic; and 3) social. Plant pathologists have traditionally been con-
cerned with promoting economic sustainability with little regard
for the other two imperatives. Thus, almost any approach taken
by plant pathologists to control disease has been touted as sus-
tainable if an economic edge is achieved regardless of environ-
mental and social outcomes. The limitations of our training dic-
tate that we must work in interdisciplinary teams to develop sus-
tainable cropping systems. In these teams, plant pathologists
bring to the table powerful tools to understand microbe-microbe
and plant-microbe interactions. It is the context and process in
which the knowledge gained is applied to solving disease prob-
lems within the cropping system that will determine if the ap-
proach is sustainable or not.

CONTROL OF SOILBORNE DISEASES IN ORGANIC SYS-
TEMS. A.H.C. van Bruggen. Biological Farming Systems, Wa-
geningen University, Marijkeweg 22, 6709PG, Wageningen, The
Netherlands. Email: ariena.vanbruggen@uwur.nl

Conceptual approaches to plant disease control may differ
fundamentally between organic and conventional growers. In or-
ganic plant production, whole-system integration is the primary
management approach for preventing disease build-up, especially
of soilborne diseases. Curative methods are reserved as a second-
ary control strategy. While some organic growers substitute ma-
nure for fertilizer and plant extracts for synthetic fungicides,
most of them use a wide range of soil management and cropping
practices to maintain soil and plant health. Crop rotations are ad-
justed, and plant- or animal-based soil amendments are applied
at rates needed to maintain nutrient balances. In most cases, this
is sufficient to suppress soilborne diseases. Consequently, soil-
borne disease incidence and severity are generally less in organic
than in conventional plant production. Suppression of soilborne
diseases in organic soils is general rather than specific; fluorescent
pseudomonads may not be involved. An exception to the rule of
enhanced disease suppression in organic soils may be dampding-
off by pathogens with saprophytic abilities, especially when a
crop is planted within a few weeks after incorporation of a cover
crop or immature compost. Pythium damping-off oscillates after
fresh organic matter incorporation, in tandem with oscillations in
bacterial populations, which can be used as a measure of soil
health. Seedborne diseases can also be a problem, especially since
it became mandatory to use organically produced seeds if avail-
able. Since then, a lot of research has been directed at finding
plant extracts and physical methods to control seedborne dis-
eases in organic farming systems.

INTEGRATED CONTROL OF SOILBORNE WHEAT
PATHOGENS. T. Paulitz, K. Schroeder and P. Okubara. U.S.
Department of Agriculture, Agricultural Research Service, Root

Disease and Biological Control Unit, Washington State University,
Pullman, WA 99164-6430, USA. Email: paulitz@uwsu.edu

There are no resistant varieties or chemical controls for the ma-
jor soilborne pathogens of wheat in the Pacific Northwest of the
U.S. These diseases include Rhizoctonia root rot and bare patch
(caused by R. solani and R. oryzae), Fusarium crown rot (caused by
E pseudograminearum and F. culmorum), Pythium root rot (caused
by numerous Pythium spp.) and take-all (caused by Gaeumanno-
mryces graminis var. tritici). Growers rely almost completely on cul-
tural control measures, and we have evaluated many of these, espe-
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cially for Rhizoctonia, adapted for no-till, including greenbridge
(weed and crop volunteer) management, fallow (both chemical
and mechanical), seed opener disturbance, precision seed row
placement, crop rotation, residue and nitrogen management, and
chemical seed treatment. Until recently, there was no way of accu-
rately detecting and quantifying pathogens in soil. We have devel-
oped real-time PCR techniques to quantify 10 species of Pythium
and 7 groups of Rhizoctonia, based on ITS sequences of the rD-
NA. In the last three years, soils were extensively sampled in east-
ern Washington, including grower fields and breeder variety-test-
ing sites. By developing a pathogen profile for each testing site,
breeders can focus on sites with high pathogen densities to select
for tolerance. This survey has shown that pathogen species compo-
sition is affected by cropping system and rotation. With accurate
detection and quantification of soilborne pathogens, growers can
determine risk before planting and make management decisions to
mitigate the effects of soilborne fungal pathogens.

DISEASES OF MEDITERRANEAN CROPS

CURRENT STATUS AND FUTURE PROSPECTS FOR INTE-
GRATED MANAGEMENT OF OLIVE DISEASES IN THE
MEDITERRANEAN BASIN. E.C. Tjamos. Agricultural Universi-
ty of Athens, Votanikos 11855, Athens, Greece. Email: ect@aua.gr

Verticillium wilt has a significant negative impact on olive cul-
tivation all over the world. The situation has become more com-
plex by the appearance of a defoliating strain of Verticillium
dabliae in the USA and recently in the Mediterranean region.
Current screening of olive germplasm for selecting resistant culti-
vars or rootstocks appears to be promising. Soil solarization or
chamber solarization have been suggested; available fungicides
are unable to control the pathogen. Spzlocaea oleagina is effective-
ly controlled by copper compounds, while strobilurin-based
fungicides could also be efficient. Trials with copper oxychlorides
in Italy indicated that four treatments could control Psexdocer-
cospora cladosporioides. Clitocybe olearia and Armillaria mellea
are causing root rot and wood decay in old olive orchards, but
Fomitiporia mediterranea is an emerging threat. Severity of olive
knot disease is directly related to susceptibility to frost, hailstorm
and harvesting injuries. Phytoplasmas are ubiquitous, but a clear
correlation between a given syndrome and the presence of one or
more phytoplasmas did not emerge. Olive trees host up to 13 dif-
ferent viruses without significant impact so far. Molecular hy-
bridization tests on dsRNA-positive samples in Apulia, revealed
the presence of three nepoviruses, Arabis mosaic virus, Cherry leaf
roll virus and Strawberry latent ring spot virus, plus Olive leaf yel-
lowing-associated virus and Olive latent virus-1. Aspects related to
integrated management of the diseases and problems related to
dispersal of pathogens by exporting olive plant material in south-
ern hemisphere countries will be discussed.

CURRENT STATUS AND FUTURE PROSPECTS FOR THE IN-
TEGRATED CONTROL OF SOILBORNE DISEASES OF
LEGUMES IN THE MEDITERRANEAN BASIN. B.B. Landa.
Instituto de Agricultura Sostenible, CSIC, Apdo. 4084, 14080 Cér-
doba, Spain. Email: blanca.landa@ias.csic.es

Management of soilborne diseases of legumes in sustainable,
Mediterranean cropping systems should be based on strategies
that integrate available control measures. The use of host resist-
ance is recognized as the most practical and cost-efficient method
for controlling soilborne diseases in sustainable agriculture, and
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should be combined with the use of pathogen-free seed, its pro-
tection from infection using biocontrol agents or chemicals, and
the avoidance of highly infested soil and/or environmental condi-
tions that favour disease development. The efficient use of resist-
ant legume germplasm may be conditioned by the nature and di-
versity of the pathogen population in soil, the development of
new virulent pathogen strains able to overcome the available re-
sistance, as well as by infections by multiple pathogens which
may modify the disease response of the plant to any of them. Ad-
vances in biotechnology and molecular biology may help to un-
derstand these conditioning factors and contribute to a more effi-
cient use of legume germplasm resistant to diseases by providing
answers to: Which soilborne pathogens prevail in a geographical
area and what is the extent of their pathogenic diversity? What is
the potential for pathogenic/virulence evolution? Can the break-
down of resistance occur as a result of co-infection by more than
one pathogen? Does this phenomenon depend on the interacting
pathogen genotypes? Do biocontrol agents have some specificity
for legume species or cultivars? By providing these answers phy-
topathologists would contribute to maintain the critical role of
legumes in sustainability as a major source of soil nitrogen and
protein in Mediterranean farming systems.

VIRAL DISEASES THREATENING VEGETABLE PRODUC-
TION UNDER PROTECTED CONDITIONS IN THE
MEDITERRANEAN. E Garcia-Arenal. Departamento de Biotec-
nologia y Centro de Biotecnologia v Gendmica de Plantas, E.TS.1.
Agrénomos, Universidad Politécnica de Madrid, 28040 Madrid,
Spain. Email: fernando.garciaarenal@upm.es

The largest area of Mediterranean protected crops occurs in SE
Spain, where a particularly dynamic turnover of species, cultivars
and innovative cultural practices have resulted in a quite unique
agroecosystem. This system has been shown to be highly vulnerable
to viral diseases, with the periodic occurrence of severe epidemics
caused by emergent or re-emergent viruses, which often limit the
production of some species. Emergence of new virus diseases is due
to the evolution of virus populations resulting in increased viru-
lence or transmissibility, and/or in host range expansion or host
switches. Knowledge about the ecological and evolutionary factors
leading to virus emergence is scant, and this restricts the possibility
of developing sustainable control strategies. We have explored the
role of some of these factors. An important one is the genetic com-
position of the host population: rapid turnover of cultivars, with
the progressive accumulation of resistances to pathogens, may re-
sult in important selective pressures on virus populations, which
could be countered or not by virulence costs. A second factor is the
size of the vector population, which may determine the appearance
and fixation of highly pathogenic virus genotypes, in addition to its
well-known role in determining incidence. Last, high incidence of
virus infection may result in a large fraction of co-infection by dif-
ferent viruses and strains, favouring the appearance of new geno-
types and the selection of more pathogenic ones. These analyses
have focussed on diseases of tomato and pepper, two of the most
important crops in the region.

OCCURRENCE OF ASPERGILLUS SECTION NIGRI IN
GRAPES AND ITS IMPACT ON WINES AND EUROPEAN
VITICULTURE. V. Sanchis. Food Technology Department. CeR-
TA-UTPV. Lleida University, Rovira Roure 191, 25198 Lleida,
Spain. Email: vsanchis@tecal.udl.cat

The most commonly isolated fungal genera in grapes are A/-



S2.64 Journal of Plant Pathology (2008), 90 (2, Supplement), S2.17-S2.77

ternaria, with a decreasing percentage from setting to harvest,
yeasts and Aspergillus, with increasing percentages from setting
to harvest, and Cladosporium, Rbhizopus and Penicilliun. Black as-
pergilli are the main group of the genus Aspergillus regarding
their high capacity to colonize the grapes. This group is very im-
portant for food safety because, mainly Aspergillus carbonarius
and members of the Aspergillus niger aggregate are the main
source of ochratoxin A (OTA) contamination in grapes and
raisins. At harvest, Aspergillus section Nigri contamination is re-
lated to latitude and longitude, being greater towards the East
and the South. This indicates that meteorological conditions can
contribute to the spatial distribution of black aspergilli, within
the Mediterranean basin at least. Among the different wine types,
red and sweet wines seem to be the most contaminated by OTA.
In the last group, the wines with higher OTA levels were fortified
musts followed by those made from sun-dried grapes. At the mo-
ment, no fungicides are systematically applied to control black as-
pergilli in this kind of product. Different treatments are able to
control black rot of grapes and OTA production, although it is
outstanding that, frequently, data obtained on control of black as-
pergilli by fungicides have been a secondary result of chemical
treatments specifically designed to control other fungi more fre-
quently found in grapes. Switch, originally designed to control
Botrytis and Sclerotinia infection in different crops, is perhaps the
only one directly registered against Aspergillus on grapes.

PLANT BREEDING AND RESISTANCE STRATEGIES

SEQUENCE-BASED BREEDING! HOW MARKERS TURN
INTO SEQUENCE ALLELES. M. Prins, M. de Both and A.P.
Serensen. Keygene N.V, Agro Business Park 90, PO. Box 216,
6700 AE Wageningen, The Netherlands. Email: marcel prins@
keygene.com

Current high-throughput sequencing technologies are revolu-
tionizing the DNA research arena. What will the implications be
for molecular plant breeding projects for researchers as well as
for plant breeders? Keygene is designing and developing a range
of molecular breeding applications using advanced sequencing
technologies. Some will replace current molecular marker tech-
nologies and some will open up novel possibilities for genetic re-
search. We will present a number of current and future possibili-
ties and emphasize the power of efficient use of a combination of
HT sequencing tools for trait discovery and exploitation in plant
breeding. To keep up with the speed of data generation, the ag-
gregation of data into information that can be absorbed by the re-
searcher and plant breeder becomes an increasingly demanding
task. Also in this field Keygene has developed tools that are ap-
plied for rapid identification of plant genes involved in response
to insects as well as fungal and bacterial pathogens.

IDENTIFICATION OF NEW POTENTIAL SOURCES OF RE-
SISTANCE TO SOYBEAN RUST. 8. Li. USDA-ARS, Crop Genetics
and Production Research Unit, Stoneville, MS, 38776, USA. Email:
shuxian. li@ars.usda.edu

Asian soybean rust (ASR), caused by Phakopsora pachyrbizi
Sydow, is one of the most destructive diseases of soybean
[Glycine max (L.) Merr.]. Before 2004, ASR was not present in
the continental USA and evaluation of U.S. soybean lines for re-
sistance was done only with foreign isolates. Now that ASR has
been discovered in North America, evaluation of soybean lines
using US isolates is important in order to identify new resistance

sources. In this study, 10 plant introductions (PIs) previously
identified as resistant lines in Paraguay were evaluated using an
ASR isolate from Mississippi. Replicated experiments were con-
ducted in a growth chamber at the USDA-APHIS PPQ approved
Stoneville Research Quarantine Facility from 2006 to 2007. Re-
sults from the seedling assays indicated that most of the PIs had
lower ASR severity and less sporulation than the susceptible
check cv. Williams 82. Although none of the PlIs were immune,
PI567102B was identified as the most resistant line having the
lowest severity, no sporulation, and the red-brown reaction. Fur-
ther evaluation using other U.S. isolates is in progress. Pls that
have resistant reactions to both U.S. and Paraguay isolates may
be important sources of resistance to soybean rust.

WORLDWIDE MONITORING SYSTEMS: THE NEED OF
PUBLIC AND PRIVATE COLLABORATION. R.D. Magarey,
W.E. Dolezal and T.J. Moore. North Carolina State University and
Center for Health Plant Science and Technology, 1730 Varsity Drive,
Suite 300, Raleigh, NC, 27606, USA. Email: RogerD.Magarey@
usda.gov

In recent years, invasive plant pathogens such as Phytophthora
ramorum and Puccinia graminis (TTKS) have emerged as global
threats that move rapidly across international boundaries. To
counter such threats, the accurate monitoring of global plant
health necessitates the involvement of all agricultural sectors:
government agencies, universities and the agricultural industry.
Many members of industry conduct: i) scouting of research and
seed production fields for pests; ii) phytosanitary field inspec-
tions; and iii) provide disease diagnostics testing for their cus-
tomers. The USDA Pest Information Platform (PIPE) has proved
to be an excellent vehicle for fostering collaborative efforts be-
tween the public and private sectors in monitoring for soybean
rust (Phakopsora pachyrhizi) in North America. The American
Seed Trade Association’s Phytosanitary Committee has developed
a draft proposal for an industry PIPE platform for a narrow list
of new and emerging pests of maize, soybeans and watermelon.
Combining private industry and public pest data into a central
database can provide: i) useful pest distribution information for
state extension specialists; ii) improved monitoring for emerging
and exotic pest threats; and iii) improved pest distribution
records for state and federal regulators to enhance their decision
making. Expanding PIPE-like systems beyond national borders
has potential to provide additional information for agencies to
prepare and respond to exotic pest threats. Many members of in-
dustry with international operations have the capacity to jump-
start the development of a global PIPE. However, a global PIPE
would require a comprehensive data sharing policy that neverthe-
less protects national, state and corporate interests.

THE DEFENSOME: A PROTEIN NETWORK REGULATING
INNATE IMMUNITY IN RICE. K. Shimamoto. Laboratory of
Plant Molecular Genetics, Nara Institute of Science and Technology
(NAIST), 8916-5 Takayama, Ilkoma 630-0101, Japan. Email:
simamoto@bs.naist.jp

We have been studying the role of Rac GTPase in innate im-
munity of rice and found that it is a key molecular switch for the
defence response. To identify components of the Rac GTPase-
mediated innate immunity in rice we have taken a number of ap-
proaches including proteomics and reverse genetics and found
components associated with OsRacl. They include known com-
ponents such as RAR1, SGT1, and Hsp90 and novel components
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such as RWD and Stil/Hop and they interact with OsRac1. Vari-
ous studies on protein-protein interactions among these compo-
nents indicate that at least 10 proteins form a network in Rac
GTPase-mediated innate immunity. Since most of these compo-
nents are involved in both PAMP-mediated and R protein-medi-
ated resistance in rice we propose a model in which early signal-
ing events involved in these two types of resistance occur in es-
sentially the same protein complex we call the “defensome” at
the plasma membrane. Details of individual components in the
protein complex will be discussed.

COMPARATIVE GENOMICS OF PLANT-PATHOGEN SPECI-
FICITY. R. Michelmore, L. Yao, K. Caldwell, L. Williams, T.
Wroblewski, J. Wong and J. Greenberg. University of California,
Davis, USA. Email: rwmichelmore@ucdavis.edu

We have been taking a comparative approach to dissecting the
molecular basis and evolution of specificity between several dicot
plant species and multiple bacterial and oomycete pathogens. We
are focused on understanding the evolution of resistance genes,
effector proteins from Pseudomonas spp. and Oomycetes and
their plant targets. We screened Arabidopsis and diverse crop
species, particularly tomato and lettuce, for their ability to recog-
nize effector proteins from P. syringae and Bremia lactucae. The
majority of secreted effectors from multiple strains of P. syringae
have been assayed for their ability to elicit a macroscopic reaction
using Agrobacterium-mediated transient assays. We have detected
considerable inter- and intra-specific variation in the ability of
these plant species to recognize individual pathogen effectors.
Non-host resistance can be explained by the recognition of multi-
ple effectors. We have also conducted large scale yeast two-hy-
brid assays and identified numerous effector-potential target in-
teractions. In addition, we have characterized genes encoding sig-
nal transduction proteins for signatures of selection to under-
stand the possible functional constraints on their evolution and
the need for other proteins to monitor (guard) their status. Signal
transduction genes exhibit very different patterns of variation
from recognition (R) genes determining specificity and most sig-
nal transduction genes have significantly lower levels of polymor-
phism that R genes. We have investigated RIN4 in detail; this
negative regulator of basal resistance seems to be targeted direct-
ly or indirectly by multiple pathogen effectors. Our data indicates
there are points of vulnerability in plants that are exploited by
multiple effectors from multiple pathogens.

DEPLOYMENT OF BROAD-SPECTRUM DISEASE RESIST-
ANCE IN RICE THROUGH WHOLE-GENOME SELECTION.
H. Leung, Y. Liu, S. Madamba, M. Bernardo, R. Mauleon, C.
Vera Cruz, B. Liu, X-Y. Zhu, S. Zhang, J. Leach and D. Gal-
braith. Plant Breeding, Genetics and Biotechnology Division,
Manila, Philippines. Email: b.leung@cgiar.org

Broad-spectrum disease resistance is a high-priority trait in
rice breeding because it provides resistance to multiple races of a
pathogen and possibly multiple pathogens. Such forms of resist-
ance may be attributed to a combination of major resistance
genes and QTL controlling quantitative resistance. Some varieties
with durable disease resistance are known, based on field per-
formance records but the challenge is to have relatively simple
and robust methods to identify the right gene combinations and
to reconstitute them in breeding cycles. We are using mutants
and elite germplasm in parallel to identify genomic regions con-
tributing to broad-spectrum resistance. We screen for gain and

loss of disease resistance in chemical- and irradiation-induced
mutants. Loss-of-blast resistance mutations were recovered from
high-throughput screening in the field. Genomic deletions in
these mutants can be detected through hybridization with whole-
genome oligoarrays. Using “field-proven” germplasm, we identi-
fied chromosomal regions controlling quantitative resistance
through a combination of QTL mapping and transcriptome
analysis. To facilitate selection, we applied genotyping microar-
rays to monitor the introgression of candidate genes and chromo-
somal regions in advanced backcross populations. This approach
is being practiced in breeding for blast resistance. To aid disease
resistance breeding, we are producing a) breeding-ready near-iso-
genic lines with major genes and QTL in elite genetic back-
grounds, and b) a database (Genome Browser) displaying known
deletions, disease resistance QTL, and gene expression clusters
anchored to the rice chromosomes. We hope these resources can
facilitate the identification of new genes for resistance and accel-
erate the construction of genotypes useful in breeding programs.

CROP AND FOOD BIOSECURITY

THE CROP BIOSECURITY PROJECT: AIMS AND RESULTS.
M.L. Gullino. AGROINNOVA, University of Torino, Via L. da
Vinci 44, 10095 Grugliasco, Italy. Email: marialodovica.gullino@
unito.it

The project “Crop and Food Biosecurity and Provision of the
Means to Anticipate and Tackle Possible Misuse of Plant
Pathogens Against Crops” has been funded by the European
Union, within its VI Framework Research Programme. This Co-
ordination Action addressed the threat of plant pathogens as
weapons against crops. Agriculture and agro-industry account for
over 15% of the European Union (EU) gross annual product. A
deliberate misuse in agriculture could have significant economic
consequences in Europe, where consumers enjoy food of high
quality and safety. The deliberate introduction of a pathogen
could affect crop yield and quality, cost of disease management,
trade if certain quarantined pathogens are introduced, markets,
food prices and availability of certain foods. The project permit-
ted a coalition of EU partners, plus USA and Israel, to: a) estab-
lish a strong network of interconnected laboratories able to
quickly diagnose new plant pathogens/races/biotypes and to
study their biology and epidemiology; b) prepare a list of
pathogens considered high-risk for European crops as well as a
list of the most vulnerable crops; ¢) propose a risk assessment
methodology for epidemics resulting from incidental events; d)
provide effective tools and protocols for use by inspectors for
quarantine and phytosanitary controls; e) enhance surveillance
capacity already in place and develop improved surveillance
models and early warning surveillance systems; f) identify and
prioritise fields and areas where more research is needed and sug-
gest future investment needs; g) raise awareness of the issue of
crop biosecurity, to enhance preparedness in Europe.

EVALUATION OF THE RISK POSED BY DELIBERATE USE
OF PLANT PATHOGENS AS ANTI-CROP WEAPONS IN EU-
ROPE. E Suffert, E. Latxague and I. Sache. INRA - Agro Paris
Tech, UMRI1290 BIOGER-CPP, F-78850 Thiverval-Grignon,
France. Email: fsuffert@grignon.inra.fr

Malevolent use of plant pathogens, i.e. agroterrorism sensu la-
to (anti-crop bioterrorism and use of bioweapons against the agri-
cultural sector), represents a non-negligible threat for crops and
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forests in Europe. In order to assess this risk objectively, a
methodology based on three interdependent steps was used. (1)
A list of 50 candidate pathogens (fungi, bacteria, and viruses)
that may pose a threat to European agriculture and forestry was
compiled. This list included exotic and quarantine pathogens,
but also endemic pathogens causing recurrent epidemics because
they presented particular risk profiles. (2) Theoretical scenarios
of possible acts of agroterrorism were elaborated considering
three types of acts: biowarfare, bioterrorism, and biocrime. Each
scenario was divided into three sections: synopsis, justification
and feasibility. Five types of consequences were identified. Nine
key pathogens were selected to detail realistic scenarios using
current geopolitical knowledge and information on the biology of
the pathogen. (3) Items were added to the international standard
Pest Risk Analysis (PRA) scheme to adapt the methodology of
risk assessment to the context of agroterrorism. Our risk assess-
ment scheme (RES) included the following five sections: impor-
tance of the target crop (acreage and uses), availability and ease
of use of the pathogen, epidemic potential of the pathogen, ob-
stacles to swift and effective response, and potential global or re-
gional consequences. No fundamental distinction was made be-
tween regulated and non-regulated pests. The RES was applied
to the nine selected pathogens. The five sections were document-
ed using ten selected scientific publications. The different risk
profiles were analysed and discussed.

CROPS UNDER RISK IN EUROPE. H.W. Dehne, E. Leiritz and
U. Steiner. Institute of Crop Science and Resource Conservation,
University of Bonn, Germany. Email: hw-dehne@uni-bonn.de

The agro-food sector is of major importance for the European
economy, because the EU is a key producer of food in the world
market. For several commodities it shares about a quarter of
global food production. EU agriculture is therefore vulnerable to
agro-terroristic attacks. Most of the crops grown are susceptible
to a broad spectrum of pathogens and in general the genetic di-
versity is low for cultivars grown. For any given crop produced in
Europe, there are several pathogens that do not yet occur, but
cause major losses elsewhere in the world. The impacts of these
pathogens and their detrimental effects in biological warfare have
to be differentiated depending on economic relevance and psy-
chological effects. Losses from agro-terrorism would include the
value of lost crop production, the cost of destroying contaminat-
ed products and the costs of containment (diagnostics, pesti-
cides). They may include major economic crises in the agricultur-
al and food industries, loss of confidence in government and pos-
sibly human casualties. People could be at risk in terms of food
safety. Export markets would be lost as importing countries
placed restrictions on EU products to limit disease spread. Useful
criteria for risk assessment are the area of production and yield as
indicators of economic importance, climatic conditions in the
growing area, the availability of pathogen control measurements
in the culture, the potential as broad-spectrum host plant and
complementation by global plant production.

DIAGNOSTIC TOOLS FOR MAINTAINING CROP BIOSECU-
RITY - AVAILABILITY AND LIMITATIONS. C. Henry, D.M.
Kenyon, J. Motris and J.E. Thomas. Central Science Laboratory,
Sand Hutton, York, Y04 1LZ, UK. Email: c.henry@csl.gov.uk

The role of diagnostics for detection of organisms which
threaten biosecurity is well established, with increasing use of so-
phisticated high-throughput and potentially mobile systems.

However, techniques used to detect the accidental introduction
of quarantine organisms at ports of entry and elsewhere may not
always be suitable for the early detection of organisms which
might be introduced deliberately, in a variety of ways, as potential
agents of bioterrorism. A range of pathogens on key EU crop and
amenity species has been identified as having the means to cause
disruption either to supplies or to normal trading procedures, or
to affect social and cultural conditions in member states. The
availability of diagnostic systems for these pathogens has been re-
viewed, taking into account applicability to different substrates,
rapidity, specificity, cost, availability of field test kits, validation
status and the capability of testing laboratories. For several
pathogens, there are no satisfactory diagnostic systems available.
For a few, simple diagnostic tests are adequate and require little
or no development. However, gaps in technology exist for a sig-
nificant number of the pathogens. Additionally, there is only very
limited potential for differentiating new or altered pathotypes
without lengthy host tests, and this would hinder both detection
and the ability to gather forensic information which would be
needed to investigate a possible deliberate introduction. Diagnos-
tic methods exist for the majority of the high risk pathogens
which are also listed as quarantine diseases but in selected cases
these still require further development, especially of field tests.
Diagnostics for indigenous diseases in the context of biosecurity
have been largely ignored to date and will require further devel-
opment.

CROP BIOSECURITY: CONTAINMENT AND ERADICTION
OF INVASIVE PATHOGENS. A. Gamliel. Agricultural Engineer-
ing Institute, ARO, Volcani Center, Bet Dagan 50250, Israel.
Email: agamliel@agri.gov.il

Plant disease management aims to retard disease progress and
keep its development below an acceptable level. The focus, how-
ever, with invasive species deliberately introduced to a new area is
to contain the pathogen within the invaded site and eliminate it.
These objectives are stated in absolute terms (e.g., “eliminate”, or
“eradicate”) that imply a goal of zero inoculum and obviously,
disease. For achieving this goal we have to consider the dynamics
of plant disease, that is, changes in the incidence and severity of
disease in time and space. Furthermore, we need to assess the rel-
ative effectiveness of the various measures for the control of a
particular disease and the different interactions in their effects on
disease dynamics. We have to measure the effects of various erad-
ication strategies, alone and in combination, and their impact on
inoculum reduction and disease progress. Finally, we need to fit
each measure into an adequate integrated strategy. Thus, an erad-
ication strategy requires a series of concerted actions in order to
achieve the goal of eliminating the invasive pathogen. The main
eradication steps include prevention of the invasion (also refers to
as exclusion), and exclusion of the pest after its invasion. No in-
dividual action will advance the progress of eradication toward
the final objective unless it has a coherent relationship with all of
the other necessary steps.

BIODEFENCE: VISION OF A BROADER COOPERATION.
M.L. Gullino, R. Lausevic and J. Stack. AGROINNOVA, Uni-
versity of Torino, Via L. da Vinci 44, 10095 Grugliasco, Italy.
Email: marialodovica.gullino@unito.it

Agriculture, as well as food production and distribution sys-
tems, are global in nature. They are relatively soft targets for
crime and terrorism, offering many points at which commodities
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could be deliberately contaminated. Since 2002, there has been
worldwide recognition of the genuine threat by terrorists or crim-
inals to the agricultural sector and global food supply. An attack
on agriculture and food would have devastating consequences for
human health and safety, resulting in significant social and eco-
nomic impacts. The EU and the USA have well-developed regu-
lations for crisis and consequence management following the in-
troduction of high-consequence pathogens. In addition, pre-
paredness programs have been implemented that include biose-
curity research, education, and training programs aimed at early
detection, accurate diagnostics, secure communications, and con-
tingency plans of action. The ability to coordinate food defense
across borders has been tested many times in both the U.S. and
EU with real-life events and is an important food security feature.
Among the differences between a terrorist attack and an acciden-
tal event would be the dimensions of the initial phase and the
number of primary outbreaks. Whatever the cause of an out-
break, a comprehensive biosecurity system is essential in order to
protect agriculture, food, and citizens. Because of the global na-
ture and complexity of food production and distribution systems,
international cooperation for food defense is essential. Significant
challenges exist including the development of: vehicles for shar-
ing data on the geographic distribution of pathogens, secure
communications platforms for collaborative diagnostics, transna-
tional security strategies, and international outbreak response
protocols and preparedness exercises. Agricultural biosecurity
and food defense are international issues requiring a global strat-
egy to ensure food security for all nations.

TEACHING PLANT PATHOLOGY

THE VIRTUAL PLANT PATHOLOGY FACULTY: DEVELOP-
ING AN AUSTRALASIAN PLANT PATHOLOGY CURRICU-
LUM. D. Guest and G. Ash. Faculty of Agriculture, Food and
Natural Resources, University of Sydney, NSW 2006, Australia.
Email: d.guest@usyd.edu.au

Plant pathology has traditionally been taught at an introductory
level in generalist degrees followed by small-group, senior under-
graduate specialisations. In parallel with declining student num-
bers, Plant Pathology departments have been merged or dissolved,
fragmenting the specific academic expertise offered to students by
research-active plant pathologists. Consequently, the nexus be-
tween teaching and research is threatened and practical laboratory
and field experience with plant diseases is often very limited during
undergraduate training. The development of an Australasian Plant
Pathology Curriculum has as its central aim the promotion of edu-
cation opportunities and employment prospects for students of
plant pathology, meeting industry’s needs for plant pathology ex-
pertise into the future. A series of stakeholder forums organised by
the Cooperative Research Centre for Tropical Plant Protection re-
sulted in the development of a decentralised, consortium-based
model of coursework postgraduate training. The modular structure
also provides an opportunity for skills upgrades for plant health
professionals, non-specialists and para-professionals. The princi-
ples underpinning the Australasian Plant Pathology Curriculum
recognise that Australia needs to maintain and enhance a compre-
hensive education and training capacity in plant pathology, and
that the most effective way to achieve this is to develop an agreed
set of stand-alone courses that build to a coursework postgraduate
qualification. The Australasian Plant Pathology Curriculum will de-
velop a coursework Masters program (incorporating a Graduate
Certificate, Graduate Diploma and stand-alone courses) in plant
pathology, and will be delivered using a flexible model through a
consortium of Australasian universities.

TRAINING IN PLANT PATHOLOGY FROM AN INDUSTRY
PERSPECTIVE. U. Gisi. Syngenta Crop Protection, Research Biolo-
2y, CH-4332 Stein, Switzerland. Email: ulrich.gisi@syngenta.com

Plant pathology is a complex area of science because it in-
cludes knowledge on the biology of host plants, plant pathogens
and their interactions as well as the interaction with their envi-
ronment. For elucidating processes and mechanisms of interac-
tion, university teachers tend to rely on easy to handle ‘model’
systems such as downy mildew on Arabidopsis, rust on bean,
powdery mildew on barley, or single fungal species like yeast (Sac-
charomryces), Aspergillus and Ashbya, in which complete genomic
information is available. However, industry researchers and ex-
tension pathologists teaching at universities, and training non-
pathologists within and outside their organisations are often
asked to understand and explain the full range of agronomically
important plant pathogens for which much less basic information
is available. Therefore, basic knowledge on molecular biology, ge-
netics, biochemistry, physiology, symptomatology and epidemiol-
ogy has to be combined with applied aspects derived from agro-
nomic problems. For illustration, a simplified scheme of interac-
tion between the most important crop plants and plant pathogens
will be presented which can be used both as a learning tool for
plant pathogen nomenclature and for visualising the disease spec-
trum covered by the major classes of fungicide. Fungicide resist-
ance will also be discussed as an ideal marker for studying and
explaining mechanisms of inheritance in plant pathogens.

SCHOLARSHIP OF TEACHING AND LEARNING (SOTL)
PROJECTS IN PLANT PATHOLOGY. D. Eastburn and C.
D’Arcy. Department of Crop Sciences, University of Illinots, Ur-
bana, Illinois, USA. Email: eastburn@uiuc.edu

The scholarship of teaching and learning (SoTL) requires sys-
tematic investigation of an instructional problem with the find-
ings made public through presentations or publications. We will
present two examples of SoTL studies in an introductory, general
education plant pathology course. The first study was undertaken
to evaluate effects of a supplemental course web site
(www.ppp.uiuc.edu) on student learning. When students read
factual material and completed virtual laboratory activities on the
site their comprehension of course material increased somewhat,
but improvements were not as consistent or large as we had
hoped. However, when students completed a series of virtual ex-
periments across the semester and were provided with prompt in-
structor feedback for each experiment, significantly improve-
ments were found in students’ abilities to describe the general
concepts of the scientific method and to apply that knowledge to
specific situations. The second study was designed to determine
how students use what goes on in the classroom in their everyday
life. Students recorded periodic reflections of how they used, or
did not use, course information in non-class settings. Preliminary
findings indicate that students found stories particularly memo-
rable and were apt to retell them to friends and family while shar-
ing their new knowledge about plant pathology. Students also
connected class material to past and present life experiences, par-
ticularly with food or with nature. Our SoTL studies support the
use of a variety of teaching methodologies, with attention given to
providing opportunities for students to learn through repetition,
and to presenting material that is connected to students’ lives.

PLANT CLINICS AND PHYTOPATHOLOGY TRAINING. H.
Maraite, C. Bragard and A. Legeéve. Unzversité Catholique de
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Louvain, Unité de Phytopathologie, Croix du Sud2/3, B-1348 Lou-
vain-la-Neuve, Belgium. Email: henri.maraite@uclouvain.be

In several western European countries, there is a decline in
the number of students registered for agricultural degrees at MS
level and in state-organized extension services. Nevertheless, phy-
topathology as a research topic and job opportunity has expand-
ed to cover more intricate approaches of plant health manage-
ment as well as to various areas of biotechnology, environment
management and new types of extension and support to farmers
or other customers. There are still job opportunities for graduates
able to combine knowledge of various upstream biological disci-
plines with applied ones, in particular for the complex area of
plant health management. In this context the capacity to train
students in plant disease diagnosis, and formulation of crop pro-
tection advice adapted to a particular situation or problem, is of
prime importance. Having seen the constraints of integrating the
learning of students into plant clinic service activity, we have de-
veloped at UCL an interactive Plant Clinic course stretching over
30 weeks at half a day/week for up to 15 participants. These are
final-year students of the Plant Health Management MS program
and of the international postgraduate Master in Protection of
Tropical and Subtropical Crops, organized with FUSA Gem-
bloux and CIRAD-ENSAM, France. Training ranges over 7 situ
disease detection and evaluation, application of various diagnos-
tic tools, literature search, and discussion of crop-protection
strategies. The cases analysed are actual problems or examples
provided by the Plant Clinic service or by the students. Our ex-
perience will be compared to that of other approaches.

KEYNOTE SESSION

KNOWLEDGE AND TECHNOLOGY TRANSFER
FOR PLANT PATHOLOGY

DECISION MAKING IN AGRICULTURE. S. Parker, J. Turner
and S. Elcock. Central Science Laboratory, Sand Hutton, York,
North Yorkshire, YO41 1LZ, UK. Email: s.parker@csl.gov.utk

Timely and reliable evidence is necessary to inform sound de-
cision-making. This is true at all decision-making scales; from po-
licy formulation to in-field crop management. However, despite
substantial investment to develop decision support tools to un-
derpin these activities, especially at the field scale, there is little
evidence that decision makers use them routinely. Indeed, it re-
mains a moot point whether the benefits from their use are truly
great enough to justify adoption. As a consequence, close scrutiny
of decision processes in agriculture show that they often lack a
quantitative basis and instead depend on ‘rules of thumb’, subjec-
tive judgements and sometimes arbitrary choices. The presenta-
tion will consider why recent systems have failed to gain trust and
uptake of the intended beneficiaries. In examining these failings
and addressing how they can be corrected, we will discuss the
UK CropMonitor initiative. This aims to deliver an infrastructure
for providing measurements important for decision-making at
policy, industry and farm scales. CropMonitor has a growing user
base and is used by many of the key influencers in UK agricultu-
re. The system design recognises that the needs of the various
user groups and the focus of their decision-making differs. At a
generic level, UK CropMonitor supports decisions by providing
rapid access to accurate relevant data and, where appropriate, its
interpretation. This information is carefully collated, so that the
interests of the various user groups are catered for and delivered
in an appropriate context and via efficient routes.

PLANT HEALTHCARE FOR POOR FARMERS AROUND
THE WORLD: GATHERING DEMAND AND INNOVATIVE
RESPONSES. E. Boa. Global Plant Clinic, CABI E-UK, Bakeham
Lane, Egham, Surrey, TW20 9TY, UK. Enail: e.boa@cabi.org

Since 2003 the Global Plant Clinic (GPC) has helped establi-
sh over 60 plant health clinics in Africa, Asia and Latin America.
These independent clinics are held in public spaces once a week
for a few hours and are staffed by agronomists, extension staff
and others, including research scientists. The ‘plant doctors’ are
employed by NGOs, farmer cooperatives, research institutes and
other organisations with close ties to farmers. The plant doctors
are trained to give advice on all types of plant health problems.
The GPC delivers original courses to identify possible causes and
recommend suitable ways to manage them. In Nicaragua, the mo-
st advanced scheme, there are 18 clinics operating (November
2007) and 28 plant doctors have completed the three courses that
comprise a curriculum on ‘how to become a plant doctor’. The
demand gathered by the clinics has stimulated the creation of a
diagnostic and plant health management network and rejuvena-
ted attempts to broaden access to technical support and validated
control technologies. Similar changes are taking place in Bangla-
desh, Bolivia and Uganda and I will present an overview of inno-
vative responses by local partners. I will discuss the wider impli-
cations for extension and crop protection and suggest how re-
searchers can play a stronger role in helping improve the impact
of development projects.

LINKING DIAGNOSTIC LABORATORIES TO ENSURE RA-
PID DETECTION AND ACCURATE DIAGNOSIS OF PLANT
DISEASE. L.P. Stack. Biosecurity Research Institute, Kansas State
University, 1041 Pat Roberts Hall, Manbattan, Kansas, 66506-
7600, USA. Email: jstack@ksu.edu

Early detection and accurate diagnosis can minimize the im-
pact of a disease outbreak. With hundreds of host species and
thousands of pathogen species, a plant diagnostician cannot be
an expert with all plant systems. The National Plant Diagnostic
Network (NPDN) was created to link plant diagnostic labs th-
roughout the United States to enhance diagnostic capability and
increase sample capacity. The application of advanced computer,
communications, and molecular technologies has enhanced
NPDN’s ability to rapidly detect outbreaks, to accurately identify
newly introduced pathogens and insect pests, and to securely
communicate that information to those with the authority and ca-
pability of responding effectively. Through NPDN’s communica-
tions system, diagnosticians have access to expertise wherever it
exists. Among the deployed technologies underlying NPDN’s ca-
pabilities are web-enabled microscopy and video conferencing to
facilitate collaborative diagnostics. These same technologies are
also being used to conduct diagnostic training workshops over
the internet and to distribute the latest diagnostic protocols to all
labs. The impact of plant diseases on natural and cultivated plant
systems ranges from minor aesthetic effects to major declines in
productivity that result in landscape perturbations or food shor-
tages leading to famine. Linking local, regional, and national
plant diagnostic resources and expertise into global networks
should become a priority for ISPP. This may be of greater signifi-
cance to resource-poor nations that lack modern diagnostic infra-
structure and experience. Providing plant diagnosticians in re-
source-poor nations the access to global diagnostic expertise may
greatly reduce the impacts of local disease outbreaks. Networking
is essential for global plant biosecurity.
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CONCEPTS IN CHEMICAL CONTROL

CARBENDAZIM-RESISTANCE AND ITS MOLECULAR MECH-
ANISM IN GIBBERELILA ZEAE. CJ. Chen, C.W. Bj, J.J. Yu, J.X.
Wang, H.X. Li, Q.Q. Luo and M.G. Zhou. College of Plant Protec-
tion, Nanjing Agricultural University, Nanjing 210095, PR. China.
Email: mgzhou@njau.edu.cn

In China, Gzbberella zeae (anamorph Fusarium graminearum)
is the dominant pathogen causing wheat head blight. The first
case of resistance of G. zeae to MBC 1i.e. benzimidazoles (MBC-
fungicides) was detected in 1992 in the Zhejiang province of Chi-
na after these fungicides had been widely used for about 20 years.
From then on, MBC resistance was found to be common in
pathogen populations on the eastern coast and along areas of the
Yangtze River. Our research showed both field-resistant and
MBC-sensitive strains shared similar temperature sensitivity, fit-
ness and virulence on ears. But no mutation in beta-tubulin was
found in G. zese. To identify the MBC resistance mechanism of
G. zeae, a microtubule-associated protein gene (7zap) and other
members of tubulin gene family, were also cloned and analyzed.
Alterations at amino-acid codons 167, 198 or 200 in a novel tubu-
lin gene, corresponded to the different phenotype sensitivities.
We have called this novel tubulin, a 8 ,-tubulin. At codon 167 in
this gene, TTT encoding phenylalanine in MBC-sensitive isolates
was converted to TAT (tyrosine) in moderately resistant field
strains; at codon 198, GAG was altered into CTG resulting in
substitution of glutamic acid for leucine in a highly MBC resist-
ant field strain. Deletion and complementation of the 3 ,-tubulin
gene validated this gene conferring resistance of G. zeae against
benzimidazoles. DMIs and JS399-19(2-cyano-3-amino-3-pheny-
lancryic acetate), are recommended to control FHB.

QOI FUNGICIDE RESISTANCE: CURRENT STATUS AND
THE PROBLEMS ASSOCIATED WITH DNA-BASED MONI-
TORING. H. Ishii. National Institute for Agro-Environmental Sci-
ences (NIAES), Kannondai 3-1-3, Tsukuba, Ibaraki 305-8604,
Japan. Email: hideo@niaes.affrc.go.jp

Qol fungicides, which inhibit mitochondrial respiration at
the Qo site of the cytochrome bcl enzyme complex, are the sec-
ond most important class of fungicides. Qol fungicides generally
carry a high risk of pathogen resistance development with resist-
ance occurring in over twenty pathogens, such as powdery
mildew, downy mildew, anthracnose, Alternaria spp., scab, and
grey mould. Molecular mechanisms of Qol resistance have been
intensively studied; a single point mutation which causes an
amino acid change in cytochrome 4 is thought to govern the ex-
pression of high resistance. A range of molecular methods in-
cluding PCR-RFLP and quantitative real-time PCR have all been
developed, enabling the rapid detection of resistance. However,
the status of heteroplasmy in the mitochondrial genome which
encodes the cytochrome & gene can cause instability over time,
making it difficult to precisely monitor Qol resistance in some
pathogens. The role of the alternative oxidase pathway in Qol
resistance is not clear as yet, although this enzyme is very likely
implicated in resistance development of grey mould in particu-
lar. Novel Qol fungicides have been developed and some of
them interestingly show differential patterns of cross-resistance
to pre-existing Qol fungicides. This paper briefly summarizes
Qol resistance development over the last decade as well as fu-
ture research prospects.

ROLE OF DRUG TRANSPORTERS IN FUNGICIDE RESIST-
ANCE AND PLANT DISEASE CONTROL. M.A. de Waard. Wa-
geningen University, Phytopathology, PO. Box 8025, 6700 EE,
Wageningen, The Netherlands. Email: maarten.dewaaard@uwur.nl

ATP-binding Cassette (ABC) transporters are membrane
transporters that constitute a large protein family within all king-
doms of life. Particular ABC-transporters transport natural toxic
compounds and xenobiotics such as fungicides and can reduce
the intracellular accumulation of fungicides within fungal cells.
This property can protect fungi against the toxic activity of plant
defense compounds, fungicides and drugs. The transporters are
described as drug transporters. Similar properties have been de-
scribed for Major Facilitator Superfamily (MFS) transporters.
Several drug transporters of the filamentous fungi Aspergillus
nidulans, Botrytis cinerea, and Mycosphaerella graminicola func-
tion in protection against azoles, as knockout mutants are rela-
tively sensitive to these fungicides and overexpression mutants
relatively insensitive. These results suggest that overexpression of
drug transporters is a potential mechanism of resistance to azoles
in practice. Overexpression of drug transporters can also result in
resistance to chemically unrelated fungicides and natural toxic
compounds. This phenomenon, known as multidrug resistance
(MDR), is a serious problem in chemical control of human
pathogens, and also exists for plant pathogens. Specific drug
transporters function as virulence factors in pathogenesis since
they provide protection against plant defense compounds. In-
hibitors of drug transporter activity, known in literature as modu-
lators, may reduce the protective activity of transporters against
plant defense compounds and delay or prevent disease develop-
ment on host plants. A number of medical modulators display
disease control activity against M. graminicola on wheat seedlings
but possess hardly any 72 vitro toxicity. Such compounds may be
leads in the discovery of new disease control agents.

DEMETHYLATION INHIBITOR RESISTANCE IN CEREAL
PATHOGENS AND CONSEQUENCES OF RESISTANCE MAN-
AGEMENT. B.A. Fraaije, H.]J. Cools, J. Motteram and J.A. Lucas.
Plant Pathology and Microbiology Department, Rothamsted Re-
search, AL5 2]Q, Hertfordshire, UK. Email: bart fraaije@bbsrc.ac.uk

The azole class of DeMethylation Inhibitors (DMIs) have
been the leading agents for control of fungal pathogens of both
plants and humans since their introduction in the early 1970s.
Despite early reports of DMI resistance development in the cere-
al powdery mildew pathogen Blumeria graminis, resistance in this
and other plant pathogens has developed relatively slowly with-
out affecting practical disease control. Resistance mechanisms
identified so far are enhanced active efflux, over-expression of
the target-encoding sterol-14a-demethylase gene (CYP51) and
CYP51 mutations. Recent work on control of Septoria leaf blotch
(Mycosphaerella graminicola) with 12 currently marketed azoles in
the UK showed clear differences in efficacy. Many of the older
azoles gave poor control of Septoria leaf blotch when applied in
two-spray programmes at the maximum recommended dose
whereas the newer azoles epoxiconazole and prothioconazole
performed well. Interestingly, additional testing of isolates and
DNA samples of infected leaves from these experiments revealed
that particular CYP51 alterations are differentially selected by
different azoles in the field. These correlations were confirmed
for a selection of strains with both 2z vitro and in planta fungicide
sensitivity testing. Based on this knowledge we tested if alterna-
tions or combinations of different azole fungicides can be used as
an effective resistance management strategy.
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TAXONOMY OF PLANT PATHOGENS

TAXONOMY OF PLANT PATHOGENIC FUNGI: SPORE DI-
MENSIONS OF THE PAST ARE REFUTED BY GENOMES OF
THE FUTURE. P.W. Crous. Centraalbureau voor Schimmelcul-
tures, Fungal Biodiversity Centre, PO. Box 85167, 3508 AD
Utrecht, The Netherlands. Email: p.crous@cbs.knaw.nl

Phytomycologists form an essential bridge between mycology
as science, and phytopathologists as its user community. Most of
the names currently used for phytopathogenic fungi are based on
former opinions, and clash with current data. Many genera are
shown to be poly- or paraphyletic, and most morphological
species to be assemblages of different phylogenetic taxa, many of
which frequently turn out to be geographically separated. Fur-
thermore, dual nomenclature for pleomorphic fungi should be
eliminated as soon as possible, as it is redundant in the DNA era.
Although the Linnaean system was based on the phenotype, I ar-
gue that inconspicuous differences may in some cases be more
relevant for trade and quarantine, and hence a more accurate
naming system based on DNA barcodes is called for. This is an
achievable goal if scientists embrace the virtual laboratory of the
future, and deposit related data in interactive, linked databases
such as GenBank and TreeBase, with metadata in MycoBank.
This process should be strongly enforced as part of the editorial
policy of all reputable journals. Techniques to detect minute
quantities of DNA, and compare partial or whole genomes are
continually evolving. Although we need to improve our under-
standing of population dynamics and gene flow, we should also
acknowledge the importance of new emerging diseases caused by
novel organisms, or formerly less relevant pathogens that have
gained new importance due to climate change. Molecular tech-
niques and data will play a central role in the future taxonomic
system adapted for plant pathogenic fungi.

TAXONOMY OF PLANT PATHOGENIC NEMATODES - USE
OF SSU AND LSU rDNA SEQUENCES FOR PHYLOGENETIC
RECONSTRUCTION AND DNA BARCODING. H. Helder, M.
Holterman, G. Karssen, R. Landeweert, P. Veenhuizen, S. van
den Elsen, H. van Megen and J. Bakker. Laboratory of Nematol-
ogy, Department of Plant Sciences, Wageningen University, Bin-
nenhaven 5, 6709 PD Wageningen, The Netherlands. Email:
hans.helder@uwur.nl

Nematodes are thought to constitute the most numerous
group of multicellular animals, and are present in virtually all ter-
restrial, freshwater and marine habitats. Several different feeding
types are represented within the phylum Nematoda, and plant
parasites constitute a minority. Here we will focus on three major
groups of plant parasites — Tylenchida, Dorylaimidae and Tri-
chodoridae — causing worldwide losses which are estimated at
about $80 billion annually. Most notorious are cyst, lesion and
root-knot nematodes. The morphology of nematodes is highly
conserved, and microscope-based analysis of nematode commu-
nities is notoriously time-consuming, and can only be done by
trained experts. DNA barcoding is a powerful alternative for the
identification and quantification of this kind of organism. Among
animals the small subunit ribosomal DNA (SSU rDNA) gene (=
1,700 bp) is often used to reconstruct deep phylogenetic relation-
ships. Over the last few years we have sequenced a substantial
part of the NW European terrestrial and freshwater nematode
fauna (in total about 1,500 genotypes, up to Autumn 2007), and
we observed that plant (and animal) parasitism has resulted in ac-
celerated evolution of the SSU rDNA gene. The availability of se-
quence information for non-parasitic nematodes allowed us to

define species-specific DNA signature sequences for the identifi-
cation of plant pathogenic nematodes (including quarantine
species such as Meloidogyne chitwoodi, M. fallax, Globodera ros-
tochiensis and G. pallida) in highly complex backgrounds such as
soil samples. Currently this rDNA signature-sequence-based
identification and quantification system is used for high through-
put routine screening of soil and plant samples.

STAR-BURST EVOLUTION OF THE PICORNAVIRUS SUPER-
FAMILY: TAXONOMIC IMPLICATIONS. V.V. Dolja, Y.I. Wolf
and E.V. Koonin. Department of Botany & Plant Pathology, Ore-
gon State University, Corvallis, OR 97331, USA. Email: doljav@
science.oregonstate.edu

Phylogenetic analysis revealed that the picornavirus superfam-
ily includes 14 families, 4 floating genera and 14 unclassified
viruses that infect plants, fungi, oomycetes, vertebrates, arthro-
pods, and a variety of unicellular eukaryotes. This vast assem-
blage of viruses contains seven evolutionary lineages that com-
bine viruses with distinct host ranges. For instance, lineage 2 in-
cludes plant viruses of the family Luzeoviridae and genus Sobe-
movirus along with fungal Barnaviridae and unclassified viruses
that infect a dinoflagellate and an oomycete. The branching pat-
tern of the lineages indicates a star phylogeny in which the princi-
pal diversification events appear to have occurred in a burst in a
relatively short period of time. Because this pattern is similar to
that described for supergroups of eukaryotes, it is proposed that
the picornavirus-like viruses emerged and diverged into major
lineages near the time of eukaryogenesis. The subsequent
processes likely involved sampling the space of potential hosts by
viruses and a slower virus-host coevolution that proceeded in a
conventional, tree-like mode. Evolutionary affinities of the pro-
teins that are most broadly conserved in the picornavirus super-
family suggest their origins from bacteriophages or, in the case of
the trypsin-like proteinases, from bacteria themselves. Generally,
our results support the continuing use of biological features such
as viral host range, in addition to phylogenetic analysis, for virus
classification. More specific implications for plant virus taxono-
my involve proposals to elevate the genus Sobenzovirus to a family
status and to establish a new family including genera Sadwavirus
and Cheravirus.

TAXONOMY OF PLANT PATHOGENIC BACTERIA. C.T.
Bull and B.A. Vinatzer. USDA/ARS 1636 E. Alisal St., Salinas CA
93905 USA. Email: Carolee. Bull@ars.usda.gov

Taxonomy is the process of the classification, the application
of names (nomenclature), and the practice of identification. Clas-
sification is an iterative process that follows the scientific method.
Knowledge of relationships from previous findings is refined us-
ing the most powerful methods available. The validity of the re-
sults and conclusions are scrutinized through the peer review
process. The scientific community begins to use the new classifi-
cation system if, in their scientific opinion, it is an improvement
over previous classifications. Over the past 20 years DNA:DNA
hybridization and sequence analyses of individual genes informed
classifications. Now new inexpensive technology allows re-
searchers to compare sequences of multiple genes and even of en-
tire genomes to study the genetic diversity of bacterial popula-
tions and classify organisms. If these studies include appropriate
type strains, the information generated may be developed into
proposals that could result in changes in nomenclature. The ap-
plication of names to circumscribed taxa is conducted according
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to rules and standards presented by internationally recognized
codes of nomenclature. The International Code of Nomenclature
of Prokaryotes regulates the nomenclature for species, subspecies
and higher taxa. The International Standards for Naming Patho-
vars of Plant Pathogenic Bacteria, regulates the nomenclature of
pathovars and provides recommendations for changes in nomen-
clature that involve the proposal of pathovars as species or sub-
species. Results from current genomic studies may lead to the
identification of genetic signatures for Pseudomonas syringae
pathovars that could be used as justification for proposal of some
pathovars as distinct species.

BIOSECURITY AND QUARANTINE

THE REVISED INTERNATIONAL PLANT PROTECTION
CONVENTION - A NEW CONTEXT FOR PLANT QUARAN-
TINE. W.P. Roberts. Department of Agriculture, Fisheries and
Forestry, GPO Box 858, Canberra, ACT 2601, Australia. Email:
bill.roberts@daff.gov.au

The purpose of the International Plant Protection Convention
(IPPC) is to secure common and effective action to prevent the
spread and introduction of pests of plants and plant products
and to promote appropriate measures for their control. Under
the IPPC, pests include: “any species, strain or biotype of plant,
animal or pathogenic agent injurious to plants or plant prod-
ucts”. Although the first version of the IPPC came into force in
1952 it was the recognition of the IPPC by the Sanitary and Phy-
tosanitary Agreement of the World Trade Organization that pro-
vided the impetus to revise the IPPC and substantially increase
standard setting activities. Today there are over 160 contracting
parties to the IPPC. There are a significant number of approved
standards covering a wide range of plant protection issues partic-
ularly relating to preventing or controlling pests moving in inter-
national trade. Every year a series of working groups produce
new standards and revise old standards for approval by the meet-
ing of the parties to the convention.

PEST RISK ANALYSIS AS APPLIED TO PLANT PATHOGENS.
E Petter, S. Brunel and M. Suffert. European and Mediterranean
Plant Protection Organization, 1 rue Le Nétre, 75016 Paris, France.
Email: hg@eppo.fr

The European and Mediterranean Plant Protection Organi-
zation (EPPO) is a regional standard-setting organization creat-
ed in 1951. One of EPPO’s main priorities is to prevent the in-
troduction of dangerous pests from other parts of the world, and
to limit their spread within the region should they be intro-
duced. In recent years, trade networks have expanded and diver-
sified, increasing the risks of introducing pests to new geograph-
ical areas. Measures adopted by countries to protect their terri-
tories from these introductions should be technically justified
and an International Standard for Phytosanitary Measures
(ISPM) on Pest Risk Analysis (PRA) has been developed in the
International Plant Protection Convention framework (ISPM
no. 11). Since the 1990s, EPPO has also been involved in devel-
oping schemes for PRA. EPPO member countries favoured
maintaining an EPPO scheme as it presents a logical sequence of
questions which address all the elements mentioned in ISPM no.
11. The scheme provides detailed instructions for the different
stages of PRA for quarantine pests: initiation, pest categoriza-
tion, probability of introduction, assessment of potential eco-
nomic consequences and pest risk management. Its application

to pathogens is presented. Guidance for the use of additional
tools, e.g. climatic predictions, and impact assessment tools are
also being developed to assist pest risk analysts in mapping en-
dangered areas for establishment and impact. Since 2006, a sys-
tem has also been established to perform PRA at the EPPO level
and Expert Working Groups (EWGs) are convened to conduct
PRAs on specific pests. This system is presented. The PRA
scheme and PRAs prepared within the EPPO framework are
available on the EPPO website (www.eppo.org).

BIOTERRORISM AND BIOSECURITY. M.L. Gullino, F. Suffert
and J. Stack. AGROINNOVA, University of Torino, Via L. da Vinci
44, 10095 Grugliasco (TO), Italy. Email: marialodovica.gullino@
unito.it

Agriculture and related sectors are essential to social, econom-
ic and political stability worldwide. Food production and distri-
bution systems are global in nature and pose relatively soft tar-
gets, offering many points at which commodities could be delib-
erately contaminated. Since 2002, there has been strong recogni-
tion worldwide of the existence of a genuine threat from terror-
ists or criminals to the agricultural sector and global food supply.
Crop biosecurity is a new field of research, aimed, in its broadest
sense, at protecting agriculture (crops), food supply and natural
resources from the natural or intentional introduction, establish-
ment and spread of plant pests, pathogens and noxious weeds.
Securing agro-food systems requires the ability to identify threats
and then to prevent, detect, respond to and recover from actual
events. Most work in this field has been done in the United
States, Australia and New Zealand. Existing programmes mostly
focus on high-consequence, existing, or near-term threatening
agents and events and their rapid detection, leading to numerous
lists of plant and animal pathogens, compiled independently by
several Agencies. European research defined a first list of high-
threat candidate pathogens for Europe as well as a list of crops at
risk. Results achieved to date are discussed as well as the impor-
tance of international cooperation in order to develop long-range
strategic planning, to enhance the current surveillance infrastruc-
ture, to develop biosecurity capabilities in the agro-food sector,
and to ensure worldwide optimal capacity to anticipate, prevent,
respond to, and recover from acts of agroterrorism.

CONSEQUENCES OF MODERN DIAGNOSTICS FOR PLANT
QUARANTINE. M. Maes. Institute for Agricultural and Fisheries
Research, Plant-Crop Protection, Burg, Van Gansberghelaan 96,
9820 Merelbeke, Belgium. Email: martine.maes@ilvo.vlaanderen.be

Isolation, pathogenicity testing and host indexing are reliable
diagnostic methods for bacterial, fungal and viral plant
pathogens. Visual symptom detection combined with these meth-
ods have been used for phytosanitary control of quarantine
pathogens. But obviously, several of these pathogens were able to
spread despite extensive control of the traded plant material,
probably through symptomless latent infections. Real-time PCR
provides the sensitivity needed for detection of latent pathogens
present in low concentrations or fastidious in growth. This
method can be designed for high through-put and even on-site
analyses. PCR, real-time PCR and sequence analysis are also in-
teresting tools for symptom diagnosis and identification of new
isolates. However, the reliability of molecular tests must be of
great concern, since decision on pathogen contamination or iden-
tity is reduced to a blind DNA test and may be performed by an-
alysts with a limited knowledge of microbiology, symptoms and
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epidemiology. False results in quarantine matters can have an im-
portant impact. Therefore, taxonomists, curators of collections
and phytopathologists have to cooperate to support the biotech-
nologists with data on the correct identity of the quarantine or-
ganism in terms of relatedness and variability within the taxon,
host range and symptoms. The molecular method has to be thor-
oughly validated with strains from certified collections, working
collections and with biological samples. In DNA/RNA detection
technology only small samples can be processed. Hence, sam-
pling methodology and knowledge on the 7 planta distribution
and extraction of the pathogen are crucial. Preliminary selective
enrichment of the pathogen or its DNA/RNA from larger sample
volumes could be an interesting strategy for future developments.

PLANT PATHOLOGY IN INDUSTRIALIZED
AND DEVELOPING COUNTRIES

PLANT PATHOLOGY: CURRENT AND PROPOSED DIREC-
TIONS IN THE UNITED STATES. ]. Leach. Bioagricultural
Scineces, Colorado State University, Fort Collins, CO, 80523-1177
USA. Email: jan.leach@colostate.edu

Plant pathology in the U.S. has been and will continue to be
profoundly influenced by societal, institutional, environmental,
and technological changes. The American Phytopathological So-
ciety established a series of Ad hoc committees to study plant
pathology as a discipline and a profession. These committees
were charged with assessing our current position and providing a
vision of how best to best position plant pathology to meet future
societal needs and scientific opportunities. The foundation for
each study was the overarching vision statement: “Plant patholo-
gy will be a global and integrated discipline that will develop and
apply the fundamentals of plant-microbe interactions to advance
plant health and productivity”. A summary of the key findings,
predictions, and directions from these studies, particularly as they
relate to plant pathology in the U.S., will be presented.

MOLECULAR PLANT PATHOLOGY IN SOUTHERN HEMI-
SPHERE INDUSTRIALISED COUNTRIES. ]J. Manners. CSIRO
Plant Industry, Brisbane, QLD 4067, Australia. Email: jobn.man-
ners@csiro.au

The following are some of the key plant pathology challenges
facing plant production systems in Australasia. 1. Maintaining
biosecurity, including quarantine, incursion management and
pre-emptive breeding, 2. Resisting and managing diseases that are
re-emerging as a result of altered agricultural practices, 3. Resist-
ing rapidly evolving pathogens, and 4. Nurturing a science capa-
bility that will lead to durable solutions to major diseases. Molec-
ular plant pathology will contribute to all of these challenges. The
recent incursion of smut disease into the tropical sugarcane in-
dustry has required an overhaul of cultivars and breeding
germplasm, and DNA markers are assisting in this process.
Necrotrophic pathogens, for example Fusaria causing crown rot,
are now major issues for the wheat industry because of practices
such as stubble retention and minimum tillage, and molecular ap-
proaches are used to increase our knowledge and to both breed
and engineer resistance to these pathogens. Rust fungi have been
a long-standing threat to the Australian wheat industry and
CSIRO in Canberra have led the world in understanding host-
rust fungus interactions at the molecular level. Based on struc-
ture-function studies of resistance and avirulence genes, this
work is moving towards engineering durable resistance. Finally,

in the Sdo Paulo region of Brazil a new force in molecular pathol-
ogy has emerged based on a substantial genomics capability de-
veloped to underpin the large agricultural industry of this region.
This has led to sequencing the genomes of important bacterial
and viral pathogens and suggests a global shift of capability in
molecular pathology.

PLANT PATHOLOGY IN EUROPE: PRESENT STATUS, IM-
PACT AND FUTURE CHALLENGES. J.A. Lucas. Department of
Plant Pathology and Microbiology, Rothamsted Research, Harpen-
den, Herts, AL5 2]Q, UK. Email: john.lucas@bbsrc.ac.uk

Plant pathology has traditionally had a strong base in many
European countries, with research networks of Institutes, spe-
cialised extension services and academic groups in universities.
This has changed in recent years with reduced emphasis on and
support for agricultural sciences across much of Western Europe,
with consequences including the closure of some Institutes, con-
traction of government-funded consultancy services, and consoli-
dation of the agrochemical sector. Concerns have also been
voiced about a potential loss of skills in specialist disciplines such
as mycology, plant nematology and virology. At the same time the
biological sciences have been invigorated by a revolution in mo-
lecular genetics and genomics, with European researchers making
key contributions in high profile and fast moving areas such as
host-pathogen interactions, plant innate immunity and defence.
Genome projects are delivered by research consortia and this has
accelerated integration and globalisation of the research commu-
nity. A challenge for plant pathology is to ensure that advances in
the fundamental science translate into practical applications not
only in Europe but beyond. This will be crucial given current
concerns about sustainability of the food chain, and the need for
a new green revolution, to meet not only demand for food but al-
so industrial crops, such as biofuels, and to adapt to the likely im-
pacts of climate change.

THE MANY CHALLENGES FOR PLANT PATHOLOGY IN
AFRICA. ]. Roux, A. Muimba-Kankolongo, M. Apetorgbor,
D.A. Begoude, G. Nakabonge and M.]. Wingfield. Department
of Microbiology and Plant Pathology, Forestry and Agricultural
Biotechnology Institute, University of Pretoria, Pretoria, South
Africa. Email: jolanda.roux@fabi.up.ac.za

Plants, including trees for fuel wood, construction timber and
fruit, present a hugely important resource in Africa. In the major-
ity of African countries, wood provides the most important
source of fuel and lighting, while fruit and agricultural crops pro-
vide staple diets for millions. Despite seemingly good soil fertility
and opportunities for enhanced agricultural production, most
African farmers rely on subsistence agriculture. The impact of
pathogens and pests on agricultural crops and trees in Africa is
huge. Studies in several countries have shown that losses to agri-
cultural crops caused by virus diseases reached up to 90%, while
in most of Africa, mycotoxin-producing fungi present a substan-
tial threat to human, animal and plant health. Likewise, fungal
diseases of forest trees have caused the planting of preferred tree
species to be discontinued. Yet, despite the often difficult condi-
tions, plant health specialists in the region have contributed sub-
stantially to plant health management. One of the greatest con-
straints to plant health management in Africa is a severe shortage
of trained plant health experts. In many cases, where these ex-
perts are available, they are seriously limited in what they can
achieve due to low levels of funding, poor infrastructure and in-
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adequate support structures. For example, many African coun-
tries do not have reliable or stable power supplies, making the
application of modern diagnostic and other techniques impossi-
ble or very costly. These poor conditions result in many African
plant pathologists finding employment elsewhere in the
world. This is an unfortunate situation that deserves the attention
and support of plant pathologists who operate under more fortu-
nate conditions.

TRANSGENIC PLANTS

GENERAL OVERVIEW OF GM CROPS 1996-2007; ADOP-
TION, IMPACT AND FUTURE PROSPECTS. ]. Clive. Interna-
tional Service for the Acquisition of Agri-biotech Applications
(ISAAA), PO. Box 427 SAV, Grand Cayman, Cayman Islands,
UK. Email: cjames@candw.ky

In the early 1990s, some were skeptical that genetically modi-
fied (GM) or transgenic crops, now more often referred to as
‘biotech crops’, could deliver improved products and make an
impact at the farm production level. There was even more skepti-
cism that the developing countries of Asia, Latin America and
Africa could access and adopt biotech crops developed by indus-
try. The first decade of commercialization of biotech crops, 1996-
2005, witnessed unprecedented rapid global adoption in both in-
dustrial and developing countries. 2007 was the second year of
the second decade of commercialization of biotech crops (1996-
2015). The adoption of biotech crops, in 2007 and the period
1996 to 2007 is reviewed, within a broad framework, that ad-
dresses their adoption and impact (economic, environmental and
humanitarian) including their contribution to food, feed, fiber
and fuel security on a global basis. The future prospects of
biotech crops are summarized including their potential contribu-
tion to a more sustainable agriculture.

MECHANISMS OF RESISTANCE TO VIRUS DISEASES. R.S.
Nelson. Plant Biology Division, 2510 Sam Noble Parkway, Samuel
Roberts Noble Foundation, Inc., Ardmore, Oklabhoma, 73401,

USA. Email: rsnelson@noble.org

Two procedures, traditional crossing and stable transforma-
tion, are the most common methods used to produce plants re-
sistant to virus-induced disease. The mechanisms employed by
these plants to resist virus disease, however, are astonishingly
variable. They vary from expression of a nucleic acid or polypep-
tide sequence that directly inhibits virus accumulation to the loss
of expression of a sequence necessary for virus accumulation.
The former relies on a sequence from the plant or virus while the
latter relies on a sequence from the plant. Specific examples in-
clude expression of plant-derived or virus-derived genes for re-
sistance to virus accumulation [e.g. respectively, resistance (R)
gene-mediated and RNA silencing] and loss of expression of
plant-derived genes necessary for virus accumulation (e.g. eI[F4E
down-regulation). Resistance phenotypes are manifest as a block
in virus replication, cell-to-cell movement, or vascular-mediated
accumulation. A summary of these and other novel resistance
mechanisms to virus infection will be presented. It is clear that
researchers now have identified resistance mechanisms which, ei-
ther singly or combined, can be used to produce plants resistant
to most, if not all, viruses. The reasons that this ultimate goal has
not been achieved will be discussed.

RISK ASSESSMENT OF GM PLANTS AND PRODUCTS:
FACTS, THE PUBLIC AND POLITICS. T. Twardowski. [nstytut
Chemii Bioorganiczney i Politechnika ,6dzka, Noskowskiego 12/14,
61-704 Poznaf, Poland. Email: twardows@ibch.poznan.pl

So far, only four kinds of plant and two traits have occupied
up to 99% of the total area of GM plantings. However, up to
70% of the products available in supermarkets are affected by
genetic engineering. Statistically, every single person on the globe
has contact with GMO or GM products. Risk evaluation of
GMO and GM products is well developed and scientifically ad-
vanced, though it consumes time, money and labor. Probably
biotechnology is the only innovation technology having such an
advanced self-security program developed by biotechnologists
themselves. During the first ten years of commercialization, no
severe incident has been reported. However, science fiction stim-
ulates the imagination and history of opposition. The sociotech-
nique of GMO opponents is extremely effective and so is that of
politicians, through general public influence. This political envi-
ronment has borne fruit in legislation, which is directly connect-
ed with the economy and development of many states. An exam-
ple is the formation of ‘GMO-free zones’, the most important
aim for those who oppose modern biotechnology. According to
lawyers and biotechnologists, this concept is: 1) contrary to pres-
ent legislation, 2) without scientific background, and 3) against
the development of the national economy.

GLOBAL SEED HEALTH: CONCERNS AND SOLUTIONS

DIAGNOSTIC TARGETS, MOLECULAR TAXONOMY AND
THE BARCODING OF LIFE. G. Vannacci and G. Firrao. Dip.
CDSL - Sez. Patologia Vegetale, University of Pisa, Via del Borghet-
to, 80, 56124 Pisa, Italy. Email: g.vannacci@agr.unipi.it

Technical advances in molecular biology provided us with an
array of finely tuned seed health testing tools that entailed major
progress in sensitivity and specificity. However, methods are still
based on defined molecular features that do not account for the
complexity of living organisms. High specificity reduces false
positives but we should know exactly what we need, or we want,
to diagnose and how the molecular feature that we plan to diag-
nose fits our target. Specificity derives from “species” which is
the preferred reference in fungal detection and diagnosis in a
seed lot. Thus, changes in the species concept have marked con-
sequences in diagnostics. Since, at least in fungi, the operational
definition of species is more and more frequently based on the
concordance of different genes genealogies, the strict relation-
ship between a specific target and a given species may get lost.
Many morphospecies are under revision and some of them have
been, and others will be, split in different molecular species.
These molecular differences do not correlate with pathogenicity
or other relevant traits (such as mycotoxin production), leading
to the paradox that a too high specificity would not be advisable
for such pathogens. Conversely, we will need diagnostic tools
targeting groups of harmful organisms with similar traits. In
these cases, diagnostic should move from a taxonomic to a phys-
iological framework. On the other hand, species revisions based
on molecular analyses in obvious contrast with morphological
evidences contributed substantially to clarify several enigmatic
case studies. Examples from seed borne fungi will be given to il-
lustrate these points.
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TRANSBOUNDARY MOVEMENT OF SEEDS AS INFLU-
ENCED BY THE WTO: A DEVELOPING COUNTRY’S PER-
SPECTIVE. R.K. Khetarpal, V.C. Chalam and K. Gupta. Divi-
sion of Plant Quarantine, National Bureau of Plant Genetic
Resources, Pusa Campus, New Delbi 110012, India. Email:
ravi@nbpgr.ernet.in

Seeds are potential carriers of a number of destructive pests or
virulent strains thereof during transboundary movement. Many
developing countries are unable to comply with the Agreement
on Sanitary and Phytosanitary (SPS) Measures of the WTO to
which they are signatory members. India has recently taken some
initiative for developing its National Standards of Phytosanitary
Measures in line with International Standards on Phytosanitary
Measures, initiating Pest Risk Analysis, strengthening its survey
and surveillance programme, upgrading its quarantine facilities
and expertise including establishment of containment facilities
and laboratories for detection of transgenes. A number of sup-
portive research programmes viz., molecular detection of pests,
development of digitized keys for identification of pests, develop-
ment of disinfestation protocols based on thermal and irradiation
treatments and detection of transgenicity in undeclared samples
during exchange or trade have also been recently initiated. The
biosafety issues related to safe trade in Genetically Modified Or-
ganisms also need to be addressed. Besides, the seed certification
programme of a country impinges upon its export market and
quarantine. In India, seed health testing standards are prescribed
for only a few cases with none in respect to seed-transmitted
viruses. For these a multi-institution project was recently under-
taken to develop diagnostic kits and standards for quality control
of important legume viruses. Information on distribution of pests
and their epidemiology needs to be constantly generated in iden-
tifying both recently introduced pests, and the pest-free areas for
facilitating export. Compliance with the SPS Agreement is a mul-
tifaceted task where comprehensive policy and operational re-
forms are needed simultaneously.

INFORMATION RESOURCES AND THEIR APPLICATION
IN RATIONALIZING SEED HEALTH REGULATIONS. P.
Scott, L. Chatles, J. Cortes and R. Day. CABI, Wallingford, UK.
Email: [.charles@cabi.org

National phytosanitary regulation, including seed heath con-
siderations, must be based on the available information. Where
information is lacking, regulations are still necessary, but they can
be modified when new information becomes available, promot-
ing dissemination and trade of improved seed, without increasing
risk. Case studies are described in which countries have been
ready to simplify their seed health regulations when an independ-
ent, science-based information source is invoked to show, for ex-
ample, that pest organisms intended to be excluded from enter-
ing a country by its regulations are in fact already present. Such a
source might also show that seed-transmission of the organism is
improbable, or that impact of the organism is low. Or it might in-
dicate opportunities for the regional harmonization of phytosani-
tary measures. To be accepted as a basis for risk analysis in con-
texts such as these, an information source needs to be readily
identified as science-based, independent of sectoral interests,
comprehensive, and preferably widely used. Examples of infor-
mation resources that complement and enhance the official ex-
change of information facilitated by the International Plant Pro-
tection Convention (IPPC) are discussed.

FACTORS AFFECTING RISKS RELATED TO SEED-TRANS-
MITTED FUSARIUM SPP. IN MAIZE. G.P. Munkvold. Iowa
State University, 160 Seed Science, Ames, 1A 50011, USA. Email:
munkvold@iastate.edu

Several species of Fusarium can be seed-transmitted in maize,
and these fungi are both pathogenic to the plant and toxigenic to-
ward maize-consuming livestock and humans. Fusarium prolifera-
tum, E subglutinans, and E verticillioides are commonly seed-
transmitted, but the impact of this phenomenon depends on en-
vironmental (biotic and abiotic) and management factors in the
seed production field, the seed conditioning environment, and
the planted field. In this presentation, the influence of selected
factors in each of these environments will be discussed, including
insect infestation in seed production, gravity separation of seeds,
fungicidal seed treatment, and temperature conditions in the
planted field. Insect management can play a significant role in re-
ducing seed infection, which can be further reduced in a pre-
dictable way through gravity separation of seeds. Fungicidal seed
treatment may contribute to minimizing the risk of seed transmis-
sion. The consequences of Fusarium seed transmission include re-
duced emergence, poor seedling health, and systemic infection of
maize plants. The importance of systemic infection is not com-
pletely understood, but it occurs more extensively under warm
temperature conditions; therefore the risks associated with sys-
temic Fusarium infection are likely enhanced under these condi-
tions. The implications of these environmental and management
factors taken together will be discussed.

WHAT FUTURE FOR PLANT PATHOLOGY

THE FUTURE OF PLANT PATHOLOGY. CHALLENGES/OP-
PORTUNITIES: A U.S. PERSPECTIVE. M.B. Dickman. I7sti-
tute for Plant Genomics and Biotechnology, Department of Plant
Pathology and Microbiology, Texas A&M University, College Sta-
tion, Texas, 77843-2123, USA. Email: mbdickman@tamu.edu

Plant pathology is a discipline borne of necessity. Since this
science of approximately 150 years has changed, evolved, and
advanced, the perception of the importance and relevance of
plant disease research fluctuates from the classic Irish potato
famine to the sobering fact that numerous U.S. university plant
pathology departments are closing or being consolidated with
other disciplines. Historically, in the U.S., the overall report card
for plant pathology has been quite good; food is generally abun-
dant and the comparative cost quite reasonable. It is evident that
previous and ongoing research has been quite successful in the
U.S., although this statement cannot be said for other areas of
the world. With the world shrinking, usable land decreasing, and
the population increasing, coupled with global warming, and the
threat of bioterrorism, an important consideration is whether we
are adequately preparing the next generation of students/re-
searchers (the numbers of which are also decreasing in the U.S.)
to meet the inevitable demands in the future? When food safety
and food security issues are added, the task ahead becomes even
more daunting. We are now in the era of post-genomics, trans-
genic plants, precision breeding, and overall remarkable techno-
logical advances. Can these rapidly advancing technologies be
implemented with a new core of dedicated trained professionals
to provide an adequate supply for the world?

EFFECTS OF PLANT DISEASES ON CROP PRODUCTION: A
EUROPEAN PERSPECTIVE. E.-C. Oerke. Iustitute of Crop Sci-
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ence and Resource Conservation — Phytomedicine, University of
Bonn, Germany. Email: ec-oerke@uni-bonn.de

When growing plants for food, feed and energy, man has to
compete with pests for this limited resource. Incidence and
severity of diseases often increase with production intensity, and
crop productivity is endangered especially in high-input systems
predominating in Europe. Yield losses to pathogens may reduce
both crop quantity and quality, and in developed countries the
high consumer standards for food quality are still increasing. De-
tection of mycotoxins in plant produce has increased the interest
in effective control of pathogens in cereals, grapevines, and oth-
er crops. Fungicides are used to sustain productivity at high lev-
els but it is also necessary to preserve natural resources. High
productivity agriculture will become more important in future,
as bio-energy production promotes changes in land use and re-
sults in competition for areas at present devoted to food and
feed production. Climate change is likely to affect the spatial dis-
tribution of crops and pathogens as well as their impact on pro-
ductivity. Innovative technologies like remote sensing, GPS-
based monitoring of pathogens, GIS-based disease mapping and
technologies for exact applications may contribute to reduce
pesticide use in spite of emerging disease problems. Consumers
want to have food not treated with pesticides or free from pesti-
cide residues, but producers do not have the technologies to
control disease without chemicals. Public awareness of the ori-
gins of food which seems to superabound, and of the ongoing
thread to crops is often low in industrialized countries and has
resulted in uninformed prejudices as well as in closure of univer-
sity departments of plant pathology.

ASIAN PERSPECTIVE ON THE FUTURE OF PLANT
PATHOLOGY. E.W. Park. Department of Agricultural Biotech-
nology, Seoul National University, Seoul, 151-921, Republic of Ko-
rea. Email: ewpark@snu.ac.kr

Asia is the world’s largest and most populous continent cover-
ing 29.4% of Earth’s land area and containing almost 4 billion
people, more than 60% of the world population. The developing
economies in Asia including East Asia, Pacific region and South
Asia have grown rapidly, increasing their share of global output
from 19% in 1995 to 27% in 2005. Considering its land area, hu-
man population, and economic growth, Asia will become increas-
ingly influential to global food security and economy in the fu-
ture. For example, rice production in Asia, which covers more
than 90% of the world production, clearly affects food supply
not only in Asia but also in other continents. In the 21% century,
globalization is a major issue in all aspects of human life, and con-
vergence of technologies offers immense opportunities for the
improvement of human abilities, social outcomes, productivity
and quality of life. The rapidly expanding volume of agricultural
products in global trade has greatly accelerated the introduction
and establishment of invasive plant pathogens and pests. Conse-
quently, international and interdisciplinary collaboration becomes
more and more important to investigate fundamentals of plant-
microbe interactions and to develop and apply innovative tools
for plant health and productivity. This presentation will discuss
the future of plant pathology in Asia in the light of societal, envi-
ronmental, and technological changes with special emphasis on
East and South East Asian countries.

GLOBAL PERSPECTIVE OF ENVIRONMENTAL AND AGRI-
CULTURAL SUSTAINABILITY. ]. Gilliland. Rural Generation
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Ltd, Brook Hall Estate, 67 Culmore Road, Londonderry, BT48
8JE, Northern Ireland. Email: jgilliland@twisel.com

With an annual increase of 70 million people on this planet to
feed, one might say that the future for both environmental &
agricultural sustainability is a real challenge. But it is not until
one adds in key issues such as food, fuel & water poverty; climate
change; dietary change with in the Pacific Rim; and the need for
energy and water security; do you realise the truely enormous
challenges facing us in the future. The last 18 months have been a
truly definitive tipping point, for global sustainability. The first
real inflation in food prices; food riots on the streets of Mexico;
exotic livestock diseases rampant across Europe; and an Interna-
tional Agreement to find a replacement for Kyoto, by 2009; clear-
ly proves that we have turned a definitive corner and we now
need, more than ever, smarter tools if global sustainability is ever
to be achieved. Investment in R&D, in this area, is probably now
at its lowest level for a Generation. The ultimate goal, a truly
multifunctional Agriculture can only be achieved from using the
products of increased investment in R&D, to allow farmers and
land managers to deliver on multiple societal benefits, off the
same piece of land, with in the same year. Without this, global en-
vironmental & agricultural sustainability will never be achieved!

PLANT PATHOGENS AND MICROBIAL INTERACTIONS IN SOIL

TRIPARTITE INTERACTIONS AMONG PLANTS, ARBUSCU-
LAR MYCORRHIZAL FUNGI AND ENDOCELLULAR BACTE-
RIA. P. Bonfante. Department of Plant Biology and IPP-CNR, Viale
Mattioli 25, 10125 Torino, Italy. Email: p.bonfante@ipp.cnr.it

For efficient uptake of nutrients most land plants need to be
associated with arbuscular mycorrhizal (AM) fungi which are vi-
tal components of rhizospheres. AM fungi supply plants with nu-
trients, thus increasing their productivity and conferring resist-
ance to stress. Exploitation of these symbioses in agro-environ-
ments is of high environmental and economic value. However,
mostly due to the obligate biotrophic status of AM fungi, there is
still a lack of knowledge on their biology. The aim of this presen-
tation is to illustrate a peculiar feature of these symbionts, i.e. the
presence of bacteria in their cytoplasm as a rather common event.
Intracellular bacteria were characterized in the isolate BEG 34 of
Gigaspora margarita as a new bacterial taxon, ‘Candidatus Glom-
eribacter gigasporarum’, which has a reduced (1.4 Mb) genome.
A sequencing project is currently in progress, and will allow di-
rect investigation of the bacterium’s impact on the fungal host.
The bacteria are vertically transmitted through fungal spore gen-
erations and thanks to a protocol based on repeated passages
through single-spore inocula, cured spores were obtained, giving
a line that has a distinct phenotype regarding cytoplasm and cell
wall organization. The absence of bacteria severely affects
presymbiotic fungal growth such as elongation and branching af-
ter root exudate treatment, suggesting that Ca. Glomeribacter is
important for optimal development of its fungal host. Under lab-
oratory conditions, the cured fungus could be propagated, repre-
senting a stable variant of the wild type. Taken as a whole the da-
ta reveal arbuscular mycorrhizas as true tripartite interactions.

FATE, PHYSIOLOGY AND IMPACT OF FIELD-RELEASED
PSEUDOMONAS FLUORESCENS SBW?25. ].K. Jansson. Depart-
ment of Microbiology, Swedish University of Agricultural Sciences,
Box 7025, 750 07 Uppsala, Sweden. Email: Janet.Jansson@mikrob.
slu.se
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The plant growth promoting bacterium, Pseudomonas fluo-
rescens SBW25 was marked with genes encoding GFP, luciferase
and tellurite resistance and released in the first Swedish field trial
of a genetially modified microorganism (GMM). The GMM
strain survived well on all wheat plant surfaces over the entire 8
month experimental period. No treatment resulted in reduction
of disease symptoms caused by Microdochium nivale and no
GMM cells were ever found in bulk soil or uninoculated plants.
The indigenous soil and plant-associated microbiota was impact-
ed to a minor extent by the GMM inoculant as assessed by T-
RFLP using primers directed towards bacteria and fungi. By con-
trast, time and plant part sampled had significant effects on the
community composition of the indigenous microbiota. In addi-
tion, the physiological status and biocontrol effects of SBW25
were studied in more detail using proteomics and a combination
of marker genes and the results support the use of SBW25 as a
plant growth promoting inoculant.

TYPE III PROTEIN SECRETION SYSTEM IN FLUORES-
CENT PSEUDOMONADS CAPABLE OF BIOCONTROL. E
Rezzonico, D. Gobbin, G. Défago and Y. Moénne-Loccoz. UMR
CNRS 5557, Ecologie Microbienne, Université Lyon 1, F-69622
Villeurbanne, France. Email: moenne@biomserv.univ-lyonl.fr

Many root-colonizing fluorescent pseudomonads can protect
plants from soil-borne fungal pathogens. They act on pathogens
via competition or antagonism, and/or by inducing systemic re-
sistance in the plant host. In recent years, new properties such as
the presence of genes encoding a type III protein secretion sys-
tem (T3SS) have been identified in biocontrol pseudomonads. In
pseudomonads, this feature was considered a virulence trait, but
inactivation of the T3SS gene ArcV in biocontrol strain
Pseudomonas fluorescens KD reduced protection of cucumber
from Pythium ultimum. In biocontrol pseudomonads, the occur-
rence of T3SS gene hrcN was more frequent in strains that can
produce the antifungal metabolite 2,4-diacetylphloroglucinol
(Phl). In Phl-producing pseudomonads, hrcN was found in five
of the six main MLST groups, corresponding to the P. fluorescens
complex. Statistical analyses showed that the percentage of bio-
control pseudomonads with gene h7cN was higher among tomato
isolates than in strains from cucumber, tobacco or wheat. The oc-
currence of A7cN in biocontrol strains was associated with superi-
or disease suppression ability in the Fusarium oxysporum f. sp.
radicis-lycopersici-tomato pathosystem and especially the Pythium
ultimum-cucumber pathosystem, but this correlated largely with
Phl production ability and other plant-beneficial traits. Phyloge-
netic analysis suggested that the occurrence of ArcN is ancient in
biocontrol pseudomonads, which mostly displayed specific hrcN
alleles in comparison with phytopathogenic pseudomonads.
Overall, the occurrence of T3SS genes is likely to be a basic eco-
logical trait in most biocontrol pseudomonads.

ADAPTATION AND DEFENCE OF PLANT PATHOGENS TO
MICROBIAL ANTAGONISM. J.M. Raaijmakers and A. Schouten.
Laboratory of Phytopathology, Wageningen University, PO. Box
8025, 6700 EE Wageningen, The Netherlands. Email: jos.raaijmakers
@uur.nl

Microbial interactions in soil and plant-associated environ-
ments are mostly viewed from the perspective of how beneficial
microorganisms inhibit the growth or activity of pathogens. How-
ever, pathogens themselves have a diverse array of mechanisms to
counteract antagonism, including active efflux and degradation

of antimicrobial compounds, and interference with the regulation
and biosynthesis of enzymes and antimicrobial metabolites pro-
duced by antagonistic microorganisms. Development of resist-
ance in pathogen populations to chemical control agents is com-
mon and well-studied. In contrast, resistance in pathogens to an-
timicrobial compounds produced by antagonistic microorgan-
isms is presumed not to develop or at least to do so relatively
slowly, because antagonistic microorganisms operate in microsites
where only a small fraction of the pathogen population is ex-
posed to the antimicrobial compounds during a short period of
its life cycle. Furthermore, in contrast to the inundative applica-
tion of chemical pesticides, only minute amounts of the antimi-
crobial compounds are presumed to be produced by the antago-
nistic microorganisms in situ. Studies focusing on the antimicro-
bial metabolites 2,4-DAPG and cyclic lipopeptide surfactants
show that substantial variation in sensitivity exists within
pathogen populations and that pathogens can deploy a wide
range of defence mechanisms against microbial antagonism, in-
cluding detoxification and active efflux.

PLANT PATHOLOGY IN INDUSTRIALIZED
AND DEVELOPING COUNTRIES

PLANT PATHOLOGY IN CHINA, PRESENT STATUS AND
FUTURE PRIORITIES. Y.-L. Peng. Department of Plant Patholo-
2y, China Agricultural University, Beijing 100094, PR. China.
Email: pengyl@cau.edu.cn

China has 1.3 billion people but 0.127 billion hectare arable
land. A major challenge for the Chinese government is to main-
tain food self-supplying during a time that crop-land is declining
due to rapid urbanization and industrialization. Since plant dis-
eases are an important threat to food production, and the central
and provincial governments have made great efforts to reduce
crop loss due to the diseases that include setting up more re-
search facilities, increasing researching funds and enlarging com-
munity of extension experts. At present, more than 40 universi-
ties established department of plant pathology, in each of which
there are 10 to 30 faculties. In the Chinese academy of agricultur-
al sciences (CAAS), there are 14 institutes with plant protection
research groups, each of which involves 5-10 researchers. Plant
Protection Institute is a CAAS-affiliated institution with more
than 200 researchers who are aiming at developing technology for
controlling pests and diseases that occur in the whole country. In
addition, each provincial academy of agricultural sciences has its
own plant protection institute to deal with local crop diseases.
There is also a huge plant pathology extension service with about
4000 specialists working in the county or district extension sta-
tions to provide farmers with plant disease control guidance. As
economy is improved in China, more research funding from di-
verse resources was recently set up. For example, in 2007, the
central government provided a special fund of one billion RMB
for the start-up of ten programs aimed at solving technology re-
straints to increase the production of ten major agricultural
crops, including rice, corn and wheat. The Ministry of Science
and Technology and the National Science Foundation of China
also provide funding for basic research on plant pathology. Spe-
cial funds from the China Scholarship Council and from the Na-
tional Science Foundation of China have also been set up to sup-
port the student and visiting scientist exchange program and the
international collaboration, respectively.
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PLANT PATHOLOGY IN INDIA: HISTORICAL PERSPEC-
TIVES, PRESENT STATUS AND FUTURE CHALLENGES.
U.S. Singh and N.W. Zaidi. Department of Plant Pathology, Col-
lege of Agriculture, G.B. Pant, University of Agriculture & Tech-
nology, Pantnagar 263145, India. Email: umesh146@yahoo.com

Indian agriculture witnessed growth and development that
have a few parallels in the world. The country emerged from an
era of food deficiency to that of food sufficiency. Plant pathology
developed as a science in India about hundred years ago. Prior
to this, British officers having Botany as a hobby made several
valuable observations and notings. Plant pathology has been and
will persist to be philosophically influenced by major changes in
the novel technologies, organizations, communities and the ecol-
ogy. Presently, plant pathology in India has a fairly strong re-
search base with linkages of research Institutes, specialised ex-
tension departments and academic groups in universities. This
has gained momentum in recent years, as a consequence of
which several big research organizations, institutes, government-
funded extension services and NGO’s have come forward to
work together. A couple of good Phytopathological Societies
have been established in the country to give an insight of plant
pathology as a discipline and a profession. However, establish-
ment of a number of small societies is proving to be counter pro-
ductive. Plant pathological research in India is striving not only
to keep pace with modern and applied aspects of the subject,
but to also deal with its traditional branches like mycology, fun-
gal pathology, virology and nematology. However, bacteriology
and phytoplasmology are yet to find due recognition. Use of mo-
lecular genomics and genetic tools is the latest attraction of Indi-
an plant pathologists by which, this discipline as a whole has tak-
en a giant leap in the perception of complex research areas such
as host-pathogen interactions, signal transduction, population
biology etc. However, in spite of all these advancements primari-
ly in research, we are still far from performing our duties as a
practitioners (i.e. plant doctors). Limited success of IPM pro-
gramme in the country, in spite of strong research base and huge
investment by both Federal and States governments, speaks of
failure of plant pathologists to perform their duties as plant doc-
tors. One of the major lacunae in this programme was identified
to be poor access of disease diagnostics and advisory services to
the farmers particularly to small and marginal farmers. Because
of economic liberisation, entry of big corporate houses in agri-
culture and popularisation of contract farming, there is pressure
on plant pathologists to come out of lab and concentrate more
on practice, otherwise they will loose their relevance. There is
need to create a cadre of plant doctors who can take up private
practice on the pattern of human and animal doctors. Indian
agriculture would need a new vision to make rapid progress in
the ensuing millennium to ensure food security without sacrific-
ing food safety. One of the important challenges for the plan-
ners, decision-makers and plant pathologists is to make sure that
the technologies developed should take a shape of practical con-
venience and reach up to benefit the end user i.e., the farmer.
There is also need to concentrate on overall plant health man-
agement rather than plant diseases alone. Probably time is ripe
to group different agricultural sciences in two major divisions i.e.
Plant improvement and plant health management. Plant pathol-
ogy, entomology, agronomy, soil science and weed science should
be a part of division of plant health management.

APPLICABILITY OF PLANT PATHOLOGY RESEARCH AT
IRRI AND OTHER CGIAR INSTITUTES TO INDUSTRIAL-
IZED AND DEVELOPING COUNTRIES. R.S. Zeigler. Interna-
tional Rice Research Institute (IRRI), Los Baiios, Laguna, Philip-
pines. Email: r.zeigler@cgiar.org

The international agricultural research centers (IARCs) have
conducted research on plant diseases of the world’s principal food
crops since the founding of the International Rice Research Insti-
tute in 1960, followed by the creation of other IARCs through the
mid 1970s. Prior to this, little research was done on tropical food
crops of importance to developing countries. Research first fo-
cused on the etiology of poorly understood diseases, clarification of
pathogen-vector relations, and the development of disease manage-
ment using host-plant resistance. Major contributions include the
development of effective field — and controlled-environment
screening procedures, elucidation of the genetics of resistance, and
the development of pathogen-resistant cultivars. Disease manage-
ment approaches have also been developed based on epidemiologi-
cal modeling and understanding of pathogen population dynamics.
A significant contribution of the IARCs has been the compilation
of compendia and other means of assembling readily available in-
formation about heretofore poorly studied diseases. Perhaps most
important has been the building of plant pathology research capac-
ity in developing countries. Thousands of developing country sci-
entists have been exposed to plant pathology as an integral part of
any crop-improvement program through the efforts of the IARCs.
Finally, the products of IARC research have directly benefited in-
dustrialized countries, especially by providing sources of durable
resistance to key pathogens in crops such as wheat, maize, potato,
dry beans and rice. Specific cases from Asia, Africa and Latin
America will be presented to illustrate the above points.

GLOBAL TRANSFER OF PLANT PATHOLOGY TECH-
NIQUES. R. Strange. School of Biological ad Chemical Sciences,
Malet Street, London, UK. Email: r.strange@sbc.bbk.ac.uk

Country boarders are not recognised as barriers by plant
pathogens and, in this era of mass air transport, even oceans pro-
vide only temporary respite from the onslaught of serious
pathogens of our most important crops. Moreover, indigenous
pathogens evolve more virulent forms 77 situ. It is therefore im-
perative that Plant Pathologists recognise the global dimensions
of their discipline and unite in developing techniques that miti-
gate the worst effects of such pathogens and facilitate their de-
ployment where required. Knowing your enemy is a sound policy
in Plant Pathology and, in this context, means accuracy both in
the identification of the pathogen and in estimates of the amount
of damage it causes. The former is mandatory znter alia for quar-
antine procedures and the latter essential for establishing priori-
ties for developing control measures. Knowledge of the epidemi-
ology of a given pathogen may be crucial in developing tech-
niques to limit its spread and knowledge of its specificity for the
discovery of potential breeding material for resistance. The eluci-
dation of mechanisms of resistance and susceptibility hold the
prospect of producing cultivars of crop plants either by conven-
tional breeding or genetic transformation with durable resistance
to their worst pathogens. The talk will be illustrated with exam-
ples which show how the application of such techniques have the
potential to do much to alleviate the hunger experienced by at
least one-eighth of the world’s population and will also accentu-
ate the difficulties in applying such techniques in poor Develop-
ing Countries where the spectre of hunger is ever present.
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AIRBORNE PLANT DISEASES

15.1 BOTRYTIS CINEREA ON TOMATO IN HEATED GREEN-
HOUSES. R. Aerts, L. Vogels, S. Gielen, B. Seels and K. Heyens.
Research Group Sustainable Crop Protection, Department Industrial
and Bio Sciences, Katholieke Hogeschool Kempen, Kleinhoefstraat 4,
BE-2440 Geel, Belgium. Email: rudi.aerts@khbk.be

In heated greenhouses Botrytis cinerea is the most important
pathogen of tomato. By studying infections in greenhouses it be-
came clear that B. cinerea can not infect all parts of the plant.
Spores can only germinate in the presence of water or high hu-
midity. This means that healthy, unwounded tissue cannot be in-
fected. Dying tissue still retains some moisture and can be easily
infected. Thus two kinds of infection appear: those on wounds
and those on necrotic tissues. Healthy leaves cannot be infected
but sometimes leaves may develop some necrosis. On this necrot-
ic tissue B. cinerea can germinate and grow towards the healthy
parts of the leaves. Prevention of necrosis should be part of
Botrytis control measures. Tomato plants are wounded by cutting
the leaves or by harvesting the tomatoes. These wounds can be
infected by B. cinerea. Stem infections are much more important
then leaf infections. The number of infections depends above all
on the concentration of spores in the greenhouse and the shape
of the wounds. The risk of an infection can be reduced by mak-
ing on the stem a very smooth wound that will dry more rapidly
and have less necrotic parts that can be infected. In the study pre-
sented here, many infections were measured. More than 90% of
the infections on stems appeared at irregular, rough wounds, so
without necrotic tissue it is very difficult for B. cinerea to infect
tomato plants. A control method based on this knowledge was
very successful. The number of infections decreased by more
than 90%.

15.2 GUIDELINES FOR MANAGEMENT OF POWDERY
MILDEW ON CAPSICUMS. C. Akem, Z. Baron, G. MacManus
and P. Boccalatte. Horticulture and Forestry Science, Department
of Primary Industries and Fisheries, P.O. Box 15, Ayr, QLD 4807,
Australia. Email: Chrys. Akem@dpi.qld. gov.au

Powdery mildew caused by the fungus Leveillula taurica
(Lev.), is a common disease of capsicums in tropical and sub-
tropical environments of Australia where most of the capsicums
are produced. It is typically a late-season disease, difficult to
control with protectant fungicides such as sulphur, once fully es-
tablished in the field. The need for a more consistent and reli-
able approach to manage the disease necessitated a study to es-
tablish a set of guidelines for growers to sustainably manage the
disease. A number of environmentally friendly procedures in-
cluding screening and identification of resistant varieties, evalua-
tion of foliar fertilizers and other soft chemical alternatives for
disease control were assessed. The results led to a set of guide-
lines, distributed to growers for use in managing the disease in a
more sustainable way. These guidelines included the need to
start disease management early in the season, using an appropri-
ate foliar fertilizer application such as silicon; following up with
the first systemic fungicide spray only when initial infection has
been detected; and alternating between fungicide groups to min-
imise the development of resistance. Also important is the need
for good spray coverage, ensuring that the disease is controlled
on both leaf surfaces. The ultimate aim of the recommended
management program is to encourage growers to apply as few or
minimal inputs as possible, but as much as needed to manage
the disease for sustainable yields.
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15.3 UNRAVELLING THE EVOLUTIONARY DYNAMICS OF
A NOVEL CERCOSPOROID FUNGUS. O.A. Akinsanmi, A.K.
Miles and A. Drenth. Tree Pathology Centre, The University of
Queensland and Department of Primary Industries and Fisheries,
80 Meiers Road, Indooroopilly, QLD 4068, Australia. Email:
uqoakins@uq.edu.au

The fungus Pseudocercospora macadamiae has no known sexu-
al state. It is novel, unique and spreading to new macadamia-
growing regions in Australia. As with other cercosporoid fungi,
initial findings showed that the asexual spores mostly spread by
rain-splash; however, the prevalence and virulence on different
macadamia varieties and the distribution pattern of the fungus in-
dicates the involvement of sexual spores. We tested the hypothe-
sis that the sexual structure is produced only under specific con-
ditions and is involved in the evolutionary dynamics of the fun-
gus. The putative geographical isolation observed in the pathogen
populations may account for the low level of recombination be-
tween strains from different regions. Primers designed for MAT
1-1 and MAT 1-2 genes differentiated the isolates into different
mating types. Using both indirect and direct bio-assays, we iden-
tified significant (P<0.05) association between the disease caused
by the pathogen and some host characters. Discriminant analysis
notably differentiated the host varieties based on their propensity
to heighten the dispersal and possible recombination in the
pathogen populations. These preliminary results imply a role for
ascospores in the biology and epidemiology of the pathogen, but
further studies to confirm sexual recombination and establish the
distribution of the putative mating types are currently underway.

15.4 VERTICAL DISTRIBUTION OF LEAF BLAST LESIONS
IN MIXTURES OF RICE CULTIVAR SASANISHIKI AND ITS
RESISTANT NEAR-ISOGENIC LINE. T. Ashizawa, K.S. Zen-
bayashi and S. Koizumi. Natzonal Agricultural Research Center, 1-
2-1 Inada, Joetsu, Niigata, Japan. Email: toketa@affrc.go.jp

The vertical distribution of leaf blast lesions caused by the
fungus Pyricularia grisea was studied to estimate the degree of
leaf blast suppression in rice multilines in experimental paddy
fields for 4 years. Leaf blast in 1:1 and 1:3 mixtures of susceptible
rice cultivar Sasanishiki and its resistant near-isogenic line, Sasan-
ishiki BL7, developed slower than in pure stands of Sasanishiki.
The average distance of lesions on leaves from the ground in the
1:3 mixtures was significantly lower than that in the pure stands
at the end of leaf blast epidemics (at booting stage). This result
shows that the distribution of leaf blast lesions in the upper layer
differs between the susceptible pure stands and the 1:3 mixtures
at the end of leaf blast epidemics.

15.5 POPULATION GENETIC STRUCTURE OF THE POPLAR
RUST FUNGUS MELAMPSORA LARICI-POPULINA AT DIF-
FERENT SPATIAL SCALES. B. Barres, C. Xhaard, FE Halkett, J.
Pinon and P. Frey. INRA, Nancy-University, UMR1136, Tree — Mi-
crobe Interactions, F-54280 Champenoux, France. Email: frey@nan-
cy.inva.fr

Poplar cultivation in Europe is highly intensive and there have
been many efforts by breeders during the past decades to develop
cultivars with a good level of disease resistance. However, the
Eurasian poplar rust fungus, Melampsora larici-populina has suc-
cessively broken down all the complete resistances deployed so
far in poplar cultivation, causing severe economic losses. Alterna-
tive strategies based on spatial management of available resistanc-
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es and on breeding for partial resistance are on-going, but they
need a good knowledge of the adaptation potential of the
pathogen. Biological characteristics, such as the dispersal dis-
tances or the relative importance of sexual vs. asexual reproduc-
tion, are often difficult to measure for such phytopathogenic fun-
gi. A way to infer these characteristics is the use of molecular
markers. Fifteen microsatellite markers were developed in order
to study the population genetics of M. larici-populina at different
spatial scales. At a regional scale, the study of M. larici-populina
populations in the Durance River valley corridor revealed the co-
occurrence of two epidemics, originating from two primary in-
oculum sources in the wild and in the cultivated trees. Further-
more, gene flow from cultivated stands to wild stands was shown.
The long-distance migration capacity of the rust was assessed by
studying eleven European populations and two populations re-
cently found in Iceland and Canada. European populations ex-
hibited an isolation-by-distance pattern, whereas non-European
populations appeared to result from a strong founder effect with
long-distance dispersal of a limited number of individuals.

15.6* COMPARISON OF METHODS FOR DETECTION OF
ASCOSPORES OF SCLEROTINIA SCLEROTIORUM. G.J.
Boland, M.R. McDonald, S.M. Westerveld, M.S. Melzer, C.
Saude and M. Tesfaendrias. University of Guelph, Guelph, On-
tario, N1G 2W1, Canada. Email: gboland@uoguelph.ca

Ascospores of Sclerotinia sclerotiorum are the primary source
of inoculum for epidemics caused by this pathogen in numerous
crops. In carrot (Dawucus carota subsp. sativus), the concentration
of ascospores sampled within the crop canopy is related to the
severity of disease that subsequently develops in the field. Several
methods of sampling and detecting ascospores of S. sclerotiorum
are being compared to identify the most effective method(s) to
incorporate this variable into a disease forecasting model to de-
termine the need and timing of applications of fungicide for man-
agement of sclerotinia rot of carrot. The methods include: 1)
growth on semi-selective medium directly exposed within and
above the crop canopy; 2) aerosol sampling within and above the
crop canopy using a N6 (Anderson) single stage viable impactor
with detection by growth on semi-selective medium, 3) aerosol
sampling using a Zefon Bio-Pump with Air-O-Cell (assessment
using microscopy) or 4) Via-Cell cassettes (assessment by serial
dilution and growth on semi-selective medium), and 5) a Burkard
7-day recording volumetric spore sampler with detection using a
polymerase chain reaction (PCR) assay. All of the methods de-
tected ascospores on at least some sampling dates during 2006-
07, except the Zefon Bio-Pump when using the Via-Cell cas-
settes. On most sampling dates, direct exposure of Petri dishes
containing semi-selective medium within and above the crop
canopy were equally effective in detecting ascospores. Selection
of the most effective method for a specific application is depend-
ent on the cost and availability of technical expertise, and labora-
tory equipment and supplies.

15.7 MOLECULAR DETECTION OF AIRBORNE SCLERO-
TINIA SCLEROTIORUM SPORES ON MEXICAN CROPS. C.
Calderén-Ezquerro, H.A. Guerrero-Parra, R. Reyes-Montes, C.
Toriello-N4jera, J. West and J. Atkins. Centro de Ciencias de la
Atmésfera, Circuito exterior, Ciudad Universitaria, Universidad
Nacional Auténoma de México, UNAM. C.P. 04510 México D.E,
Mexico. Email: mclce@atmosfera.unam.mx

Sclerotinia sclerotiorum is a plant-pathogenic fungus affecting

a wide variety of hosts and having a vast geographical distribu-
tion; it has been ranked among one of the most destructive plant
pathogens in the world. S. sclerotiorum causes considerable losses
in ornamentals and vegetables such as lettuce, broccoli, cabbage,
carrot, bean and potato. Early detection and diagnosis of S. ‘scle-
rotiorum inoculum improves our understanding of the pathogen’s
epidemiology, allows more accurate prediction of disease and im-
proves control measures. Therefore, it is important to optimise
detection of the fungus in the environment, with a main focus on
the airborne spores. Consequently, rapid and precise molecular
techniques are appropriate to achieve this goal. In this particular
case, modern methodology based on DNA detection (PCR)
showing great potential in fungal identification, has been chosen.
DNA detection of ascospores of S. sclerotiorum collected in the
air of fields growing lettuce, broccoli, cabbage, carrot, and bean,
enable us to estimate the presence and airborne spore concentra-
tions through a crop cycle; thus presence of the fungus may be
evaluated prior to crop infestation and /or before symptoms of
the disease appear. Knowing the ascospore concentration in the
air during the different seasons can give more accurate disease
prediction, leading to optimization of fungicide application
and/or other control measures.

15.8* DYNAMICS OF AIRBORNE CONIDIA OF ERYSIPHE
NECATOR IN RELATION TO WEATHER AND HOST FAC-
TORS. O. Carisse and R. Bacon. Agriculture and Agri-Food
Canada, 430 Gouin, St-Jean-sur-Richelieu, QC J3B 3EG, Canada.

Email: carisseo@agr.gc.ca

Production of airborne conidia is a major component of
grape powdery mildew epidemics. Conidia of E. necator are pro-
duced on lesions induced by ascospores from overwintered cleis-
tothecia or conidia from previous infections. The objectives of
the study were to investigate the dynamic of aerial conidium con-
centration (ACC) in relation to weather and host factors and to
develop a prediction model for categories of ACC. ACCs were
monitored in a grape canopy in 2000, 2001, and 2002 with a 7-
day recording Burkard spore sampler. Weather (temperature, rel-
ative humidity, rainfall, wind speed, leaf wetness, and light inten-
sity) data were collected with a data logger located within few
meters from the spore sampler. A new set of weather data that
contained 150 new weather variables was constructed from origi-
nal weather data. Regression tree analysis was used to represent
and explain the relationship between weather variables and log
ACC data and to develop decision rules to predict risk of pow-
dery mildew. The regression tree model was validated against 12
independent data sets collected in unsprayed vineyards from
2003 to 2006. In 78 % of the cases, the regression tree model ad-
equately predicted the risk of powdery mildew from weather da-
ta. Decision rules derived from the regression tree could be used
by advisors to estimate risk of powdery mildew and hence need
for fungicide application.

15.9 COMPARISON OF PREDICTORS OF BOTRYTIS LEAF
BLIGHT OF ONION AND DETERMINATION OF BEST OP-
ERATIONAL THRESHOLDS. O. Carisse, N. McRoberts and L.
Brodeur. Agriculture and Agri-Food Canada, 430 Gouin Boule-
vard, St-Jean-sur-Richelieu, QC 3B 3EG6, Canada. Email: carisseo@
agr.ge.ca

Botrytis leaf blight (Botrytis squamosa) predictors were devel-
oped to identify the best time to initiate fungicide spray programs
or to time spray intervals. These predictors are either based on le-
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sion or spore monitoring or on weather conditions that favour
sporulation or infection. The cost associated with using each of
the predictors varies and the choice of a predictor should be
based on a balance between the efforts required to obtain the in-
formation, and the reliability of the predictor. Receiver operating
characteristic curve (ROC) analysis was used to evaluate the relia-
bility of seven predictors: 1) number of lesions on the oldest
leaves; 2) number of lesions on the youngest leaves; 3) concentra-
tion of airborne conidia; 4) sporulation index (SI); 5) inoculum
production index (IPI); 6) infection probability (IP); and 7) dis-
ease severity index (DSI). Predictors based on biological monitor-
ing were better predictors than those based on weather. This is
important considering that, in general, biological monitoring is
more expensive than weather monitoring. The operational thresh-
old for ACC was around 10 conidia per m? of air with a range of 8
to 14 conidia per m®> depending on the damage threshold. The op-
erational threshold for number of lesions on the oldest and
youngest leaves was 3 and 5 lesions and of 0.15 and 0.50 lesions
per oldest and youngest leaves, respectively. Among the weather-
based predictors, the most reliable were the sporulation index at a
threshold of 80 and the DSI at a threshold of 0.50 and 2.5.

15.10 EVOLUTION AND DYNAMICS OF PUCCINIA STRI-
IFORMIS f.sp. TRITICI RACES IN THE USA FROM 2000 TO
2006. X.M. Chen. USDA-ARS, 361 Johnson Hall, Washington
State University, Pullman, WA 99164-6430, USA. Email: xian-
ming@usu.edu

Virulences of the stripe rust pathogen (Puccinia strisformis f.
sp. tritici) to resistance genes Y8 and Y79 were first detected in
the south-central states and California in 2000. This new group of
races were represented by race PST-78 with virulence to varieties
Lembhi (Y721), Heines VII (Y72 and Y7HVII), Lee (Y77, Y722 and
Y723), Fielder (Y76 and Y720), Express (YrExpl and YrExp2),
AVS/6¥Yr8 (Y78), AVS/6*Y19 (Y79), Clement (Y79 and YrCle)
and Compair (Y78 and Y719), and race PST-80 with the viru-
lences of PST-78 plus virulence to Produra (Y7Pr1 and YrPr2).
Since then these races have evolved into more virulent races by
combining their virulences with previously existing virulences.
The virulences present in new races with combination of the viru-
lences of PST-78 and PST-80 include those to Tres (Y7Tr1 and
YrTr2), Stephens (Yr3a, YrSte and YrSte2), Yamhill (Y72, Yrda
and Y7»Yaw), Chinese 166 (Yr1), Paha (YrPal, YrPa2 and Y7Pa3),
Moro (Y710 and YrMor) and Duchamp (Y734, YrDru and Yr-
Dru2). These new races have become more and more predomi-
nant. Race PST-100 with virulences of PST-80 plus virulences to
Stephens and Yamhill has replaced PST-78 and PST-80 as the
most predominant race throughout the United States since 2003.
Races with the Y71 virulence and those of PST-100 have become
predominant in California. Races with virulences to Moro and/or
Paha in combination of the PST-100 virulences have become pre-
dominant in the US Pacific Northwest, and are associated to
genes for race-specific resistance deployed in these regions. These
race dynamics warrant the use of non-race-specific resistance.

15.11 RESISTANCE TO HELMINTHOSPORIUM LEAF
BLIGHT AND BIOCHEMICAL RESPONSES OF WHEAT
GENOTYPES OF DIVERSE ORIGINS. A.K. Chowdhury.
Department of Plant Pathology, Uttar Banga Krishi Viswa
Vidyalaya, Pundibari, Coochbehar, West Bengal, 736165, India.
Email: apurbal996@yahoo.co.in

Foliar blight is a major constraint to wheat production and

productivity particularly in the north eastern plains zone of India
which has more than 9.0 million hectares of area under wheat. It
is a complex disease as a number of pathogens, viz. Bipolaris
sorokiniana, Alternaria  triticina, Drechslera  gigantea, and
Pyrenophora tritici-repentis, were found pathogenic and can cause
significant yield losses. We have studied the pathogenicity of B.
sorokiniana, the major pathogen involved and confirmed by im-
muno-electrophoresis assay. The variability among different iso-
lates of B. sorokiniana was also observed both morphologically
and biochemically. The estimated yield losses were recorded to
the tune of 15% on average in eastern India during the crop sea-
son 2004-05. More than 3000 germplasm lines belonging to the
Indian and CIMMYT wheat programme were evaluated for their
tolerance to foliar blight disease, and 52 genotypes were found
highly resistant. When biochemical parameters were analyzed in
two resistant wheat genotypes (Bhrikuti and Rayon F89) and one
susceptible cultivar (Sonalika), results indicated that the resistant
genotypes always had higher levels of phenol and OD-phenol,
and enhanced PPO and PO enzyme activities than the suscepti-
ble genotype, and the activity was further increased following in-
fection. When the protein profile was examined, it was observed
that a new protein band of 29.4 kDa was present in Bhrikuti
germplasm both in healthy and diseased conditions. The same
band appeared in Sonalika only in the diseased condition. The
possible role of PR protein is discussed.

15.12* DEVELOPMENT AND IMPLEMENTATION OF SAM-
PLING-DRIVEN PROGRAMS FOR MANAGEMENT OF
GRAPEVINE POWDERY MILDEW IN EASTERN WASHING-
TON. L. Costadone and G.G. Grove. WSU Irrigated Agriculture
Research and Extension Center 24106 N Bunn Rd. Prosser, WA
99350, USA. Email: lcostadone@uwsu.edu

Powdery mildew of viniferous grape (Vitis vinifera), caused by
the ascomycete Erysiphe necator, is one of the most severe dis-
eases of grapevine worldwide. Disease management can be ex-
pensive because in many instances control requires the intensive
use of Qol, DMI, sulfur, and oil fungicides. Widespread resist-
ance of E. necator to Qol and DMI fungicides has been docu-
mented. Therefore, lowering selection pressure is a key compo-
nent of fungicide resistance management in grapevine IPM pro-
grams. A PCR assay using species-specific primers was developed
to identify propagules of E. necator in vineyard air samples col-
lected by Rotorod sampling devices. Molecular techniques pro-
vide a rapid and accurate way to identify E. necator in air sam-
ples, compared to the more conventional tools. Our research in-
dicates that microscopic signs of powdery mildew occur about 1
week days after PCR detection, and 7 days after E. necator coni-
dia were detected by the Rotorod sampler/PCR assay. Volumetric
spore traps confirmed the presence of E. necator ascospores in
the vineyard during the period when PCR detected the fungus in
air samples. Fungicide programs initiated upon first detection of
E. necator in the vineyard reduced fungicide usage without com-
promising control. Four years of field research indicate that PCR
used in combination with Rotorod samplers can be used to signal
the initial presence of E. necator in the vineyard air, and repre-
sents the first step in incorporating an inoculum component in
the powdery mildew risk assessment model in widespread use in
Eastern Washington.

15.13 GENETIC STRUCTURE OF BOTRYTIS CINEREA POP-
ULATIONS FROM TOMATO GREENHOUSES IN FRANCE. V.
Decognet, M. Bardin, A.S. Walker, M. Fermaud and P.C. Nicot.
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INRA, Centre de Recherches d’ Avignon, Unité de Pathologie Végé-
tale, B.P. 94, F-84143 Montfavet Cedex, France. Email: veronique.
decognet@avignon.inra.fr

The effect of three factors (geographic scale, cropping system
and host plant) on the structure of B. cznerea populations was in-
vestigated using 8 microsatellite markers. Strong genetic differen-
tiation was observed between populations in tomato greenhouses
and those sampled outside in the close vicinity, on grapevine, lit-
ter, or blackberries. Great differences were also repeatedly ob-
served within a greenhouse between tomato and lettuce popula-
tions consecutively produced in yearly rotations. Among popula-
tions sampled on tomato stem lesions, geographic differentiation
was observed at a national scale (comparison of the Bordeaux,
Champagne and Provence areas) and at a regional scale, for
glasshouses sampled in Provence from 2002 to 2004. In
Provence, populations from tomato were characterized by the
presence of one or several dominant genotypes in each green-
house, combined with an extreme diversity of the remaining iso-
lates. The sampling sites shared few common genotypes and none
of the genotypes dominant at one site were dominant at another
site. Unexpectedly, isolates collected in three greenhouses in
Provence in 2005 and 2006 shared the same dominant genotype
(more than 80% of all collected isolates). Our results suggest fre-
quent exchange of inoculum among greenhouses and a possible
host specialization of B. cinerea. The systematic occurrence of
dominant genotypes in all greenhouses suggests that the cropping
system influences the genetic structure and that endogenous sec-
ondary inoculum (produced on diseased plants) plays an essential
role in the development of grey mould epidemics in tomato
greenhouses. All these findings have a direct impact for the man-
agement of grey mould in vegetable greenhouses.

15.14 BLUMERIA GRAMINIS f.sp. HORDEI POPULATION AS
A TEXTBOOK OF EVOLUTIONARY BIOLOGY. A. Dreiseitl.
Agricultural Research Institute Kromeriz Ltd., Havlickova 2787,
CZ-76701 Kromeriz, Czech Republic. Email: dreiseitl.antonin@
vukrom.cz

Powdery mildew, caused by the ascomycete fungus Blumeria
graminis f.sp. hordet, is the most widespread disease of barley in
the Czech Republic as well as in other parts of central and north
west Europe. To limit the damage to barley, genetic resistance is
an effective, economically sound and safe alternative to fungicide
application. However, the pathogen can adapt to specific resist-
ance genes, reflect the corresponding host genetic structure and
overcome its resistance in the field. Adaptation of the pathogen is
based on operation of all known evolutionary forces. During our
study of the national pathogen population we have obtained evi-
dence for processes like mutation, recombination (as a result of
pseudosexual reproduction), gene flow (immigration as well as
emigration), genetic drift (after a drastic reduction of the popula-
tion, i.e. a bottleneck, followed by a founder effect), hitch-hiking
and permanent directional selection. Our study of the host-
pathogen relationship Hordeun — B. graminis f.sp. hordei was
aimed at directly increasing grain yield and quality, and reducing
indirect harmfulness (application of environmentally unaccept-
able and costly fungicides), in particular using genetic host resist-
ance. We report results on the frequency of virulence on corre-
sponding resistance genes, and the diversity and complexity of in-
dividuals as well as the entire population. We also document the
effects of a broad spectrum of evolutionary forces on the popula-
tion. This is important not only in its practical aspects but also
for its value in theory and teaching.

15.15* ADAPTATION OF THE CLONAL PATHOGEN PUC-
CINIA STRIIFORMIS f.sp. TRITICI TO RESISTANT CULTI-
VARS AND TEMPERATURE. J. Enjalbert, M. Mboup, B. Bahri,
M. Leconte and C. de Vallavieille-Pope. UMR BIOGER CPP, IN-
RA Agro-Paris-Tech, Pathologie Végétale et Epidémiologie, B.P.
01, 78850 Thiverval-Grignon, France. Email: pope@grignon.inra.fr

The genetic diversity of the biotrophic wheat pathogen Puc-
cinia stritformis £.sp. tritici is strongly structured by host resistance
genes with the successive failure of five specific resistance genes
during a 20-yr period. Based on both molecular markers and
pathotypes, a strong and steady spatial structure between north-
ern and southern populations in France was shown. The strong
genomic divergence may result from a long-term accumulation of
mutations in two major clonal lineages following their divergence
from a common ancestor. The northern isolates belong to north-
west European populations and the southern isolates belong to a
Maghreb and a south-west European population. A specific resist-
ance gene found in Maghreb wheat cultivars but not in
north—west European cultivars can explain part of this structure.
Furthermore, this structure corresponds not only with cultivar se-
lective pressure. The southern isolates were found to be more
adapted to high temperature than the northern ones, both in con-
trolled and field conditions. Both selective forces, resistance genes
and temperature, are driving the evolution of yellow rust popula-
tions in Europe. Wheat yellow rust populations in Europe thus
provide one of the few examples of how selective forces (host and
environment) influence the distribution of clonal pathogens.

15.16 ENVIRONMENTALLY SAFE COMPOUNDS FOR CON-
TROLLING SUGAR BEET POWDERY MILDEW. A.M.H. Esh
and M.S. Shalaby. Agricultural Research Center, Sugar Crops
Research Institute, 9 Cairo University Street, Giza, Egypt. Email:
aymanesh@gmail.com

Sugar beet powdery mildew disease caused by Erysiphe betae
is a serious disease in Egypt, occurring during the ripening stage
in March, April and May. Six calcium salts, Ca sulphate, Ca hy-
droxide, Ca disodium-ethylenediaminetetraacetate, Ca chloride,
Ca polysulfate and Ca carbonate as well as salicylic acid and 3-
aminobutyric acid were evaluated for protective and curative ef-
fects in controlling the disease in the greenhouse, and their effect
on the fungus conidiospores in the laboratory. All the calcium
salts tested significantly decreased the severity of the powdery
mildew and the percentage of mature leaf area diseased (MLAD)
when used as a protective. The percentage of MLAD of the first
three treatments above was 6.88%, 10.45% and 11.96%, respec-
tively, while that of the control treatment was 78.5%. Ca chlo-
ride, Ca disodium-ethylenediaminetetraacetate and Ca polysul-
fate showed a significant reduction of the disease when used as
protective and curative. All the compounds tested significantly
decreased the germination percentage of Erysiphe betae coni-
diospores. Compared to the untreated control, the reduction in
spore germination was moderate. Calcium- EDTA, CaCl, and Ca
sulphate were the most effective in reducing spore germination.

15.17 THE BIOLOGICAL CHARACTERISTICS AND VIRU-
LENCE OF MAGNAPORTHE GRISEA SPORES. L. Fan, Z. Jian-
nong, L. Yongfeng, C. Zhiyi, L. Youzhou and N. Yafeng. No.50
Zhongling street, Nanjing, PR. China. Email: lufan@jaas.ac.cn

Rice blast is an important disease of rice. We discuss the bio-
logical characteristics of Magnaporthe grisea spore germination,
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and virulence of M. grisea in this paper. The results showed that
the best temperature for germination of M. grisea spores was
25°C-30°C, optimum 28°C. Best germination pH value of the
spores was pH6.5-7.0 at 28°C. The germination rate of spores
was more than 80% in 8 h in the presence of water, and in these
conditions germinating spores produced appendiculate cells in 6
h. The results implied that spores of M. grisea finished preparing
for infection within 8 h in the presence of water. When germinat-
ing spores of isolate 2005-50 were inoculated on ‘Lijiangxintuan-
heigu’ (a cultivar sensitive to rice blast), the disease index was
26.06%; when non-germinating spores were inoculated, disease
index was 11.13%. When liquid substrate of germinating spores
was inoculated, the disease index was 8.03 %, while germinating
spores mixed with liquid from germinating spores gave a disease
index of 49.01%. The results showed that there was a substance
in liquid of germinating spores which plays an important role
during spore infection of rice. The liquid was analysed by SDS-
PAGE and many protein brands was detected. The results imply
that M. grisea spores maybe produce certain proteases which help
the M. grisea spore to infect rice.

15.18 RELATIONSHIPS BETWEEN WATER AVAILABILITY
AT THE GRAPE BERRY SURFACE AND INFECTION BY
BOTRYTIS CINEREA. M. Fermaud, C. Deytieux-Belleau,
J. Roudet, V. Veyssiere, B. Donéche and L. Geny. INRA,
UMRSYV, B.P. 81, ISVV, 33883 Villenave d’Ornon, France. Email:
fermaud@bordeaux.inva. fr

In grapevine, grey mould (B. cznzerea) is a major airborne disease
that can drastically reduce yield and wine quality. To improve dis-
ease control, it was necessary to better understand some determi-
nants involved in the duration and dynamics of fruit susceptibility
to the pathogen. Because exosmosis increases during fruit ripening
and modifies the availability of water at the surface of grape skin,
external free water was assessed by measuring water activity (a ) at
different berry stages. Possible relationships were investigated be-
tween a, and the time course of berry susceptibility. First, a labora-
tory bioassay allowed us to assess resistance at different stages in
undamaged berries of Sauvignon blanc. By analyzing some major
elementary infectious steps (incidence of infected berries, severity
of rot expansion, sporulation intensity), significant differences in
disease intensity were shown between the berry stages tested from
bunch closure onwards. The increasing susceptibility of grape
berries during ripening was confirmed. The time course of water
availability showed a decrease in a_, during berry development
which was more marked after veraison. This may be due to the in-
creasing amount of solutes at the berry surface, following exosmo-
sis, which bind with free water. A significant linear regression was
established between a, at the skin surface and berry susceptibility
level. Thus, the measurement of water activity could constitute a
good indicator to characterize grape susceptibility. Lastly, the effect
of water availability on B. cznerea growth under 7 vitro conditions
was investigated, showing the highest radial growth for a_ of ca.
0.99, whereas growth was significantly reduced and very low for a,
of ca. 0.93.

15.19 THE USE OF MICROSATELLITE DNA FOR MONITOR-
ING STRAINS OF PHRAGMIDIUM VIOLACEUM (UREDI-
NALES) RELEASED FOR THE BIOLOGICAL CONTROL OF
EUROPEAN BLACKBERRY. D.R. Gomez, L. Morin, K. Garsia
and K.J. Evans. CSIRO Entomology, GPO Box 1700, Canberra,
ACT 2601 and TIAR, University of Tasmania, 13 St Jobns Avenue,
New Town, TAS 7008, Australia. Email: don.gomez@csiro.au

European blackberry (Rubus fruticosus aggregate) is a geneti-
cally diverse plant comprising more than 15 taxa that have invad-
ed regions of southern temperate Australia. Phragmidium vio-
laceum is a macrocyclic and autoecious rust pathogen that has co-
evolved with blackberry in Europe. The pathogen was first re-
ported in Australia circa 1984, following an unauthorised intro-
duction to the state of Victoria. Since then, nine strains of the
pathogen, collected in France, were released with the aim of en-
hancing biological control of European blackberry in Australia:
strain F15 was released in 1991 and 1992 and eight additional
strains were released in 2004. While anonymous-DNA finger-
printing has resolved considerable genetic diversity in P vzo-
laceum, the use of this for monitoring pathogen strains in sexually
recombining populations is limited due to issues with dominant
loci. The development of polymorphic, co-dominant loci from
simple sequence repeats (SSRs), was conducted with the aim of
identifying strain-specific alleles for efficient post-release moni-
toring of released pathogen strains. Nine SSR loci were charac-
terised from a DNA library of P violaceum enriched for the
(GAA),, (GA), and (GACA), motifs. Wildtype strains, defined
as isolates collected prior to authorised releases in 2004, were ho-
mozygous or heterozygous for the same alleles at each of the nine
loci. However, at some loci, strains released for biological control
in 2004 were heterozygous with each allele unique only to this
group. These loci are being used in current studies investigating
the successful establishment, persistence and spread of unique
biocontrol strains, and their genes, post release.

15.20 FUSARIUM INTERNAL FRUIT ROT OF SWEET PEP-
PERS IN FLANDERS. T. Goossens, C. Sauviller, L. van Herck,
K. Heungens, K. Heyens and R. Aerts. Department Industrial
and Bio Sciences, Katholieke Hogeschool Kempen, Kleinhoefstraat
4, BE-2440 Geel, Belgium. Email: rudi.aerts@kbk.be

During the last four years a new problem has emerged in the
cultivation of sweet peppers in Flanders. Fusarium spp. cause in-
ternal fruit rot, which can develop external necrotic lesions at the
end of the ripening period or on mature fruit. Several species of
Fusarium can cause internal fruit rot. Two isolates were identified
as F proliferatum, 13 isolates are related to F. nygamai and E lac-
tis, and 4 isolates belong to the F oxysporum complex. Infection
with these Fusarium spp. Begins at flowering, in the pistil. Moni-
toring two greenhouses, we detected a higher incidence of inter-
nal fruit rot in the house with a higher energy input. Studies on
condensation on flowers during the night showed that all flowers
became wet at night, most of them for several hours. A survey in
2007 of flowers did not show any correlation between flower size
and fruit rot incidence. Petal fall after flowering is probably more
important. Some petals remain on the young fruit and can cover
the pistil. Moreover many petals are infected by Fusarium spp.
Thus it seems that the petals are the main source of inoculum,
and this can influence the search for a control method. However
a high incidence of Fusarium spp. on the petals did not necessari-
ly result in a high incidence of internal fruit rot, so a lot of param-
eters remain unknown. Removing the petals from the plant and
from the greenhouse could be an important control measure.

15.21 USE OF FLOW CYTOMETRY FOR THE EARLY DE-
TECTION LATE BLIGHT CAUSED BY PHYTOPHTHORA IN-
FESTANS. G.W. Griffith, J.P. Day and H.M. Davey. Institute of
Biological Sciences, Cledwyn Building, Aberystwyth University,
Penglais, Aberystwyth, SY23 3DD, Ceredigion, Wales, UK. Email:
gwg@aber.ac.uk
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Late blight is the most damaging disease affecting potato crops
in many parts of the world, with current control measures often
involving >10 fungicide sprays at 1-2 wk intervals. Environmental
concerns, recent legislation and evolution of fungicide resistance
have provided an impetus for reduced usage and more efficient
targetting of pesticides. Decision support systems (DSS) for late
blight based on meteorological data are well established but it is
recognised that the amount of pathogen inoculum present in the
air around potato crops is the key parameter not yet integrated in-
to DSS. We have developed a novel use of flow cytometry com-
bined with high volume air sampling for the sensitive and specific
detection of Phytophthora infestans sporangia. Using a Partec
PAS-III flow cytometer, light scatter and intrinsic fluorescence pa-
rameters were used to differentiate sporangia from fungal conidia
(Alternaria, Botrytis), rust urediniospores and pollen. Use of the
fluorescent brightener Calcofluor white M2R allowed differentia-
tion between P infestans sporangia and Erysiphe conidia. Data
analysis rules (‘gating’) to specifically identify P. znfestans sporan-
gia were developed using the methods of Genetic Programming,
leading to very low false positive/negative counts. Initial field data
are presented and the potential application of these techniques to
predicting late-blight epiphytotics in the field is discussed.

15.22 DISPERSAL OF AIRBORNE SPORES FROM PLANT
PATHOGENIC FUNGI IN CEREALS. N. Havis, B. Fraaije and
S. Oxley. SAC, West Mains Road, Edinburgh EH9 3]G, Scotland,
UK. Email: Neil. Havis@sac.ac.uk

Spore release events were monitored in Scotland as part of
Scottish Government-funded research to investigate the epidemi-
ology of major cereal pathogens including Rbhynchosporium secalis
and Ramularia collo-cygni in barley and Mycosphaerella graminico-
la in wheat. Three Burkard cyclone spore samplers and one sev-
en-day volumetric spore trap sampler were set up at four loca-
tions in cereal-growing regions in autumn 2004, and molecular
techniques were used to detect and quantify the spore levels at
each site over the next three years. Automated weather stations
were also placed next to the samplers to determine the influence
of local meteorological conditions on spore release events. Analy-
sis of the DNA results from the sites demonstrated different
spore release patterns for each pathogen. R. collo-cygni spore lev-
els increased towards the end of the growing season and peak lev-
els correlated with extended periods of surface wetness in the
crop. Rb. secalis and M. graminicola spore release events ap-
peared to be less influenced by weather patterns. M. graminicola
spore levels reached a peak in late autumn while Rb. secalis pro-
duced a number of peaks throughout the growing season. Accu-
rate detection of spore levels offers the potential for targeted
crop protection measures, which could lead in turn to economic
and environmental benefits.

15.23 FUNGICIDE RESISTANCE AND HOST SPECIFICITY OF
PSEUDOPERONOSPORA CUBENSIS IN THE EASTERN U.S.
BASED ON FIELD STUDIES. G.]. Holmes, S.J. Colucci and L.
Kanetis. Dept. Plant Pathology, NC State University, PO. Box 7616,
Raleigh, NC 27695, USA. Email: gerald_holmes@ncsu.edu

In 2004 a dramatic shift in virulence of Pseudoperonospora
cubensis occurred on cucumber. From the 1960s until 2004 culti-
var resistance in commercially grown cucumbers (fresh market
and processing) was sufficient to control downy mildew without
fungicide use. In 2004, downy mildew was extremely severe on
cucumbers throughout the southeastern U.S. Previously resistant
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cultivars seemed to provide no protection and several fungicides
were ineffective against the disease. This resulted in an estimated
40% crop loss region-wide. We are documenting fungicide resist-
ance to mefenoxam and azoxystrobin and characterizing the host
specificity (i.e., pathotypes) in isolates collected in the eastern half
of the U.S. To complement laboratory-based assays, we conducted
field experiments in 7 states (Florida, Georgia, South Carolina,
North Carolina, Delaware, New York and Michigan). Mefenoxam
(Ridomil Gold) and pyraclostrobin (Cabrio) were applied at
weekly intervals beginning at the seedling stage, prior to symptom
development. In most locations fungicides were applied at least
four times. Based on disease development on plants treated with
mefenoxam or pyraclostrobin, practical resistance to these fungi-
cides is widespread. Nevertheless, cymoxanil, cyazofamid, fluopi-
colide, propamocarb and zoxamide have shown good to excellent
activity under field conditions. Host specificity of P. cubensis is be-
ing determined based on the ability of isolates to cause disease on
12 cucurbit hosts described by Lebeda and Widrlechner. These
hosts were planted in the field in 9 locations in the same 7 states
during the 2007 season. The disease was present at each location
and reactions on the 12 hosts will be reported.

15.24 TARGETING THE SYMPTOMLESS PHASE OF
PATHOGEN GROWTH TO UNDERSTAND QUANTITATIVE
RESISTANCE TO LEPTOSPHAERIA MACULANS. Y.]. Huang,
C. Jestin, R. Delourme, G.J. King and B.D.L Fitt. Rothamsted
Research, Harpenden, Hertfordshire, AL5 2]Q, UK. Enail: yong-ju.
huang@bbsrc.ac.uk

Many fungal plant diseases have a symptomless phase be-
tween infection and appearance of symptoms or production of
new inoculum. To improve control of such diseases, whether by
breeding disease-resistant cultivars or by use of fungicides, there
is a need to understand the symptomless phase of epidemics.
Phoma stem canker, caused by Leptosphaeria maculans, is an im-
portant disease on Brassica napus. Epidemics of phoma stem
canker are initiated by air-borne ascospores. After initial infection
of leaves, L. maculans has a long period of symptomless growth
down leaf petioles to reach stems where, in spring/summer, it
causes stem cankers and resulting yield loss. Quantitative trait lo-
cus (QTL) mediated resistance to L. #aculans is considered to be
race non-specific and durable. It is hypothesised that QTL-medi-
ated resistance to L. wzaculans operates by decreasing pathogen
growth in petiole and stem tissues. However, it has been difficult
to test this hypothesis due to the lack of symptoms during
pathogen growth. To visualise this symptomless growth, L. 7acu-
lans was transformed with the GFP reporter gene, providing a
method to investigate the growth of L. maculans before stem
cankers can be seen. Quantitative PCR techniques have been de-
veloped to quantify the growth of L. maculans in B. napus tissues.
This poster will report work using the new molecular tools to in-
vestigate QTL-mediated resistance to symptomless growth of L.
maculans along leaf petioles and in stem tissues before stem
cankers can be seen, which will improve our understanding of
quantitative resistance to L. nzaculans.

15.25 DEVELOPMENT OF STRATEGIES FOR THE MAN-
AGEMENT OF FROGEYE LEAF SPOT OF BIDI TOBACCO
IN INDIA. S. Jahagirdar. Department of Plant Pathology, Agricul-
tural Research Station, Nipani, 591 237, India. Email: shamaraos
@rediffmail .com

Frogeye leaf spot caused by Cercospora nicotianae Ell. and
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Eve. has become a major threat in recent years accounting for
economic losses of 5-50% in India. Research on management of
frogeye leaf spot with new molecules was taken up in 2005 and
2006 at ARS, Nipani on tobacco cultivar A-119. Spraying with
0.1% hexaconazole, 0.1% propiconazole or 0.05% carbendazim
gave a Percent Disease Index (PDI) of 27.5, 26.7 and 24.3 % re-
spectively, all very similar. The maximum incidence of 55.1%
was recorded in untreated controls. Growth parameters such as
plant height, leaf length and leaf breadth were significantly supe-
rior in these treatments. The mean maximum cured leaf yield
(1190 kg/ha) was recorded with propiconazole followed by 1153
kg/ha with carbendazim. The minimum yield (996 kg/ha) was
recorded in the untreated control. The economics of disease
management showed highest net return of US$ 626 with propi-
conazole followed by carbendazim (US$ 618) and US$ 568 for
hexaconazole. The maximum benefit/cost ratio (1.52) was ob-
tained with carbendazim followed by propiconazole (1.45) and
hexaconazole (1.36). The nicotine percentage ranged from 2.64
to 3.56. Samples treated with hexaconazole recorded the maxi-
mum nicotine percentage followed by propiconazole (3.46). Re-
ducing sugars were in the range of 7.17 to 7.88%, with the high-
est percentage obtained with carbendazim followed by 7.51%
for a treatment combining carbendazim + mancozeb. The chlo-
ride percent was well within the range of < 1.0. Thus, spraying
twice with 0.1% hexaconazole or 0.1% propiconazole or 0.05%
carbendazim at the 65 and 80™ days after transplanting helps
to manage frogeye leaf spot with production in India of excellent
quality bidi tobacco.

15.26 EXPLOITATION OF NEWER MOLECULES KX 007
42SC AND JE 874 10EC IN THE MANAGEMENT OF DOWNY
MILDEW OF GRAPE INCITED BY PLASMOPARA VITICOLA
(BERK. & CURT.) BERL. & DET. IN INDIA. S. Jahagirdar, S.
Kulkarni, V. Devappa and H.M. Venkatesh. University of Agri-
cultural Sciences, Dharwad. 2. Du Pont India Ltd., Bangalore,
India. Email: shamaraoj@gmail.com

Grape is an important fruit crop in Indian horticulture. In
Karnataka, increasing area under grape cultivation has led to
multifold dynamism in horticultural systems. Diseases like downy
mildew, powdery mildew and anthracnose have become major
management targets in this area. Downy mildew incidence is of-
ten influenced by mean temperature as well as dry periods in
Northern Karnataka (Shamarao Jahagirdar ef al., 2001). Hence
management options always include searching for new antifungal
molecules. During 2003 and 2004, a bioefficacy and phytotoxicity
trial on KX 007 42SC and JE 874 10EC was conducted at the Re-
gional Research Station, Bijapur. The first spray was applied after
appearance of the disease followed by two sprays at ten day inter-
vals. Following the third spray, the final observations were
recorded. The results showed that the minimum incidence 12.0
PDI was recorded with Curzate 50WP at 1.4g/l, which was on
par with JE 874 at 1.2g/l, giving incidence of 14.0 PDI and
KX007 at 2.8 g/l (14.5 PDI). The other treatments Mancozeb
72WP at 2.0 g/l and Metalaxyl MZ72WP at 1.4 g/l gave inci-
dences of 26.9 and 5.7 PDI respectively. The maximum incidence
(51.5 PDI) was recorded in the untreated control. The phytotoxi-
city trial showed that there were no phytotoxic symptoms at test-
ed concentration levels. Symptoms of leaf necrosis, epinasty, fruit
injury etc. were not noticed. Hence, KX007 and JE 874 can be
used as effective components in development of spray schedules
against downy mildew of grape in Northern Karnataka.

15.27 OIDIUM NEOLYCOPERSICI: INTRA-SPECIFIC VARI-
ABILITY INFERRED FROM AFLP ANALYSIS AND RELA-
TIONSHIP WITH CLOSELY RELATED POWDERY MILDEW
FUNGI INFECTING VARIOUS PLANT SPECIES. T. Jankovics,
Y. Bai, G.M. Kovacs, M. Bardin, P.C. Nicot, H. Toyoda, Y. Mat-
suda, R.E. Niks and L. Kiss. Plant Protection Institute of the
Hungarian Academy of Sciences, H-1525 Budapest, P.O. Box 102,
Hungary. Email: tjan@nki.hu

There is considerable variation in the pathogenicity, virulence
and host range of Oidium neolycopersici isolates causing tomato
powdery mildew epidemics in many parts of the world. In this
study, rtDNA ITS sequences and AFLP patterns were analyzed in
17 O. neolycopersici samples collected in Europe, North America
and Japan, including those which overcame some of the tomato
major resistance genes. The ITS sequences were identical in all
the 10 samples tested and were also identical to ITS sequences of
eight previously studied O. neolycopersici specimens. The AFLP
analysis revealed high genetic diversity in O. neolycopersici and
indicated that each of the 17 samples represented different geno-
types. No clear correlation was found between virulence and
AFLP pattern of the isolates studied. Cross-inoculation tests, as
well as analyses of ITS sequences and AFLP patterns of powdery
mildew anamorphs collected from tomato, Aguilegia vulgaris,
Chelidonium majus, Passiflora caerulea and Sedum alboroseum in-
dicated that these morphologically indistinguishable pathogens
represent distinct, but phylogenetically closely related species. All
could only infect their original host plant species, except O. 7e-
olycopersici which infected S. alboroseum, tobacco and Arabidop-
sis thaliana in addition to tomato in cross-inoculation tests. This
appears to be the first genome-wide study investigating the rela-
tionships among powdery mildews that are closely related, based
on ITS sequences and morphology. The results indicate that mor-
phologically indistinguishable powdery mildews that differed in
only 1 to 5 single nucleotide positions in their ITS region are to
be considered as different taxa with distinct host ranges.

15.28 LEAF SPOTS AND BLIGHTS OF KIWIFRUIT (ACTINI-
DIA DELICIOSA) AND THEIR CONTROL IN KOREA. LH.
Jeong, M.T. Lim, K.S. Lee, S.J. Cho, G.H. Kim, T.W. Han, H.C.
Kim, S.H. Shin, H.S. Park, M.J. Kim, ]J.S. Shin and Y.J. Koh. De-
partment of Plant Medicine, Sunchon National University, Sun-
cheon 540-742, Korea. Email: pretyjeong@nate.com

Leaf spots and blights have been severe in orchards of ki-
wifruit (Actinidia deliciosa) in Korea in recent years. Angular leaf
spots appeared at early infection stages in June and several other
symptoms were recognized as the disease developed. Brown leaf
blights were the most frequent, followed by greyish brown
ringspots in open-field orchards and silvering grey leaf blights in
rain-proof orchards, plus dark brown ringspots in both orchards.
Phomopsis sp. was the dominant fungus associated with the leaf
spot and blight symptoms on kiwifruit, followed by Glomerella
cingulata, Alternaria alternata, etc. Phomopsis sp. was commonly
isolated from plants with angular leaf spot, silvering grey leaf
blight, and zonate brown leaf blight, and G. cingulata, A. alterna-
ta, and Pestalotiopsis sp. were isolated from greyish brown
ringspots, dark brown ringspots and zonate dark brown leaf
blights, respectively. Sometimes Phomopsis sp. mixed with A. al-
ternata or G. cingulata was isolated from severely blighted leaves.
Diseased leaves were recorded as about 70% in open-field or-
chards late in the season but use of vinyl rain-proof shelters limit-
ed the disease incidences to under 20%. Four consecutive sprays
of fludioxonil SC from late June at 10-day-intervals successfully
controlled the diseases even in open-field orchards.
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15.29 MORPHOLOGICAL MARKERS, MYCELIAL COM-
PATABILITY AND AGGRESSIVENESS USED TO STUDY
VARIABILITY IN FIELD POPULATIONS OF SCLEROTINIA
SCLEROTIORUM. S. Kaur, P. Grover and P.S. Sandhu. Assistant
Pl Pathologist, Oilseeds Section, Department of Plant Breeding,
Genetics and Biotechnology, Punjab Agricultural University, Lud-
hiana, Punjab,India. Email: jsarb@rediffmail.com

Stem rot and head rot caused by Sclerotinia sclerotiorum are
economically devastating diseases of sunflower. These infections
can cause partial or total crop destruction. In the absence of doc-
umentation of pathotype variation in the causal organism, past at-
tempts at germplasm screening showed poor repeatability, due to
yearly variation in prevalent pathogenic profile. The objectives of
this study were to understand genetic and pathogenic variation of
S. sclerotiorum isolates prevalent in field populations. Forty-eight
sclerotial isolates of S. sclerotiorum were collected. All of them
were inoculated onto potato dextrose agar (PDA) and their
mycelial tips were cut and re-cultured three times to obtain ge-
netically identical cultures. The isolates were characterized on
morphological traits i.e. colony colour, shape and sclerotial num-
ber, size and pattern when grown on PDA. Variation was record-
ed with a range of 10-84 mm for colony diameter. Average size
and number of sclerotia were 3.6 mm and 7.8 respectively and
they were arranged in three patterns; ring at center, ring at pe-
riphery and scattered over colony. Colonies were white with
smooth or wavy margins and thick velvety to sparse growth.
Based on similarities, 11 groups (G, to G,;) of isolates were es-
tablished, representing a wide range of diversity. All the isolates
were evaluated for the existence of mycelial compatible groups
(MCGs). Most isolates (69.68%) showed incompatible reaction
leading to identification of 31 MCGs. We inferred that field pop-
ulations of S. sclerotiorum were genetically heterogeneous. Data
on aggressiveness of these isolates will be presented.

1530 DETECTION OF PYRENOPEZIZA BRASSICAE AS-
COSPORES IN AIR SAMPLES AS A CRITERION FOR FUNGI-
CIDE APPLICATION IN BRUSSELS SPROUT CROPS. R.
Kennedy and A. Wakeham. Unzversity of Warwick, Warwick HRI,
Wellesbourne, CV35 9EE, UK. Email: roy.kennedy@uwarwick.ac.uk

The light leaf spot pathogen (Pyrenopeziza brassicae) occurs
commonly on vegetable brassica crops in Scotland. Wind-dispersed
ascospores of P. brassicae are responsible for transmitting light leaf
spot to uninfected Brussels sprout crops. Using air-sampling tech-
niques, P brassicae ascospores were detected in crops of Brussels
sprouts in the absence of visible infection. The occurrence of as-
cospore inoculum was successfully used as a criterion for fungicide
applications to control light leaf spot in Brussels sprout crops. The
increasing occurrence of fungicide-resistant P. brassicae isolates re-
sulted in reduced light leaf spot control. Disease control was ob-
served where fungicides with different modes of activity were ap-
plied at times when P. brassicae ascopores were detected in the air.
Greater use of fungicides with tebuconazole as the active ingredient
resulted in the occurrence of insensitive P. brassicae isolates. There
was variation in P. brassicae ascospote concentration in air samples
under field conditions, depending on the cultivar present.

15.31 PHOTORESPONSES OF THE RICE BROWN SPOT
FUNGUS BIPOLARIS ORYZAE. ]. Kihara, A. Moriwaki, N.
Tanaka, M. Ueno and S. Arase. Faculty of Life and Environmen-
tal Science, Shimane University, Matsue 690-8504, Japan. Email:
J-kihara@life.shimane-u.ac.jp
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Light serves as an environmental signal to regulate fungal de-
velopment and behaviour. Bipolaris oryzae is the causal agent of
brown leaf spot disease in rice. First, we isolated and character-
ized three melanin biosynthesis genes, the polyketide synthase
gene, the scytalone dehydratase gene, and the 1,3,8-THN reduc-
tase gene. Northern blot analysis showed that expression of these
genes was significantly enhanced in mycelia exposed to near-ul-
traviolet (NUV) radiation, but not blue or red radiation. We next
isolated and characterized BLR1 and BLR2, genes that encode a
putative blue-light regulator similar to white-collar 1 (WC-1) and
white-collar 2 (WC-2) in Neurospora crassa. The deduced amino
acid sequence of BLR1 and BLR2 showed high degrees of simi-
larity to other fungal blue-light regulator proteins. Disruption of
the BLR1 gene or RNA-silencing of the BLR2 gene showed that
both genes are essential for conidial development after conidio-
phore formation and for photolyase gene expression enhanced by
NUV radiation. Finally, suppression subtractive hybridization
(SSH) was performed in order to identify the novel NUV radia-
tion-regulated genes of B. oryzae. As a result, we found 18 genes
up-regulated after NUV irradiation. Furthermore, 14 of the 18
genes did not increase after NUV irradiation in a blue-light regu-
lator (BLR1)-deficient mutant of B. oryzae, suggesting that the 14
genes could be regulated by the blue-light regulator (BLR1). Ad-
ditional molecular characterization of the roles of light in fungal
development may provide us with valuable insights on control
methods for fungal pathogens.

15.32 IMMUNOLOGICAL ANALYSIS OF USTILAGO MAYDIS
PHENYLALANINE AMMONIA-LYASE. S.H. Kim and M.W.
Hyun. Department of Microbiology and Institute of Basic Sciences,
Dankook University, Cheonan, Chungnam 330-714, Korea. Email:
piceae@naver.com

Phenylalanine ammonia-lyase (PAL) from the maize
pathogen Ustilago maydis was analysed immunologically to ob-
tain insights into the structural relationships between plant PAL
and fungal PAL and between PAL and histidine ammonia-lyase
(HAL). Cross-reactivity was found among all the PAL proteins
from different species tested, using antibodies raised against
both plant and fungal PALs. Both anti-alfalfa and anti-popular
PAL antibodies strongly recognized plant PALs but only weakly
recognized fungal PALs. Antibodies raised against U. maydis
PAL only weakly recognized the Rhodotorula glutinis yeast PAL.
The anti-U. maydis PAL antibodies showed low affinity for the
plant PALs but they bound strongly to Psexdononas bacterial
HAL. Significant cross-reactivity between the two plant PAL an-
tibodies and the bacterial HAL was also observed. Both the anti-
Ustilago PAL and the anti-poplar PAL antibodies displayed sim-
ilar enzyme inhibition patterns, including moderate inhibition of
bacterial HAL activity. However, the bacterial HAL antibody in-
hibited only Ustilago PAL. The PAL and HAL antibodies tested
showed no inhibition against yeast PAL. Ustzlago PAL contains
two putative antigenic determinant sites with high hydrophilicity
but the sequences of poplar PAL, alfalfa PAL, Rhodotorula PAL,
Pseudomonas HAL and rat HAL, contain only one site. An over-
all pattern of similarity is present only between the two plant
PALs and the yeast PAL. By contrast, the most hydrophilic sites
of U. maydis PAL are located closer to the amino- and carboxyl-
terminal ends.

15.33 POWDERY MILDEW FUNGI AS INVASIVE PLANT
PATHOGENS: RECENT EPIDEMICS CAUSED BY NORTH
AMERICAN AND ASIAN SPECIES IN EUROPE. L. Kiss. Plant
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Protection Institute of the Hungarian Academy of Sciences, H-1525
Budapest, P.O. Box 102, Hungary. Email: lkiss@nki.hu

Some species of the Erysiphales, such as the grapevine pow-
dery mildew pathogen, Erysiphe necator, have long been known
to cause biological invasions. The histories of two recent severe
European powdery mildew epidemics seem to be similar to that
of the grape powdery mildew disease in the 19t century. In both
cases, species known from North America only, namely E. flexu-
osa infecting horse chestnut (Aesculus spp.) and E. elevata infect-
ing Indian beam (Catalpa bignonioides) trees, appeared in Europe
and spread rapidly from one country to another causing serious
epidemics. These disease outbreaks were, most probably, the re-
sults of new biological invasions because there are no previous
records of these powdery mildew species on horse chestnut and
Indian beam trees in Europe. Some other species of the
Erysiphales thought to be native to North America have also
started to spread in Europe quite recently. Examples are E. sysz-
phoricarpi infecting snowberry (Symphoricarpos albus) and E. aza-
leae infecting Rhododendron spp., as well as a number of taxa
thought to be native to Asia, such as E. arcuata infecting horn-
beam (Carpinus betulus) and an Erysiphe sp. infecting lilacs (Sy-
ringa spp.). Powdery mildews are ubiquitous plant pathogens and
the symptoms they cause are obvious on leaves and other aerial
parts of their host plants. Thus their occurrence and spread can
easily be monitored. This should make the invasive species of the
Erysiphaceae ideal targets for future studies of biological inva-
sions caused by plant pathogenic fungi.

15.34 PATHOGENIC AND GENETIC DIVERSITY AMONG
MYCOSPHAERELLA PINODES ISOLATES DURING THE
WINTER PEA GROWING SEASON. C. Le May, M. Guibert, A.
Leclerc, L. Lebreton and B. Tivoli. INRA-Agrocampus, UMR 1099
BiO3P. Domaine de la Motte, 35653 Le Rheu, France. Email:
lemay@agrocampus-rennes.fr

Plant diseases are caused by pathogen populations made up of
individuals, continuously subjected to evolutionary forces. As-
cochyta blight, caused by Mycosphaerella pinodes, is one of the
most damaging necrotrophic pathogens of field pea worldwide.
Many studies on variation through time and according to location
have shown genetic and pathogenic diversities among isolates.
However, understanding of the pathogenic and molecular varia-
tions, population structures and abilities to overcome resistance
is currently required at the field level. Winter pea is particularly
subject to the disease because of factors such as length of the
growing season, conducive climatic conditions, and the high level
of infection. Isolates of the pathogen were characterised by mor-
phological, biological and molecular methods, and the evolution
of the pathogen population was studied over the growing season
in Rennes (western France). Isolates (200) were collected in the
field every two weeks during the winter growing season (Decem-
ber to June). All isolates were identified using morphological de-
scriptors. Four pea genotypes were used to test the pathogenic
reaction of each isolate in a controlled environment (Onfroy ez
al., 2007). Finally, three AFLP markers (Zhang et al., 2003) were
used to assess the variation in the population. Variability was de-
tected at the field scale and variations in the population structure
during the growing season were observed. Possible explanations
of these variations will be discussed.

15.35 REACTIONS OF AUSTRALIAN BRASSICA NAPUS
GENOTYPES TO ISOLATES OF THE DOWNY MILDEW
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PATHOGEN (HYALOPERONOSPORA PARASITICA) FROM
WESTERN AUSTRALIA. H. Li. School of Earth and Geographi-
cal Sciences, Faculty of Natural and Agricultural Sciences, The Uni-
versity of Western Australia, Crawley, WA 6009 Australia. Email:
hli@cyllene.uwa.edu.au

Downy mildew, caused by the oomycete Hyaloperonospora
parasitica, is an important disease of brassicas worldwide. Downy
mildew is particularly damaging when it attacks plants at the
seedling stage. In Australia, downy mildew frequently occurs on
oilseed rape (Brassica napus) and, especially since 1998, severe
outbreaks of downy mildew have been widespread on oilseed
rape in Western Australia on seedlings, in some areas severely re-
tarding seedling growth and vigour. As no previous studies had
been undertaken to determine if resistance to H. parasitica exist-
ed within Australian oilseed rape germplasm, an investigation
was carried out to screen 65 Australian spring type oilseed rape
genotypes against 5 isolates of H. parasitica inoculated onto
seedlings at the cotyledon stage. There were significant effects of
genotypes, isolates and a significant genotype X isolate interac-
tion. Two genotypes were classified as highly resistant, and an
overall majority of the oilseed rape genotypes tested showed at
least partial resistance. This is the first study in Australia to inves-
tigate the range of resistance of different Australian oilseed rape
genotypes to H. parasitica. The resistance to H. parasitica identi-
fied in this study will not only enable Australian oilseed rape
breeders to incorporate resistance to H. parasitica into new culti-
vars for enhanced disease resistance, but also allow direct deploy-
ment of the highly resistant genotypes in to situations and regions
most conducive to the development of severe downy mildew.

15.36 STRATEGIES FOR INTEGRATED CONTROL OF
BROWN SPOT OF PEAR (STEMPHYLIUM VESICARIUM,
TELEOMORPH PLEOSPORA ALLII). 1. Llorente, A. Vilardell,
P. Vilardell, C. Moragrega, L. Ruz, G. Santamaria and E. Mon-
tesinos. Institute of Food and Agricultural Technology- CeRTA-
CIDSAV, University of Girona, Av. Lluis Santalé s/n, 17071
Girona, Spain. Email: isidre.llorente@udg.edu

Brown spot of pear (BSP) is caused by the fungus Stenzphyli-
um vesicarium (Wallr.) Simmons, and causes high economic losses
in several pear-growing areas in Europe including Spain, Italy,
France, The Netherlands, Belgium and Portugal. The use of pro-
tective fungicides applied to a fixed schedule or according to the
BSPcast model is the most common management tactic. Howev-
er, the level of control is limited, especially when disease pressure
is high. This limitation may be overcome by incorporating addi-
tional methods to reduce the disease pressure. S. vesicarium over-
winters on pear in fallen infected leaves or fruits as pseudothecia
of its teleomorph Pleospora allii. Control of the primary inoculum
may be critical for management because a reduction of levels or a
delay in production of inoculum may considerably decrease dis-
ease intensity at the end of the epidemic. New strategies to de-
crease primary inoculum and limit ascospore discharge have been
tested, and different trials were performed in experimental or-
chards in Spain. Biological (Trichoderma sp.) and mechanical
methods (leaf shredding and removal) were evaluated in the field
for decreasing ascospore discharge. Mechanical methods were
the most effective and biological control was partially effective.
Integrated control of BSP requires a sustained strategy based on
factors affecting disease mostly derived from forecasting systems
(BSPcast, PAMcast), as well as on host susceptibility, inoculum
levels, pathogen biology and fungicide characteristics.
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15.37 CHARACTERIZATION OF PHYTOPHTHORA INFES-
TANS ISOLATES FROM THE CZECH REPUBLIC DURING
2006 AND 2007. J. Mazikova, M. Zouhar, V. Taborsky and P.
Rysanek. Department of Plant Protection, Faculty of Agrobiology,
Food and Natural Resources, Czech University of Life Sciences in
Prague, Kamyckd 129, 165 21 Prague 6 - Suchdol, Czech Republic.
Email: mazakova@af.czu.cz

Phytophthora infestans (Mont.) de Bary is an economically im-
portant plant pathogen, worldwide. Global changes in pathogen
populations in the past two decades have significantly influenced
P infestans genetic variability, which it is necessary to monitor
every year. P. infestans isolates were obtained from late blight-in-
fected potato plants from different commercial fields, research
station fields, variety-testing fields and gardens of the Czech Re-
public during 2006 and 2007. A total of 137 isolates were used to
study the pathogen’s population structure using basic markers
such as mating types, resistance to systemic fungicides and mito-
chondrial DNA haplotypes. Mating type determination by pair-
ing test and cleaved amplified polymorphic sequence (CAPS)
analysis showed that 85 and 50 isolates were of Al and the A2
mating type, respectively. Sensitivity to the systemic fungicides
metalaxyl, dimethomorph and propamocarb-hydrochloride was
tested in vitro on agar. All the isolates appeared to be sensitive to
each of the fungicides. Analysis of mitochondrial DNA using
PCR and restriction digestion showed that the majority of isolates
(134) were haplotype Ia and the rest (3 from 2007) were the Ila
haplotype, referring to the distribution of a new migrant popula-
tion of P infestans. This work was supported by the Grant
Agency of the Agriculture Research (NAZV) of the Ministry of
Agriculture of the Czech Republic, grant QG 50055 and Ministry
of Education of the Czech Republic, grant No. MSM
6046070901.

15.38 FUNGICIDE SENSITIVITY IN PODOSPHAERA XAN-
THII AND EFFICACY FOR CUCURBIT POWDERY MILDEW
IN NY, USA, IN 2003-2006. M.T. McGrath. Department of Plant
Pathology, Cornell University, Long Island Horticultural Research
and Extension Center, 3059 Sound Avenue, Riverhead, NY, 11901-
1098, USA. Email: mtm3@cornell.edu

Sensitivity of the cucurbit powdery mildew fungus, Po-
dosphaera xanthii, to fungicides at risk for resistance development
was determined using a seedling bioassay conducted in crops and
a laboratory leaf-disk assay conducted with individual isolates col-
lected from production fields and a research field where fungicide
efficacy was assessed through replicated field experiments with
pumpkin. Qualitative resistance to Qol fungicides was detected
every year; trifloxystrobin and pyraclostrobin were ineffective
when tested (2003 and 2006). Qualitative resistance was also de-
tected to MBC fungicides, which are no longer used for powdery
mildew. Resistance to DMI fungicides is quantitative. Sensitivity
has been declining. The leaf-disk assay revealed 3% of isolates tol-
erated 50 ppm myclobutanil in 2004 and 10% in 2005; while in
2006, 80% tolerated 40 ppm and 7% tolerated 100 ppm. The
DMIs myclobutanil and triflumizole were highly effective in 2005
(82-93% control), but moderately effective (34%) to ineffective in
2006. Quinoxyfen, a quinoline fungicide, has continued to be ef-
fective (88% control in 2006). Few isolates have been found toler-
ating greater than 5 ppm. Boscalid, a carboxamide fungicide, pro-
vided 89% control in 2006 when 20% of isolates tolerated 50
ppm. Only 56% control was obtained in 2005. Resistance to Qol
and MBC fungicides was also detected with the bioassay every
year examined. Strains were detected able to tolerate 80 ppm my-
clobutanil in 14 of 15 commercial fields in 2006. Near the season
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end, strains were found tolerant of 10 ppm quinoxyfen in one of
six fields and 150 ppm boscalid in three fields.

15.39 SENSITIVITY OF PODOSPHAERA XANTHII TO REG-
ISTERED FUNGICIDES AND EXPERIMENTALS IN GA AND
NY, USA, IN 2007. M. Miazzi and M.T. McGrath. Dipartimento
di Protezione delle Piante e Microbiologia Applicata, Universita di
Bari, Via Amendola 165/A, 70127 Bari, Italy. Email: m.miazzi@
agr.uniba.it

Fungicide resistance is a major constraint to effectively man-
aging cucurbit powdery mildew caused by Podosphaera xanthii. A
seedling bioassay was used to monitor sensitivity to currently-reg-
istered, at-risk fungicides on Long Island, NY, in commercial and
research cucurbit fields during the 2007 growing season. Resis-
tance to Qol fungicides was common based on results with tri-
floxystrobin (Flint). Strains tolerating high concentrations of
boscalid (175 ppm, using unregistered Endura rather than Pris-
tine which also contains pyraclostrobin) and myclobutanil (120
ppm formulated as Nova) were present at powdery mildew onset
in spring-planted zucchini. Similar strains were found at a higher
frequency later in the year on the main season crop pumpkin.
Strains tolerating quinoxyfen (Quintec) at low concentration (5
ppm) were not detected in zucchini but were at very low frequen-
cies in pumpkin. Quintec received its first registration in the
USA, which was for melon, in 2007. Tolerance of the DMI fungi-
cides myclobutanil and triflumizole (Procure) was similar. An 7z
vitro leaf-disk assay was conducted with isolates collected in
Georgia from cucurbit fields where control was inadequate de-
spite fungicide applications (mostly Procure and/or Pristine).
Twenty percent of isolates tested were able to grow on 100 ppm
myclobutanil, 78% on 10 ppm quinoxyfen, and 28% on 100
ppm boscalid. For the isolates tested from Long Island cucurbits
fields, 24% and 19% were able to grow respectively on 100 and
120 ppm myclobutanil, 70% and 38 % respectively on 10 and 15
ppm quinoxyfen, and 21% and 9% respectively on 100 and 125
ppm boscalid.

15.40 BASELINE SENSITIVITY TO NEW FUNGICIDES OF
PODOSPHAERA XANTHII IN NEW YORK AND GEORGIA,
USA. M. Miazzi and M.T. McGrath. Dipartimento di Protezione
delle Piante e Microbiologia Applicata, Universita di Bari, Via
Amendola 165/a, 70127 Bari, 1taly. Email: m.miazzi@agr.uniba.it

An important step in managing fungicide resistance is to ob-
tain information on the initial sensitivity of pathogen populations
to a new fungicide before it is widely used. These data are essen-
tial to be able to detect when a shift occurs in pathogen sensitivity
to a fungicide as resistance begins to develop. In 2007, 73 isolates
of P. xanthiz, causal agent of cucurbit powdery mildew, were test-
ed for their sensitivity to three fungicides not yet registered for
this use in the USA: difenoconazole, belonging to the triazole
group of fungicides (FRAC Group 3), and two undisclosed com-
pounds. Isolates were collected from greenhouse-grown verbena
and cucurbit fields in Long Island (NY) and Georgia and tested
using fungicide-treated leaf discs on water agar in Petri dishes.
Based on results to date, compound V10118 appears to be very
active on most of the isolates, with growth reductions between 22
and 100% at 0.1 ppm, the lowest rate tested. At 0.5 ppm of
V10118, only 7% of the isolates grew. For the other undisclosed
compound, growth was reduced 3% to 70% on discs treated with
0.1 ppm compared to nontreated disks. Isolates from Georgia re-
sulted more sensitive (no growth at a dose of 0.5 ppm) than iso-
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lates from Long Island (38% of isolates grew at the same concen-
tration). For difenoconazole the growth inhibition of the isolates
was between 22 to 100% when they were exposed to 80 ppm, and
35 to 100% at 120 ppm. Interestingly, the range of sensitivity to
difenoconazole was dissimilar to that to myclobutanil, a triazole
registered for cucurbit powdery mildew since 2000 in the USA.

15.41 FACTORS AFFECTING SUSCEPTIBILITY OF SAUVI-
GNON BLANC GRAPE BERRIES TO BOTRYTIS CINEREA IN-
FECTION. D.C. Mundy, G.N. Hill and R.M. Beresford. The Hor-
ticulture and Food Research Institute of New Zealand Limited
(HortResearch), Marlborough Wine Research Centre, PO. Box 845,
Blenbeim 7240, New Zealand. Email: dmundy@bortresearch.co.nz

Anecdotal evidence suggests that New Zealand Sauvignon
blanc vineyards with low berry yeast-assimilable nitrogen (YAN)
suffer less botrytis bunch rot. The direct influences of YAN, sug-
ar accumulation and wounding on susceptibility of Sauvignon
blanc grape berries to Botrytis cinerea infection was investigated
in laboratory studies in 2005 and 2007. Berries with a range of
YAN concentrations were obtained from field plots with added
nitrogen (urea) in a vineyard with naturally low fertility. A range
of sugar concentrations was obtained by either sampling berries
0-4 weeks before harvest (2005) or using natural variability in
berry sugar content at harvest (2007). Susceptibility was meas-
ured by inoculating wounded and unwounded berries with B.
cinerea spores and assessing the percentage of berries showing in-
fection after 6 days of moist incubation. In 2005, YAN concentra-
tions ranged from 134-442 mg/l and accumulated sugar concen-
trations from 14.0-23.0 °Brix. In 2007, YAN concentrations
ranged from 199-654 mg/l and soluble sugars ranged from 17.1-
23.3 °Brix. A significant (P<0.05) relationship between suscepti-
bility of unwounded berries and sugar concentration was ob-
served in both years. Wounding caused a relatively greater in-
crease in susceptibility of unripe berries (<17.5 °Brix) than ripe
berries (>21 °Brix). No clear relationship was found between
berry susceptibility and YAN in either experiment. It was there-
fore concluded that berry susceptibility is strongly correlated
with sugar concentration, that wounding increases susceptibility
of unripe berries and that YAN does not have an important di-
rect influence on berry susceptibility.

15.42 PATHOGENIC AND MOLECULAR VARIABILITY OF
ALTERNARIA SPP., INFECTING BT-COTTON. M.K. Naik, G.
Ramegowda, K.V. Bhat, Gururaj Sunkad and M.B. Patil. Depart-
ment of Plant Pathology, University of Agricultural Sciences, Col-
lege of Agriculture, Raichur, Karnataka, 584101, India. Email:
manjunaik2000@yahoo.co.in

Nine isolates of Alternaria macrospora and five of A. alternata
were obtained from infected Bt cotton leaves from different re-
gions of Karnataka and Maharashtra states of India. The isolates
were analysed for pathogenic and molecular variability. The iso-
lates, when inoculated on Bt cotton differentials using the de-
tached leaf technique, significantly differed in their ability to in-
fect them. Isolate A; showed susceptible reaction on moderately
susceptible genotype and isolates A;, Ao, Ay and A, showed
moderately resistant reaction even on the resistant genotype indi-
cating hyper-virulence. However, the isolates A,, A, A, Aj;
and A, showed moderately susceptible reaction even on the sus-
ceptible genotype indicating hypo-virulence. The isolates were
thus grouped into two variants, hyper-virulent (A}, A), A;, A,
A, A, Ay, A, A} and hypo-virulent (A, A\, Ay, Ajyand A ).

The variants with higher virulence in a pathogenic population are
of interest because they were more virulent on Bt cotton geno-
types resistant to predominant pathotypes. Such variation in
pathotype within the population will have implications for stabili-
ty of cultivar resistance. When the Alternaria isolates were ana-
lyzed for genetic variability using RAPD-PCR, with fourteen
primers, as many as seven primers generated polymorphism and
based on Jaccard’s similarity coefficient and dendrogram, the iso-
lates were grouped into three clusters. Cluster one (A}, A, and
A,)) shared 65-52% similarity, cluster two (A;, A, A;, Ag, Ay,
and A ,) showed a similarity value of 63-52%. Isolate A, from
cluster three was genetically distinct and divergent, sharing only
42% similarity.

15.43 EFFECT OF MIXED PLANTINGS OF RICE CULTIVARS
FOR WHOLE-CROP SILAGE ON OCCURRENCE OF RICE
BLAST DISEASE. T. Nakajima, H. Sekiya, M. Tachibana, K.
Zenbayashi, H. Kito, Y. Yaji and A. Oshibe. National Agricultur-
al Research Center for the Tohoku Region, Daisen, Akita 014-
0102, Japan. Email: tonko@affre.go.jp

The effect of mixed plantings consisting of different rice culti-
vars for livestock feeding on occurrence of rice blast disease was
investigated under natural conditions. For mixed planting, three
Japanese rice cultivars for whole-crop silage, Bekoaoba (with Pi-
ta-2 true resistant gene, and resistant to the major race of blast
fungus under field conditions), Yumeaoba (a resistant variety
with Pita-2, Pib resistant genes), and Kusayutaka (a susceptible/
resistant variety with Pza, Pik resistant genes), and two Japanese
economic rice cultivars, Hitomebore (susceptible, with P7 resist-
ant gene) and Manamusume (susceptible, with P7 resistant gene),
were used. They were mixed in several ratios by seed numbers.
Blast disease severities and percentages of diseased plants in the
single plantings and mixtures of the forage and economic rice
cultivars were examined. No disease occurred in the two whole-
crop silage cultivars Bekoaoba and Yumeaoba, whether in the
single plantings or mixtures. The disease severity index and the
diseased plant percentage of the compatible varieties in the mix-
tures were significantly lowered, compared with the single com-
patible cultivar plantings, even in the 1:1 mixture (susceptible va-
riety: resistant variety). In the mixture of 1:3 (susceptible: resist-
ant), rice blast disease suppression was more effective than that
of the single plantings treated with chemicals. The yields of the
mixed and single plantings were analyzed.

15.44 EFFECT OF MIXED PLANTINGS OF A RICE CULTI-
VAR, KOSHIHIKARI, AND ITS ISOGENIC LINES ON SUP-
PRESSING RICE BLAST. T. Nakajima, N. Yasuda, M. Tsujimo-
to, J. Moriwaki, K. Zenbayashi, Y. Sasaki and T. Hoshi. National
Agricultural Research Center for the Tohoku Region, Japan. Email:
tonko@affrc.go.jp

The effect of mixed planting of a rice cultivar, Koshihikari,
compatible line, and its isogenic lines, some Koshihikari Niigata
BL lines, compatible and incompatible lines, on the occurrence
of rice blast disease caused by Pyricularia grisea (Cooke) Saccar-
do, telomorph Magnaporthe grisea (Hebert) Barr, was investigat-
ed under natural conditions. The seeds tested came from the Ni-
igata Crop Research Center, Niigata Prefecture Agricultural Re-
search Institute. Blast disease severities and the percentages of
diseased plants in 1:1, 1:3 and 1:7 mixtures of compatible to in-
compatible lines, and their component lines single plantings were
examined. No disease in incompatible lines was seen in the single
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plantings and mixtures. The disease severity index and the dis-
eased plant percentage of compatible lines in the mixtures were
significantly reduced, compared with those of the single compati-
ble line, even in the 1:1 mixture. However, in the mixtures of
compatible and incompatible lines, blast disease suppression in
the compatible line was not more effective than that of the single
line treated with chemicals. In the case of the rice cultivar Sasan-
ishiki multilines, disease suppression was more effective for leaf
blast than for panicle blast. On the contrary, in Koshihikari and
its isogenic multilines, panicle blast disease suppression was more
effective than leaf blast suppression.

15.45 INTEGRATION OF TEMPERATURE, HUMIDITY AND
LOCALITIES ON YELLOW RUST INCIDENCE IN ISFAHAN,
IRAN. M. Nasr Esfahani. Islamic Azad University - Ardestan
Branch and Agriculture and Natural Resources Research Center,
Iran. Email: m_nasresfahani@yahoo.com

One of the important diseases of wheat (Triticum aestivum) is
yellow rust and/or stripe rust, P. striiformis (P. glumarum) in Iran.
Field surveys in 2005-06 in Isfahan wheat growing areas indicated
that yellow rust was already present, with patches in some fields
where infection was 100% with 39.29% severity and scoring
scale of 25.30. There was a very low correlation between infection
% and severity % (r=-0.19) whereas there was a very high corre-
lation between the severity and scoring scale (r=0.99). The condi-
tions favouring yellow rust incidence were cool temperatures,
high humidity and cloudy weather along with irregular rains. The
susceptibilities of 35 bread wheat lines to yellow rust in
glasshouse conditions were assessed. Plants were inoculated with
lyophilized rust urediospores from seedlings up to middle age,
four times at 15-day intervals. The results indicated that the in-
fections varied from 63.33 to 100%, which can not be a scale for
determination. Disease severity, graded in seven classes showed
great variation among the wheat lines, ranging from 34.70 to
93.46%. There was also no high correlation between severity and
infection % (r=-0.45). The scoring scale within 0-32 was highly
significant (p=0.01).There was also a very high correlation be-
tween severity and scoring scale (r=0.99). These results placed
the wheat lines in 5 distinct groups. Cluster analysis also placed
the lines in 5 distinct groups similar to the above at distances be-
low 5 of rescaled distance cluster combine, as was in DMRT.

15.46 DEPLOYMENT OF HETEROGENEITY IN CEREALS
FOR DISEASE CONTROL AND YIELD ENHANCEMENT.
A.C. Newton, D.C. Guy and ].S. Swanston. Scottish Crop Re-
search Institute, Invergowrie, Dundee DD2 5DA, Scotland, UK.
Email: adrian.newton@scri.ac.uk

Cereal varieties deployed in multi-component mixtures show
enhanced resilience to abiotic and biotic stress. However, the ex-
pression of such characteristics is dependent on the interactions
between trait expressions such as resistance and canopy morphol-
ogy. Such interactions depend on spatial and temporal factors
such as the patchiness of component distribution and their scale.
Coarse patchy mixtures control the spread of some pathogens
better than homogeneous mixtures. Yield is enhanced in most in-
teractions whether diseased or not and there is a positive relation-
ship between yield and number of components in a mixture. De-
velopmental traits tend to converge in mixtures and within a
moderate range, quality is not reduced and can even be en-
hanced. In Scotland wheat is used for grain distilling, but vari-
eties differ greatly in alcohol yield. Distillers and growers are now

recognising mixtures as a means of deploying varieties that are
high in alcohol yield, but show agronomic weaknesses, such as
lodging. Maltsters remain resistant to the use of barley mixtures,
citing the risk of uneven processing, but this view underestimates
the variation due to effects of environment and genotype X envi-
ronment interaction. Research has shown some well-matched
mixtures to give more stable malting performance across sites
than their component cultivars. Disease control tends to be
greater under high nutrient conditions. Mixtures are affected far
less by changes in climate or soil cultivation methods than single
varieties.

15.47 BOTRYTIS-SCARRING IN PERSIMMON FRUIT: INFEC-
TION AND DISEASE CYCLE. P.A. Rheinlinder, R.A. Fullerton
and P.W. Sutherland. HortResearch, Mt Albert Research Centre,
Private Bag 92169, Auckland, New Zealand. Email: PRheinlan-
der@portresearch.co.nz

Dark brown, corky spots on the skin of persimmon fruit
(Diospyros kaki L.) are a cosmetic disorder known as scarring. In
New Zealand the disorder causes substantial revenue losses to the
persimmon industry. Histological examinations showed that the
scarring is associated with Botrytis cinerea Pers. In spring the fun-
gus first colonises senescent petals adhering to the fruitlet and
subsequently attempts to infect the underlying epicarp tissue.
Scanning electron microscopy and fluorescence immunolabelling
demonstrated that the fungus produces mycelial cushions com-
posed of finger-like clusters of hyphae on the fruit surface. These
function as infection points and trigger a defence response in the
fruit which prevents the fungus from establishment, and causes
death and discolouration of the surrounding epidermal cells. Af-
fected areas appear as dark specks to the naked eye and develop
into scars as the fruit develops. Monitoring in persimmon or-
chards showed that conidia produced from infected senescent
petals during humid weather facilitates colonisation of new
emerging flowers leading to repeated cycles of infection during
the flowering period. Conidia from over-wintering sclerotia in ca-
lyxes, pedicels and fruit mummies represent the primary inocu-
lum sources for petal infection in spring. In humid districts of
New Zealand, the first-formed leaves in spring often become in-
fected by B. cinerea resulting in necrotic lesions at the leaf tips,
expanding to produce large quantities of conidia under humid
conditions. These leaves represent a secondary source of inocu-
lum for the persimmon flowers. A proposed disease cycle for B.
cinerea in persimmon orchards in New Zealand is presented.

15.48 DETECTION AND QUANTIFICATION OF AIRBORNE
ASCOSPORES OF SCLEROTINIA SCLEROTIORUM BY QPCR.
S.L. Rogers, S.D. Atkins, J.S. West and B.D.L. Fitt. Rothamsted
Research, Harpenden, AL5 2]Q, UK. Email: sarah.rogers@bbsrec.
ac.uk

A technique to detect ascospores of Sclerotinia sclerotiorum in
air samples by quantitative PCR is more sensitive than traditional
microscopy as it can detect the presence of only a few spores on a
Hirst or rotating-arm trap surface, in a background of thousands
of other spores and pollens. The technique was tested on samples
produced by inoculating different numbers of S. sclerotiorum: as-
cospores onto wax-coated plastic tape of the type used in
Burkard spore traps. Spores deposited on duplicate sub-samples,
produced by cutting inoculated tape in half, were counted by mi-
croscopy to validate the gPCR quantification result. DNA was
first extracted from spores on pieces of tape before qPCR. The
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primers produced PCR products from DNA of both S. sclerotio-
rum and Botrytis cinerea but differences in the melting points of
the two products enabled quantification of only S. sclerotiorum
DNA. This was confirmed in tests with DNA from both species
mixed in different ratios. When tested on outdoor air samples
from spore traps operated at Rothamsted over recent years, the
method demonstrated that airborne spores of S. sclerotiorum
were present in unusually large numbers in April 2007 at
Rothamsted, just before a severe epidemic of Sclerotinia stem rot
(SSR) on oilseed rape at Rothamsted and throughout northwest-
ern Europe in 2007. Low rainfall throughout April 2007 pro-
duced a low predicted risk of SSR from weather-based forecasts.
Air sampling combined with qPCR showed that high concentra-
tions of spores were present in air, although local rainfall was
minimal.

15.49 F1 PROGENY ISOLATES OF PHYTOPHTHORA INFES-
TANS MAY EXHIBIT ENHANCED AGGRESSIVENESS TO
POTATO AND TOMATO. A.E. Rubin, S. Klarfeld and Y.
Cohen. Bar Ilan University, Ramat Gan, Israel. Email: Ycohen@
mail.biu.ac.il

Oospores were produced in tomato leaves infected with Al
and A2 isolates of P. infestans. The oospores were extracted, ex-
posed to two cycles of drying-wetting to kill the pathogen’s vege-
tative structures, and mixed with perlite and water. Tomato leaves
floating on this mixture served as bait for oospore infection. F1
lesions (isolates) were recovered from 4 crosses. Single-spo-
rangium isolates were examined for resistance to metalaxyl, mat-
ing type and compatibility with potato or tomato differential lines
each carrying a major gene for late blight resistance. While
parental isolates were either sensitive or resistant to metalaxyl,
most progeny isolates (n=296) exhibited various levels of inter-
mediate resistance to metalaxyl. Most isolates belonged to the A1l
or A2 mating type, depending on the cross and lesion. Some were
sterile or had the unusual mating type A1A2. Fifty different races
were identified on potato differentials. A few isolates gained new
virulence factors while others lost parental virulence factors. On
tomato, many progeny isolates possessed greater sporulation ca-
pacity, compared to their parents, on cultivars carrying the resist-
ance gene PhH0, Ph1 or Ph2. In one cross, 28 progeny isolates out
of 130 were able to sporulate on Lycopersicon pimpinellifolium
L3707 carrying Ph3, on which all parents failed to grow, whereas
16 isolates lost the ability to grow on Ph1, Ph2, or both. The data
suggest that sexual reproduction may produce isolates aggressive
to otherwise late blight-resistant potato and tomato cultivars.

15.50 PHYSIOLOGICAL VARIABILITY OF CERCOSPORA
COFFEICOLA. G.C. Souza, L.A. Maffia and E.S.G. Mizubuti.
Departamento de Fitopatologia, Universidade Federal de Vigosa,
Vicosa, Brasil. Email: agcsouza@yahoo.com.br

Cercospora leaf spot, caused by Cercospora coffeicola, is an im-
portant coffee disease in Brazil. However, little is known about its
biology. Thus, under laboratory and greenhouse conditions, we
evaluated the variability of 60 pathogen isolates, sampled in three
regions under both conventional and organic crop systems in Mi-
nas Gerais State. In the laboratory, areas under the mycelial
growth curve (AUGC), cercosporin production at 18, 22, or
26°C, and sporulation at 25°C were evaluated. Six isolates were
selected and inoculated on seedlings of Catuaf and Catucaf coffee
varieties, either fertilized or not with potassium chloride, and
kept in a growth chamber at 18, 22, or 26°C for 48 h after inocu-

lation. Incubation period (IP), latent period (LP), disease severity
(SEV), and leaf fall were evaluated under greenhouse conditions.
High variability among C. coffeicola isolates was detected regard-
ing all the variables assessed. The isolates were grouped accord-
ing to sporulation, AUGC, and cercosporin production. Of the
60 isolates, 27 did not sporulate. Cercosporin production and
mycelial growth tended to increase with temperature. Positive
correlations were detected between: severity and leaf fall for both
varieties; severity and cercosporin production for ‘Catucai’; and
potassium chloride and SEV for both varieties. Variability of C.
coffeicola was found to be affected by temperature, potassium fer-
tilization, and plant genotype.

1551 COLLETOTRICHUM ACUTATUM FROM NORWAY
FREQUENTLY DEVELOPS PERITHECIA IN CULTURE. A.
Stensvand, H.U. Aamot, G.M. Stremeng, V. Talge, A. Elameen,
J. Barve and 8.S. Klemsdal. Norwegian Institute for Agricultural
and Environmental Research, Hogskoleveien 7, 1432 As, Norway.
Email: arne.stensvand@bioforsk.no

The ascigerous stage (formation of perithecia with viable as-
cospores) of Colletotrichum acutatum was recently reported to oc-
cur on fruits of highbush blueberry (Vaccinium corymbosum) in
Norway. When 113 isolates of C. acutatum from various plant
species were cultured on strawberry leaf agar, nine developed
perithecia with viable ascospores. Four isolates originated from
apple (Malus domestica) and one each from sweet cherry (Prunus
avium), raspberry (Rubus idaeus), highbush blueberry (V. coryrm-
bosum), hollyberry cotoneaster (Cotoneaster bullatus), and north-
ern dock (Rumex longifolius). Except from blueberry, we never
detected the ascigerous stage on decaying fruits or any other
parts of the above mentioned plant species. On potato dextrose
agar, the colour of the underside of the cultures forming perithe-
cia varied from light grey-green to dark grey-green or dark
brown-green. The colour of the upperside varied greatly, being
dark grey-green, grey-brown, grey, and beige-pink; only the rasp-
berry and blueberry isolates were beige-pink. Amplified fragment
length polymorphism (AFLP) analysis of the isolates using six
primer combinations resulted in 103 clear polymorphic bands. A
dendrogram was constructed, and based on cluster analysis using
genetic similarity, the isolates could be divided into several clus-
ters. Eight of nine perithecia-forming isolates grouped together in
the dendrogram, indicating genetic difference from other isolates.
This was also supported by principal coordinate (PCO) analysis.

15.52 IDENTIFICATION OF A PUTATIVE NEW BARLEY
LEAF RUST RESISTANCE GENE. Y. Sun and S.M. Neate. De-
partment of Plant Pathology, North Dakota State University, Fargo
USA. Email: stephen.neate@ndsu.edu

Resistance is the preferred means of controlling leaf rust of
barley caused by Puccinia hordei G. Otth. However, changing vir-
ulence in P. hordei has rendered ineffective many of the known
resistance genes. In this study, isolates ‘Race 8, ‘90-3°, ‘90-15,
‘89-3’, and ‘Neth 202’ of P hordei were used to differentiate re-
sistance genes in 82 selected barley lines. Putative new resistance
was identified in barley line ‘C2-02-134-2-2’ and separated from
Rph15 also known to be in that line. Based on disease reaction
when challenged with isolate ‘Race 8’, the F, population of a
cross between ‘C2-02-134-2-2’ and a susceptible line “ZA47’, seg-
regated into a 15:1 resistant to susceptible ratio (¥?=0.853) indi-
cating the presence of more than one gene. In the F, generation,
the Rph15 phenotype (00;) separated from a second resistance
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gene phenotype (0;12-). To isolate the gene which gave the (0;12-)
phenotype from Rph15, the 10 F, plants bearing the (0;12-) phe-
notype were transplanted and selfed, and the F,, families were
screened for homogeneity of disease reaction. To determine in-
heritance and to undertake gene mapping using diversity array
technology (DArT) a new cross was made between ‘Bowman’
and a plant from a homogeneous family that showed the (0;12-)
phenotype. The putative new gene was mapped to barley chro-
mosome 7H and when inoculated with a selected set of P. hordei
races showed different phenotypic reactions from Rph3 and
Rph19 known to be on the same chromosome. Allelism studies
with Rph3 and Rph19 are in progress.

15.53 BIO-EFFICACY OF NEW COMBI-FUNGICIDE FORMU-
LATIONS AGAINST MAJOR DISEASES OF RICE IN TUNGAB-
HADRA PROJECT AREA. G. Sunkad and M.V. Chandrasekhar.
Division of Plant Pathology, Regional Agricultural Research Station,
Raichur-584 10, Karnataka, India. Email: gsunkad@rediffmail.com

Rice is one of the popular food crops grown in Tunga Bhadra
Project command area of northern Karnataka and suffers from
major diseases such as leaf and neck blast (Pyricularia oryzae),
sheath blight (Rhzzoctonia solani) and brown spot (Helminthospo-
rium oryzae). A field experiment on bio-efficacy of different new
combi-fungicide formulations and new fungicides against these
major diseases was conducted in the area during Rabi/Summer,
2005-06 and Kharif, 2006. Among them, the combi product
Zineb+Hexaconazole at 2.0-2.5 g/l was found very effective in re-
ducing the disease incidence of sheath blight and brown spot, be-
sides also reducing the incidence of leaf and neck blast. The com-
bi product also recorded higher grain yields and cost/benefit ra-
tios compared to other fungicides combination treatments tested.
Further, there were no phytotoxic symptoms (scorching, necrosis,
hyponasty, leaf tip injury, leaf surface injury, wilting and vein
clearing) on plants due to spraying of Zineb+Hexaconazole at all
the dosage levels tested up to the 10 day of treatment during both
seasons. Hence, spraying of Zineb+Hexaconazole at 2.0-2.5 g/l
at tillering and panicle emergence can be recommended for effec-
tive and economical management of major diseases of rice in the
command area.

15.54 STRUCTURAL AND BIOCHEMICAL MECHANISM OF
RESISTANCE IN GROUNDNUT TO PUCCINIA ARACHIDIS.
G. Sunkad and S. Kulkarni. Dzvision of Plant Pathology, Regional
Agricultural Research Station, Raichur-584 10, Karnataka, India.
Email: gsunkad@rediffmail.com

Groundnut rust (Puccinia arachidis Speg.) is an important dis-
ease causing yield losses in all major groundnut-growing areas of
India. Six groundnut genotypes, GPBD-4 and DH-22 (resistant),
K-134 and R-8808 (moderately resistant) and KRG-1 and TMV-2
(susceptible) were selected to study the mechanism of resistance on
the basis of structural and biochemical changes. The healthy and
diseased leaves of the different genotypes were subjected to struc-
tural and biochemical changes due to infection of the pathogen.
Among histological parameters, cuticular thickness, epidermal cell
thickness and wax contents were greater in the resistant and mod-
erately resistant genotypes. Number and size of epidermal cells and
stomata were greater in susceptible genotypes. Diseased leaves of
resistant and moderately resistant genotypes showed more total re-
ducing and non-reducing sugars compared to susceptible geno-
types. Further, the sugars were more in resistant and moderately
genotypes than susceptible genotypes. Phenol, orthodihydroxy

Journal of Plant Pathology (2008), 90 (2, Supplement), S2.81-S2.465

phenol and protein content were greater in healthy leaves com-
pared to disease leaves, unlike sugars. Within the genotypes, the re-
sistant and moderately resistant genotypes showed higher concen-
trations of these biochemicals than susceptible genotypes.

15.55 KABATINA ABIETIS AS A POSSIBLE CAUSE OF CUR-
RENT-SEASON NEEDLE NECROSIS (CSNN) ON FIR. V. Talgg,
T. Cech, G. Chastagner, .M. Thomsen, K. Riley, K. Lange and
A. Stensvand. Norwegian Institute for Agricultural and Environmen-
tal Research, Plant oHeaZt/o and Plant Protection Division,
Haogskoleveien 7, 1432 As, Norway. Email: venche.talgo@bioforsk.no

Current-season needle necrosis (CSNN) is a poorly under-
stood disease with significant impact on the marketability of fir
(Abies spp.) Christmas trees and boughs in North America and
Europe. Initial symptoms appear on needles soon after bud break
as tan to yellow-coloured spots, which turn reddish brown during
the summer. The symptoms are observed on noble fir (4. pro-
cera), nordmann fir (A. nordmanniana) and grand fir (A. grandis)
on both continents. The etiology of CSNN is unknown. In the
USA, Ireland and Denmark, research has indicated that CSNN is
a physiological disorder. Isolation and examination of host tissue
at the onset of symptoms failed to identify a pathogen. In the
USA, foliar applications of very high rates of calcium, or shading
noble and grand fir shoots during shoot elongation, significantly
reduced CSNN damage. Research in the USA and Denmark also
showed that CSNN susceptibility in noble fir is under strong ge-
netic control. In Germany, the fungus Kabatina abietis Butin &
Pehl. was isolated for the first time in 1992 from grand fir needles
with CSNN symptoms, and later from nordmann and noble fir.
K. abietis. Tt was also recently isolated from symptomatic nord-
mann fir needles on samples from Austria, Norway and Den-
mark. Given the uncertain etiology of CSNN, inoculation tests
will be carried out in Norway, and fungicide trials will be per-
formed in Austria, Denmark, Germany, Norway and the USA in
2008, in an effort to determine the potential role of K. abietis in
the development of this disease.

15.56 ASSESSMENTS OF WILLOW LEAF RUST (MELAMP-
SORA SP.) IN WILLOW PLANTATIONS. M. Toome, K. Hein-
soo and A. Luik. Estonian University of Life Sciences, Kreutzwaldi
1a, Tartu 51014, Estonia. Email: merje.toome@enu.ee

Willow leaf rust (Melanzpsora sp.) is a major disease problem
in plantations of willow grown for renewable energy. It is impor-
tant to make accurate assessments on field experiments to esti-
mate the susceptibility of different clones and the effect of treat-
ments on rust resistance. Although visual assessment is the most
commonly used method, it is very subjective. Therefore the aim
of this study was to test a more objective, precise and fast method
for rust assessment. Four willow clones in three experimental Es-
tonian short-rotation willow plantations were used. Three differ-
ent methods were collated to compare their accuracy and suit-
ability for field experiments. The new method was to scan the
leaves using the Winfolia 5.0a program, and measure the area of
different colours, where orange or yellow was indicated as rust
and green as healthy. The results indicated a very weak correla-
tion between the exact and measured area covered with rust pus-
tules. Therefore the suitability of this computer-based method is
not recommended since in plantations there are other factors that
can cause colour changes on leaves. In addition, visual assess-
ments were made in plantations and the number of uredinia per
unit leaf area was counted on the same leaves using a stereomi-
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croscope. Visual assessment was correlated to the real rust levels
only in case of heavy infections. Low rust levels were not differ-
entiated and therefore this method is reliable only in cases of
heavy rust damage.

15.57 CERCOSPORA LEAF SPOT OF MUNGBEAN AND ITS
CONTROL IN THAILAND. B. Udomsak, S. Seemadua and P.
Thammakijjawat. Plant Protection Research and Development Of
fice, Department of Agriculture, Ministry of Agriculture & Coopera-
tives, Chatuchak, Bangkok, 10900, Thailand. Email: boossaracum@
yahoo.com

Cercospora leaf spot is caused by Cercospora canescens Ellis &
Martin. In Thailand this disease is widely distributed and most
serious wherever mungbean is grown, especially during the rainy
season. On susceptible varieties of mungbean (U-Thong 1), the
disease can reduce yield up to 68%. The symptoms first appear
as water-soaked spots on leaves, and as the spots become older,
they turn reddish or brown around the circumference with grey
or white centres. Heavy infection can cause defoliation. C.
canescens can sporulate on mungbean leaf agar. For control, sys-
temic fungicides such as benomyl 50% WP and thiophanate
methyl 75% WP are effective in controlling Cercospora leaf spot;
planting mungbean to avoid the disease should be done during
May to June and use of resistant varieties such as Kamphaeng
Saen 1 and Chai Nat 36 can reduce the disease.

15.58 SIMPLIFYING SURVEILLANCE FOR AIR-BORNE FUN-
GAL PATHOGENS. B.K. Vogelzang, E.S. Scott, K. Ophel-
Keller and J.A. Davidson. South Australian Research and Develop-
ment Institute, The University of Adelaide and The Cooperative
Research Centre for National Plant Biosecurity, Australia. Email:
Vogelzang. bonny@saugov.sa.gov.au

Monitoring for plant pathogens currently relies on detection
of symptoms by suitably skilled personnel. The difficulties of dis-
tinguishing diseases based on symptoms, and of timing surveil-
lance to coincide with symptom expression, can result in new
pathogens not being detected until they are already widespread.
In epidemiological studies, monitoring has relied on symptom ex-
pression in crops or trap plants. However, there may be logistical
challenges in assuring a timely supply of trap plants, and the
amount of inoculum may be underestimated if conditions are
suboptimal for disease development. The combination of air sam-
pling and molecular diagnostics allows fast, reliable, accurate,
sensitive and specific detection of air-borne fungal pathogens. Re-
search is underway to develop methodology for nucleic acid-
based detection and quantification of fungal plant pathogens
from spore traps, using pathogens of pulse and oilseed crops as
models. Sensitivity, specificity and factors affecting detection
thresholds, such as temperature, relative humidity and presence
of non-target particles will be determined. The robustness of the
methodology in answering epidemiological questions of potential
importance in plant biosecurity, such as the distance, direction,
rate and timing of spread of pathogens, will be tested. As it is dif-
ficult to predict which exotic pathogens will enter, become estab-
lished and cause significant losses in a new area, research is also
proposed into the detection of unanticipated plant pathogens in
spore traps, using nucleic acid-based community profiling meth-
ods. This approach may lead to early detection of incursions, ear-
ly warning of epidemics and identification of weather conditions
favouring aerial dispersal of spores.

15.59 REACTION OF CELERY TO INFECTION BY CER-
COSPORA APII. W._ Wakulinski, Zamorski, Nowicki and
Przybyl. Department of Plant Pathology, Warsaw University of
Life Science, Poland. Email: wojciech_wakulinski@sggw.p!

Early blight is one of the most destructive fungal diseases of
Apium graveolens worldwide. However its etiology is complex,
the key causal agent being Cercospora apii. Occurrence of the
fungus has been noted in Poland since the early XX century but
its increased incidence in recent years was the reason to examine
the response of celeriac to C. apii infection. Disease severity,
yield loss and phenolic compounds content was assayed. In field
trials all 17 cultivars tested were found susceptible to infection,
and symptoms appeared on all above-ground parts of plants.
Cultivar reaction to early blight ranged from 1.3 to 3.5 on a 6-
degree scale. Disease significantly reduced both the mass of
leaves and roots, the fresh weight of which were respectively
over seven and six times less than healthy ones. No clear rela-
tionship existed between foliar disease severity and crop reduc-
tion. This suggests that the pathogen strongly influences the pro-
duction and distribution of carbohydrates. Infection also result-
ed in changes in the balance of phenolic compounds. Leaves and
roots of infected plants accumulated significantly more apigenin
and rosmarinic acid, compared to the control. Increased levels of
ferulic and chlorogenic acids were found in leaves and roots re-
spectively.

15.60 DISEASE STRESS IN MAIZE PRODUCTION IN CHINA.
X.M. Wang. Institute of Crop Science, Chinese Academy of Agri-
cultural Sciences, No.12 Zhongguancun South Street, Betjing
100081, P. R. China. Email: wangxm57@sina.com

China is the second largest country in maize production with
27.2 million ha. in sown area and 1.42 billion t in production in
2006. With the change of global climate, growing of new vari-
eties and use of new cultural techniques, field diseases have also
changed and are a threat for maize production in China. In
spring maize areas, 15 races of Exserobilum turcicum were de-
tected and caused the epidemic of turcicum leaf blight after
2002. Continuous accumulation of Sporisorium holci-sorghi
teliospores causes head smut as one of the important diseases.
Grey leaf spot, an epidemic in the wet-hot zone, is spreading to
cool areas with lat. 46 N. In summer maize areas using no-tillage
and straw-back-to-soil methods, Pyzhium and Fusarium stalk rot
is severe again and brown spot becomes a new problem. Since
2005 under the warmer winter conditions, over-winter popula-
tions of Laodelphax striatellus have enlarged and make more se-
vere the maize rough dwarf disease caused by Rice black streaked
dwarf virus in the Yellow-Huai river Valley. In recent years
Polysora rust has become a new problem in southern parts of
summer maize areas because only a few varieties are resistant.
For controlling these diseases some new strategies should be
used, such as screening the disease resistance of newly released
varieties and breeding lines, using breeding lines with moderate-
ly resistance as well as high level resistance, and extending tech-
niques of seed-dressing and biocontrol in soil-borne diseases.
Cultural methods and biodiversity techniques will be useful in
maize disease control.

15.61 GENETICS OF THE RESISTANCE OF MAZHA TO
WHEAT POWDERY MILDEW, AND SSR MARKERS LINKED
TO THE RESISTANCE GENE. W. Zhai, X. Duan and Y. Zhou.
State Key Laboratory of Biology of Plant Diseases and Insect Pests,
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Institute of Plant Protection, Chinese Academry of Agricultural Sci-
ences, Beijing 100094, PR. China. Email: xyduan@ippcaas.cn

Powdery mildew, caused by Blumeria graminis fsp. tritici,
(Bgt), is one of the most important diseases of wheat in China. A
gene that confers the resistance to Bgt in a Chinese wheat landrace
Mazha has been genetically analyzed and SSR markers linked to
the gene have been screened. The results show that a single reces-
sive gene, which fitted the 1R:3S segregation ratio in reciprocal F2
populations, determined the resistance of Mazha to a mildew iso-
late E30 in the greenhouse. Analysis of the TC1 population, which
fitted the 1R:1S ratio, confirmed the result. Based on the genetic
analysis, 178 pairs of SSR primers, published in the public do-
main, from wheat 5D and 7B were used to analyze the DNA poly-
morphisms between the parental DNAs and the resistant and sus-
ceptible DNA pools. Three SSR markers, wmc396, wmc218 and
gwm400, were identified among the population of 145 wheat
plants, and their genetic distance from the gene was determined as
14.5 cM, 22.2 cM and 36.7 cM, respectively. The molecular mark-
er analysis indicates that the resistance factor in Mazha locates on
chromosome 7BL of wheat. This gene is different from the known
gene Prz5e, which also locates on long arm of 7B, as indicated by
analyses of the location of the two genes on the arm and their viru-
lence. We suggest that the gene from Mazha is most likely a novel
resistance gene. This research is funded by the National Basic Re-
search Programme (2006CB100203), the High-Tech Research and
Development Programme (2006AA10Z1C1) and the National
Key Technology R&D Programme (2006BAD13B02).

BIOREMEDIATION

18.1 DIVERSITY AND TOLERANCE OF FUNGI IN PERI-UR-
BAN AGRICULTURAL SOIL WITH THE POSSIBILITY OF
HEAVY METAL CONTAMINATION. I. Ahmad and S. Iram.
Member Crop Sciences/Natural Resources,Pakistan Agricultural
Research Council, Plot No. 29, Sector G-5/1, PBox 1031, Islam-
abad, Pakistan. Email: iftabmad@gmail.com

Diversity and tolerance of fungi to heavy metals was studied in
soil samples from peri-urban agricultural fields of Faisalabad and
Rawalpindi areas, Pakistan, irrigated by sewage and industrial /mu-
nicipal wastewater. Zn, Pb, Cd, Ni, Co were analysed in soil sam-
ples by atomic absorption spectrophotometry. In the Faisalabad
area Pb, Cd and Zn concentrations were high while in Rawalpindi
concentrations of Pb, Cd, Zn and Ni were high. Diversity of fungi
was investigated by the soil dilution plate method. Overall 41 dif-
ferent fungi were isolated. The percentage frequency of fungi was
higher in the Faisalabad area than Rawalpindi. Aspergillus niger, A.
sp, Penicillium sp, Fusarium sp and Rhbizopus sp were the most
common. Only the first four fungi were selected for heavy metal)
tolerance at different concentrations (NiSO, ZnSO,, CdSO,, Pb-
NO, at 1, 5, 10, 15, 20, 25, 30, 35, and 40 ppm) on potato dextrose
agar medium. A. niger was the most tolerant fungus against all the
heavy metals tested and showed strong radial growth (8-9cm) from
0-40ppm. It was followed by Aspergillus sp, Fusarium sp and Peni-
cillium sp. Minimum inhibitory concentrations for all the metal
salts were determined. A. niger showed highest inhibition mini-
mum (= highest tolerance) at 30ppm (ZnSO,) in the Faisalabad
area while in the Rawalpindi area it showed an inhibition minimum
of 25pp (ZnSO,) as compared to other fungal species.

18.2* HEAVY METAL ADSORPTION BY A POLYSACCHA-
RIDE OBTAINED FROM THE FILAMENTOUS FUNGUS

PHOMOPSIS SP. A. Chimento, E. Raspanti, F. Saiano and S.O.
Cacciola. Dipartimento S.En.FiMi.Zo., Universita degli Studi di
Palermo, Viale delle Scienze, 90128, Palermo, Italy. Email: caccio-
la@unipa.it

A polysaccharide has been obtained by thermal alkali treat-
ment of the mycelium of an isolate of Phomopsis sp. from sun-
flower grown in vitro. The FT-IR spectrum and nitrogen content
suggest that chitosan and glucans are the main components, and
the ability to complex various metal species is mainly due to chi-
tosan. Information on Lewis base sites has been used as a guide-
line in evaluating the complexing ability against a number of met-
al ions in aqueous media at pH in the range 4-6. After 24 h con-
tact time, up to 870 mmol/g of lead, 390 mmol/g of copper, 230
mmol/g of cadmium, 150 mmol/g of zinc and 110 mmol/g of
nickel ions were adsorbed by the material. About 70% of the
overall adsorption process was already completed after approxi-
mately 10 min. Adsorbed metal ions could be recovered by wash-
ing with dilute acid. The material has been successfully used as a
depolluting agent of wastewaters. The results show that this
method of removing heavy metal ions is promising compared to
other conventional and generally more expensive processes be-
cause of the low growing-cost for a large amount of fungal bio-
mass, a cheap procedure to obtain the treated biomaterial and a
process with low environmental impact for recovery of surface-
bound metals.

18.3 GLUTATHIONE TRANSFERASE ACTIVITY AND IDEN-
TIFICATION OF DIFFERENTIALLY EXPRESSED GENES IN
TRICHODERMA HARZIANUM GROWN WITH HEAVY MET-
ALS. R. Faedda, I. Puglisi, A.R. Lo Piero, G. Petrone and S.O.
Cacciola. Dipartimento di Scienze Agronomiche, Agrochimiche e
delle Produzioni Animali, Universitd degli Studi di Catania, Via S.
Sofia 98, Catania, 1taly. Email: rfaedda@unict.it

Glutathione S-transferases are a family of multi-functional en-
zymes involved in cellular detoxification processes that catalyze
the conjugation of reduced glutathione to various xenobiotics.
They have also been implicated in heavy metal tolerance by dif-
ferent species of fungi. In this study the effect of four different
heavy metal ions (Cd, Hg, Pb and Zn) on glutathione transferase
(GST) activity of Trichoderma harzianum (IMI 393899) has been
evaluated. Furthermore, differentially expressed genes from
heavy metal-exposed T. harzianum have been identified. GST ac-
tivity of T. harzianum, grown in Czapek Dox liquid medium sup-
plemented with the different heavy metals at 1 and 10 ppm re-
spectively, was significantly higher with respect to the control.
The highest GST activity was observed with 10 ppm of Cd (22.5
nmol/min/mg) and 10 ppm of Hg (16.2 nmol/min/mg), which is
respectively 2.5 and 1.8 times higher than the control enzyme ac-
tivity (9 nmol/min/mg). These data would indicate that GST ac-
tivity of the fungus is correlated with its ability to tolerate heavy
metal contamination. To identify differentially expressed genes
from T. harzianum exposed to the heavy metals ions, suppressive
subtraction hybridization (SSH) tests were prepared using PCR-
select™ cDNA Subtraction kit (Clontech Laboratories, Inc.). In
conclusion, these results shown that T. harzianum can be consid-
ered as a universal model for studying the regulation of gene ex-
pression in response to heavy metal stress in fungi.

18.4 ANALYSIS OF HEAVY METALS AND FUNGI OF CON-
TAMINATED SITES IN GERMANY AND PAKISTAN. S. Iram,
L. Ahmad and D. Stuben. Department of Environmental Sciences,
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Fatima Jinnah Women’s University, Rawalpindi, Pakistan. Email:
tram.shazia@gmail.com

We collected soil samples from peri-urban soils irrigated by
industrial and sewage waste in Lahore, Pakistan and mine waste
in Wiesloch, Germany, for analysis of fungal diversity and toler-
ance to heavy metals. Heavy metal analysis was done by X-ray flo-
rescence and ICP-MS. X-ray florescence showed that Zn, As and
Pb concentrations were higher in the mine waste sample from
Wiesloch. ICP-MS appeared to be more sensitive and showed
that Fe, As, Zn and Pb were present in higher concentrations in
the mine waste. Soils from peri-urban areas of Pakistan had lower
concentrations of heavy metals than in the German mine waste.
The diversity and frequency of fungi was analyzed using the soil
dilution method. Overall frequency percentage and diversity was
higher in Pakistan soil than in Germany. The main fungi included
Aspergillus nidulans, Aspergillus niger, and species of Acremoni-
um, Alternaria, Aspergillus, Aureobasidium, Chaetomium, Conio-
thyrium, Curvularia, Fusarium, Humicola, Monilia, Monocillium
and Mortierella. Aspergillus niger, Aspergillus flavus and As-
pergillus nidulans were checked for tolerance to toxic metals (Cd-
Cl,, CuSO,, NiCl, and ZnCl,) at different concentrations (1, 5,
10, 15, 20, 25, 30, 35, 40 ppm) by measuring radial growth. All
the fungi tested showed tolerance to ZnCl, (25 ppm) and NiCl,
(12 ppm) but no tolerance against CdCl, and CuSO,.

18.5 ENHANCING WOOD DECOMPOSITION IN LAND
CONVERTED FROM FOREST TO PASTURE USING TRI-
CHODERMA SPP. FORMULATION IN NEW ZEALAND.
D.R.W. Kandula, L.M. Condron, A. Stewart, A.J. Marshall and
G.R. Edwards. National Centre for Advanced Bio-Protection Tech-
nologies, PO. Box 84, Lincoln University, New Zealand. Email:
kandulaw@lincoln.ac.nz

Wood debris is one of the major soil components in forest to
pasture conversions and its decomposition is an important factor
determining the success of this large scale operation in New
Zealand. Wood decomposition and crop growth were measured
for a dryland mixed pasture in Darfield (Canterbury) treated with
a prill formulation made of humic acid and five isolates of Tricho-
derma spp. and compared to an untreated control and nitrogen
(150 kg/ha/yr) treatment. There was a huge variation in wood de-
bris recovered (ranging between 2.5 t/ha and 32.6 t/ha) from the
root zone of different plots, though the mean values were not sig-
nificantly different. Significantly higher levels of Trichoderma spp.
were recovered from the root zone and from soil adhering to the
wood debris in plots treated with the prill. There were also signif-
icantly higher levels of decomposed soft wood in the
Trichoderma-treated plots compared to the control or N fertiliser
treatment. Incubation of the decomposed wood under high hu-
midity revealed Trichoderma spp. to be the dominant coloniser. A
significant increase in pasture dry matter was evident with added
nitrogen, and no yield differences were observed between treat-
ments when nitrogen application ceased. There was evidence of
higher numbers of Trichoderma spp. in the root zone, heavy
colonisation of wood debris by Trichoderma spp. and greater per-
centage of soft wood in Trichoderma-treated plots; however this
did not translate into a pasture yield increase over the course of
the experimental period.

18.6* SCREENING FUNGI FOR HYDROLYTIC AND OXIDA-
TIVE ENZYME ACTIVITIES POTENTIALLY USEFUL IN
BIOREMEDIATION. H. Puhakka-Tarvainen, M. Martinez

Subira, R. Linnakoski and A. Pappinen. Faculty of Forest Sci-
ences, University of Joensuu, PO. Box 111, 80101 Joensuu, Fin-
land. Email: helena.pubakka-tarvainen@joensuu.fi

Fungi are interesting organisms in terms of bioremediation
because of their robustness and tolerance to high concentrations
of polluting chemicals. The supposed mechanism for fungal
bioremediation is the non-specific degradation by lignocellulose
degrading enzymes, a.k.a. hydrolases (e.g. cellulases) and oxidas-
es (laccases, peroxidases). Potential target molecules for bioreme-
diation are, among others, polycyclic aromatic hydrocarbons
(PAHs), which are ubiquitous and have carcinogenic and geno-
toxic properties. In this experiment, almost 200 fungal species
isolated from eastern Finland (North Karelia) and eastern China
(Wuyi Mountains) were screened for enzymatic activities. Most
species were polypores or plant endophytes, and screening was
based on agar plate tests with decolourization. For hydrolases,
colour reactions were obtained using Remazol Brilliant Blue-cou-
pled fibres, or by staining fibre-containing agar plates with Con-
go red. For oxidases, the polymeric dye Poly-R478 was used for
staining. Screening revealed several fungal strains expressing en-
zymatic activity. It has been recognized for a long time that poly-
pores are effective producers of hydrolytic and oxidative en-
zymes, but in this experiment some endophytic fungi also showed
activity. One of the most effective endophytes found was birch-
associated Melanconium bicolor. It was notable that several
species expressed both hydrolytic and oxidative activities in par-
allel. That is probably caused by the fungal need for a complete
enzymatic armoury prior to being able to degrade lignocellulose
for nourishment. Our study has shown that this poorly explored
group of fungal endophytes has great potential for bioremedia-
tion and merits further study.

18.7 SUPPRESSION OF SEEDLING DISEASES OF SILK COT-
TON (CEIBA PENTANDRA L.) AND EUCALYPTUS (EUCA-
LYPTUS TERETICORNIS SMITH.) BY PLEUROTUS SAJAR-
CAJU (FR.) SING. BY DECOMPOSED COIRPITH AND
PLANT GROWTH-PROMOTING RHIZOBACTERIA (PGPR)-
BASED POTTING MEDIA. V. Sendhilvel, T. Marimuthu and C.
Arokiaraj. Department of Plant Pathology, TNAU, Coimbatore
641 003, India. Email: veltnau@rediffmail.com

Studies on decomposition of coir waste by yeast slurry and
Pleurotus sajarcaju showed that P. sajarcaju was found to effective-
ly decompose the coir waste. Nutrient analysis of the decom-
posed coirpith showed that the Pleurotus-decomposed coirpith
(PDCP) possessed greater nutrient status than yeast slurry-de-
composed coirpith (YDCP). The effect of decomposed coirpith,
biocontrol agents and PGPR-based potting media on forest tree
seedling disease and their growth was studied. The various com-
binations of normal nursery mix and P sajarcaju-decomposed
coirpith (PDCP) used were 0:100, 25:75, 50:50 and 100:0. The
media with equal proportion of normal media mix (NMM) and
PDCP gave maximum germination of the forest tree seeds (Ezuca-
lyptus tereticornis) and Silk cotton (Bombax ceiba). Seeds treated
with Trichoderma viride sown in PDCP 50:50 ratio along with
amendment of Pseudomonas fluorescens + Azospirillium + Phos-
phobacteria at 10 per cent (v/v) showed the maximum shoot and
root growth in both silk cotton and eucalyptus. Minimum disease
incidence was observed of 8.6% wilt in eucalyptus caused by
Fusarium oxysporum and 6.3% root rot in silk cotton caused by
Verticillium albo-atrum.
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18.8* BIOREMEDIATION OF MUNICIPAL SEWAGE EFFLU-
ENT USING ENERGY CROPS. A. Werner and A.R.
McCracken. Applied Plant Science Division, Agri-Food & Bio-
sciences Institute, Newforge Lane, Belfast BT9 5PX, N. Ireland,
UK. Email: alistair.mccracken@afbini.gov.uk

Willow is fast growing, with a high water demand. When
grown in short rotation coppice (SRC) as a source of biomass for
renewable energy it offers an excellent opportunity for use as a
biofilter for polishing high-level nutrient, particularly sewage ef-
fluent rich in nitrogen (N) and phosphorus (P). In a replicated
trial at Culmore, Co. Londonderry, Northern Ireland, SRC wil-
low, and single-stem poplar were planted in 2005. A grass plot
was also established. Plots of the three crops were irrigated dur-
ing 2006 and 2007 with effluent from the city Wastewater Treat-
ment Works (WTW) at levels which deliver approximately 150
that yrt nitrogen and 15t ha' yrt phosphorus. Soil water samples,
taken every two weeks at a depth of approximately 60cm, ground
water, sampled monthly from boreholes to a depth of at least 5 m
and soil and tissue samples taken twice annually were analysed
for N and P and a range of other nutrients. All three plant-sys-
tems removed nitrogen and phosphorus from the effluent and no
leakage into the groundwater has been detected. Even with ex-
ceptionally high rainfall in summer 2007 no nutrients were
washed out from the system, although there were problems with
ponding on the soil surface. The pH of soil water from irrigated
plots did not change compared to the non-irrigated control plots.
In contrast, electric conductivity showed elevated levels in the
grass and willow plots compared to their non-irrigated controls,
although this did not affect the nutrient removal capacity of wil-
low and grass.

BIOSECURITY AND QUARANTINE

45.1 PLANT BIOSECURITY EDUCATION AND TRAINING
IN AUSTRALIA. K.L. Bayliss and S. McKirdy. Biological Sci-
ences, Murdoch University, South St Murdoch 6150 WA, Australia.
Email: k.bayliss@crcplantbiosecurity.com.au

Plant Biosecurity is a set of measures designed to protect a
crop, crops or a sub-group of crops from emergency plant pests
at national, regional and individual farm levels. Australia is rela-
tively free from many of the plant pests and pathogens that seri-
ously impact agricultural and horticultural industries in other
countries. This gives Australia a valuable competitive advantage
in terms of securing market access and maintaining lower pro-
duction costs through the absence of many plant pests commonly
found overseas. To sustain that advantage into the future, Aus-
tralian plant industries need the support of world-class plant
biosecurity science and education. The Cooperative Research
Centre for National Plant Biosecurity (CRCNPB) plays a vital
role in enhancing the scientific effort to enable Australian plant
industries to pre-empt and, therefore, diminish the economic, so-
cial and environmental impact of emerging plant pathogens. The
CRCNPB has a strong commitment to the training of high quali-
ty PhD students and postdoctoral scientists, providing the nucle-
us of Australia’s future plant biosecurity capacity. CRCNPB pro-
vides regular training courses and workshops for our students,
staff and scientists already working in the plant biosecurity field.
The CRCNPB is involved with the development of a national
postgraduate curriculum in plant biosecurity, which aims to
graduate students with a Graduate Certificate, Diploma or Mas-
ters in Plant Biosecurity. We also have a very popular primary
and secondary school education program. Essentially we are
training new and existing scientists and raising awareness of

plant biosecurity issues at all levels from industry, through to the
general public.

45.2* USING UNMANNED AERIAL VEHICLES TO DEMON-
STRATE FREEDOM FROM EXOTIC PLANT PATHOGENS.
K.L Bayliss, T. Jensen, L. Zeller, F. Wagner, R. Walker, B.
MacLeod, L. Vawdrey and G. Kong. Brological Sciences, Murdoch
University, South St Murdoch 6150 WA, Australia. Email:
K. Bayliss@crcplantbiosecurity.com.au

Conventional suction-sampling spore traps have limited value
for surveillance of exotic pathogens because their ‘catch’ capabil-
ity is limited by the amount of air that passes through them and
the spores are collected inside a single chamber making the de-
tection of hourly and daily spore numbers impossible. Typically,
they are passive, stationary devices that sample from fixed loca-
tions. Some of these limitations have been addressed by develop-
ment of a slit-type volumetric spore trap. The spore trap contains
a rotating drum on which the spores are collected, with spore
numbers being determined over 24 h or 7 day periods. The tape
that collects the spores can be easily analysed to provide data not
only on the number of spores collected within the set time peri-
od, but can also be narrowed down to calculate the number per
hour of operation, allowing correlation with weather data. In ad-
dition, a method has been developed to extract DNA from the
spores collected for molecular identification of species present.
The objectives of this project are to design and develop a light-
weight, compact and on-the-go spore sampling device and to in-
stall it on an unmanned aerial vehicle that can traverse a prede-
termined path with the aim of enhancing the remote sensing de-
tection methods for exotic plant pathogen surveillance.

45.3* FUNGI, CHROMISTS, BACTERIA, AND NEMATODES
INTERCEPTED IN NEW ZEALAND DURING 2003-2007. M.
Braithwaite, C.F. Hill, S. Ganey, J. Pay, W.H. Ho, R. Thangavel
and B.J.R. Alexander. Plant Health and Environment Laboratory,
MAF Biosecurity, New Zealand. Email: mark.braithwaite@maf.
govt.nz

A list of unwanted fungi, chromists, bacteria and nematodes
intercepted at the New Zealand border for the period 2003-2007
is presented. The type of associated consignment, the country of
origin, and the interception frequency of these unwanted organ-
isms are analysed. All non-compliant consignments were fumigat-
ed or treated by other methods, reshipped to their original coun-
tries, or destroyed.

45.4 THREATS FROM INVASIVE PHYTOPHTHORA SPECIES:
FLAWS IN INTERNATIONAL BIOSECURITY. C. Brasier. Forest
Research, Alice Holt Lodge, Farnham, Surrey, GU10 4LH, UK.
Email: clive.brasier@forestry.gsi.gov.uk

Until the 1990s, considerable emphasis was placed on the role
of Phytophthoras in agriculture, but recently the focus is increas-
ingly on natural ecosystems. Many unidentified Phytophthora
species probably occur around the world, causing limited damage
in their natural environment. However, recent events show that
unknown, invasive Phytophthora pathogens are being spread via
international trade in nursery stock. Examples include P ramo-
rum, responsible for the death of millions of trees in California, P
alni, currently causing serious damage to alders in Europe; and P,
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ilicis, blighting Ilex in the UK. Another example is the wide-
spread establishment of the tropical tree P. palmivora in nurseries
in Ttaly; and dangerous incursions, such as findings of P. lateralis
in France and the Netherlands in the last decade. P. lateralis cur-
rently threatens forests of native Chamaecyparis lawsoniana in the
Pacific Northwest. The origins of most of these species remain
unknown but probably they are native to as yet unexplored
ecosystems. If only 7-10% of fungi are known to science, it sug-
gests 200-600 extant Phytophthora species, with some 150-450
still unknown. Based on current evidence, roughly 10% could be
seriously damaging to forests, natural ecosystems and horticul-
ture outside their natural ranges. Intermixing of related but pre-
viously geographically isolated species through international
plant trade also promotes novel and dangerous evolutionary
risks, and the nursery environment may be particularly
favourable to development of Phytophthora hybrids. Climate
change will also influence the behaviour of invasives, with Phy-
tophthoras likely to show enhanced activity under the conditions
of greater climatic perturbance.

45,5 THE THREAT FROM INVASIVE RED BAND NEEDLE
BLIGHT DISEASE IN BRITAIN. A. Brown. Forest Research, Al-
ice Holt Lodge, Farnbam, Surrey, GUI0 4LH, UK. Email:
anna.brown@forestry.gsi.gov.uk

Red band needle blight caused by the introduced pathogen
Dothistroma septosporum has increased markedly in severity in
Europe since the 1990’s. Black pine (Pinus nigra) is most fre-
quently affected in Europe, whereas in Canada lodgepole pine
(Pinus contorta ssp. latifolia) is the major host. In Britain the dis-
ease was first recorded in 1954 in a nursery in Dorset. Outbreaks
reoccurred sporadically at the same location until 1966, with two
occurrences in Wales on plantation trees in 1958 and 1989. After
these records, there were no reports of the disease until the late
1990s. Since then, disease levels in Britain have increased dramat-
ically, particularly on Corsican pine (Pinus nigra spp. laricio). As a
result, in 2006 all Corsican pine stands under the age of 30 years
in state owned forests were assessed for disease. This revealed
that the disease was present in all Forest Districts surveyed in
England and Wales and half of those assessed in Scotland. Over-
all, disease was found in 71% of the stands assessed covering a
total of 7,051 hectares. The disease was also reported on a further
13 pine species in Great Britain during this survey, with lodge-
pole pine the second most frequently infected species. The in-
creased incidence of the disease has resulted in a five-year mora-
torium on the planting of Corsican pine, one of the most impor-
tant softwood timber species grown in southern Britain. The
threat this disease poses to lodgepole pine, a major forestry
species in Scotland, is also of increasing concern.

45.6 POPULATION GENETIC EVIDENCE FOR HOST SPE-
CIALIZATION BETWEEN RICE- AND WHEAT-INFECTING
MAGNAPORTHE GRISEA. P.C. Ceresini, M. Levy, M. Rossinelli,
M.A. Basseto and B.A. McDonald. ETH Zurich, Institute of Inte-
grative Biology (IBZ), Plant Pathology, Universitaetstrasse 2, LFW
B28, 8092, Zurich, Switzerland. Email: paulo.ceresini@agrl.ethz.ch

The rice blast pathogen Magnaporthe grisea (anamorphase
Pyricularia grisea) is a complex species composed of groups with
pathogenic specializations for poaceous species such as rice,
wheat, oats, barley and foxtail millet, besides other grasses. Blast
is a major rice disease worldwide, but particularly in Brazil it has
caused considerable losses on wheat as well. To our knowledge,
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the wheat-infecting M. grisea is still restricted to Brazil, but by
could pose a threat to wheat production areas throughout the
world. There has been no attempt, up to know, to resolve the
controversy about host specialization of M. grisea and to explain
its adaptation to wheat. The main objective of our study was to
determine whether speciation driven by host-specialization is un-
der way or has already occurred between rice- and wheat-infect-
ing populations of M. grisea. To answer this question, two popu-
lations were analyzed: a world-wide collection of 190 rice-infect-
ing isolates from Brazil, Argentina, Uruguay, Colombia, USA, Eu-
rope, China, Indonesia, India, Philippines and Thailand, and 26
wheat-infecting isolates from Sao Paulo, Brazil. The isolates were
genotyped using sequence-haplotyping for ITS-rDNA, MPGI1,
NUT1, and CH7-BAC7. Multilocus genotyping was done using
12 distinct microsatellite loci, mating-type locus and avirulence
genes (Avr-Pita, and Avr-Co39). Specialized pathogen popula-
tions existed for each host population, and rice- and wheat-in-
fecting populations were reproductively isolated. We discuss the
hypothesis that the wheat-infecting population originated de zovo
in Brazil, perhaps from local wild grass species.

45.7* INTERCEPTION OF EXOTIC SEED-TRANSMITTED
VIRUSES IN LEGUME GEMPLASM IMPORTED INTO
INDIA. V.C. Chalam, R.K. Khetarpal, D.B. Parakh, Anju Jain
and A.K. Maurya. Division of Plant Quarantine, National Bureau
of Plant Genetic Resources, Pusa Campus, New Delhi 110012, In-
dia. Email: mailcelia@gmail.com, celia@nbpgr.ernet.in

More than 100 viruses are known to be seed-borne and seed-
transmitted in plants and may also be spread by vectors, causing
severe crop losses. This calls for stringent quarantine processing
of imported seeds. Adopting a strategy of post-entry quarantine
and laboratory testing, a number of exotic viruses have been in-
tercepted in germplasm imported into India over the last two
decades. These include destructive viruses not yet reported from
India viz., Barley stripe mosaic virus on Hordeum vulgare and
Triticum spp.; Broad bean stain virus on Vicia faba, Cherry leaf roll
virus on Glycine max and Phaseolus vulgaris; Cowpea mottle virus
on Vigna unguiculata, Raspberry ringspot virus and Tomato
ringspot virus on Glycine max. Besides, nine viruses viz., Alfalfa
mosaic virus, Bean common mosaic virus, Cowpea aphid borne mo-
saic virus, Cowpea mosaic virus, Pea seed-borne mosaic virus,
Southern bean mosaic virus, Soybean mosaic virus, Tobacco streak
virus and Tomato black ring virus are not known to occur on the
hosts in India on which they were intercepted. Even though
many of the intercepted viruses are not known to occur in India,
their potential vectors exist and so also the congenial conditions
for them to multiply, disseminate and spread the destructive exot-
ic viruses/strains and even native strains more efficiently. The
present scenario of global exchange of seed and liberalization in
trade under the WTO regime has potential to enhance the long-
distance dissemination of destructive viruses or their virulent
strains, and an effective quarantine strategy is thus indispensable.

45.8 DEVELOPMENT OF MONOCLONAL ANTIBODIES TO
PHYTOPHTHORA RAMORUM AND P KERNOVIAE. K.
Chung, E_Avila, B. Schoedel and A. Frick. Agdia, Inc, 30380
County Road 6, Elkbart, IN 46514, USA. Email: favila@agdia.com

Phytophthora ramorum has become an important economical
pathogen in the USA and Europe. P. kernoviae, which causes simi-
lar symptoms to P. ramorum, is also a serious problem in Europe
but has not been found in the USA. The objective of this project
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was to develop serological tests for these two pathogens. Mycelium
suspensions of P. ramorum (isolates from USA and Europe) and P
kernoviae (European isolate) were used as antigens to produce
monoclonal and polyclonal antibodies. The antibodies were select-
ed for specificity to P. ramorum and P. kernoviae and for non-cross-
reactivity to other species of Phytophthora or Pythium in ELISA
and immunoblot. The monoclonal antibodies were grouped in
four categories: 1) specific to P ramorums; 2) specific to P,
kernoviae; 3) recognition of both P. ramorum and P. kernoviae; and
4) recognition of any Phytophthora spp. but not Pythium spp. The
polyclonal antibodies developed reacted equally with Phytophthora
and Pythium species. The monoclonal antibodies specific to P
ramorum did not cross-react with P. kernoviae in an immunoblot
assay but cross-reacted in DAS ELISA. Our results indicated that
P. ramorum and P. kernoviae are serological related, and the mono-
clonal antibodies developed in this research could be used to opti-
mize a test to recognize P. ramorum and P. kernoviae indistinctly, a
species-specific test for P. ramorum, and a test specific to the genus
Phytophthora that does not cross-react with Pythium spp.

45.9 THE SUCCESSFUL ERADICATION OF GRAPEVINE
LEAF RUST FROM DARWIN, AUSTRALIA. A.M. Daly, S.J.
West, G.C. Schultz and E.S.C. Smith. Diagnostic Services Division
of the Department of Primary Industry, Fisheries and Mines;
G.P.O. Box 3000 Darwin, Northern Territory 0801 NW, Australia.
Email: andrew.daly@nt.gov.au

The fungus Phakopsora euvitis Y. Ono (2000) is the cause of
grapevine leaf rust. The rust was detected for the first time in Aus-
tralia in the urban area of Darwin, Northern Territory (NT) in
2001. Grapevines grow continuously throughout the year in Dar-
win and are used as ornamental plants or for culinary purposes.
The nearest commercial fruit production is 1300 km south of Dar-
win. In response to the detection, the National Grapevine Leaf
Rust Eradication Program (NGLREP) was implemented and a
Grapevine Leaf Rust Quarantine Area (GLRQA) declared, placing
movement control on all grapevine material within that area.
Grapevines were surveyed in the regions of Katherine, Ti Tree, and
Alice Springs. All urban properties in Darwin and the neighbour-
ing city of Palmerston were surveyed. P. euvitis was only detected
in these two localities. Grapevines infected with P. euvitis were re-
moved and destroyed and ongoing surveillance was conducted on
the remaining grapevines. During the program 746 grapevines
were located in the Darwin/Palmerston localities. 83% were re-
moved, 39% of which were infected with P euvitss. Surveillance
and sampling continued until June 2007. P. exvztis has not been de-
tected in Darwin since May 2006, a period encompassing 8 surveil-
lance rounds and the potential for at least 26 P. euvitss lifecycles.
The survey results and modelling of the likelihood of the presence
of P euvitis indicated with a high degree of confidence that the
NGLREP was successful. P. euvitis was declared eradicated from
the NT and from Australia in November 2007.

45.10 GRAPEVINE LEAF RUST RESEARCH: ENHANCING
PREPAREDNESS FOR INCURSION AND ERADICATION.
AM. Daly and C.R. Hennessy. Diagnostic Services Division of the
Department of Primary Industry, Fisheries and Mines, G.PO. Box
3000 Darwin, Northern Territory 0801, Australia. Email: andrew.
daly@nt.gov.au

Following the incursion of Phakopsora euvitis, the causal agent
of grapevine leaf rust, in Darwin (Northern Territory, Australia) a
research program to identify resistant Vitis genotypes to replace
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susceptible vines was initiated. This was considered an important
quarantine measure because, under existing jurisdictional plant
health legislation, only diseased vines could be removed. 411 reg-
istered genotypes, almost 100 unidentified Vitzs spp. from Dar-
win homes and native Vitaceae species were inoculated with P.
euvitis in vitro. Only four, namely ‘41 B’, ‘Aurora’, ‘Siebel 128’
and ‘554-5 seedlings’, were moderately resistant or better. The
majority, including Ampelocissus acetosa and A. frutescens (native)
were susceptible or highly susceptible. In addition, fungicide effi-
cacy was investigated to identify products for use in commercial
vineyards if required. 11 products prevented P. exvitis infection
and six reduced disease as post-infection treatments. Disease be-
haviour was elucidated by examining environmental influences
on P, euvitis. 21-22°C was optimal for spore germination. Latent
period was shortest (six days) at 24°C. Pustule formation and
sporulation was greatest at 20-21°C. Six hours of leaf wetness sig-
nificantly increased disease. Lastly, a protocol for PCR-RFLP
identification of P. euvitis was adapted and implemented. Out-
comes of the research program contributed to the successful
eradication of P. exvitis from Darwin and will allow a more effi-
cient response to future incursions. Future eradication attempts
could be further enhanced by development of a PCR test to de-
tect the presence of P. euvitis in symptomless leaf tissue and iden-
tification of the possible pathways of entry into Australia and
spread following establishment.

45.11* ALIEN INVASIVE FUNGI IN EUROPE: INVENTORY
AND SPATIO-TEMPORAL PATTERNS WITH A PARTICULAR
FOCUS ON FRANCE. M.L. Desprez-Loustau, C. Robin, D. Blan-
card, R. Courtecuisse, C Husson, B. Lung, P.A. Moreau, M.A.
Selosse and I. Sache. INRA, UMR1202 BIOGECO, Equipe de
Pathologie forestiére, 71 avenue Edouard Bourleaux, B.P. 81 F33883
Villenave d’Ornon Cedex, France. Email: loustau@bordeaux.inra. fr

Biological invasions are a crucial component of global change,
with potentially dramatic adverse effects on biodiversity. The Eu-
ropean project DAISIE aims at inventoring alien invasive species
of all taxonomic groups in Europe. We present here the data
compiled for fungi. With the exception of a few well known ex-
amples of invasive plant or animal pathogens, fungi are usually
poorly, if at all, represented in alien species databases. A compre-
hensive list of alien fungi was established for France, including
pathogenic as well as non-pathogenic species. The date and place
of first observation, as well as region of origin and pathway of in-
troduction were documented as far as possible, by extensive liter-
ature search. From this list and a few other national checklists, a
list of 84 alien invasive fungi, sexsu stricto (i.e. threatening biodi-
versity) was established for Europe, by taking into account fungal
pathogenic species occurring in wild environments. The date and
country of first observation of these species, as well as occurrence
in all European countries were compiled from EPPO and CABI
databases, principally. Spatio-temporal patterns of invasions were
analysed from these two datasets. An exponential trend of alien
species records since 1820 was demonstrated. Countries and re-
gions with the highest numbers of alien species exhibit the high-
est level of commercial imports. Results suggest a varying degree
of invasion success, estimated by the number of invaded coun-
tries adjusted for the time of invasion, between taxonomic and bi-
ological groups of fungal pathogens. Implications for quarantine
regulations are outlined.

45.12 INVESTIGATING THE POTENTIAL DISTRIBUTION
IN AUSTRALIA OF NEONECTRIA GALLIGENA, THE CAUSE
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OF EUROPEAN APPLE CANKER. J. Edwards, O. Villalta and
R. Powney. Department of Primary Industries Victoria, Private Bag
15, Ferntree Gully Delivery Centre, Victoria 3156, Australia.
Email: Jacky.edwards@dpi.vic.gov.au

European canker is one of the most important diseases of
pome fruit and many species of hardwood forest trees worldwide.
Cankers develop on the woody tissues, girdling and killing
branches and, occasionally, the whole tree. Predictive modelling
with the CLIMATE and CLIMEX software packages was used to
identify regions in Australia with environmental conditions
favourable for establishment and spread of the exotic fungal
pathogen, Neonectria galligena, which causes European canker.
N. galligena has been recorded on more than 60 plant species
from 20 genera, and from climates ranging from sub-arctic (Ice-
land, Sweden, Canada), temperate (Europe, USA, Chile), arid
(Syria, Saudia Arabia, Afghanistan) to tropical (Java, Florida), in-
dicating that it is highly adaptable. European canker occurred on
apple in Tasmania in 1958 and an extensive eradication program
was carried out, resulting in area freedom declared in 1991. At
the time, no estimate was made of the cost of this incursion to
Australia. The predictive models indicated that it has the poten-
tial to establish in many parts of Australia if reintroduced, partic-
ularly the southern and eastern coastal regions. Industries such as
apple, pear, walnut, loquat, ornamentals and the nurseries that
supply these industries could all be adversely affected if that oc-
curs. Of particular concern is the absence of data on the suscepti-
bility or otherwise of Australian native flora. The pathogen has
been recorded on three species of New Zealand native flora and
it is unknown what the source of the infection was.

45.13 FUSARIUM WILT OF BANANAS IN INDONESIA AND
PAPUA NEW GUINEA (PNG). L.M. Gullino, W. O’Neill, C.
Hermanto, A. Molina and A.B. Pattison. Department of Primary
Industries and Fisheries, 80 Meiers Rd, Indooroopilly, 4068 QLD,
Australia. Email: lisa-maree.gullino@dpi.qld.gov.au

Panama disease, caused by Fusarium oxysporum f.sp. cubense
(Foc), is one of the most devastating diseases of many banana
producing countries (1). Of particular concern is “Tropical’ Race
4 (TR4), belonging to VCG 01213/16. In Australia TR4 has been
detected and is restricted to the Northern Territory, but remains a
biosecurity threat to commercial banana plantations. In the Asia-
Pacific region, TR4 has caused substantial production losses for
commercial and subsistence farmers. Since many of these coun-
tries have not been extensively surveyed for Foc since the mid
1990’s, the exact distribution of TR4 is unknown. Consequently,
to protect the Australian banana industry and develop manage-
ment plans for the Asia-Pacific region, a comprehensive survey
and characterisation of Foc isolates is required. Isolates of Foc
from Indonesia and PNG, have been characterised using tradi-
tional (e.g. vegetative compatibility testing/volatile analysis) and
molecular techniques (PCR, AFLP). Results from Indonesia show
that most isolates belong to VCG 01213/16 (TR4). The isolates
were confirmed as being TR4 using TR4-specific PCR (2). How-
ever, inconsistencies have been found between VCG tests/PCR
results for several isolates. Some isolates grouping as VCG
01213/16 gave inconsistent band heights and artefacts when sub-
jected to the TR4 PCR. Current research is focused on sequenc-
ing the isolates to determine if they are a distinct clade within the
VCG 01213/16-TR4 group. Subsequently, we are refining/rede-
veloping the current TR4 diagnostic, with the intention of con-
verting the diagnostic test to a Real-Time PCR assay to improve
sensitivity, specificity and turn-around time.
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45.14 TUBER BRUMALE, A NEW TRUFFLE IN NEW
ZEALAND. W.H. Ho, S. Anderson, A. Guerin-Laguette, N. He-
som-Williams, Y. Wang, M. Braithwaite, C.E. Hill and B.J.R.
Alexander. Plant Health and Environment Laboratory, MAF
Biosecurity New Zealand, P.O. Box 2095, Auckland 1140, New
Zealand. Email: wellcome.ho@maf. govt.nz

Tuber melanosporum (black Perigord truffle), a high-value crop,
has been imported into New Zealand to inoculate trees for truffle
production since 1985. T. brumale (winter truffle), commonly re-
garded as a weed truffle, was detected on tree stocks inoculated
with T. melanosporum in a quarantine facility in New Zealand in
2006. The inoculants of these tree stocks, which were prepared
from a consignment of T. melanosporum imported from Bologna
(Italy), were also found to be contaminated with T brumale. The
identification of T. brumale was confirmed using a PCR-based
technique with species-specific primers and the sequences ob-
tained were compared to the sequences in GenBank. An eradica-
tion programme was initiated to remove and destroy tree stocks in
the quarantine facility and affected trees in truffieres (truffle or-
chards). However sequencing results on root samples collected
from trees planted in earlier years in other truffieres confirmed that
T. brumale had already been present in the country for some time.
Subsequently, the eradication programme was terminated and T
brumale is considered present in New Zealand.

45.15 SUSCEPTIBILITY OF AUSTRALIAN PLANT SPECIES
TO PHYTOPHTHORA RAMORUM. K.B. Ireland, D. Hiiberli,
B. Dell, L.W. Smith, E.J. Fichtner, D.M. Rizzo and G.E.StJ.
Hardy. CRC National Plant Biosecurity and Centre for Phytoph-
thora Science and Management, Faculty of Sustainability, Environ-
mental and Life Sciences, Murdoch University, Murdoch, 6150
WA, Australia. Email: k.b.ireland@crcplantbiosecurity.com.au

Phytophthora ramorum is an invasive plant pathogen causing
considerable and widespread damage in nurseries, gardens and
natural woodland ecosystems of the USA and Europe and is classi-
fied as a Category 1 pest in Australia. It is of particular interest to
Australian plant biosecurity as, like Phytophthora cinnamomss, it has
the potential to become a major economic and ecological threat in
areas with susceptible hosts and conducive climate. At least three
Australian host species have been discovered so far, Eucalyptus
haemastoma, Eucalyptus gunnii and Pittosporum undulatum.
Asymptomatic sporulation has been confirmed recently for a num-
ber of New Zealand species, including a species of Leptospermun,
a genus that is widespread throughout Australia within areas of cli-
matic suitability for P. ramorum. Results will be presented of re-
search undertaken in the USA to assess pathogenicity of P ramo-
rum on Australian native plants and to determine sporulation and
survival potential on both symptomatic and asymptomatic tissues.
Test species have been selected and sourced from established gar-
dens and nurseries based upon their provenance in regard to areas
of climatic suitability for P ramzorum, their relation to known hosts
of P. ramorum and their ecological and economical importance to
Australian plant industries. Prior screening for the presence of Phy-
tophthora species in the soil profile, and on foliage of selected test
species is being conducted. Susceptibility is to be tested using un-
wounded, detached plant materials, and then scaled up to natural
infection studies. Presence and abundance of reproductive struc-
tures, sporangia and chlamydospores, will be assessed for all hosts.

45.16 GENETIC DIVERSITY OF FUSARIUM OXYSPORUM f.sp.
CICERIS POPULATIONS IN KERMANSHAH PROVINCE,
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IRAN, BASED ON VEGETATIVE COMPATIBILITY GROUPS.
F. Karamian, S. Rezaee, H. Zamanizadeh and M. Javan-
Nikkhah. Dept. of Plant Pathology, Faculty of Agriculture & Nat-
ural Resources, Science & Research Branch, Islamic Azad Universi-
ty, Tebran, Iran. Email: srezaee@sr.iau.ac.ir

Chickpea (Cicer arietinum 1.) is a major crop in Kermanshah
province in the west of Iran, the fourth producer in the world.
Fusarium wilt caused by Fusarium oxysporum f. sp. ciceris (Foc) is
one of the most common diseases in the region. During 2006 and
2007, 26 fields in different regions of the province were surveyed.
From about 200 infected samples, we obtained 52 Fusarium: iso-
lates. Based on the Nelson et al. key, and on testing host range, 46
isolates were identified as Foc and 6 as F solan:. On minimal me-
dia containing 15 g/l potassium chlorate, 296 chlorate-resistant
mutant sectors of 34 representative isolates from all regions were
produced. Of these mutants, 42.5%, 21.3% and 34.4% were
identified as nitl, nit3 and nitM respectively. After checking the
self-compatibility of all the mutants, complementary tests were
conducted between different nit mutants of all isolates. The mu-
tants that could form heterokaryons and produce wild-type
mycelial growth were placed in the same vegetative compatible
groups (VCGs). The results show that the Foc isolates in Kerman-
shah province belonged to 8 different VCGs. As there were no
significant correlations between VCG grouping and geographical
source, the importing of the seeds could be the source of variation
of the isolates. Changing cultivars may be another source of varia-
tion because of its selection pressure on fungus populations. In fu-
ture we will compare isolates by using DNA molecular markers.

45.17 FIRST REPORT OF CUCUMBER GREEN MOTTLE MO-
SAIC VIRUS CAUSING WATERMELON MOSAIC DISEASE IN
LIAONING PROVINCE, CHINA. M. Li, H. Chen, Y. Zhang,
G.L.S. Zhu, H. Chen, Y. Wang and E. Wang. Chinese Acadenry
of Inspection and Quarantine, Beijing, PR. China. Email: linsf9@
pvchina.org

In April 2006, Watermelon mosaic disease was observed on
watermelon seedlings grafted on gourd in a commercial propaga-
tion field in Liaoning Province, China. It was said the disease had
been found last year. The mosaic symptom first appeared on
seedling leaves; with the growing of the plants, different symp-
toms could be found such as mottle, leaf distortion, dwarfing and
so on. The most severe problem is internal discoloration and de-
composition in the fruit while the surface still looks fine. It
caused huge economic losses in this area last year. Due to the dif-
ficulty of performing tests in the field, the samples were taken
and planted in the lab. DAS-ELISA tests were carried out for Cu-
cumber green mottle mosaic virus (CGMMV), Cucumber mosaic
virus (CMV) and Zucchini yellow mosaic virus (ZYMV). The pos-
itive control was CGMMV. In order to confirm the result, the
samples were also tested by RT-PCR. The specific fragments of
CGMMYV were amplified and detected. The results showed that
the disease was caused by CGMMV. The coat protein gene of
this isolate was sequenced, comprised 486 nucleotides and en-
coded a putative protein of 161 amino acids. This CP amino acid
sequence was identical to the CGMMV-W strain in Japan. This is
the first report of CGMMYV occurring in a production field in
China. It is suggested that the virus was introduced from outside
of China with the movement of germplasm.

45.18 OPHIOSTOMATOID FUNGI ASSOCIATED WITH AN
INVASIVE PEST OF PINE IN CHINA, DENDROCTONUS
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VALENS. M. Lu, X.D. Zhou, M.J. Wingfield, N. Gillette and J.H.
Sun. Forestry and Agricultural Biotechnology Institute (FABI), Uni-
versity of Pretoria, 0002, Pretoria, South Africa. Email: xu.zhou@fabi.
up.ac.za

Bark beetles are common vectors of ophiostomatoid fungi, es-
pecially those species in genera such as Leptographium and
Opbhiostoma. These include several serious tree pathogens and
many important sapstain agents. Dendroctonus valens LeConte
(Scolytinae), which is native to North America, has caused un-
precedented mortality of Pinus tabuliformis in China. Little re-
search has been conducted on fungi associated with this pest in
that country. Adult D. valens and its galleries were, therefore, col-
lected in order to characterize the Leptographium and Ophios-
toma species associated with this insect in China. Nine ophios-
tomatoid fungi were collected and were characterized on mor-
phology and by DNA sequence comparisons. The fungi isolated
included L. terebrantis, L. koreanum, L. pini-densiflorae, O. ips,
O. flocossum, O. minus, O. piceae, O. rectangulosporium, and O.
nigrocarpum. Of these fungi, seven species are recorded for the
first time from China. The fungus most commonly collected was
L. terebrantis which importantly is also a fungus commonly asso-
ciated with D. valens in its area of origin. It is most likely that L.
terebrantis was introduced into China from North America, and
this might also be true for some of the other fungi found associat-
ed with D. valens in this study. Our results provide a foundation
for population genetic comparisons of fungi associate with D.
valens in its native range and as an introduced forest pest. Patho-
genicity tests using some of the fungi are underway and these
should provide deeper insights into the importance of their intro-
duction into a new environment.

45.19 PATHOGENS OF IMPORTANCE AND THEIR ECONOM-
IC IMPACT ON THE AUSTRALIAN VEGETABLE INDUSTRY.
L]. Porter, E.C. Donald and E.J. Minchinton. Department of Prima-
ry Industries Victoria, Private Bag 15, Ferntree Gully Delivery Centre,
Victoria, 3156 WA Australia. Email: ian.j.porter@dpi.vic.gov.au

The Australian vegetable industry has significant annual invest-
ment in pathology-based research and development. A national
program to determine the major pathogens affecting vegetable
crops (excluding tomatoes and potatoes) and develop new sustain-
able IPM programs for their control commenced in 2006. A series
of eight industry workshops was held nationally in key vegetable-
producing regions during 2007 to objectively identify pathogens of
importance and estimate their economic impact. Workshop partici-
pants included over 120 key growers, consultants, chemical re-
sellers, researchers and private sector providers. Participants were
presented with a list of all pathogens known to affect Australian
vegetable crops. Each nominated six from this list that they felt
were ‘priority pathogens’ either because they currently could not
be controlled, they were expensive or difficult to control or be-
cause they were at risk of future control failure due to chemical re-
sistance, product withdrawal or regulatory changes etc. Individual
priority rankings were combined to determine the top six
pathogens for the group. Nationally, diseases caused by Sclerotinia
minor and S. sclerotiorum and viral pathogens ranked the highest.
Sclerotinia ranked as the most important pathogen in Victoria, Tas-
mania and Western Australia. Viral pathogens ranked highest in
Queensland and New South Wales. Tomzato spotted wilt virus was
the most predominant viral pathogen. Downy mildew, Fusarium
and Pythium, together with powdery mildew and Rbizoctonia were
the next most important pathogens in the vegetable industry. An-
nually, pathogens caused crop losses of up to Aus 150000/ha in
greenhouse crops and Aus 54000/ha in field crops.
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45.20 A CLIMATE-DRIVEN PEST RISK ASSESSMENT OF
FIRE BLIGHT IN NORWAY. T. Rafoss, A. Sletten and L. Sund-
heim. Norwegian Institute for Agricultural and Environmental Re-
search, Norway. Email: leif sundheim@bioforsk.no

Fire blight caused by Erwinia amylovora is under eradication
in Norway. The pathogen is present in Cotoneaster bullatus, C.
salicifolius and some other Cotoneaster spp. Occasional cases
have been detected in Sorbus aria, Pyracantha spp. and apples
and pears in home gardens. The disease has not reached commer-
cial fruit orchards and nurseries. The geographical distribution is
along the coast from Vest Agder County to Sogn og Fjordane
County. The Norwegian Scientific Committee for Food Safety has
made a Pest Risk Assessment (PRA) of the disease. Phenology of
apple and pear varieties was studied during 2006, including sec-
ondary blooming throughout the season. Also, historical variation
in the phenological full bloom stage for two apple varieties was
studied for the last 17 years and compared with climate data. The
PRA identified long and short distance movement of plants, and
short distance movement of beehives and farm machinery as high
risk pathways. Also, movement of equipment for mechanical veg-
etation control in gardens, parks and roadsides from infected ar-
eas to fire blight-free areas are highly likely to spread the disease.
When climatic and phenological data were examined, it was con-
cluded that the climate of the PRA area in most years will prevent
fruit tree blossom infection, and that if E. amsylovora is intro-
duced into main fruit districts damage will be limited under the
current phytosanitary regime in Norway. Relaxation of the regula-
tions will increase the expected damage and losses to commercial
fruit production and nurseries to a moderate level.

45.21 THE FRENCH CITRUS CERTIFICATION SCHEME. ].P.
Thermoz. INRA-GEQA, 20 230 San Giuliano, France. Email:
thermoz@corse.inra.fr

Many major threats around the world can cause important cit-
rus yield losses, due to viruses, phytoplasmas, bacteria and fungi.
When accessing new varieties or propagating trees we have to
take care not to spread the pathogens. Within the French certifi-
cation scheme for fruit trees, partners from research, develop-
ment, official services and nurseries cooperate to propagate citrus
trees free of diseases. French citrus production is located in Cor-
sica and in overseas departments. Corsica is free of airborne and
vector-transmitted diseases. For 50 years INRA-GEQA has man-
aged a large germplasm collection of about 5000 trees grown out-
doors and is able to provide seeds of rootstocks, and budwood of
most citrus varieties. INRA-GEQA is moving the scheme of sani-
tary control to a quality insurance system in order to secure bud-
wood quality.

45.22 MICROFLUIDIC CHIP COMBINED WITH DOT-ELISA
FOR DETECTION OF POTATO VIRUS A. L. Wang, S.H. Tian,
M.Q. Zou, P. Zhou, J.E. Li, Y. Ch. Chen, Q. Xue, X.H. Qi and
N. Wang. Institute of Inspection Technology and Equipment, Chi-
nese Academy of Inspection and Quarantine, Beijing 100025, PR.
China. Email: shimintian@yahoo.com.cn

A microfluidic chip device combined with dot-ELISA for de-
tection of Potato virus A, the causal agent of some potato dis-
eases, was tested. PVA is one of the important quarantine plant
viruses in China. All reagents used for ELISA, like antibodies and
washing buffer were prepared and added in the corresponding
chip reagent pools. Each chip had six channels. Nitrocellulose
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membrane test strips containing eight round pieces of the NCM
with a diameter of 2 mm were inserted into the polyplastic chip
channels. Running the special PC program, the ELISA proce-
dures like coating, washing, and adding of antibodies and sub-
strate were automated in the chip. After about 200 min, the strips
could be taken out from the channels, and the results visually ob-
served, red-brown colour showing a positive detection. Different
dilutions of PVA antibodies, incubation time and washing times
were optimized by performing the dot-ELISA in the chip device.
Results confirmed that this alternative microfluidic chip device
performed well and steadily. Compared with the normal micro-
plate ELISA or dot-ELISA performed on NCM by hand, the mi-
crofluidic chip dot-ELISA for potato virus A was faster, automat-
ic, of high quality and with high-throughout. A further study will
be conducted. Supported by the state funds for detection of mi-
cro-organisms on food and plants based on microfluidic chip
methods (No.2005DIA2J128, No.20051K0073).

45.23 THE PROBLEM WITH GRUBBY FOOTWEAR AT IN-
TERNATIONAL BORDERS: A NEW ZEALAND CASE STUDY
OF GOLFERS. T.D. White, T.A. Payne and M.R. McNeill.
AgResearch Ltd, Ruakura Research Centre, Private Bag 3123,
Hamilton, New Zealand. Email: tracy.payne@agresearch.co.nz

Due to New Zealand’s geographical isolation, the country is
free from many of the pests and diseases that are problematic in
agricultural, horticultural, silvicultural and natural environments
elsewhere in the world. To help protect the country from incur-
sions by new pest and diseases, biosecurity officers check and, if
necessary, clean travellers’ footwear as they enter the country.
Footwear worn outdoors in unpaved areas can collect and carry
contaminants such as soil and leaf matter. If contaminated
footwear is not detected at the border, it can pose a significant
biosecurity risk by providing an entry pathway for unwanted
pests and diseases associated with soil and leaf matter. Research
elsewhere has identified a diversity of hazards on a range of
footwear types including spiked or sprigged footwear, such as
that used by golfers. This research examined the experiences of
golfers returning to New Zealand after playing golf overseas both
in terms of their risk awareness and of their biosecurity experi-
ences at the New Zealand border. Preliminary findings suggest
that golfers’ awareness of the biosecurity risks from dirty
footwear is relatively low and this may influence their response to
biosecurity issues when travelling. This work was funded by New
Zealand’s Foundation for Research, Science & Technology
through contract CO2X0501, the Better Border Biosecurity (B3)
programme (www.b3nz.org).

CLIMATE CHANGE AND PLANT DISEASES

5.1 THE RELATIONSHIP BETWEEN CLIMATE AND THE
INCIDENCE OF RED BAND NEEDLE BLIGHT IN THE EAST
ANGLIA FOREST DISTRICT, BRITAIN. S. Archibald and A.
Brown. Forest Research Agency, Alice Holt Lodge, Farnham, Sur-
rey, GU10 4LH, UK. Email: sarab.archibald@forestry.gsi.gov.uk

Since the late 1990’s there has been a dramatic increase in the
extent and severity of red band needle blight (RBNB) (Dothistro-
ma septosporum) in Britain, particularly in the East Anglia Forest
District. In Britain and the main infection period for Dothistroma
septosporum is thought to be between May and September. Mete-
orological data from East Anglia suggests that since the late
1990’s the climatic conditions appear to have been favourable to
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the disease, with mean annual maximum temperature and rainfall
having increased since 1998 by 0.9°C and 0.3 mm respectively. In
addition, as was found by Woods (2005) in British Columbia, the
frequency of prolonged periods of precipitation and tempera-
tures of 18-20°C during summer months has increased during
this period. These factors are likely to have influenced the rate of
colonisation of D. septosporum. The increase in temperature over
the past eight years supports the prediction of Broadmeadow and
Ray (2005) that mean annual temperature will increase by be-
tween 3-6°C by 2080. The increase in temperature observed in
this study, if it continues as experts predict, is likely to benefit the
spread and severity of RBNB.

5.2 PHYSIO-PATHOLOGICAL EFFECTS OF CLIMATE
CHANGE ON POPLAR. E. Casulli, G. Mosso, A. Giorcelli, P.
Chiarabaglio, G. Nicolotti, M. Gennaro, P. Gonthier, A. Garibaldi
and M.L. Gullino. Centre of competence in the agro-environmental
sector (AGROINNOVA), University of Torino, Via L. da Vinci 44 -
10095 Grugliasco (TO), Italy. Email: enzo.casulli@unito.it

Poplar has been chosen by the scientific community as a mod-
el organism for studying the development and function of trees.
Trials in phytotrons and in the field were carried out. In phy-
totrons we assessed the effect of increases of carbon dioxide and
temperature. The first phytotron parameters were set at a refer-
ence level for carbon dioxide concentration (400 ppm), humidity
(40-70%) and temperature (18-26°C). The second phytotron was
set with higher carbon dioxide concentration (800 ppm) and the
third with both higher carbon dioxide concentration (800 ppm)
and temperature (22-30°C) levels. In each phytotron three differ-
ent Populus nigra L. genotypes from Belgium, northern Italy and
southern Italy were used. Results confirmed that high carbon
dioxide concentrations increased diameter, height, chlorophyll
content, net photosynthesis (An) and Performance Index (PI) of
all the genotypes. High carbon dioxide concentrations plus high
temperature levels gave different results depending on the prove-
nance and time period. High temperature reduced the positive
effect of carbon dioxide except with the genotype from southern
Italy. In the field trial, different water rates were applied on the
same poplar genotypes. Pathological surveys were carried out at
the end of different water regime periods to assess how plants
(bark extract) reacted when inoculated in the laboratory with
conidia of the weakness pathogen Discosporium populeun Sacc.
Germ tube development was measured after 24 h at 22°C using
light microscopy. No significant differences were observed
among P, nigra genotypes although differences were observed be-
tween P. nigra genotypes and other hybrid poplar clones.

5.3 DIVERSITY AND DENSITY OF MICROBIAL POPULA-
TIONS ON THE RICE PHYLLOSPHERE UNDER ELEVATED
ATMOSPHERIC CARBON DIOXIDE. D.M. De Costa and N.
Kishimoto. Department of Agricultural Biology, Faculty of Agri-
culture, University of Peradentya, Peradeniya 20400, Sri Lanka.
Email: devikacos@yahoo.com

Diversity and density of epiphytic microorganisms on the
phyllosphere (i.e. leaf surface) of rice under elevated atmospheric
CO, was determined over two growing seasons in Sri Lanka us-
ing three rice varieties. The three varieties were grown under
three treatments, namely elevated atmospheric CO, (570 ppm) in
open-top chambers (OTCs), ambient CO, (370 ppm) in OTCs
and in open field conditions under ambient CO,. Epiphytic mi-
croorganisms were isolated from rice leaves at four different
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growth stages. Each treatment had two replicates and five plants
from each replicate were used for isolations. In both seasons, the
lowest microbial densities and diversities were observed in rice
grown in open field conditions. However, in both seasons, no sig-
nificant difference was shown in the microbial density and diver-
sity between plants grown under elevated and ambient CO, con-
centrations within OTCs. The three rice varieties did not show
significant variation in the response of their phyllosphere epi-
phytic microbial populations to elevated CO,. However, density
and diversity of microbial populations showed significant varia-
tions between the two growing seasons and between different
growth stages. Among the epiphytic microorganisms, several fun-
gi and bacteria which showed antagonism against Magnaporthe
grisea, the rice blast pathogen were found. However, a clear rela-
tionship was not shown between the occurrence of antagonists
and the CO, treatment from which they were isolated.

5.4 BIOCHEMICAL AND MOLECULAR RESPONSES OF
MENTHA X PIPERITA TO UV-B TREATMENT. Y. Dolzhenko,
C.M. Bertea and M. Maffei. University of Turin, Plant Biology
Department and Centre of Excellence CEBIOVEM, Viale Mattiol,
25 Turin, Italy. Email: yulia.dolzhenko@unito.it

Decrease in ozone concentration in the stratosphere causes in-
crease in the amount of UV-B radiation (260-320 nm) that reach-
es the earth’s surface, causing many physiological and biochemi-
cal changes in photosynthetic organisms. Photosynthesis is often
reduced and the production of plant secondary metabolites in-
creased. One of the most important species producing secondary
metabolites is peppermint, Mentha X piperita L. (Lamiaceae),
which is grown intensively for its essential oil employed by the
flavouring and pharmaceutical industries. The composition of
this oil is particularly affected by environmental factors, including
light. Since changes in the oil’s chemical composition often lead
to drastic changes in its commercial value, we aimed to analyze
the effects of UV-B on several aspects of peppermint primary and
secondary metabolism. Field plants were irradiated with addi-
tional UV-B (310 nm; 2W m-2) for 1 h in the middle of the day
for two days. Leaves were collected 4 h, 20 h, 24 h, 28 h, 44 h and
48 h after the first irradiation and used for essential oil extrac-
tion; scavenger enzyme activities (catalase, peroxidase, superox-
ide dismutase) and terpene-related gene expression were also
analysed. We report the preliminary results of an effect of UV-B
radiation on essential oil composition, activity and expression of
some scavenger enzymes and on the expression of genes related
to monoterpenoid biosynthesis. gRT-PCR experiments on scav-
enger enzymes and terpenoid biosynthetic gene are underway.

5.5 RANGE AND SEVERITY OF PHOMA STEM CANKER
(LEPTOSPHAERIA MACULANS) OF WINTER OILSEED
RAPE (BRASSICA NAPUS) INCREASED BY GLOBAL WARM-
ING. N. Evans, A. Baierl, M.A. Semenov, P. Gladders and
B.D.L. Fitt. Rothamsted Research, Harpenden, Herts, AL5 2]Q,
UK. Email: neal.evans@bbsrc.ac.uk

Climate change affects plants in natural and agricultural
ecosystems throughout the world but little work has been done
to predict the effects of climate change on plant disease epi-
demics. To illustrate such effects, a weather-based disease fore-
casting model was combined with a climate change model pre-
dicting UK temperature and rainfall under high and low carbon
emissions for the 2020s and 2050s. Multi-site data collected over
a 15-year period were used to develop and validate the weather-
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based model forecasting severity of Phoma stem canker (Lep-
tosphaeria maculans) epidemics on oilseed rape (Brassica napus)
across the UK. This was combined with climate change scenarios
to predict that epidemics will not only increase in severity but al-
so spread northwards from England to Scotland by the 2020s.
The results provide a stimulus to develop models to predict ef-
fects of climate change on other plant diseases, especially in deli-
cately balanced agricultural or natural ecosystems. Such predic-
tions can be used to guide policy and practice in adapting to ef-
fects of climate change on food security and wildlife.

5.6 EFFECT OF ELEVATED ATMOSPHERIC CARBON DIOX-
IDE CONCENTRATION ON RICE BLAST IN OPEN-TOP
CHAMBERS IN BRAZIL. R. Ghini and W. Bettiol. Enzbrapa En-
vironmental, CP69, 13820000, Jaguariina-SP. Brazil. Email:
raquel@cnpma.embrapa.br

Atmospheric carbon dioxide concentration is projected to in-
crease rapidly and is expected to affect agroecosystems. Rice pro-
duction is severely limited by blast, caused by Pyricularia grisea,
worldwide. The effect of elevated atmospheric CO, concentra-
tion on rice blast incidence was studied in open-top chambers
(OTC) in Jaguaritna, Sdo Paulo state (latitude 22° 41° S, longi-
tude 47° W), Brazil. The OTCs were roofless cylinders measuring
1.9 m in diameter by 2 m in height, and constructed with alu-
minum frame covered with transparent plastic. The trial included
three treatments: OTC with elevated CO, concentration (approx-
imately, 550 ppm), OTC with ambient atmosphere, and control
without OTC. The treatments were randomized in blocks with
three replications. Air sampling, gas measurement and gas injec-
tion were automatically performed at 10-min. intervals, 24-hours
a day. The pathogen was inoculated using a conidial suspension.
The experiment was repeated twice with two rice cultivars (IAC
202 and Agulha Precoce). For both cultivars, the occurrence and
severity of the disease were higher for plants grown under elevat-
ed CO, concentration as indicated by the increased number of
diseased plants, lesioned leaves per plant, symptom severity and
number of sporulating lesions per plant.

5.7 RISK ANALYSIS OF CLIMATE CHANGE ON BLACK
SIGATOKA IN BANANA IN BRAZIL. R. Ghini, E. Hamada,
R.R.V. Gongalves, L. Gasparotto and J.C.R. Pereira. Enbrapa
Environmental, CP69, 13820000, Jaguaritina-SP. Brazil. Email:
raquel@cnpma.embrapa.br

Knowing the probable impacts of global climate change on
the occurrence of plant diseases is of great importance for the
agricultural sector, since it allows elaborating control strategies.
This study aimed to evaluate the potential impacts of climate
changes on black Sigatoka disease of banana in Brazil, elaborat-
ing distribution maps of the disease based on climatological nor-
mal data from 1961-1990 and on future climate. Future scenarios
focused on the decades of the 2020’s, 2050’s, and 2080’s (scenar-
ios A2 and B2) were obtained from five General Circulation
Models available from the Data Distribution Centre of the Inter-
governmental Panel on Climate Change. It was assumed that de-
velopment of the disease was favoured by mean temperatures be-
tween 20°C and 30°C, and relative humidity above of 70%. The
maps showed a reduction of the area favourable to the disease in
the country, except in the south-east and south, which would be-
come more favourable due to higher humid period. Such reduc-
tion would be gradual for the decades of 2020, 2050 and 2080
and higher for scenario A2 than for B2, even though extensive ar-
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eas would still continue being favourable to occurrence of the
disease, especially in the period of November to April.

5.8 RISKS TO SITKA SPRUCE AND OTHER FOREST TREE
SPECIES IN SCOTLAND DUE TO DROUGHT AND FUNGAL
DISEASE. S. Green, D. Ray and G.A. MacAskill. Forest Re-
search, Northern Research Station, Roslin, Midlothian, Scotland,
UK. Email: sarab.green@forestry.gsi.gov.uk

Drought in 2003 caused extensive damage to pole stage and
older Sitka spruce along the Dee valley in north-east Scotland.
Three affected sites were assessed between 2004 and 2006 to moni-
tor the development of drought damage. Symptoms on surviving
trees included varying degrees of top dieback, resinosis, and the
formation of elongated lesions on stems and branches. An uniden-
tified species of Phomopsis was isolated consistently from the mar-
gins of these lesions. An inoculation study was undertaken in 2007
to determine whether an interaction exists between drought stress
and disease caused by this Phomopsis sp. on Sitka spruce. A num-
ber of other fungal pathogens are known to be more damaging
when their tree hosts are stressed by drought. Since eastern Scot-
land is predicted to suffer an increase in the frequency and severity
of drought periods due to climate change, drought risk maps were
also developed based on climatic and soils data to identify other
drought prone forest sites in Scotland. Based on these maps, an as-
sessment has been undertaken of the potential future risks to forest
tree species planted on these drought prone sites due to a combi-
nation of drought stress and fungal disease.

5.9 EFFECTS OF OZONE AND OZONE-PROTECTANT
CHEMICALS ON PHYSIOLOGY AND GROWTH OF EGYPT-
IAN CLOVER GROWN IN OPEN-TOP CHAMBERS AT
A RURAL SITE IN EGYPT. IA. Hassan, J.N.B. Bell and EM.
Marshall. Department of Botany, Faculty of Science, Alexandria
University, 21526 El Shatby, Alexandria, Egypt. Email: i_hassan82
@botmail.com

Plants of an Egyptian variety of clover (Trzfolium alexandrinum
L. cv. Messkawy) were either untreated (control) or treated with a
soil drench of ethylenediurea (EDU) at 50, 100, 150, or 200 ppm
or benomyl at 250, 350, 450 or 550 ppm for the whole growing
season and sown in the soil either under field conditions at a rural
site in northern Egypt or in open-top chambers receiving either
charcoal filtered or unfiltered air. Both EDU and benomyl caused
increased growth and provided some protection against visible O,
injury symptoms, with EDU giving better protection than beno-
myl. Moreover, photosynthetic rates were increased in treated
plants while stomatal conductance did not show any significant dif-
ference from control plants under OTC conditions. Our results
show that benomyl and EDU would be useful tools to assess the ef-
tects of ambient O, on plants under Egyptian field conditions. The
implications for Egyptian agriculture are discussed.

5.10* INVOLVEMENT OF PHYTOPHTHORA ROOT AND
BARK INFECTIONS IN THE WIDESPREAD DECLINE OF
EUROPEAN BEECH IN BAVARIA. T. Jung. Phytophthora Re-
search and Consultancy Thomastrasse 75, D-83098 Brannenburg,
Germany. Email: competence@tree-diseases.com

During the past decade, and in particular after the wet sum-
mer of 2002, an increasing number of trees and stands of Euro-
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pean beech (Fagus sylvatica L.) in Bavaria were showing symp-
toms typical for Phytophthora diseases: thinning and dieback of
the crown, small and often yellowish leaves, root and collar rot
and aerial bleeding cankers up to stem heights of >20 m. Between
2003 and 2007, 100 mature beech stands on a broad range of
soils were examined, and typical Phytophthora symptoms were
found in 94 stands. In most stands the majority of beech trees
were declining, and scattered or clustered mortality occurred.
Eight different Phytophthora species were recovered from symp-
tomatic tissues or rhizosphere soil of 243 of 300 trees investigat-
ed. The most frequent species were P. citricola and P. cambivora
followed by P. cactorum, P. gonapodyides, P. pseudosyringae and P.
syringae. Primary Phytophthora lesions were soon infected by a
series of secondary bark pathogens and wood-rotting fungi; the
predisposed trees were usually attacked by several bark- and
wood-boring insects leading to rapid mortality. A small-scale sur-
vey in nine Bavarian nurseries demonstrated regular infestations
of all 12 beech fields with the same range of Phytophthora
species. The results indicate that (1) Phytophthora species are reg-
ularly associated with beech decline, and (2) widespread Phyroph-
thora infestations of nursery stock might endanger current and
future silvicultural projects aiming to replace pure conifer stands
by beech-dominated mixed stands.

5.11* EFFECTS OF ELEVATED CO, AND TEMPERATURE
ON INFECTION OF ZUCCHINI BY POWDERY MILDEW.
].Z. Liu, P. Titone, A. Garibaldi and M.L. Gullino. AGROIN-
NOVA, University of Torino, Via L. da Vinci 44, 10095 Grugliasco
(TO), Italy. Email: junzhi_liu@hotmail.com

Plant responses to elevated CO, and temperature, such as
changes in morphology or photosynthesis, have been much stud-
ied in recent years, especially since climate change has become a
by-word, but effects of climate change on pathological responses
are largely unknown. The zucchini-powdery mildew pathosystem
was chosen as a model to assess the potential impact of increased
CO, and temperature on disease incidence and severity. Zucchini
plants (Cucurbita pepo) were grown under three different environ-
mental conditions, which were 450 ppm of CO, with normal tem-
peratures (18 to 24 °C or 18 to 26 °C), high CO, (800 ppm) with
the same temperatures, and high CO, with higher temperatures (4
°C more than the above). They were artificially inoculated with
Podosphaera xanthii. Disease effects were evaluated by comparing
the size of powdery mildew colonies, number of tips, conidio-
phores and spores per colony, and the disease index of the whole
plant. The results showed that increase of CO, alone generally
caused no significant difference in either pathogen development
or disease index, whereas increase of both CO, and temperature
always stimulated pathogen development and disease severity.

5.12* EXAMINING THE EFFECTS OF ELEVATED CO, ON
KEY PATHOGENS OF WHEAT. ]J. Luck, G. Hollaway, A. Free-
man, R. Norton and S. Chakraborty. Department of Primary In-
dustries, Private Mail Bag 15, Ferntree Gully Delivery Centre, VIC
3156, Australia. Email: jo.luck@dpi.vic.gov.au

Climate change is increasingly recognised as a major threat to
natural and agricultural systems, yet the potential effects of
pathogens on these changing systems are not clearly understood.
The Department of Primary Industries Victoria and The Univer-
sity of Melbourne have established a Free-Air CO, Enrichment
(FACE) research facility at Horsham, Victoria, to study the ef-
fects of elevated CO, on wheat production in Australia. This fa-
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cility provides a unique opportunity to study possible changes in
host pathogen-interactions and the effectiveness of partial resist-
ance genes in the presence of elevated CO, in the field. World-
wide, studies on host-pathogen interaction in the presence of ele-
vated CO, have been limited. In this work, we studied the influ-
ence of CO, on the interaction between wheat and Puccinia stri-
tformis (wheat stripe rust), Fusarium pseudograminearum (crown
rot) and Barley yellow dwarf virus. The major aim of this project
was to understand the effects of projected CO, concentrations
(550 ppm) under field conditions on key disease threats to
wheat. Preliminary analysis of the first season’s data suggested
limited effects on fecundity and disease progress of stripe rust
and severity of crown rot, however further analysis is required. A
background infection of BYDV made it difficult to interpret any
CO, effect on the virus but visual observations showed little dif-
ference between the CO, treatments. Results from the statistical
analysis of the experiments will be presented.

5.13 EFFECT OF TEMPERATURE ON FUSARIUM WILT IN
TOMATO PLANTS. N. Pshybytko, L. Zenevich, N. Zha-
voronkova and L. Kabashnikova. Institute of Biophysics and Cell
Engineering, National Acadenry of Sciences of Belarus, Akademich-
eskaya 27, 220072 Minsk, Belarus. Email: pshybytko@rambler.ru

The main physiological processes in tomato plants infected by
Fusarium oxysporum were studied. The pathogen was inoculated
in 4-month-old tomato plants grown in a trough root system. The
response of the plants to inoculation depended on temperature,
humidity and light intensity, with temperature the most impor-
tant. When F oxysporum was inoculated at over 35°C the plants
dried up after 7-10 days. In more usual conditions the disease
continued for about 30-40 days, terminated by yellowing and dry-
ing. The different visible symptoms were caused by various
mechanisms of withering. Slow pathogenesis was caused by F
oxysporum toxins, which suppressed the plant’s physiological
processes, with inhibition of biosynthesis of main cell compo-
nents. Under high temperature the fungus proliferated actively in
root tissues and mycelium grew, blocking the phloem, with de-
creased xylem flow and dehydration of the plant. Activation of
destructive processes (lipid peroxidation and generation of reac-
tive oxygen) occurred under both types of pathogenesis. Photo-
synthesis suppression under Fusarium wilt was caused by de-
crease in photosystem II photochemistry and limitation in rate
and affectivity of linear electron flow in chloroplasts. The reduc-
tion of chlorophyll content and increase in anthocyanin content
indicated destructive processes in the pigment system. The inten-
sity of destructive processes was greater under high temperature.
The mechanisms of combined impact of biotic (fungi) and abiotic
(high temperature) stress factors are discussed.

5.14 VIRULENCE FREQUENCIES OF WHEAT LEAF RUST
(PUCCINIA TRITICINA) IN IRAN. E Rafiei, F. Afshari and A.
Arzani. Agronomy and plant breeding division, Agriculture depart-

ment, Isfaban University of Technology, Isfaban, Iran. Email:
raf_fariba@yahoo.com

In many regions of Iran, leaf rust caused by Puccinia triticina
Eriks is an important disease for wheat production but there is lit-
tle information about virulence frequencies of P. triticina in Iran.
In the present work, data collected from a leaf rust survey in 2004,
2005 and 2006 have been used to characterize virulence and diver-
sity of prevalent isolates of P triticina in North and South
provinces of Iran. Analysis of variance using transformed percent-
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age data showed that the different frequencies of virulent isolates
is a main source of variation. The frequency of virulent isolates al-
so varied significantly in each region but no significance variation
could be detected between regions and virulence X region interac-
tions. This may be attributed to low variability for the frequencies
of virulence to Lr genes in the northern and southern regions. The
results also indicated that some of the near isogenic lines (Lr25,
Lr2c, and Lr20) are attacked by a high number of isolates whereas
others are only susceptible to either a few or no isolates. Linear re-
gression analysis showed that virulence frequency was significantly
reduced for genes L#2b, Lr10, Lr17 and Lr26 in the northern re-
gion. Similarly in the southern region, reduced virulence was ob-
served for two Lr genes: Lr2a and L#2b. In both regions there
were no virulent isolates for L#9, Lr19 and L#25 genes, indicating
the effectiveness of these resistance genes as well as low variation
of virulence frequency for the leaf rust pathogen in Iran.

5.15 LONG-TERM DYNAMICS IN WHEAT OF
PHAEOSPHAERIA NODORUM AND MYCOSPHAERELLA
GRAMINICOLA. M.W. Shaw, S.J. Bearchell, B.D.L. Fitt and B.A.
Fraaije. Rothamsted Research, Harpenden AL5 2]Q, Hertfordshire,
UK. Email: bruce fitt@bbsrc.ac.uk

We used the polymerase chain reaction (PCR) to study the
presence of pathogens in archived wheat grain and leaves from a
long-term experiment started in 1843. The data were used to con-
struct a unique time-series of the abundance of two important
pathogens, Phacosphaeria nodorum and Mycosphaerella graminico-
la. During the last 30 years the relative abundance of these
pathogens reflected their importance in UK wheat disease surveys.
Relationships between amounts of pathogens and environmental
and agronomic factors were examined by multiple regression.
Fluctuations in amounts of P. nodorum in grain were related to
changes in spring rainfall, summer temperature and national SO,
emissions. Differences in amount of P nodorum between grain
and leaf were related to summer temperature and spring rainfall.
In leaves, annual variation in spring rainfall affected both
pathogens similarly, but SO, had opposite effects. SO, was the
dominant effect on M. graminicola; the effect on P. nodorum was
similar to spring rainfall. Previous summer temperature had a
highly significant effect on M. graminicola. Annual variability was
dominated by weather factors occurring over a period longer than
the growing season. Long-term variation in P. #odorum and M.
graminicola DNA in leaf and grain over the period 1844-2003 was
dominated by factors related to atmospheric pollution, as meas-
ured by national SO, emissions. This suggests that long-term, eco-
nomically important, changes in pathogen populations can be in-
fluenced by anthropogenically induced environmental changes.

5.16 THE EPIDEMIC OF ALDER DECLINE IN THE CZECH
REPUBLIC AND THE DISASTROUS FLOODS IN 2002. V. Str-
nadova, K. Cerny, B. Gregorova, V. Holub and S. Gabrielova.
Department of Plant Protection, Silva Tarouca Research Institute
for Landscape and Ornamental Gardening, Kvetnove nam. 391,
Prubonice 25243, Czech Republic. Email: strnadova@uukoz.cz

Phytophthora alder decline is serious in many European coun-
tries. The first marks of this decline in the Czech Republic were
found in the 90s and the causal agent, Phytophthora alni, was iso-
lated here in 2001. In August 2002, the western part of the coun-
try was affected by disastrous floods. Many hundreds kilometres
of riparian alder stands in several catchments especially in west-
ern, middle and southern Bohemia were stressed by one-hundred
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or by one-thousand-year floods. Since 2003, the number of ripari-
an alder stands damaged by P. alni has greatly increased in the af-
fected catchments. The largest losses of alder trees are localised
there as well, especially in the Vltava river catchment. The spread
of the pathogen and/or its ability to infect the host during flood-
ing is documented by several authors and by our own investiga-
tion. In 2005 we obtained preliminary evidence that alder trees
stressed by flooding are damaged by the pathogen much more
than non-stressed ones. Although our field studies are still in
progress, we are convinced that the epidemic of Phytophthora
alder decline in riparian stands in the Czech Republic (leaving
aside the rest of Europe) was catalysed by the floods of 2002.

5.17 EFFECT OF GLOBAL CHANGES ON THE POWDERY
MILDEW-GRAPEVINE PATHOSYSTEM: STUDY UNDER
CONTROLLED ENVIRONMENT. P. Titone, M.L. Gullino and
A. Garibaldi. AGROINNOVA, University of Torino, Via L. da Vin-
ci, 44, 10095 Grugliasco (TO), Italy. Email: patrizia.titone@unito.it

Climate change involves rising CO, levels and rising tempera-
ture. To evaluate the influence of global changes on plant disease,
we chose the powdery mildew-grapevine pathosystem. Trials
were carried out with 2 grape varieties (Moscato and Barbera)
grown in phytotrons, using the following environmental parame-
ters: (1) temperature between 18°C and 26°C, CO, concentration
450 ppm, (2) temperature between 18°C and 26°C, CO, concen-
tration 800 ppm, (3) temperature between 22°C and 30°C, CO,
concentration 800 ppm. Disease index and physiological parame-
ters (chlorophyll content, fluorescence, assimilation rate) were as-
sessed. In the first 2 trials the results obtained showed an increase
of powdery mildew development with temperature between 18°C
and 26°C and CO, concentration of 800 ppm. Plants grown at
800 ppm of CO, generally had higher chlorophyll content, fluo-
rescence and assimilation rate compared to plants developed at
450 ppm of CO,,.

5.18 MORPHOLOGICAL AND HISTOCHEMICAL CHANGES
IN SEIRIDIUM SPP. UNDER WATER STRESS. E. Turco, B.
Mori, P. Raddi and A. Panconesi. CNR, Iustitute for Plant Pro-
tection, Via Madonna del Piano 10, 50019 Sesto Fiorentino, Italy.
Email: e.turco@ipp.cnr.it

Reduced annual rainfall and increased mean temperature are
two of the many consequences of the greenhouse effect. Organ-
isms have to adapt to climate change, and plant pathogens and
pests must similarly co-evolve to avoid any break in their life cy-
cle. In the Mediterranean region, these climate changes are
marked: long, dry summers and rainfall mostly occurring in win-
ter favour the spread of desertification with consequent death of
plants or increased susceptibility to disease. The high mortality
of cypress (Cupressus spp.) observed in all the Mediterranean
area is mostly due to Sezridium cardinale. This pathogen, and the
other two related species (S. cupressi and S. unicorne) cause cy-
press canker with heavy damage in forests, nurseries and orna-
mental plantations. The ability of the fungus to survive for years
on dead plant material as resting mycelium suggested a study on
the morphological and histochemical changes induced by in-
creasing water stress. Isolates of the three Sezridium species and
of Sphaeropsis sapinea f.sp. cupressi (causing canker in north
Africa but rarely observed in Italy) were cultured on media with
osmotic potential ranging from 0 to -15 MPa. Histochemical
changes, observed by light and fluorescence microscopy, re-
vealed lipid accumulation and cell wall thickening under the
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highest osmotic stress. Disorganization of hyphae, granular cyto-
plasm and shorter distance between septa were also observed.
ESEM analysis gave further information on the chemical compo-
sition of intracellular vacuoles.

CONCEPTS IN BIOLOGICAL CONTROL OF PLANT PATHOGENS

1.1 DEVELOPMENT OF RESISTANCE IN BOTRYTIS
CINEREA TO PYRROLNITRIN, AN ANTIBIOTIC PRO-
DUCED BY BIOLOGICAL CONTROL AGENTS. S. Ajouz, M.
Bardin and P.C. Nicot. INRA, Centre de Recherches d’Avignon,
Unité de Pathologie Végétale, B.P. 94, F-84143 Montfavet Cedex,
France. Email: philippe.nicot@avignon.inra.fr

In order to control Botrytis cinerea, many biological control
agents (BCAs) have been described, but information regarding
their durability is lacking. The objective of the present study was
to estimate the risk of losing biocontrol efficacy due to selection
pressure exerted by BCAs on B. cinerea. Efforts have been fo-
cused first on the antibiotic pyrrolnitrin which was identified in
various BCAs known to have significant efficacy against B.
cinerea. To evaluate a possible decrease in sensitivity to pyrroni-
trin under selection pressure, ten successive generations of 5 iso-
lates of B. cinerea were produced in vitro in the presence of a
sub-lethal dose of the antibiotic. For each isolate, three inde-
pendent repetitions were carried out. As a control, ten successive
generations were also produced for each isolate in absence of
pyrrolnitrin. We observed a significant reduction in sensitivity to
pyrrolnitrin in the 10 generation produced in the presence of
the antibiotic and different evolution patterns were observed
among the 5 isolates. The production of 10 additional genera-
tions with increasing doses of pyrrolnitrin resulted in the devel-
opment of variants of B. cinerea with higher levels of resistance.
These results suggest that continuous exposure to pyrrolnitrin
may lead to adaptation of this fungus. Work in progress includes
analysis of the fitness of pyrrolnitrin-resistant variants, and bioas-
says on plants using pyrrolnitrin-producing bacteria to evaluate a
possible loss of efficacy against the resistant variants. We will also
test the possibility of “reverse adaptation” of resistant variants in
absence of selection pressure.

1.2 EVALUATION OF TRICHODERMA ISOLATES FOR CON-
TROL OF FUSARIUM WILT OF TOMATO. ]. Amini. Depart-
ment of Plant Protection, Agriculture Faculty, P.O. Box 416, Univer-
sity of Kurdistan, Sanandaj, Iran. Email: aminij2002@yahoo.com

Fusarium oxysporum f.sp. lycopersici is a fungal pathogen that
causes wilt of tomato. Antagonistic effects of 28 isolates of Tricho-
derma spp. were evaluated for biological control against the
Fusarium wilt of tomato in vitro and in the greenhouse. The dual
culture, cellophane overlay technique and volatile metabolites
were used in the in vitro assay. Greenhouse experiments were
carried out to test Trichoderma isolates against F. oxysporum: f.sp.
lycopersici by seed and soil treatment. Results of in vitro assays in-
dicated that 6 tested isolates of Trichoderma inhibited growth of
the pathogen. Mycelium inhibition varied between isolates of Trs-
choderma and ranged from 13 to 66 % in dual culture and from
13 to 100% using the cellophane overlay method. The pathogen’s
mycelial growth was reduced 9-46% by volatile metabolites of
Trichoderma isolates throughout 120 hours inoculation. Also in
the greenhouse, results obtained indicated that 6 Trichoderma iso-
lates could reduce the disease incidence by 2.3 to 9.7 times and
stimulated plant growth up to 3 times in comparison with infect-
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ed controls of Antagonists and pathogen populations were esti-
mated (cfu/g) in potting mix 15 and 40 days after planting. The
pathogen and antagonist populations (cfu/g) were fixed during
experiments.

1.3 A DOUBLE-STRANDED RNA MYCOVIRUS ASSOCIATED
WITH IMPAIRED GROWTH IN ALTERNARIA ALTERNATA.
N. Aoki, H. Moriyama, M. Kodama, T. Arie, T. Teraoka and T.
Fukuhara. Department of Applied Biological Sciences, Tokyo Uni-
versity of Agriculture and Technology, 3-5-8 Saiwaicho, Fuchu,
Tokyo 183-8509, Japan. Email: 50006951012@st.tuat.ac.jp

Four double-stranded RNAs (dsRNAs) referred as L- (3.6kb),
MI1- (2.7kbp), M2- (2.6kbp) and S-dsRNA (1.5kbp), respectively,
were detected in the EGS35-193 strain of Alternaria alternata
with high concentration (~3 mg/g dried mycelium). These dsR-
NAs were transmitted to 100% of the conidia. The buoyant den-
sity of the isometric virus particles (33 nm in diameter) in CsCl
was 1.35-1.40 g/cm’ depending on the size of dsRNAs packaged.
The sequence of 3,567 nucleotides (nt) of L-dsRNA had a single
open reading frame (3,447 nt) that contained the conserved mo-
tifs of viral RNA-dependent RNA polymerase (RdRp) character-
istic of RdRps of Totiviridae and Chrysoviridae. It is noteworthy
that the coding strand of L-dsRNA has a 3-poly (A) tail ranging
from 40 to 50 nt in length. We named this novel dsRNA my-
covirus in the EGS35-193 strain of A. alternata as Alternaria al-
ternata virus (AaV). The EGS35-193 strain showed impaired
growth. By combination of cycloheximide treatment and hyphal
tip isolation, we obtained cured strains, in which the amounts of
the dsRNAs were reduced (~0.3 mg/g dried mycelium). They re-
stored normal mycelial growth and pigmentation. These results
indicated that AaV might be involved in modulating traits of the
fungal host A. alternata.

1.4* DEVELOPMENT OF AN ATTENUATED TOMATO SPOT-
TED WILT VIRUS (TSWV) STRAIN, TSWV-19B TO CONTROL
TSWV DISEASES IN CHRYSANTHEMUM. H. Atarashi,
H. Sayama, T. Murai, T. Natsuaki, D. Peters and R. Goldbach.
R & D, Nippon Del Monte Corp. 3748 Shimizu-cho, Numata, Gun-
ma 378-0016, Japan. E-mail: hsayama@delmonte.co.jp

TSWYV isolates obtained from chrysanthemum, tomato, pep-
per and Eustoma russellianum were sequentially inoculated 8 to
10 times to Nicotiana rustica, N. benthamiana and/or Datura stra-
monium, and raised at 16°C. The virus symptoms appearing on
these plants were alleviated gradually with passages from necrosis
or necrotic ringspots to necrotic local lesions, severe mosaic or
rugose, and then to mosaic or mild mosaic. Seven TSWV isolates
with selected mild symptoms were inoculated to chrysanthemum
to assess their adverse effects, and their protective effects against
a virulent TSWV, TSWV-JM1 were evaluated by inoculating
those isolates to chrysanthemum and later challenge-inoculating
with TSWV-JM1. A promising TSWV isolate, TSWV-19B, with
less adverse and more protective effects than others was selected
among those isolates tested. Protective effects of TSWV-19B
against the virulent TSWV were also confirmed in D.
stramonium. TSWV-19B and TSWV-JM1 were tested for their
transmissibility by two thrips species, Frankliniella occidentalis
and F intonsa. TSWV-JM1 was transmitted with an efficiency of
37.3% by Frankliniella occidentalis and 24.4% in E intonsa,
while TSWV-19B showed zero transmission by both species.
Northern hybridization and RT-PCR using primers specific to the
5’ and 3’ termini of L. RNA revealed that TSWV-19B contained a
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defective interfering (DI) L RNA of about 2.5 kb conserving the
5’ and 3’ terminal regions. These results suggest that DI RNA-
containing TSWV-19B is a non-transmissible, safe and practically
useful attenuated virus strain for control of TSWV disease in
chrysanthemum. Further experiments are in progress in TSWV-
infested chrysanthemum fields.

1.5 EPIPHYTIC FITNESS AND SPREAD OF A BIOLOGICAL
CONTROL AGENT OF FIRE BLIGHT USING CULTURE-
BASED AND REAL TIME PCR METHODS. E. Badosa, M. Pu-
jol, J. Cabrefiga and E. Montesinos. Institute of Food and Agri-
cultural Technology-CIDSAV-CeRTA, University of Girona, 17071
Girona, Spain. Email: esther.badosa@.udg.edu

Pseudomonas fluorescens EPS62e was isolated from a healthy
pear fruit and is an efficient biological control agent of fire blight,
controlling infections in immature pear fruit, flowers and whole
plants. Knowledge of the environmental fate of this strain is of
great importance for field studies. A real-time PCR monitoring
method was developed for EPS 62e on the basis of a SCAR-spe-
cific marker. The ability of the strain to colonize pear and apple
trees under Atlantic and Mediterranean climatic conditions was
evaluated with the simultaneous use of real-time PCR and cul-
ture-based methods. EPS62e was an efficient colonizer of flow-
ers, reaching very high population levels, between 107-108 CFU
per blossom, after a single treatment during bloom, according to
both methods of analysis. The plant host species (pear or ap[ple)
did not influence colonization rate, and the biocontrol agent
completely dominated the microbiota of flowers. In contrast, in
inoculated leaves, population levels decreased over time accord-
ing to both methods, but the real-time PCR values were higher
than in the culture-based method. The combined use of molecu-
lar and culture-based methods of analysis identified three physio-
logical states in the field, which consisted of active colonization,
survival and entry into a viable, but nonculturable state, and cell
death. The strain spread moderately in the orchard, being detect-
ed in untreated flowers of trees 15-35 m from the inoculation site.

1.6 BIOCONTROL ACTIVITY OF PSEUDOMONAS FLUO-
RESCENS AGAINST RHIZOCTONIA SOLANI. G. Bagya-
narayana and K.V.B.R. Tilak. Department of Botany, Osmania
Unaiversity, Hyderabad-500 007, A.P, India. Email: gbagyan@
yahoo.com

Several strains of Pseudomonas were isolated from the rhizos-
phere of pigeonpea (Cajanus cajan) and were identified following
morphological and biochemical methods. The strains included
both fluorescent and non-fluorescent types. One strain each of P.
Sfluorescens (Pf 1) and P. putida (Pp) were found to have broad-
spectrum antifungal activity against many soil plant pathogenic
fungi (Rhizoctonia solant, Sclerotium oryzae, Macrophomina phase-
olina, Fusarium oxysporum etc.) under iz wvitro conditions.
Though strain PF 1 produced siderophores, i.e. iron-chelating
ligands, production of an antibiotic or toxin was found to be re-
sponsible for the fungal growth inhibition in vitro. Cell-free ex-
tracts of the strain also inhibited the growth of R. solani. We con-
cluded that the antifungal toxin was produced inside the cell and
transported to the extra-cellular environment. Chemical mutage-
nesis of Strain Pf 1 using nitrosoguanidine helped to isolate an
antifungal toxin-deficient phenotype which did not produce any
antifungal metabolite in vitro. This mutant was isogenic to the
wild type (parent) strain in other phenotypic characters like
colony morphology, nutritional requirements, generation time
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and siderophore production. Since the mutant was changed only
in antifungal metabolite production, it could be used for genetic
analysis of antifungal toxin production.

1.7 CHARACTERIZATION OF BEAUVERIA BASSIANA AND
ITS ANTAGONISMS TO PHOMOPSIS VEXANS. A. Bala and
J.S. Bedi. Department of Plant Pathology, Punjab Agricultural Uni-
versity, Ludbiana 141004, India. Email: anjuchani@yahoo.co.in

Phomopsis blight and fruit rot is a serious disease of brinjal in
India. Preliminary investigations yielded three isolates of Beauve-
ria bassiana showing marked antagonism against Phomopsis vexans
in vitro. A clear zone of inhibition against P. vexans colony growth
was shown by all three isolates of B. bassiana. Isolate Bb-III
formed the largest inhibition zone (8.3 mm). Maximum reduction
in P. vexans mycelial weight (48.84%) and sporulation (56.34%)
was observed at 50% concentration of culture filtrates of this iso-
late. Isolates Bb-I and Bb-III had cottony smooth growth while
Bb-V had wrinkled growth. All three isolates had hyaline, septate,
branched mycelium. Conidiophores had clustered flask-shaped
phialides to which single-celled, smooth, hyaline, globose to
broadly ellipsoidal conidia were attached. Isolates Bb-I and Bb-V
produced moderate numbers of conidia (1-2.5x10°conidia/5mm
culture disc) whereas Bb-III had higher sporulation (2.5-5.0x10°
conidia /5mm culture disc). All three isolates had similar breadth
of conidia (3.8-3.9um) whereas Bb-III conidia were shorter than
those of Bb-I and Bb-V. Length of phialides was similar in Bb-I
and Bb-III whereas Bb-V had smaller phialides. The isolates,
when studied for their field efficacy, were found to reduce Pho-
mopsis leaf blight of brinjal considerably. The studies indicated
that B. bassiana isolates have potential to control P. vexans and can
be exploited further by developing suitable biofungicide formula-
tions to control the disease under practical conditions.

1.8 STRAIN-SPECIFIC SCAR MARKERS BASED ON UP-PCR
FOR TRICHODERMA HARZIANUM T-023 FROM ARGENTI-
NA. V.A. Barrera, M.C. Martinez and A.L. Gasoni. IMYZA,
INTA, CC 25 (1712) Castelar, Buenos Aires, Argentina. Email:
vbarrera@cnia.inta.gov.ar

In northwestern Argentina, citrus, sugarcane, potato and to-
bacco are major crops. Tobacco is heavily affected by Fusarium
oxysporum var. nicotianae, which may also reduce potato produc-
tion, and chemical fungicides have become ineffective. Many
studies are concentrated on the application of Trichoderma spp.
isolates as biological control agents (BCAs), but several useful
Trichoderma strains are difficult to distinguish from others found
in the field, so there is a need to find ways to monitor these
strains when applied to natural pathosystems. Among different
antagonistic agents, isolated from tobacco rhizosphere in Villa Al-
berdi (Tucuman), the strain T. harzianum T-023 showed efficient
biocontrol activity against the pathogenic strain of F oxysporum
var. nicotianae isolated from damaged tobacco tissues in the same
plots. The study was conducted using universally primed PCR
(UP-PCR) markers to estimate genetic variation among 40 strains
of T. harzianum, T. longibrachiatum and I atroviride, previously
selected as BCAs, and to obtain fingerprint patterns. Fifty eight
polymorphic bands were obtained among the samples. Some of
the products generated were used to design specific primers,
showing that DNA markers may be successfully applied for iden-
tification purposes. Further experiments are in progress to per-
fect a diagnostic PCR using these primers to specifically identify
the strain T. harzianum 1-023. The SCAR markers generated will
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be useful for identification of this strain in the soil rizosphere af-
ter applying microbial inoculant and may have significant impli-
cations in understanding its biological role.

1.9 BIOLOGICAL CONTROL OF AN ISOLATE OF TRICHO-
DERMA BREVICOMPACTUM ON COCOA WITCHES
BROOM DISEASE. C. Bastos. CEPLAC/ESJOH, C.P. 46, CEP
67105-970, Marituba, Par., Brasil. Email: cleber@ufpa.br

Witches’ broom caused by the basidiomycete Crinzpellis perni-
ciosa is the most important factor constraining cocoa production in
the main cocoa growing regions of Brazil. Pod losses of up 90%
are experienced in affected areas in Bahia and Amazon regions. Bi-
ological control by means of micro-organisms is a powerful tool
that could contribute substantially as an alternative or a part of an
overall integrated management strategy of the witches” broom dis-
ease. The aim of this work was to study 7 vitro and in vivo the ef-
fect of an isolate of Trichoderma brevicompactum as a possible bio-
control agent for witches” broom disease. The antagonist was iso-
lated from inner trunk tissues of cocoa, after surface desinfection
with sodium hypochlorite solution, rinsing once in 70% ethanol
and twice in sterile distilled water. The isolate of Trichoderma pro-
duced, in liquid medium, metabolites able to inhibit 100% the ger-
mination of basidospores and mycelial growth of C. perniciosa
when the culture filtrate was used at concentrations of 2% and
10%, respectively. Production of basidiocarps on dead brooms was
significantly reduced by one application of spore suspension
(2x107 spores/ml) obtained from T brevicompactum grown on au-
toclaved rice grains. Experiments carried out in greenhouse
showed that spore suspension (2x107 spores/ml) and culture fil-
trate at a concentration of 5% could reduce by over 70.8% the in-
cidence of witches’ broom disease in cocoa seedlings, when ap-
plied six days before inoculation with the pathogen.

1.10 TALC FORMULATION OF STREPTOMYCES ANTAGO-
NIST AGAINST MYCOSPHAERELLA FOOT ROT AND
BLIGHT. S. Benali and M. Bencheikh. B.P. 920, Chlef 02000, Al-
geria. Email: benseti@yahoo.fr

Peas are highly susceptible to pre-emergence damping off
caused by Mycosphaerella pinodes in western Algeria. Rhizosphere
Actinomycetes antagonistic to the growth of this pathogen were
isolated from chellif soils. An isolate of Streptonzyces (St7c5) pro-
vided superior seed protection. Increase in both germination and
plant growth were recorded following treatment of seeds with
Streptomyces formulated with inert or organic carrier when com-
pared to controls. Application of the antagonist agent resulted in a
significant reduction of Mycosphaerella foot rot to 5% compared to
untreated seeds (30.5%). It also resulted in a significant reduction
of blight symptoms when compared to the control or when treated
with talc alone. The talc formulation of the Streptomsyces agent can
therefore be recommended as one of the crop strategies for man-
agement of foot rot and blight caused by Mycosphaerella pinodes.

1.11 FINDING AND UTILIZING BACTERIAL AGENTS OF
SOILBORNE DISEASE SUPPRESSION. M.S. Benitez, FE
Baysal, S.A. Miller, M. Kleinhenz and B. McSpadden Gardener.
The Obio State University — OARDC, Wooster, OH, USA. Email:
bbmg+@osu.edu

Diverse microbes inhabit agricultural environments, and some
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fraction of those populations can suppress the development of
soilborne plant diseases. Identifying and recovering microbes
which consistently act to suppress plant diseases is a necessary
first step in the development and application of biocontrol seed
treatments. Historically, the approach has been to recover bacte-
ria then screen them for activity. While this approach to “recover
then identify” biocontrol agents has been successful, most of the
recovered isolates belong to a limited set of genera. To overcome
this limitation and expand our view of the diversity of bacterial
biocontrol agents present in nature, we have developed and ap-
plied culture-independent molecular tools to first “identify then
recover” important biocontrol bacteria. We have applied termi-
nal restriction fragment length polymorphism (TRFLP) analyses
to compare the bacterial community structure in soils differing in
their disease suppressive capacity. The TRFLP analyses indicated
that multiple bacterial populations were involved, but among
them three signals appeared repeatedly, indicating that the bacte-
ria giving rise to these signals were correlated with the develop-
ment of this form of induced suppression. These TRF were found
to be derived from novel species not previously associated with
biological control. We then used the TRF-derived molecular
markers to design a recovery strategy that allowed us to culture
isolates of this novel species from the soils in which they were
first associated with disease suppression. Multiple isolates har-
bouring the markers for M139 have been recovered and shown to
inhibit pathogen growth 7 vitro and in situ.

1.12 INTERACTION OF CELL WALL RECEPTORS OF ARA-
BIDOPSIS THALIANA WITH LEAF EXTRACTS OF
AZADIRACHTA INDICA. A. Biswas, D. Ghosh, S. Chakraborti,
S. Chandra and P.K. Paul. Aty Institute of Biotechnology, Ami-
ty Unaversity, Uttar Pradesh, Sector 125, Express Highway, Noida
201301, India. Email: prabir_kp@rediffmail.com

Increased application of agrochemicals to boost agricultural
yield has led to massive ecological, physiological and environ-
mental hazards. This led to search for environment friendly alter-
natives. Aqueous extracts of several plant species particularly
from A. indica have been shown to be important biocontrol
agents; for example, A. indica extracts induce SAR in host plants,
leading to protection against pathogens. The results of our pres-
ent study indicate that in the process of SAR induction, the A. 7n-
dica leaf extract interacts with a number of cell wall-bound pro-
teins. The extract induces molecular changes in these proteins
which then activate a signalling pathway for the transduction of
molecular signals from receptors to the nucleus leading to the ex-
pression of SAR-linked genes. The present study demonstrates
that A. indica leaf extract establishes a signalling pathway
through interaction with wall receptors leading to establishment
of SAR in the host plant.

1.13 TOOLS FOR STUDYING VIRUS-FUNGUS INTERAC-
TIONS. B. Boine, M.N. Pearson, R. Beever, A. Bailey and
G. Foster. School of Biological Sciences, University of Auckland,
PO. Box 92019, Auckland, New Zealand. Email: bboi001@
ec.auckland.ac.nz

Understanding the nature of the relationship between viruses
and their fungal hosts is critical in determining the ecological sig-
nificance of mycoviruses and their potential use as biological con-
trol agents. Two potex-like flexous viruses, Botrytis virus F (BVF)
and X (BVX), from Botrytis cinerea (Howitt et al., 2001; Howitt
et al., 2005), have been completely sequenced, providing the op-
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portunity to examine their interaction with B. cinerea at molecu-
lar level. In order to study the virus-fungus interaction at cellular
level three tools were developed: (i) an efficient fungal transfor-
mation protocol to study the molecular interaction between the
virus and the fungus, (ii) a sensitive and reliable real time-PCR
detection method for BVF and BVX for studying the impacts of
transformation on virus replication, and (iii) an antibody against
BVX to visualize its distribution and movement within the
mycelia and also between compatible fungal strains. Results will
also be presented on the transformation of B. cinerea with a
PAC1-construct that expresses a dsRNase in Botrytis designed to
eliminate the virus from the fungal mycelia and spores, and fit-
ness studies on virus infected and virus free mycelia.

1.14 INCREASING SURVIVAL AND EFFICACY OF BIOLOGI-
CAL CONTROL AGENTS BY MEANS OF HYPEROSMOTIC
ADAPTATION. A. Bonaterra, J. Francés, J. Camps, J. Cabrefiga
and E. Montesinos. [nstitute of Food and Agricultural Technology-
CIDSAV-CeRTA, University of Girona, 17071 Girona, Spain.

Email: anna.bonaterra@udg.es

The efficacy of biological control agents depends on the colo-
nization of plant surfaces after application. A procedure to in-
crease survival under water stress limitation has been developed
consisting of saline stress and osmolyte amendment to the growth
medium during inoculum preparation. The procedure was tested
in the biocontrol agent of postharvest fungal diseases Pantoea ag-
glomerans EPS125 and in the biocontrol agent of fire blight
Pseudomonas fluorescens EPS62e. Hyperosmotic stress induced
the synthesis and intracellular accumulation of compatible os-
molytes but decreased growth significantly. Amendment of the
saline medium with glycine betaine restored growth and promot-
ed its intracellular accumulation. Osmoadaptation of P. agglomer-
ans EPS125 increased considerably its survival on apple fruit sur-
faces under low relative humidity (RH) conditions and signifi-
cantly improved blue mould control under conditions where the
standard biological control treatments were ineffective. Osmoad-
aptation of P. fluorescens EPS62e increased cell survival on plant
surfaces by 10 to 100-fold under low RH controlled conditions.
In the field, cell survival increased 100 to 1000 times in immature
fruit upon osmoadaptation but was not significantly affected in
flowers. The efficacy of control of fire blight infections upon os-
moadaptation was increased 30 to 50 % on immature fruits but
was not affected in blossoms. The implications of the method for
increasing epiphytic fitness and the efficacy in other biological
control agents of plant pathogens are discussed.

1.15 SCREENING OF HIGH-YIELDING MUTANTS OF THE
BIO-CONTROL BACTERIUM BACILLUS SUBTILIS BS-916
OBTAINED BY ION IMPLANTATION, AND THE MOLECU-
LAR MECHANISM OF ANTAGONISTIC ABILITY. Z.-Y. Chen,
D.-Q. Li, Y.-E Liu, Y.-Z. Liu and C. Lou. Iustitute of Plant Pro-
tection, Jiangsu Academy of Agricultural Science, Nanjing 210014,
PR. China. Email: chzy@jaas.ac.cn

The mutation and screening of Bacillus subtilis Bs-916 by ion
implantation is an important factor in bio-control of rice disease.
To improve the growth rate and antagonistic ability of the strain,
and to obtain high-efficiency strains, N* ions at different doses
were implanted into Bs-916. the results showed that the mutated
doses from 150-250x2.6x10!> N*/cm? were better than 10 doses
from 30-80x2.6x10'> N*/cm?. Repeated tests of mutation of the
strain by ion implantation showed that it is a method of improv-

S2.111

ing mutation efficiency. In 1300 mutation-treated strains, 11
strains showed antagonistic ability increased by more than 10%
over that of Bs-916, by the first and the second screening, and fix
quantify screening. One of the 11 strains had antagonistic ability
increased by 30.7% over that of Bs-916. Analysis of the antago-
nistic substance in Bs-916 and high-yielding strains mutated by
ion implantation, using TLC and HPLC indicated that the
lipopeptides produced by Bs-916 and the mutant strains be-
longed to the surfactin family. High-yielding mutant strains pro-
duced more sutfactin than the parental strain. The regulatory re-
gion of the surfactin operon was examined and we found that in
the promoter of surfactin synthesis of Bs-H74, which is located
upstream of the srfA operon in B. subtilis, some genes were dif-
ferent from the original strain Bs-916. The results indicated that
the changes in the promoter gene induced by N* implantation
may have enhanced the surfactin product.

1.16* EFFECT OF PROTECTIVE AGENTS ON THE VIABILI-
TY OF THE FREEZE-DRIED BIOCONTROL AGENT
METSCHNIKOWIA PULCHERRIMA. A. Ciavorella, D. Spa-
daro, A. Garibaldi and M.L. Gullino. AGROINNOVA, Univer-
sity of Torino, Via L. da Vinci 44, 10095 Grugliasco (TO), Italy.
Email: annalisa.ciavorella@unito.it

Biological control of postharvest diseases of fruit has im-
proved recently as an alternative to fungicide treatment, to pro-
tect human safety and limit environmental impact. Among the
most studied microorganisms used as biocontrol agents, we have
focused on Metschnikowia pulcherrima, a yeast that has antago-
nistic effects on Penicillium expansum, Botrytis cinerea and Monil-
Za spp., agents of blue, grey and brown mould on apple and kiwi
fruit. To be commercially available, microbial agents should be
formulated to optimize the efficacy and stability of the final prod-
uct. This work aimed to evaluate the best agents to be added to
M. pulcherrima to protect it against the effects of freeze-drying.
Several kinds of sugar in solutions of different concentration
were added to a centrifuged yeast cell suspension, to give a final
concentration of 10° cfu/ml. We then determined which sugar so-
lution gave the best protection against freeze-drying. Viability
was evaluated periodically by calculating the cfu concentration
on NYDA after rehydration of the freeze-dried cells with Ringer
solution. We obtained the highest percentage viability using a
25% v/v maltose solution as protective agent. No significant loss
of viability of the formulated freeze-dried cells was recorded after
storage of 3 months at 4°C.

1.17 PRODUCTION OF METSCHNIKOWIA PULCHERRIMA
BY FERMENTATION: EFFECT OF NITROGEN AND CAR-
BON SOURCES ON BIOMASS. A. Ciavorella, D. Spadaro, A.
Garibaldi and M.L. Gullino. AGROINNOVA, University of Tori-
no, Via L. Da Vinci 44, 10095 Grugliasco (TO), Italy. Email: an-
nalisa.ciavorella@unito.it

Microbial antagonists have been developed as alternatives to
chemicals, to reduce the amounts of fungicides and their residues
on fruits. One strain of the yeast Metschnikowia pulcherrima
showed effective biocontrol properties against the main posthar-
vest pathogens on apple and kiwi fruits. Mass production of bio-
control agents is a focus of research and industrial development
to obtain a product of high quality and low cost on a large scale.
The aim of this work was to find the nitrogen and carbon sources
producing, through fermentation technology, maximum biomass
of M. pulcherrima with optimal antagonistic activity. Different ni-
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trogen and carbon substrates were tested under different condi-
tions of temperature and pH. A microbial concentration of 10°
cfu/ml after 48 h of fermentation was obtained in a substrate con-
taining one organic nitrogen source (yeast extract) and two or-
ganic carbon sources (sugars). The pH values during the fermen-
tation gave the trend of the process: a neutral pH was typical of
the initial inoculation step, whereas a basic pH suggested the end
of the growth process, with an available growth range between
pH 4 and 8. The best biocontrol on apples against Penicillium ex-
pansum and Botrytis cinerea was obtained when the yeast was
grown in a sugar-enriched substrate.

1.18 BIOLOGICAL CONTROL OF STRAWBERRY GREY
MOULD BY CLONOSTACHYS ROSEA UNDER FIELD CON-
DITIONS. L.V. Cota, L.A. Maffia, E.S.G. Mizubuti, P.E.F. Mace-
do and R.F. Antunes. Departamento de Fitopatologia, Universi-
dade Federal de Vicosa, 36570-000, Vicosa, MG, Brazil. Email:
lamaffia@ufv.br

Grey mould, caused by Botrytis cinerea, is an important straw-
berry disease in Brazil. As a component of our grey mould man-
agement program, we have been evaluating pathogen biocontrol
with Clonostachys rosea, and selected four isolates as potential an-
tagonists to B. cinerea. In 2006 and 2007, under field conditions,
we compared the efficiency of a mixture of the four C. rosea iso-
lates (applied once or twice a week) to a weekly spray of procymi-
done alternated with captan. Following the applications and up
to harvest, we evaluated weekly: leaf colonization by C. rosea
(LCCr), average number of B. cinerea conidiophores on leaves
(CBc), incidence of grey mould on flowers (IFlower) and fruits
(IFruit), incidence of latent infections on fruits (LI), and fruit
production. With applications of C. rosea twice a week, we got
higher LCCr (16.97%), smaller CBc (10.28; 78.22 in the control
treatment, sprayed with water), smaller IFlower (10.02%;
50.55% in the control), and smaller IFruit (5.95%; 25.10% in
the control). Production ranged between 3.49 and 3.75 kg with
applications of C. rosea twice a week and between 1.74 and 1.91
kg in the control. LI was 20% in the control and less than 10%
in the other treatments. From our results over the two years, we
recommend at least two weekly applications of C. rosea to suc-
cessfully manage grey mould in strawberry.

1.19* DIFFERENTIAL TRANSCRIPTION OF PATHOGENESIS
RELATED PROTEINS (PRS) IN TOMATO PLANTS TREATED
WITH THE BIOLOGICAL CONTROL AGENT PENICILLIUM
OXALICUM. ]J. Cubero, M.P. Sabuquillo, R. Garcia-Jiménez, A.
De Cal and P. Melgarejo. Dept. Plant Protection, INIA, Crtra de La
Coruria km 7, 28040 Madrid, Spain. Email: melgar@inia.es

Penicillium oxalicum is a filamentous fungus that induces re-
sistance against tomato wilt caused by Fusarium oxysporum f. sp.
lycopersici. Treatment of tomato plants with conidia of P ox-
alicum induces a reduction in disease severity but the biocontrol
mechanism is still not clear. In this study, we have evaluated the
possible role of two pathogenesis-related proteins (PRs). Tran-
scription of PRs was studied by Retrotranscription Real Time
PCR at different time periods on healthy tomato plants grown in
controlled conditions and treated with three formulations of fun-
gal conidia or untreated. After seven days post-treatment, signifi-
cant differences were found between the groups of tomato plants.
Especially significant was the difference shown when a formula-
tion was used in combination with fungal conidia. If total RNA
was extracted and amplified by RT-PCR after two, three and fif-
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teen days pots-treatment, no significant difference in PR tran-
scription was shown between groups of treated and non-treated
plants. However, at periods of less than seven days after the treat-
ment, some individual plants showed PR induction. These results
show that systemic acquire resistance may play a role in the bio-
control process with P oxalicum although some other mecha-
nisms may also be involved. Moreover, we will show that some
additives in the conidial formulates may render more uniform the
plant response to the biocontrol agent.

1.20 SYNERGISTIC INTERACTION OF PHENAZINES AND
BIOSURFACTANTS IN THE BIOCONTROL OF PYTHIUM
WITH FLUORESCENT PSEUDOMONAS SPP. ]. D’aes, K. De
Maeyer, M. Perneel and M. Hofte. Laboratory for Phytopatholo-
2y, Faculty of bioscience engineering, Ghent University, Coupure
Links 653, 9000 Gent, Belgium. Email: jolien.daes@ugent.be

Fluorescent Pseudomonas spp. are well known for their poten-
tial as biocontrol agents of soil-borne pathogens. Many fluores-
cent pseudomonads, including strains of P. aeruginosa, P. fluo-
rescens and P. chlororaphis, produce phenazine antibiotics, shown
to be toxic to a broad range of soil-borne pathogens. In many
cases, these strains also produce biosurfactants, such as rhamno-
lipids or cyclic lipopeptides, which can also be involved in their
biocontrol capacity. Research in our lab showed that P. aeruginosa
PNA1, which produces both phenazines and biosurfactants, is ef-
fective in controlling Pythium myriotylum root rot on the tropical
tuber crop cocoyam (Xanthosoma sagittifolium) and damping-off
caused by Pythium splendens on bean (Phaseolus vulgaris). From
experiments with phenazine and biosurfactant mutants of PNA1,
it appeared that production of both metabolites is required for
the biocontrol effect to occur. Moreover, phenazines and biosur-
factants were proven to act synergistically in both plant-pathogen
systems. We are currently investigating the mechanism for this
synergism and its importance for phenazine-producing fluores-
cent pseudomonads. It is known that biosurfactants can affect
cell wall and cell membrane integrity of several fungi. Conse-
quently, we hypothesize that phenazines require this action of
biosurfactants to be able to penetrate the Pythium hyphae, where
they can exert their toxic effect. So far, it seems that this synergis-
tic interaction can be generalized, as only those strains that pro-
duce phenazines as well as biosurfactants, show an optimal bio-
control effect on Pythium.

1.21 ENVIRONMENTAL FACTORS AFFECTING THE BIO-
CONTROL OF OCHRATOXIGENIC ASPERGILLUS CAR-
BONARIUS ON WINE GRAPES. D.V. de Felice, F. De Curtis, V.
De Cicco and R. Castoria. Dipartimento di Scienze Animali, Vege-
tali e dell’Ambiente, Universita del Molise, Via De Sanctis, Cam-
pobasso, 1taly. Email: dariodefelice@unimol.it

Wine contamination with ochratoxin A (OTA) is due to the
attack of ochratoxigenic Aspergillus carbonarius on grapes, which
can begin in the early ripening stages. We investigated the influ-
ence of temperature and relative humidity (R.H.) on the activity
of three biocontrol agents (BCAs): one yeast, Metschnikowia pul-
cherrima 1.516, and two yeast-like fungi, Aureobasidium pullulans
LS30 and AU34-2) against A. carbonarius and OTA accumulation
on intact and artificially wounded grapes. Berries were pretreated
with the BCAs, challenged with strain A1102 of A. carbonarius
and incubated for 6 days at two R.H. levels (60% and 100%) and
three different temperatures (20, 25 and 30°C). Unwounded
berries, both treated with the BCAs and untreated, showed no
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symptoms of infection by A. carbonarius in all conditions tested,
suggesting that wounds on grape skin are crucial for colonization
by the pathogen. In wounded berries incubated at 60% R.H. and
20°C, LS16 showed the highest biocontrol activity, lowering in-
fections up to 69%. At 100% R.H., LS16, LS30 and AU34-2
showed effective protection of grapes only at 20 °C, reducing A.
carbonarius infections by 86%, 68% and 82%, respectively.
HPLC analyses showed that at 100% R.H. and at all tempera-
tures, the BCAs lowered contamination with OTA, up to 93% at
20°C, as compared to untreated controls. These results highlight
the importance of environmental factors in the effectiveness of
BCAs in the control of A. carbonarius and of wine contamination
with ochratoxin A.

1.22 INFLUENCE OF ECOLOGICAL CONDITIONS ON THE
EPIPHYTIC MICROFLORA COMPOSITION OF WHEAT
SEEDS. E. Demchenko and V. Roginskaya. Department of Ecology
and Plant Biotechnology, Krasnoyarsk State Agrarian University,
Prospect Mira 90, Krasnoyarsk, Russia. Email: roginskaya48@
yahoo.com

Epiphytes are a natural element protecting plants from
pathogens. The composition of seed microflora varied among the
different cultivars ‘Alenkaya-23’, ‘Skala’, ‘Irtyshanka-10’ and ‘Lus-
tescens-25" grown in the same area under optimal conditions. Dur-
ing an investigation into resistance of wheat to common root rot,
the positive influence of epiphytes on the shoot mass and decrease
of disease intensity was confirmed. Differences in epiphyte compo-
sition have been found on the seeds of the same cultivar (Om-
skaya-32) germinated in eco-geographical areas of Central Siberia
with different climatic and soil conditions. Epiphytes of healthy
seeds matured in forest-steppe areas were represented only by bac-
teria, dominated by the genera Bacillus (57.1%) and Pseudomonas
(25.4%). On seeds matured in a south-steppe area, Micrococcus
(38,2%), Pseudomonas (18,4%) and Mycobacterium (9,0%), plus
fungi and Actinomrycetes were also found. The epiphyte composi-
tion of black germ seeds was more diverse with greatly increased
proportion of seed mould-causing fungi. On diseased seed from
the south-steppe, Trichoderma and Streptomryces were discovered,
and these are antagonists to the mould pathogens. The presence of
these antagonists can be explained by the soil acidity and lower hu-
midity in the area, favourable for those micro-organisms. Higher
humidity during maturation and harvesting in the forest-steppe re-
sulted in decrease of grain quality, allowing pathogenic fungi to
suppress the development of epiphytic bacteria. This resulted in
14% lower germination compared with south-steppe seeds. There-
fore, ecological conditions are key in the composition of epiphytic
microflora and its protective effects.

1.23 EFFECT OF INOCULATION METHOD, INOCULUM
DENSITY, AND FUSACLEAN G (FO47) ON DEVELOPMENT
OF CYCLAMEN WILT. W. Dercks, A. Keuck, M.L. Kreller and F.
Hennig. Fachhochschule Erfurt - University of Applied Sciences,
Fachbereich Landschaftsarchitektur, Gartenbau und Forst, Leipziger
Strafe 77, D-99085 Erfurt, Germany. Email: dercks@fh-erfurt.de

Cyclamen wilt caused by Fusariun: oxysporum f. sp. cyclaminis
(FOC) is difficult to control and can lead to severe crop loss.
Fusaclean G is a product containing mycelium and spores of the
antagonistic non-pathogenic Fusarium strain FO47 and was de-
veloped to prevent or suppress disease when added to the sub-
strate. This greenhouse study investigated whether this effect
might be dependent on FOC inoculation method and inoculum
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density. Two methods (substrate inoculation, drench with spore
suspensions) and four inoculum densities (0, 10,000, 20,000 and
30,000 spores per pot) of FOC were tested. Fusaclean G was
used as supplied by the producer and applied according to the
company’s recommendations. Substrate inoculation by FOC pre-
ceding potting caused faster, less variable, and stronger disease
development than spore suspensions poured into the pot follow-
ing potting. Thus, the former method is more suitable for trials
than the latter. Initially, disease incidence increased with FOC in-
oculum density. However, at the end of the trial, disease levels
were the same for all densities. Fusaclean G delayed onset and
development of disease compared with untreated cyclamens but
was not able to prevent infection or reduce final disease levels. It
remains to be determined whether Fusaclean G might be more
effective at lower FOC inoculum densities. However, the efficacy
of any control measure is difficult to evaluate with low inoculum
because wilt develops more slowly. In such cases, cyclamens are
often latently infected by FOC and sold at bloom. The disease
then strikes later on the buyer’s windowsill.

1.24 MECHANISM OF ACTION OF METSCHNIKOWIA PUL-
CHERRIMA STRAIN MACH1 AGAINST BOTRYTIS CINEREA
ON APPLE. D. Saravanakumar, A. Ciavorella, D. Spadaro, A.
Garibaldi and M.L. Gullino. AGROINNOVA, University of Torino,
Via L. Da Vinci 44, 10095 Grugliasco (TO), Italy. Email: agrisara@
rediffmail.com

We studied the mechanism of action of the biocontrol yeast
Metschnikowia pulcherrima strain MACH1 against grey mould
(Botrtyis cinerea) on apple. We tested the ability of MACHI to
compete with the postharvest pathogen for acquisition of nutri-
ents, especially for iron compounds. The yeast produced a pig-
ment called pulcherrimin in presence of iron and showed antago-
nistic activity against B. cinerea in vitro and in vivo. Quantitative
assay of extracellular enzymes from MACHI culture filtrates
showed that it was able to produce chitinase and beta-1,3-glu-
canase, and the study indicated the probable influence of these
lytic enzymes in the biological control of grey mould. In addition,
the state of host tissues in response to MACH1 treatment and
challenge inoculation with B. cinerea was studied. The results re-
vealed the greater accumulation of defense enzymes, peroxidase,
polyphenol oxidase and phenylalanine ammonia lyase in apples
treated with MACH1 and challenged with B. cinerea compared to
untreated controls. The prolonged activity of defense enzymes in
apples treated with MACH1 was able to limit the further growth
of the pathogenic fungus in host tissues. In conclusion, the study
revealed that competition for nutrients, production of extracellu-
lar enzymes and enhancement of host resistance by MACH1
could act together in the biological control of postharvest
pathogens in apples.

1.25 BIOLOGICAL SOIL TREATMENT WITH TRICHODER-
MA HARZIANUM TO CONTROL ROOT ROT DISEASE OF
GRAPEVINE (VITIS VINIFERA L.) IN NEWLY RECLAIMED
LANDS IN NOBARIA PROVINCE. R. El-Mohamedy, E. Zedan
and A. Adalla. Plant Pathology Department, National Research
Center, Dokki, Cairo, Egypt. Email: riadelmobamedy@yahoo.com

Augmentation of soil with biological treatments i.e., Trichoder-
ma bharzianum cultured on sugar cane bagasse, T harzianum (spore
suspension 5x10° cfu/ml) and Plant Guard (biocide), successfully
controlled Fusarium solani, F. oxysporum and Macrophomina phase-
olina, the main causes of root rot disease on grapevines in Nobaria
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province. Complete reduction of linear growth for these pathogens
was recorded at 4 ml/l of plant Guard. Meanwhile, T. harzianum
cause a reduction of 80.0, 84.4 and 88.9% of the same pathogens
respectively. Treatment of artificially infested soil by bio-enhancing
bagasse at a rate of 10% (w/w) of soil, 4 ml/l Plant Guard and 100
ml/l T harzianum gave highly effective control of root rot on
grapevine seedlings. In field experiments, two soil applications
with 10 % bio-enhancing bagasse and 4 ml/l1 Plant Guard signifi-
cantly reduced numbers of infected vines as well as the percentages
of disease severity. Moreover, these treatments increased popula-
tion density of Trichoderma spp. in rhizosphere soil of treated
vines, whereas, it decreased in rhizosphere soil of untreated vines
(control). A large increase in yield/vine was recorded on vines
treated with 10% bio-enhancing bagasse and 4 ml/l Plant Guard.
We suggest that manipulating soil by biocontrol agents and agricul-
tural waste formulations can be safely used commercially as a sub-
stitute for fungicides for controlling soilborne plant pathogens.

1.26 CULTURAL, PHYSIOLOGICAL AND BIOCHEMICAL
FEATURES OF TRICHODERMA HARAZIANUM ISOLATES
IN RELATION TO THEIR BIOCONTROL ABILITIES. M.A.
El-Naghy, E.M. Fadl-Allah, G.M. Shaban and A.H.A. El-Naggar.
Department of Botany, Faculty of Science, Minia University, Minia,
Egypt. Email: abmedbetta@yahoo.com

Single-spore cultures of 40 isolates of Trichoderma harazianum
Rifai were characterized on the basis of their morphological,
physiological and biochemical characters, including growth of the
isolates on seven different media. Cultural characteristics such as
odour, colour and diffusible pigments were determined on each
of the media. All isolates, grown on 2% malt extract agar, were
examined by microscopy. Interactions between hyphae of Tricho-
derma harazianum isolates and several soil-borne fungal plant
pathogens were determined in dual cultures. Production of tri-
chodermine and trichodermol was also investigated. Secretion of
the lytic enzymes CMC-ase, chitinase and 3-1,3 glucanase in cul-
ture media containing the respective substrates was also deter-
mined. Attempt was made to correlate the features studied with
the biocontrol efficiency of each isolate, in order to identify the
most efficient ones.

1.27 BIOLOGICAL CONTROL OF FUSARIUM WILT OF BA-
NANA USING NON-PATHOGENIC E OXYSPORUM ENDO-
PHYTES. A. Faber, C. Steinberg and A. Viljoen. Grain Crop In-
stitute, Private bag X 1251, Potchefstroom 2520, South Africa.
Email: aneenf@arc.agric.za

Fusarium oxysporum f.sp. cubense (Foc) is responsible for
Fusarium wilt, a disease that caused serious losses to export ba-
nanas in Central America in the mid-1900’s. Non-pathogenic iso-
lates of E oxysporum, found in disease-suppressive soils, were re-
ported to suppress Fusarium wilt in greenhouse pathogenicity
trials. To study their interaction on banana roots, a non-patho-
genic E oxysporum endophtye from banana roots in Kiepersol,
South Africa that reduced Fusarium wilt incidence by 67% was
modified with a red fluorescent protein gene (DsRed-Express),
while a pathogenic isolate of Foc was modified with a green
counterpart (GFP). The modified and unmodified isolates did
not differ in growth and morphological characteristics, or in
their virulence to banana plantlets. By using a split-root inocula-
tion system, we showed that the non-pathogenic E oxysporum
isolate induced significantly higher levels of cell wall-bound phe-
nolics in non-inoculated banana roots than the water control.
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Competition is unlikely to be the primary mode of action when
the pathogen and non-pathogen were inoculated on the same
roots at equal concentrations. Confocal laser scanning micro-
scope observations were unable to prove that the reduced infec-
tion of banana roots was the result of induced resistance, as nei-
ther the pathogen nor the non-pathogen was able to infect ba-
nana roots in the absence of wounds. Whether the non-patho-
genic E oxysporum isolates would protect bananas by means of
induced resistance after wounding and following abiotic stress
needs to be further investigated.

1.28 EFFICACY OF DIFFERENT COMMERCIAL BIOCON-
TROL AGENTS ON FUSARIUM WILT OF LETTUCE. G. Gi-
lardi, G. Martano, A. Garibaldi and M.L. Gullino. AGROINNO-
VA, University of Torino, Via L. Da Vinci 44, 10095 Grugliasco
(TO), Italy. Email: giovanna.gilardi@unito.it

Fusarium wilt of lettuce, caused by E oxysporum f.sp. lactucae,
has emerged as a major production problem in several lettuce-
producing areas in Italy. Disease management is complicated by
the limited availability of registered fungicides and by the inten-
sive cropping systems adopted by local growers. The causal agent
is seed transmitted, making soil disinfestation only partially effec-
tive. The only partial efficacy of chemical control measures and
the reduced availability of resistant cultivars of commercial inter-
est have encouraged the evaluation of biological control agents
against this disease. Four biocontrol strains of Fusarium oxyspo-
rum (Microsan, Fo 23, Fo 251/2 and Fo MSA 35) three Tricho-
derma-based formulations (Rootshield, Remedier and Trichoder-
ma TV1) and one product based on Streptomyces griseoviridis
(Mycostop) were applied, by mixing into the soil, six days before
transplant, at the same time as artificial inoculation of the
pathogen. Susceptible cultivars to Fusariun: wilt were used in dif-
ferent trials carried out under glass at 28-32°C. The commercial
formulations were applied at the dosages suggested by their dis-
tributors, and the experimental Fo MSA 35, formulated as talc, at
2-4 g/l of soil. In the presence of high disease pressure, the best
levels of control as well as increased growth response, were
shown by Rootshield, followed by Fo MSA 35. Fo IF 23 some-
times caused reduction in biomass. Mycostop partially reduced
Fusarium wilt at dosages of 0.05-0.1 g/l. The results show that bi-
ological control can play a role in the management of Fusarium
wilt of lettuce in a sustainable agriculture system.

1.29 EFFECT OF BIOLOGICAL CONTROL AGENTS ON
SOME COTTON SEEDLING DISEASES. M.E.M. Hasan, Mona,
M.S. Mikhail, K.K. Sabet, H.M. Kenawy and K.K. Kasem. Plant
Pathology Research Institute, Agriculture Research Center, Giza,
Egypt. Email: maggie2000_eg@yahoo.com

Testing different strains of plant growth-promoting rhizobac-
teria (PGPR) Bacillus subtilis, B. polymyxa, Azospirillum sp. and
Pseudomonas putida showed significant reduction in linear
growth of pathogenic fungi (Rhizoctonia solani, Fusarium oxyspo-
rum and E oxysporum f.sp. vasinfectum). P. putida was the most
effective strain, giving the highest reduction. Treatment of cotton
seeds with PGPR strains before sowing reduced pre- and post-
emergence damping-off and increased plant survival compared
with untreated controls in infested soil. The highest percentage of
surviving plants was found in treatments with P putida and
mixed strains 77.5 and 72.5% respectively. Also application of
PGPR strains showed an increase in seedling growth (fresh and
dry weight and plant height) compared with untreated controls in
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infested soil, and caused changes in macro- and microelement
content in both plants and soil.

1.30 MANAGEMENT OF CHARCOAL STUMP ROT DISEASE
OF TEA WITH BIOCONTROL AGENTS. D.K. Hazarika and
A K. Phukan. Krishi Vigyan Kendra, Napaam, Tezpur, Assam, In-
dia. Email: dkbazariak@yahoo.co.in

Tea is a beverage of world importance, and India is the leading
producer. Within India, Assam is the natural habitat of tea and
produces more than 60% of Indian tea. Charcoal stump rot caused
by Ustulina zonata (Lev.) Sace is one of the most common primary
root diseases of tea throughout north-east India. The pathogen is
soil-borne and can attack and kill the tea plant at any stage of
growth. Agrochemicals are extensively used in the plantations for
managing diseases, insect pests and weeds. These agrochemicals
can be toxic to non-target organisms and can also withstand the
vigorous process of manufacture to end up in the consumer’s tea
cup. This health hazard needs attention from agriculturists and en-
vironmentalists, and search for alternate methods of tea husbandry
and maintaining sustainability of soils becomes imperative. Ex-
ploitation of soil micro-organisms offers an attractive alternative to
the use of chemicals; microbial agents are economical, eco-friendly,
safe to handle and perceived to be less damaging to the environ-
ment. Keeping this in view, an experiment was conducted at Assam
Agricultural University to manage charcoal stump rot with biocon-
trol agents. All the antagonistic microorganisms tested, Trichoder-
ma viride, Trichoderma harzianum, Trichoderma koningii, Gliocladi-
um virens and Pseudomonas fluorescens, assayed by dual-culture
and culture-filtrate methods, were found effective in inhibiting the
mycelial growth of U. zonata. The inhibitory activity of autoclaved
culture filtrate was much less than that of filter-sterilized culture fil-
trates. Tea seedlings inoculated with these antagonists by root-dip
and soil-drench methods in pots of contaminated soil significantly
reduced plant mortality and increased plant growth. Maximum re-
duction in plant mortality with highest plant growth and shoot and
root dry weight was recorded in seedlings inoculated with T.
harzianum and P, fluorescens.

1.31 INTEGRATED MANAGEMENT OF BLACK PEPPER
FOOTROT. G.M. Hegde, H. Hegde and T. Ganapathi. Krishi
Vigyana Kendra, Uttar kannada, Sirsi, UAS, Dharwad, Karnataka,
India. Email: kokuks@gmail.com

Foot rot of black pepper (Phytophothora capsici), is a serious
disease which occurs during the south west monsoon (June -Sep-
tember) in south India. The disease threatens the crop, causing
yield losses of up to 100% and many farmers have had their
fields wiped out. Therefore to manage the disease various inte-
grated treatments were tried during 2006-07. The treatment:
spray and drench with metalaxyl MZ at 1.25 g/l (June) — spray
with Pseudomonas fluorescens at 10ml/1 (July, August) — spray
with potassium phosponate at 3 ml/l (August) and soil applica-
tion of neem cake (2 kg/vine) + Trichoderma harzianum
(50g/vine) has resulted in lowered disease incidence (5.12%) and
increased yield (10.13 g/ac) vis-a-vis 26.25% and 7.45 g/ac in
normal farmers’ practice. Hence, P. fluorescens, which is inexpen-
sive and environmentally safe, can be used as a component in the
management of foot rot of black pepper.
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1.32 INTEGRATED MANAGEMENT OF RHIZOME ROT OF
GINGER. G.M. Hegde, H. Hegde and J. Vishwanath. Krishi Vi-
gyana Kendra, Uttara kannada, Sirsi, UAS, Dharwad, Karnataka,
India. Email: kvkuks@gmail.com

Rhizome rot (soft rot) of ginger caused by Pythium aphanider-
matum has become a major menace and has proved to be the
most predominant among the rhizome rot pathogens, causing
yield loss up 60%. Among various integrated management prac-
tices tried at our institute, the best treatment was: soil solarization
+ rhizome treatment with metalaxyl MZ at 0.3 % + soil applica-
tion of Trichoderma harzianum at 10 kg along with 1 t/h FYM +
soil application of Eupatorium. This gave least disease incidence
(4.9%) and maximum yield (7848.20 kg/ha). The second best
treatment was soil solarization + rhizome treatment with Meta-
laxyl MZ at 0.3 % + soil application of T. harzianum at 10 kg
along with 1 t/h FYM + copper oxychloride at 0.3 % drenching
(45 DAP) immediately after the onset of disease. This gave 6.2%
disease incidence and yield of 7502 kg/ha compared to 21.07 %
and 3102.10 kg/ha in control plots.

1.33* BIOLOGICAL CONTROL OF PIERCE’S DISEASE IN
THE VINEYARD WITH A BENIGN STRAIN OF XYLELLA
FASTIDIOSA. D.L. Hopkins and C.M. Thompson. University of
Florida, MREC, 2725 Binion Road, Apopka, FL 32703, USA.
Email: dhop@ufl.edu

There is currently no control for Pierce’s disease (PD), caused
by Xylella fastidiosa subsp. piercei, in susceptible grapevines. In
previous greenhouse tests, benign strains of X. fastidiosa subsp.
piercei provided cross protection against virulent PD strains in
susceptible Vitis vinifera cultivars. In vineyard tests, one of these
benign strains, EB92-1, inoculated into ‘Cabernet Sauvignon’
provided control of PD for 10 seasons; whereas, untreated vines
died within 4 years. This strain was injected only once into the
2nd or 31 internodes of young grape plants in the spring of the
first season. Vineyard evaluations of this biological control strain
are underway in the research center vineyard and in commercial
vineyards in different locations in the southern U.S. and with var-
ious grape genotypes. Treated ‘Chardonnay’ vines have remained
free of PD in 2 commercial vineyards in central Florida for 3
years. In other commercial vineyards, EB92-1 appears to be con-
trolling PD in the cultivars, ‘Cabernet Sauvignon’, ‘Cabernet
Franc’, ‘Chenin Blanc’, ‘Mourvedre’, ‘Seyval Blanc’, and ‘Vidal
Blanc’. In the research center, treated American cultivars ‘Cham-
bourcin’ and ‘Cynthiana’ also are free of PD. The control seems
to result from an induced resistance, since the agent does not
have to be present in the part of the vine challenged by the
pathogen to attain control. Biological control with this benign
strain of X. fastidiosa has the potential to provide control of
Pierce’s disease in commercial vineyards in Florida and other ar-
eas where PD occurs.

1.34 OPTIMISING BIOLOGICAL CONTROL OF SCLEROTINIA
IN NEW ZEALAND KIWIFRUIT. S.M. Hoyte, P.A.G. Elmer and
J. Taylor. HortResearch, Ruakura Research Centre, Private Bag 3123,
Hamilton, New Zealand. Email: shoyte@bortresearch.co.nz

BOTRY-Zen? is a biological control agent (BCA) whose active
ingredient (Ulocladium oudemanseii, isolate HRU3) colonises
necrotic floral and leaf tissues, and has been shown to suppress
both Sclerotinia sclerotiorum and Botrytis cinerea in kiwifruit. The
efficacy of applying BOTRY-Zen® twice during flowering against
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Sclerotinia flower blight and fruit scarring has ranged from 61-
78% and 34-75% respectively, over two-year trials and is often
significantly less than that achieved using the fungicide, iprodi-
one. Attempts have been made to increase the cost-effectiveness
of BOTRY-Zen® by comparing one and two applications, differ-
ent application rates (6-12 kg/ha), different surfactants (Du-
Wett™, Actiwett” and Flexceed™) and through broadening the
mode of action by combining BOTRY-Zen® with different BCAs
at reduced rates. Applications of BOTRY-Zen® at 8 and 10 kg/ha
(with Du-Wett™) and at 6 kg/ha (with Actiwett”™), applied once
at 80-90% flowering, gave equal disease control to two applica-
tions of BOTRY-Zen® at 6 kg/ha (with Du Wett™) each applied
at 30% and 90% flowering. During 2005-07, other BCAs (Tricho-
derma atroviride, Epicoccum nigrum and Coniothryium minitans),
that had been selected based on suppression of S. sclerotiorums as-
cospore infection of kiwifruit petals in laboratory bioassays, were
evaluated in field trials to determine whether suppression of Scle-
rotinia could be enhanced by applying tank mixtures of BCAs.
Several combinations of BOTRY-Zen® with other BCAs were
shown to provide equal, but not superior disease control of Sc/e-
rotinia, compared with BOTRY-Zen® alone. The best practice
use of BOTRY-Zen® against Sclerotinia is discussed.

1.35 BIOLOGICAL PROTECTION AGAINST FUNGAL DIS-
EASES OF CEREALS. J. Hysek and M. Vach. Crop Research Insti-
tute, v.v.i., Drnovskd 507, 16106 Praba 6 - Ruzyn, Czech Republic.
Email: hysek@uurv.cz

We used biopreparations based on antagonistic microorgan-
isms for the treatment of cereals (winter wheat and spring bar-
ley). The preparations were: Supresivit (Trichoderma harzianum),
Trianum P (T, harzianum), Polyversum (Pythium oligandrum) and
Ibefungin (Bacillus subtilis). The applications were: a) seed-treat-
ment, b) mixture with mineral fertilizer and c) spray. On treated
plots we diagnosed less infestation with phytopathogenic fungi
such as Fusarium spp., Septoria spp., Drechslera spp. and Rhyn-
chosporium sp. Seed-treatment was the most effective, and least
effective was spraying the plant surface.

1.36 BIOCONTROL OF BLACK SCURF IN POTATO BY
TREATMENT OF POTATO SEED PIECES WITH PYTHIUM
OLIGANDRUM. S. Ikeda, M. Shimizu, A. Shimizu, H.
Tahakashi and S. Takenaka. Hokkaido, Prefectural Tokachi Agri-
cultural Experiment Station, Memuro, Hokkaido 082-0071, Japan.
Email: ikedasc@agri.pref-hokkaido.jp

The biocontrol activity of P. oligandrum (PO) against black
scurf of potato caused by Rhizoctonia solani (AG-3) was evalu-
ated when potato seed pieces were treated with oospore suspen-
sions of PO. Seed pieces with black scurf sclerotia were soaked
for a few seconds in the oospore suspension at 10 oospores/ml
or 10° oospores/ml, and they were air dried. When PO popula-
tions attached to the surface of seed pieces were determined,
the densities of attached oospores in treatments of 10* /ml and
10%/ml were about 500/cm? and about 7400/cm? just after soak-
ing, and they decreased to about 100/cm? and about 1000/cm?
after air drying, respectively. These PO-treated seed pieces had
significantly reduced disease severity on sprouts, compared with
the control. Confocal laser scanning microscopic observation
with immuno-enzymatic staining showed that PO hyphae colo-
nized the sclerotia and established close contact with R. solani
by means of coiling around the hyphae present on the surface of
the seed piece. We also used a potato tuber disk assay to deter-
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mine the ability of PO to induce resistance. The PO-treated tu-
ber disks showed enhanced resistance to R. solani and reduc-
tion in disease severity. Northern hybridization assay indicated
the enhanced expression of defense-related genes in potato such
as 3-deoxy-D-arabino-heptulosonate 7-phosphate synthase,
lipoxygenase and basic PR-6 genes. These results suggest that
biocontrol of black scurf by PO involves mycoparasitism and
induced resistance.

1.37 DISRUPTION OF ULTRASTRUCTURE AND CY-
TOSKELETON IS INVOLVED IN BIOCONTROL OF THE
DAMPING-OFF PATHOGEN APHANOMYCES COCHLIOIDES
BY LYSOBACTER SP. STRAIN SB-K88. M.T. Islam. Department
of Crop Sciences, University of Gottingen, Division of Plant Patholo-
gy and Plant Protection, Grisebachstrasse 6, 37077 Gottingen, Ger-
many. Email: tofazzalislam@yahoo.com

The rhizoplane bacterium Lysobacter sp. SB-K88 suppresses
damping-off disease in sugar beet and spinach caused by
Aphanonryces cochlioides through plant colonization and antibio-
sis. Interaction of the pathogen and SB-K88 on potato dextrose
agar revealed remarkable curly growth, excessive branching, and
inhibition of the pathogen’s mycelial growth. We elucidated the
mode of antagonism of SB-K88 by detecting changes in ultra-
structure and organization of the cytoskeletal filamentous actin
(F-actin) network in the affected A. cochlioides hyphae and
zoospores. Transmission electron microscopy revealed significant
ultrastructural alterations including invagination of membranes,
disintegration or necrosis of cell walls, accumulation of excessive
lipid bodies, electron-dense enlarged vacuoles and degradation of
cytoplasm in the excessively curled and branched hyphae in-
duced by SB-K88. Confocal laser scanning microscopy confirmed
the role of SB-K88 metabolites in severe disruption of the organi-
zation of F-actin networks in both hyphae and zoospores of A.
cochlioides. An inhibitor of actin polymerization, latrunculin B,
also similarly disrupted F-actin organization in the hyphae and
zoospores. These results suggest that the inhibitory effect of
Lysobacter sp. SB-K88 on A. cochlioides is likely due to a combi-
nation of F-actin disruption and ultrastructural alterations in the
zoospore and hyphae.

1.38 BOTRYTIS CINEREA DISEASE MANAGEMENT
THROUGH THE USE OF ORGANIC MULCHES IN VINE-
YARDS. M.A. Jacometti, S.D. Wratten and M. Walter. The Hort:-
culture and Food Research Institute of New Zealand (HortResearch),
PO. Box 51, Lincoln, New Zealand. Email: nuwalter@bortresearch.
co.nz

Four organic mulches [anaerobic muarc (pomace), aerobic
marc, grassand paper] were tested to enhance the activity of soil
flora and fauna below vines, to disrupt Botrytis cinerea disease
lifecycle and improve the vines’ resistance to the pathogen in a
commercial New Zealand vineyard (2003-2006). Biological diver-
sity (bait lamina probes) and microbial activity (Biolog
Ecoplates), moisture and temperature were monitored at the soil-
mulch interface. Botrytis sporulation and debris degradation rate
were assessed at flowering and at leaf plucking. At harvest, yield
and B. cinerea severity in bunches were determined. Canopy den-
sity, leaf nutrients, berry skin strength, and berry nutrients (sug-
ars and phenolics) were measured. Resistance of berries to B.
cinerea was assessed for ripe, surface sterilised and artificial inoc-
ulated fruit. All mulches led to a reduction in B. cinerea sporula-
tion. This reduction was significantly correlated with elevated
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rates of vine debris decomposition and increased soil biological
activity. All treatments gave a reduction in B. cinerea sporulation,
an increase in vine debris degradation and the two #zarc and pa-
per treatments gave an increase in activity of soil organisms
(P<0.05). Nutrient levels and carbon/nitrogen ratios were also af-
fected in these treatments. These changes to soil and vine charac-
teristics increased grape skin strength by up to 10% and sugar
concentrations by 1.2-1.4 °Brix. The severity of B. cinerea bunch
infections in mulch-treated vines was reduced to below the eco-
nomical threshold (5% of bunches infected).

1.39 FATE AND ACTIVITY OF FUNGAL BIOCONTROL
AGENTS (BCAS) ON STRAWBERRY. B. Jensen, B. Andersen,
U. Thrane, D.E. Jensen, K.F. Nielsen and J. Larsen. Department
of Plant Biology, Thorvaldsensvej 40, 1871, Frederiksberg C. Uni-
versity of Copenhagen, Denmark. Email: bje@life.ku.dk

Fungal BCAs against grey mould are being used at flowering in
strawberries. The objective of an ongoing project is to study the
fate and activity of selected BCAs from application until harvest
and consumption. The activity of BCAs based on Trichoderma
barzianum and Clonostachys rosea against the grey mould
pathogen, Botrytis cinerea, was examined on flowers using strains
with reporter genes encoding either GFP or DsRed fluorescence.
Approximately 70% of both C. rosea and B. cinerea conidia germi-
nated on flower tissue while only 20% of T harzianum conidia
germinated within 24 hours at 20°C. Dual inoculation of the fungi
showed that C. rosea significantly reduced both B. cinerea and T.
harzianum germination on flowers. In addition, C. rosea signifi-
cantly reduced grey mould symptoms. The fate of BCAs after ap-
plication to the flowering plants, approximately 104 CFU/flower,
was studied in field trials. Quantification of the BCAs on berries
developed from inoculated flowers showed that less than 160
CFU/berry of either T harzianum or C. rosea were recovered one
month later. High density (worst case) inoculation of berries with
T harzianum and C. rosea showed no increase in CFU density on
the berries after four day incubation at 20°C. Sub-samples of these
berries will be analysed for presence of microbial metabolites. Da-
ta on fate and activity of BCAs on strawberries both pre-harvest
and post-harvest will aid risk assessment of BCAs by pointing out
the kind of assessment studies needed to ensure safe use of BCAs.

1.40 PASTURE SEED ADDITIVE - A PROTOTYPE TRICHO-
DERMA-BASED BIO-INOCULANT FOR ENHANCED
SEEDLING EMERGENCE AND PASTURE GROWTH IN
NEW ZEALAND. D.R.W. Kandula, A. Stewart, J]. McDermid
and J.S. Hunt. National Centre for Advanced Bio-Protection Tech-
nologies, PO. Box 84, Lincoln University, Lincoln, New Zealand.
Email: kandulaw@lincoln.ac.nz

Soil-borne fungal diseases are a major constraint affecting
seedling emergence, pasture establishment and subsequent pro-
ductivity/plant persistence in New Zealand pastures. Extensive
laboratory and glasshouse screening of more than one hundred
isolates of Trichoderma spp. against several pathogens (Rhzzocto-
nia solani, Sclerotinia trifoliorum, Pythium ultinium, Fusarium cul-
morum) identified a cohort of isolates which suppressed damp-
ing-off diseases and promoted plant growth of different pasture
species. Ten Trichoderma isolates (T. atroviride 1.U132, LU140,
LU584, LU633, LUG634; T wvirens LU540, LU547; T. koningii
LU713; T. hamatum LU740; T. viride LU644) were tested further
as granule and seed-coat formulations in small-scale field trials.
Evaluation of a prototype pasture seed additive (PSA) product
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formulated as a prill containing a combination of T. atroviride iso-
lates in several large scale research and on-farm trials significantly
improved seedling emergence by 20-44% and increased pasture
dry matter (in repeated assessments) by 10-40% relative to un-
treated controls. I vitro bioassays revealed the compatibility of
PSA with several plant protection chemicals and fertilisers and
on-going experiments are aimed at integrating PSA with other
farming practices.

1.41 INDUCTION OF NEW FUNGICIDE-TOLERANT ISO-
LATES AND INTRASPECIFIC FUSION OF TRICHODERMA
ATROVIRIDE USING PROTOPLAST TECHNOLOGY. ]J. Kan-
dula, M. Carpenter and A. Stewart. National Centre for Advanced
Bio-Protection Technologies, P.O. Box 84, Lincoln University, Can-
terbury, New Zealand. Email: Kandulaj@lincoln.ac.nz

Trichoderma atroviride 1LU132 is a biocontrol agent against
Botrytis mould of grapes and strawberries and has been commer-
cialised in New Zealand as the product Sentinel®. Uptake of the
product would be greater if it could be used as part of an inte-
grated disease management strategy with the fungicide Switch
which has Chorus and Maxim as its active ingredients. Increased
tolerance to Switch was induced in LU132 by exposing proto-
plasts to x4 field concentrations of the fungicide. One stable fun-
gicide tolerant mutant 4XF2 was selected and compared against
the wild type for biocontrol ability in a detached strawberry
necrotic leaf assay. 4XF2 was equally effective in controlling
Botrytis cinerea and had similar growth characteristics to the wild
type LU132. Quantitative analysis of antifungal metabolite 6
pentyl alpha pyrone (6PAP) production revealed retention of
very high level of 6PAP in the mutant as well.

1.42 INFECTION OF DIFFERENT FUNGAL GENERA WITH
TWO ROSELLINIA NECATRIX MYCOVIRUSES BY INOCU-
LATION OF PROTOPLASTS. S. Kanematsu, A. Sasaki, Y.
Oikawa, M. Onoue, T. Ito, K. Suzaki, K. Yoshida and N. Mat-
sumoto. Apple Research Station, National Institute of Fruit Tree
Science, National Agriculture and Food Research Organization,
Morioka 020-0123, Japan. Email: satokok@affrc.go.sp

The host range of mycoviruses has not been well documented
because their transmission is generally limited to the intercellular
route through hyphal fusion. To elucidate potential hosts of Rn-
PV1-W8 (Partitiviridae) and MYRV3-RnW370 (Mycoreoviridae)
from Rosellinia necatrix (Xylariales), we inoculated fungal proto-
plasts with the viruses. Virus particles were purified from isolates
W8 and W370 of R. necatrix, and inoculated to protoplasts of Di-
aporthe sp. (Diaporthales). Infection of RnPV1 and MYRV3 was
confirmed by the presence of dsRNA genomes from regenerated
mycelia of Dzaporthe sp. Colony morphology of infected isolates
was slightly changed from their virus-free, parental isolates. Both
viruses were transmitted vertically through hyphal fusion in Dia-
porthe sp., though horizontal transmission was not observed. We
also confirmed infection of Cryphonectria parasitica, Valsa cer-
atosperma (Diaporthales), and Colletotrichum gloeosporioides
(Sordariomycetes, inc. sed.) with RnPV1. RaPV1 was vertically
transmitted in one of 30 single conidial isolates of C. gloeospori-
oides. MYRV3 infected C. parasitica and V. ceratosperma, but
these fungi were often cured of MYRV3 infection during subcul-
ture as was the case with Dzaporthe sp. Isolates of Diaporthe sp,
C. parasitica and V. ceratosperma isolates harboring MYRV3
showed reduced virulence on Japanese pear twigs, apple fruits
and apple twigs, respectively. In conclusion, artificial infection
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with RnPV1-W8 and MYRV3 could extend their host range
within the Sordariomycetes, though virus-host fungus interac-
tions seem to be unstable in new combinations.

1.43 ENHANCING EFFICACY OF BIO-FORMULATIONS BY
MIXING ANTAGONISTS FOR THE MANAGEMENT OF
SHEATH BLIGHT AND LEAF FOLDER OF RICE. D. Kaur,
P.V. Rao and R.S. Singh. Department of Plant Pathology, Punjab
Agricultural University, Ludhiana 141004, India. Email: ramass-
ingh@rediffmail.com / ramassingh7@yahoo.com

Trichoderma harzianum (Th38) and Pseudomonas fluorescens
(C7R12) were highly antagonistic to Rhbizoctonia solani (rice
sheath blight), and Beauveria bassiana (Bb20) was antagonistic to
Cnaphalocrosis medinalis (rice leaf folder). All three antagonists
were compatible with each other. Talc-based formulations were
developed singly and in combinations. Treatments were given as
seedling root dip (SRD), foliar spray (FS) and combination of
SRD+FS. Incidence and intensity of sheath blight and leaf folder
were estimated. In the greenhouse, 53.7, and 38 % blight inci-
dence and intensity were observed with SRD of a mixed formula-
tion of the three bioagents as compared 80.7 and 72 % in con-
trols. FS with mixed formulation gave 50.3 and 36.5 % disease
incidence and intensity as compared 79 and 72.5 % in controls.
FS also gave 6.5 eggs, 1 larva and 2.2 % leaf folder damage/pot
while 20.5 eggs, 12.7 larvae and 20.5 % leaf damage were found
in the control. SRD+FS with mixed formulation showed mini-
mum 47.7 and 35 % disease incidence and intensity as compared
to 80 and 73.5 % in controls. In field conditions, SRD, FS and
SRD+FS with mixed formulation showed 41, 40.2 and 38 % dis-
ease intensity as compared 76, 76 and 75.5 % in controls. Indi-
vidually, Bb20 was highly effective against leaf folder. Hence, the
use of mixed formulations of the three bioagents should protect
rice crops against both biological constraints.

1.44 STUDIES ON DIAGNOSIS AND BIOLOGICAL CONTROL
OF GRAPEVINE CROWN GALL. A. Kawaguchi, K. Inoue, H.
Sawada and H. Nasu. Agricultural Experiment Station, Okayama
Prefectural General Agriculture Center, Akaiwa-city, Okayama 709-
0801, Japan. Email: akira_kawaguchi@pref.okayama.lg.jp

Crown gall of grapevine, caused by tumorigenic Agrobacterium
vitss, is the most important bacterial disease of grapevine through-
out the world. To develop a practical method to identify tumori-
genic and nonpathogenic A. vztis rapidly and simultaneously, mul-
tiplex PCR using the pTi- and pRi-specific primer set VCF3/VCR3
and the species-specific primer set Ab3-F3/Ab3-R4 was developed.
This multiplex PCR system can be used to identify isolates collect-
ed from crown galls or immature crown galls of grapevine. Screen-
ing tests of nonpathogenic A. vitis as biological control agent were
carried out, and nonpathogenic A. vz#zs strain VAR03-1 was select-
ed as biological control agent against grapevine crown gall. In a test
with a 1:1 cell ratio of pathogen/nonpathogen on stems of tomato,
sunflower, and grapevine, this strain was effective in reducing the
incidence of gall formation on grapevine and reduced gall size. The
strain was bacteriocinogenic, causing an inhibition zone against tu-
morigenic A. vitis strains on YMA medium. In biological control
tests, using the method of planting grapevine seedlings in soil in-
fested with some tumorigenic strains, pre-treatment of grapevine
roots with strain VAR03-1 (adjusted to 10° cells/ml and soaked for
1 h) reduced percentage of galled plants and controlled crown gall
of grapevine seedlings. In a field test, furthermore, pre-inoculation
of grapevine roots with strain VAR03-1 reduced percentage of

Journal of Plant Pathology (2008), 90 (2, Supplement), S2.81-S2.465

galled plants and controlled crown gall of grapevine seedlings.
Thus, we obtained evidence that VAR03-1 was an effective bacteri-
al agent to control grapevine crown gall using this method.

1.45 CONTROL OF PLANT DISEASES BY OXYPORUS
LATEMARGINATUS EF069 PRODUCING VOLATILE ANTI-
FUNGAL COMPOUNDS. H.Y. Kim, S. Lee, G.J. Choi, Y.H.
Choi, K.S. Jang, N.D. Sung and ].-C. Kim. Chemzical Biotechnolo-
gy Research Center, Korea Research Institute of Chemical Technol-
ogy, Korea. Email: kjinc@krict.re.kr

In an attempt to develop mycofumigant biofungicides for con-
trol of storage and soil-borne diseases, 75 isolates of endophytic
fungi were obtained from healthy tissues of red pepper and trees
in the family Lauraceae, and tested for their fumigant activities
against the phytopathogenic fungus Botryris cinerea. Among them,
only two fungi designated as CF016 and EF069, isolated from the
stems of cinnamon (Cinnamomum loureirii) and stems of red pep-
per (Capsicum annum L.), respectively, produced volatile antifun-
gal compounds. CF016 and EF069 were identified as Nodulispors-
um sp. and Oxyporus latemarginatus, respectively, on the basis of
their morphological characteristics and ITS-5.8S ribosomal DNA
sequences. Volatile compounds of EF069 and CF016 inhibited the
mycelial growth of all the plant pathogenic fungi tested. The
volatile gases produced by O. latemarginatus EF069 effectively
controlled grey mold on apples and Rbizoctonia disease on
Phalenopsis sp. In addition, EF069 suppressed the development of
Chinese cabbage clubroot by 33% and radish damping-off by
85% under growth chamber conditions. In field trials, EF069 was
highly effective in controlling clubroot of Chinese cabbage. The
volatile antifungal compound produced by EF069 was identified
as 5-pentyl-2-furaldehyde. Further studies on large-scale fermenta-
tion, formulation and field trials in various conditions are needed
in the development of this new microbial fungicide using O.
latemarginatus EF069 producing volatile antifungal compounds.

1.46 EVALUATION OF CROSS-PROTECTION BY AN ATTEN-
UATED STRAIN OF CHINESE YAM NECROTIC MOSAIC
VIRUS IN CHINESE YAM. T. Kondo, K. Kasai, K. Yamashita
and M. Ishitani. Aomori Green BioCenter, Aomori Prefectural
Agriculture and Forestry Research Center, 221-10 Yamaguchz, Nog,
Aomori 030-0142, Japan. Email: tooru_kondo@pref-aomori.lg.jp

Chinese yam necrotic mosaic virus (CYNMV) is the most wide-
spread virus on Chinese yam cv. Nagaimo plants in Japan and
causes serious yield losses. To apply cross-protection to Nagaimo
plants, an attenuated strain of CYNMYV, designated KM3, had
been selected from CYNMYV isolates obtained in the field. Here
we report evaluation of the utility of KM3 in the control of CYN-
MV severe strains in two field sites tested over a three-year peri-
od. A reverse transcription-polymerase chain reaction-restriction
fragment length polymorphism (RT-PCR-RFLP) was used to dis-
criminate KM3 from other CYNMYV isolates in the field. So far,
KM3-infected plants developed only a mild mosaic or necrotic
mosaic in a small number of leaves during the growing period in
open fields. No other CYNMV isolates were detected from
KM3-infected plants by RT-PCR-RFLP. On the other hand, the
CYNMYV infection rate of uninoculated plants increased year by
year; in the third year reaching 100% in one field. The decrease
in tuber yield for plants infected with KM3 was only 0-6% less
than that for plants grown from virus-free seed tubers, while that
for plants infected with CYNMV occurring in the field was 14.4-
18.7%. These results indicate that Nagaimo plants infected with
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KM3 were protected from subsequent infection with CYNMV
occurring in the field, and avoided significant tuber yield loss.

1.47 BIOLOGICAL CONTROL OF PRE- AND POSTHARVEST
DISEASES IN MANGO. L. Korsten, K. Zeeman and E. Arrebo-
la-Diez. Dept. Microbiology and Plan Pathology, University of Pre-
toria, Pretoria, 0002, South Africa. Email: lise.korsten@up.ac.za

The growing global demand for fresh tropical and subtropical
fruit of high quality and without pesticide residues necessitates the
development of alternative approaches to disease control. As it is
highly perishable, mango fruit destined for export is subject to
various pre- and postharvest diseases. These pathogens can cur-
rently be effectively controlled with fungicides, but new pesticide
legislation in developed countries has forced industry particularly
in developing countries to evaluate alternative products. The an-
tagonist Bacllus licheniformis has been shown to effectively con-
trol the mango preharvest pathogens Xanthomonas campestris pv.
mangiferacindicae and Colletotrichum gloeosporioides, causing
mango bacterial black spot and anthracnose respectively. The an-
tagonist was most effective when applied in integrated field
sprays, and showed some potential disease control, as well as de-
creased sunburn, when applied to a plastic cap with a woolly base
covering the fruit. The postharvest diseases soft brown rot
(Botryosphaeria spp.) and anthracnose could also be controlled in
commercial packhouse dip treatments or when applied in an inte-
grated program as a wax-based product. Several modes of action
have been shown for the antagonist when tested against the vari-
ous pathogens, such as competition for nutrients and space, and
production of lipopeptides belonging to the fengycin and sur-
factin families. Additional molecular and electron microscopic
studies confirmed the strain identity and antagonist-pathogen in-
teraction on the host surface. The general viability of biocontrol
systems and efficacy for export consignments are discussed.

1.48 POTENTIAL FOR BIOLOGICAL CONTROL OF JAPAN-
ESE KNOTWEED IN EUROPE USING PHYTOPATHOGEN-
IC FUNGL. D. Kurose, N. Furuya, Y. Inoue, R.H. Shaw, D.H.
Djeddour, H.C. Evans, M. Matsumoto, M. Takagi and K.
Tsuchiya. Laboratory of Plant Pathology, Graduate School of
Bioresource and Bioenvironmental Sciences, Kyushu University, 6-
10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan. Email:
daikuro@agr.kyushu-u.ac.jp

Japanese knotweed (Fallopia japonica, Polygonaceae) is a plant
of Japanese origin which has now spread globally, causing major
problems in Europe and north America where there is an urgent
need for sustainable control measures. The biological control po-
tential of the phytopathogenic fungi collected from Japanese
knotweed in Japan was investigated with CABI Europe-UK. Sur-
veys across Kyushu island revealed that Japanese knotweed is
host to a number of fungal diseases and three of these have been
prioritized: two types of rust and a leafspot species. Rusts of the
genus Puccinia have a very good track record in weed biocontrol
tending to be highly co-evolved and specific to their host. Puc-
cinia polygoni-amphibii var. tovariae Authur was found in the
field from August to December causing severe damage to all
stages of knotweed. However, the most impressive pathogen was
found to be a highly damaging and ubiquitous leafspot which was
restricted to Japanese knotweed in the field and occurred from
June to December. The incidence and development of the
leafspot disease was observed at two permanent sites, and labora-
tory studies were used to identify the causal agent, which was
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found to be a Mycosphaerella sp. and elucidate its life cycle,
which passes only through ascospores with no asexual stage
(anamorph) involved. In the field, the disease is widespread and
severe, suggesting that this pathogen holds great potential as a bi-
ological agent providing the host range is restricted, as predicted
by the early results of host-range testing.

1.49 LYSR HOMOLOG EYSR IN AGROBACTERIUM VITIS
STRAIN E26 AFFECTS THE BIOCONTROL OF GRAPEVINE
CROWN GALL. 1.Y. Li, D.P. Liu, Y.H. Wang, J.H. Wang and
H.M. Wang. Department of Plant Pathology, China Agricultural
University, Beijing 100094, PR. China. Email: lijinyun@cau.edu.cn

Grapevine crown gall, caused by Agrobacterium vitis, is an
economically important disease causing extensive damage in most
viticulture regions worldwide. One nontumorigenic A. witss
strain, E26, can prevent crown gall infection when applied to
wounds on grapevines prior to inoculation of tumorigenic strains.
ME27, a Tn5 mutant of E26, is reduced in its biocontrol ability
and does not significantly differ from the wild type strain of E26
in phenotypes of producing agrocin, growth rate in minimum
medium and on grapevine shoot explants. Sequence analysis re-
vealed that ME27 has a mutation in a gene (eysR) encoding a
LysR-type transcriptional regulator (LTTR). The deduced EysR
protein has characteristic helix-turn-helix (HTH) and LysR-sub-
strate binding domains. ME27 is fully complemented with cloned
eysR. The same biocontrol ability of complemented ME27 and
E26 is observed. A region of about 3.5 kb flanking eysR was se-
quenced and compared with homologous regions of A. tumefa-
ciens C58 and A. vitis S4 genomes. Gene order and homology are
highly similar between the species. To determine whether eysR
alone is responsible for the decrease of biological control, site-di-
rected mutants of genes immediately downstream of eysR are be-
ing tested. Additionally, Reverse transcriptase-polymerase chain
reaction (RT-PCR) analysis was used to determine whether eysR
regulates the expression of genes downstream of itself.

1.50 ANTAGONISTIC POTENTIAL OF ENDOPHYTIC FUN-
GI AGAINST SEEDBORNE PATHOGENS. T.D. Martins, L.C.
Assumpgao, V.C. Frare, M.H.D. Moraes and ]J.O.M. Menten.
ESALQ/USP — Av. Pidua Dias, 11, CP 09, 13418-900, Piracicaba-
SP, Brazil. Email: martins@esalq.usp.br

Our objective was to evaluate the antagonistic potential of en-
dophytic fungi isolated from soybean seeds, against the seed-
borne pathogens Fusarium oxysporum, Rbizoctonia solani and
Phomopsis sp. We used 5mm discs of the endophytic fungi and
the pathogen on Petri dishes of PDA medium, on opposite sides.
The control treatment was placement of a 5mm disc of the re-
spective fungi, alone, at the center of the Petri dishes. The experi-
mental design was totally randomized, with four repetitions. The
Petri dishes were incubated at 20+2°C for seven days in alternat-
ing cycles (12h light/ 12h darkness), and we then measured
colony growth inhibition and the presence of an inhibition halo.
Penicillium spp. produced an inhibition halo, while the Trichoder-
ma spp. analyzed showed hyperparasitism. In this case, we used
May and Kimati’s (1999) modified scale to assess endophytic
growth on the plant pathogen colonies.

1.51 MICROSCOPIC ANALYSIS OF TOMATO ROOT COLO-
NIZATION BY PYTHIUM OLIGANDRUM AND RALSTONIA
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SOLANACEARUM. A. Masunaka, K. Nakaho, H. Takahashi and
S. Takenaka. National Agriculture Research Center for Hokkaido
Region, Memuro-cho, Hokkaido 082-0071, Japan. Email: masunaka
@affrc.go.jp

Pythium oligandrum (PO), a non-pathogenic soil-inhabiting
oomycete, is well-known as a biocontrol agent of damping-off
and root diseases. PO has many biocontrol properties, such as
mycoparasitism, antibiosis, competition, and induction of plant
defense reactions. Recently our group found that PO was able to
suppress bacterial wilt caused by Ralstonia solanacearum (RS) in
tomato. To improve our understanding of interactions between
PO and RS during biocontrol, we developed an immuno-enzy-
matic staining procedure for PO and used an RS strain carrying
the GFP reporter gene to differentially and simultaneously visual-
ize them using confocal laser scanning microscopy. Forty eight
hours after inoculation, RS was found to colonize wounding sites
of root tips in both control plants (not treated with PO) and PO-
treated plants. Approximately 1 week after inoculation, the longi-
tudinal colonization of RS developed from wounding sites to the
top of stem in control plants. On the contrary RS development
was markedly suppressed in PO-treated tomato; the longitudinal
colonization of RS was observed in some secondary roots, but not
in primary roots. The colonization of PO was mainly observed on
the surfaces of basal parts of secondary and primary roots by at-
taching to root hairs, but not the elongation zones and the axils
of emerging or developed roots. These microscopic observations
indicate that direct competition for infection sites is unlikely to
be main motive force, and induced resistance seems to be the
main mechanism in the reduction of bacterial wilt by PO.

1.52 PLANT-MICROBE INTERACTIONS IN THE BIOLOGI-
CAL CONTROL OF DRY ROOT-ROT OF CHILLI INCITED
BY RHIZOCTONIA SOLANI AG-3. K. Mathur. Department of
Plant Pathology, Rajasthan College of Agriculture, Maharana Prat-
ap University of Agriculture and Technology, Udaipur 313001, Ra-
Jasthan, India. Email: kusum.mathur@rediffmail.com

Disease suppression through biocontrol agents may involve
the induction of resistance responses in the host. Local strains of
the fungal biocontrol agent Trichoderma spp. (T. harzianum Jh-2,
T aureoviride DG-5, T. longibrachiatum D-1 and T. viride ITCC
1433, effectively suppressed the dry root rot pathogen Rhzzocto-
nia solani AG3 in vitro and also in chilli (Capsicunz annum L. and
C. frutescens L) rhizospheres in the field. Soil application of Tr-
choderma spp. (1x10° spores/ml) caused enhanced accumulation
of sesquiterpenoid phytoalexin capsidiol in roots of four chilli
cultivars with a significant cultivar x Trichoderma spp. interac-
tion. Soil application of Trichoderma spp. also resulted in in-
creased levels of superoxide radical, hydrogen peroxide and cata-
lase in chilli roots. However, the changes in the levels of other
components of the ROS scavenging system, vzz., superoxide dis-
mutase, ascorbate, ascorbate-peroxidase and glutathione were
not consistent with the level of protection achieved. The Tricho-
derma spp. induced chitinase and B-1,3 glucanase enzymes in
chilli roots. These results suggested that in addition to antago-
nism, Trichoderma spp. suppressed R. solani-incited root rot
through phytoalexin synthesis and systemically acquired resist-
ance (SAR). Drenching with T. harzianum (1x10° spores /ml) in
chilli roots induced re-iterative bursts of hydrogen peroxide
(H,0,) generation in leaves within 24 h of application. Leaf inoc-
ulation with spore suspension led to a similar response in distant
leaf tissues within the same time frame. Systemic induction of PR
proteins in response to biochemical agents appears to be mediat-
ed by these re-iterative micro bursts of H,O, and micro-HR.
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1.53 BIOLOGICAL CONTROL OPTIONS FOR SONCHUS
SPP. IN AUSTRALIA. K. McCarren and J. Scott. CSIRO Ento-
mology, Private Bag 5, PO Wembley WA 6913, Australia. Email:
kathryn.mccarren@csiro.au

Sowthistles, Sonchus oleraceus and S. asper (Asteraceae), are
widespread invaders of disturbed ecosystems in Australia. S. oler-
aceus is a major weed of Australian cropping systems, especially
those of south east Queensland and northern NSW, its incidence
having increased over the past two decades. Surveys of these
weeds throughout Australia have found two organisms on
Sonchus spp. that are very damaging; an undescribed species of
eriophyid mite (Aceria sp.) causing extensive leaf-rolling damage,
and a rust fungus, Miyagia pseudosphaeria, causing leaf
dieback. Both appear to be highly specialized species closely as-
sociated with their host, S. oleraceus. Both organisms are specific
to Sonchus spp., neither infecting Actites megalocarpus (Sonchi-
nae subtribe) nor other closely related species within the tribe
Lactuceae under glasshouse no-choice trials or field conditions.
The interactions of these two organisms with the only native
sowthistle species in Australia, Sonchus hydrophilus, are being in-
vestigated to establish the origins of these organisms and likely
impact, both in natural and cropping ecosystems. In the Aus-
tralian context, both could be considered for a conservative ap-
proach to biological control.

1.54 THE INFLUENCE OF ABIOTIC FACTORS ON TRICHO-
DERMA BIOLOGICAL CONTROL AGENTS. K.L. McLean,
J.M. Steyaert, S.D. Card and A. Stewart. National Centre for Ad-
vanced Bio-Protection Technologies, P.O. Box 84, Lincoln Universi-
ty 7647, Canterbury, New Zealand. Email: Stewarta@lincoln.ac.nz

One of the limitations to widespread uptake of biocontrol as a
disease management strategy is a lack of understanding of the com-
plex interactions between biocontrol agents and abiotic
factors. The influence of environmental parameters such as rainfall
and temperature on the efficacy of Trichoderma biocontrol agents
used in the horticultural sector (Trichoderma atroviride for control
of onion white rot and T hamzatum for control of Sclerotinia lettuce
drop) in New Zealand is reasonably well established. Recent re-
search has focused on understanding the interactions between Tri-
choderma and soil type and pH in an effort to minimise the incon-
sistent performance of biocontrol agents. Pot and field trials deter-
mined that T atroviride protection was optimal in peat and clay
soils whereas T. hamatum did best in clay and silt/sand soils. Addi-
tion of spent mushroom compost or poultry manure to the differ-
ent soil types also had an impact on Trichoderma populations with
T. atroviride preferring the organic amendments in volcanic but not
sandy soils. T. hamatum showed the opposite trend with higher
populations in clay and sandy soils but not volcanic soils. A similar
pattern was observed for both Trichoderma species with the appli-
cation of nitrogen. In detailed lab-based assays, small changes in
pH caused significant changes in mycelial growth and conidial de-
velopment of T. atroviride and T. hamatum. T atroviride preferred
pH 4 whereas the optimum for T hamatun: was pH 3. This infor-
mation will enable the identification of soil types and environments
that different Trichoderma species will work in.

1.55 EFFICACY OF GARLIC AND ALLAMANDA TABLETS
IN CONTROLLING DISEASES OF VEGETABLES. M.B.
Meah, M.S. Islam and H.P. Seal. IPM Lab, Dept of Plant Patholo-
2y, Bangladesh Agricultural University, Mymensingh 2202,
Bangladesh. Email: bmeah@yahoo.com
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Total extracts of garlic and allamanda, and their separated
components differentialy inhibited the growth and sporulation of
Phomopsis vexans, Sclerotium rolfsii, Phytophthora capsici, Rhizoc-
tonia solani, Sclerotinia sclerotiorum, and Fusraium oxysporum.
Seeds treated with both garlic and allamanda tablets germinated
faster and in significantly higher percentage than untreated seeds.
Both the tablets retained disease inhibition efficacy up to 90 days
after preparation. Seed germination varied from 78-100% against
P vexans and 80-93 % against S. rolfsii for different age and con-
centration of the tablet solution. No damping off or seedling
blight or tip over were observed in the tray soil sown with tablet-
treated seeds, against 4-5% damping off and 2-3% seedling
blight in untreated seeds. Higher spray concentration (1:1) per-
formed better than the lower one (1:2). Phomopsis blight of egg-
plant, leaf anthracnose, die-back of twig and fruit infection in cit-
rus, number of galls in carrot and pea were reduced through use
of allamanda tablets. Allamanda tablet spray reduced mosaic and
leaf curl by 46 and 37% respectively in tomato. Combinations
comprising soil treatment with Trichoderma harzianum CP fol-
lowed by spraying of allamanda tablet yielded the highest return
(BCR = 3.96). Use of apparently healthy seeds in combination
with seed treatment with garlic/allamanda tablet solution could
be a nice option for healthy seedling production. Carbonyl and
nitride groups were detected in the separated components, and
complete structure elucidation is in progress.

1.56 MECHANISMS OF BIOCONTROL OF THE CONIFER
PATHOGEN HETEROBASIDION BY PHLEBIOPSIS GIGAN-
TEA. A.C. Mgbeahuruike, M. Karlsson and FEO. Asiegbu. De-
partment of Forest Mycology and Pathology, Swedish University of
Agricultural Sciences, SLU, Box 7026, SE-75007 Uppsala, Sweden.
Email: anthony.mgbeahuruike@mykopat.siu.se

Phlebiopsis gigantea has routinely been used for the biocontrol
of the conifer pathogen Heterobasidion annosum sl., but the
mechanism of control is not properly understood. In the present
work, we studied the growth and interaction of Heterobasidion
parviporum and P. gigantea in both carbon-rich (Hagem) and low-
carbon media (Norkrans). Laccase and wood degradation abili-
ties were measured on 64 isolates. The data were analysed using
multiple regression, where correlations between different vari-
ables were tested. Results showed that high growth rate in car-
bon-rich media correlated with high growth rate in xylan (p =
0.028) and cellulose (p = 0.072) which are both low-carbon
Norkrans media. High growth rate on sawdust, a lignin carbon
source, correlated with high growth rate in ferulic acid, a lignin
precursor (p = 0.046) and in xylan, a hemicellulose (p = 0.006).
High wood degradation ability and high lacasse production cor-
related with high antagonistic ability on sawdust with p values of
0.037 and 0.015 respectively, whereas high antagonistic ability in
Hagem media correlated with high antagonistic ability in xylan (p
= 0.027) but was negatively correlated with growth rate in ferulic
acid (p = 0.039). Additionally, to gain a better understanding of
the molecular basis for the differences in antagonistic ability and
growth, RT-PCR, is being used to evaluate the expression levels
of a subset of genes (hydrophobin, cyclophilin etc) from the iso-
lates. The results will be presented and discussed.

1.57 A FUSARIUM-BACTERIA INTERACTION FOR BIOCON-
TROL. M. Moretti, D. Minerdi, G. Gilardi, C. Barberio, M.L.
Gullino and A. Garibaldi. AGROINNOVA, University of Torino,
Via L. Da Vinci 44, 10095 Grugliasco (TO), Italy. Email: marino.
moretti@unito.it
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Among the soilborne pathogenic fungi Fusarium oxysporum is
very dangerous for a large number of plants. This species in-
cludes strains that can penetrate roots but do not invade the vas-
cular system or cause disease, and could be interesting for bio-
control. E oxysporum strain MSA 35 was isolated from naturally
suppressive soil in Italy. It was found associated with a bacterial
population that was examined by electron microscopy, fluores-
cence i situ hybridization (FISH) and a 16S rRNA gene clone li-
brary. The bacterial community adheres to the external surface of
hyphae and conidia and is dominated by Gammaproteobacteria.
Alphaproteobacteria and Betaproteobacteria are also present.
MSA 35 deprived of bacteria is no longer antagonistic against
Fusarium wilt on lettuce plants and becomes pathogenic. Molec-
ular analysis showed that MSA 35 belongs to the forma specialis
lactucae. The reasons why a pathogenic Fusarium becomes non-
pathogenic in association with bacteria and acquires antagonistic
activity are currently under investigation. Semi-quantitative RT-
PCR analyses indicated that putative genes involved in F. oxyspo-
rum virulence such as pectate lyase, polygalacturonase, MAP ki-
nase and class V chitin synthase are not expressed in bacteria-as-
sociated MSA 35 but they are in the absence of bacteria. This ap-
pears to be the first report of a bacteria-fungus interaction in
which a bacterial consortium completely changes the behaviour
of a fungus.

1.58 NEW MECHANISMS USED BY PSEUDOMONAS BACTE-
RIA IN BIOLOGICAL CONTROL OF THE TAKE-ALL FUN-
GAL PATHOGEN OF WHEAT. M. Nayudu, C. Samundsett, R.
Kaur, A. Franklin, M. Koeck, T. Murphy, H. Millar, S. Khan, K.
Groom, J. Singh, J. Macleod and Y. Zhang. School of Botany and
Zoology, Faculty of Science, Australian National University, ACT
0200, Australia. Email: murali.nayudu@anu.edu.au

Biological control of the take-all fungal pathogen Gaeunzanno-
myces graminis var. tritici by Pseudomonas bacteria depends on
bacterial colonization of wheat roots and production of an anti-
fungal agent. Pseudomonas strain AN5 (Ps. str. AN5) is a non-flu-
orescent isolate from Australia which, in field trials, increased
wheat yield by up to 20% by controlling take-all. The mecha-
nisms involved in the production by P. fluorescens biocontrol bac-
teria of the anti-fungal agents 24-diacetylphloroglucinol or
phenazine-1-carboxylic acid, which suppress the take-all
pathogen, have been well characterized. Ps. str. AN5 does not
produce these anti-fungal agents but produces the sugar acid D-
gluconic acid in suppression of the take-all pathogen. Gluconic
acid is the first anti-fungal agent to be identified which is a simple
sugar, and hydrophilic in nature compared to the hydrophobic
benzene-based anti-fungal compounds discovered previously. We
have identified, cloned and sequenced the genes responsible for
sugar acid production by Ps. str. AN5. Using supernatant extracts
we have shown that a protease produced by Ps. str. AN5 attacks
the take-all fungal hyphae. This seems to be the key factor in
take-all biocontrol by Pseudomonas. We have shown that Ps. str.
AN5 wheat root colonization is a specific process in which the
Pseudomonas induces erosion zones leading to the bacteria colo-
nizing the epidermal and cortical regions. Two transposon mu-
tants have been identified which are impaired in the process of
root colonization. The nature of these new bacterial processes
and the Pseudomonas genes identified that are responsible for
take-all biocontrol will be outlined.
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13.1 ASSESSMENT OF THE EFFECT OF PESTICIDES ON
WEEVILS FOR CONSERVATION OF KOLA NUTS IN
CAMEROON. M.A. Ngoungoure. [CRAF-African Humid Tropic,
PO. Box 16317, Yaoundé, Cameroon. Email: amanjeli@yahoo.fr

The efficiency of traditional methods in reducing post-harvest
kola nut weevil infestation was assessed in the ICRAF-AHT nurs-
ery. The study was aimed at identifying and estimating post-har-
vest losses, investigating the effect of healthy/unhealthy fruits on
nut infestation, and assessing the efficiency of products used by
farmers against kola nut weevil infestation (Actellic 50 EC solu-
tion, 500 gm/l of pyrimiphos methyl, Malagrain DP5 powder, 5%
Malathion and neem (Azadirachta indica seed extracts). Kola nuts
were stored in baskets following a split-split plot experimental
design in randomized complete blocs with four replicates. Each
basket was considered as an experimental unit, and contained ei-
ther 500 infested or 400 healthy kola nuts. Nuts were manually
sorted out every month and Actellic solution, Malagrain powder
and neem seed extracts applied after one, three and four months
respectively to kola nuts depending on remanence duration. Over
a four month storage period, 70.98% of losses were caused by
weevil infestation (most commonly Balanogastris kolae) while
5.65% of losses were due to drying and rot. The kola nuts were
not influenced (P = 0.992) by the initial health of the kola pods,
but were highly affected (P < 0.001) by the products applied.
Actellic 50 EC was found to be the most efficient (0.28% losses).
The results are discussed with a view to assessing the use of a
range of organic products for kola nut preservation by farmers in
Cameroon.

13.2* PARASITIC APTITUDE OF PENICILLIUM RESTRIC-
TUM. R. Nicoletti, M. De Stefano and A. Carella. CRA — Tobac-
co Experimental Institute, Via Vitiello 108, 84018 Scafati, Italy.
Email: rosario.nicoletti@entecra.it

Although quite widespread in soil and often recovered in as-
sociation with plant pathogenic fungi, Penicillium species have
seldom been reported as parasites. Isolates of the monoverticil-
late species P. restrictum were recovered from the rhizosphere of
healthy lupin plants growing in a field severely damaged by
crown and root rot incited by a number of soil-borne fungi.
These isolates were able to inhibit mycelial growth of Pythium ul-
timum and Rhizoctonia solani AG-2-1 and AG-4 in vitro, and ad-
pressed growth of hyphae together with presumptive parasitic in-
teractions were detected in dual cultures with the same
pathogens on minimal media. Further observations on this previ-
ously unreported parasitic behaviour of P. restrictum were made
by scanning electron microscopy, and included other plant patho-
genic fungi, such as Fusarium spp., Macrophomina phaseolina,
Phytophthora nicotianae, Sclerotinia sclerotiorum, Sclerotium rolf-
sz and Thielaviopsis basicola. Clear evidence of hyphal penetra-
tion by haustorium-like structures was documented, demonstrat-
ing the capacity of P, restrictum to develop parasitically. Its rhizos-
phere competence and possible ecological role as a biological
control agent against soil-borne fungal pathogens are considered.

13.3 ECOLOGICAL FITNESS OF PLANT-BENEFICIAL
BACILLUS SUBTILIS STRAINS IN SOIL: INFLUENCE OF
RHIZOSPHERE-SPECIFIC PARAMETERS ON SURFACTIN
SYNTHESIS. V. Nihorimbere, P. Fickers, P. Thonart and M. On-
gena. Unité de Bioindustries, Faculté des Sciences Agronomiques,
B-5030 Gembloux, Belgium. Email: ongena.m@fsagx.ac.be
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Rhizobacteria referred to as “plant growth-promoting rhi-
zobacteria” contribute to the biological control of plant
pathogens. They enhance root development by producing phyto-
hormones or by inhibiting pathogens through the synthesis of
various compounds. In the case of Bacillus subtilis strains, cyclic
lipopeptides such as surfactin may be closely involved in biocon-
trol activity. In vivo surfactin production is thus crucial but is in-
fluenced by various rhizosphere-related growth conditions. In
this study, the LacZ reporter system served to monitor the ex-
pression of the psrfA gene in strain BGS3 in parallel with sur-
factin production. Population densities of about 107 cfu/g roots
were measured on tomato root seedlings inoculated with BGS3
and low but significant surfactin gene expression was observed.
Various carbon sources were individually tested, and high levels
of both gene expression and surfactin production were observed
on substrates that are the most abundant in exudates. Other re-
sults also showed that strain BGS3 used aerobic as well as anaer-
obic conditions to express surfactin and to produce lipopeptides.
The influence of growth rate of BGS3 cells was also assayed in a
chemostat-type bioreactor, and the lowest growth rate value test-
ed (0.1 h'!) led to the highest surfactin gene expression level. This
work appears to be the first study on the influence of rhizosphere
parameters on expression of Bacillus biocontrol determinants,
and our results suggest that efficient surfactin synthesis may oc-
cur in cells developing very slowly on roots in poorly aerated soils
where available substrates for growth mainly derive from plant
exudates.

13.4 GENETIC DIVERSITY OF BACTERIA ANTAGONISTIC
AGAINST SHEATH BLIGHT AND BAKANAE RICE DISEASE
REVEALED BY RAPD. M. Niknejad Kazempour, S.M.
Tabatabaei and N. Hasanzadeh. Depatment of Plant Pathology,
Faculty of Agriculture, University of Guilan, Rasht, Iran. Email:
nikkazen@yahoo.fr

Nineteen antagonistic bacterial strains were isolated from rice
field contaminated by Rhzzoctonia solani and Fusarium monili-
forme. The antagonistic strains were identified based on morpho-
logical, biochemical, physiological and pathogenic characteristics,
total cellular protein profiles (SDS-PAGE) and PCR with specific
primers. The strains antagonistic to R. solani included B4, B6,
B17, B18, B22, B24, B41 and B42 and those antagonistic to F
moniliforme included F1, F6, F12, F15, F16, F18, F21, F24, iden-
tified as Pseudomonas fluorescens. Out of fifteen RAPD primers,
five were selected based on their ability to amplify all antagonistic
strains. The nineteen strains were grouped based on RAPD analy-
sis. Intra-population gene diversity and distributed genetic diversi-
ty were assessed by POPGENE software. Nei’s genetic distance
for A, B and C populations was 0.22, 0.28 and 0.29 respectively.
RAPD analysis revealed that strains B18 and F12 formed a dis-
tinict group compared to other strains and showed maximum sim-
ilarity with strains B24 and F18. Other strains were placed in sep-
arate subgroups. Strains B41 and B6 showed maximum genetic
distance. Molecular analysis using the PCR-based RAPD method
is thus useful to differentiate such strains at the intra-specific level.

13.5 PHOSPHATE-SOLUBILIZING RHIZOBACTERIA MEDI-
ATE PLANT GROWTH PROMOTION AND FUSARIUM
WILT SUPPRESSION IN TOMATO. S.R. Niranjana, P. Hari
Prasad, N.M. Carmen and H.S. Prakash. Department of studies
in Applied Botany and Biotechnology, University of Mysore, Man-
asagangotri, Mysore 570006, India. Email: srn@appbot.uni-mysore.
ac.in
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The role of phosphate-solubilizing rhizobacteria (PSRB) in
improving health of tomato plants was investigated in the present
study. Forty three isolates of PSRB were obtained from native
tomato rhizospheres from different parts of Karnataka. Among
these isolates, 33 were found to be positive for solubilizing both
inorganic and organic forms of phosphorus. Isolate PSRB21
showed preferential ability to solubilize different forms of phos-
phate, under 7z vitro conditions. It was found to solubilize sodi-
um phytate initially; when this substrate became scarce it began
to produce organic acids which led to decrease in pH of the
medium. The phytase activity was found to gradually decrease as
the pH increased. In greenhouse studies, tomato seedlings treat-
ed with all the selected isolates showed increased plant height,
root length, fresh weight, dry weight and P content, compared to
uninoculated controls. When the pH and available phosphorus in
rhizosphere soil samples of 30 day-old-seedlings were analyzed,
the pH was not much varied but the available phosphorus was
high in plants raised form seeds bacterized with PSRB21. Even
though PSRB21 showed increased plant growth and highest
available phosphorus in rhizosphere soil, it failed to protect
tomato seedlings against Fusarium wilt disease. The isolate
PSRB21 which was found antagonistic to Fusarium oxysporum: re-
duced wilt incidence (21%) when compared to the control
(82%) under greenhouse conditions.

13.6 BIOLOGICAL CONTROL OF ROOT-KNOT NEMATODE
MELOIDOGYNE INCOGNITA INFESTING PEANUT BY THE
NEMATODE-TRAPPING FUNGUS DACTYLARIA BRO-
CHOPAGA UNDER FIELD CONDITIONS. E.M.A. Noweer.
Plant Pathology Department, National Research Center, Dokki,
Egypt. Email: enoweer@hotmail.com

Control of root-knot nematode under field conditions by us-
ing the nematode-trapping fungus Dactylaria brochopaga (Drech-
sler, 1937) alone or combined with yeast, molasses and vermicu-
lite is reported. The results revealed that the highest reduction in
number of nematode larvae per kg soil and the highest reduction
in number of root galls per plant (92%) was achieved when ap-
plying D. brochopaga with yeast, molasses and vermiculite. The
data revealed that the yield kernels per plant were significantly
increased (P < 0.05 and/or P < 0.01) in all the D. brochopaga
treatments compared to the untreated control treatment.

13.7 EFFECT OF BIOLOGICAL FUNGICIDES ON BOTRYTIS
CINEREA INFECTION, AND FRUIT-SET OF BLUEBERRIES,
BOYSENBERRIES AND BLACKCURRANTS. EQ. Obanor, B.J.
Smith, K.S.H. Boyd-Wilson, G.I. Langford, J.T. Smith, M. Good-
win, P. Harris-Virgin, B. Donovan and M. Walter. The Horticul-
ture and Food Research Institute of New Zealand Ltd.,, PO. Box 51,
Lincoln, New Zealand. Email: fobanor@hbortresearch.co.nz

The fungus Botrytis cinerea causes flower blight in blackcur-
rant (Ribes nigrum) and blueberry (Vaccinium spp.) and grey
mould in boysenberry (Rubus hybrid). The potential of biological
fungicides (BFs) for Bozrytis control has been investigated for
these berries in laboratory and field studies using brush applica-
tion (bee-vector simulation) and spray application. The effect of
BFs on fruit set was also studied by simulating bee-vectored appli-
cation. Studies were conducted on blueberry in the USA (2007)
for seven BFs, and on blackcurrant and boysenberry in NZ
(2006/07) for three BFs at 10 and 100% product rates. Products
were Bacillus subtilus (Serenade®), Gliocladium catenulatum
(Prestop® WP), Pseudomonas syringae (Bio-Save™ 10LP and
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11LP), Streptonzyces griseoviridis (Mycostop®), S. lydicus (Actino-
vate® SP), and unlabelled yeast (USA); and B. subtilus
(Serenade®), Trichoderma atroviride (Sentinel®) and Ulocladium
oudemansi (Botry-Zen®) (NZ) in comparison with fluodoxinil +
cyprodinil (Switch®) (USA and NZ). Fruit set (%) in blackcurrant
was not affected (P = 0.144) by the fungicide treatments. Howev-
er, in boysenberry and blueberry fruit set was reduced (P < 0.05)
by two of the fungicides at the 100% product rate. In blackcur-
rant and boysenberry, all products suppressed Bozrytis infection of
flowers in the laboratory and field tests. The least amount of dis-
ease (P < 0.05) was obtained in flowers treated with fluodoxinil +
cyprodinil followed closely by T. atroviride. Blueberry data are
currently being analysed. The bee-simulated brush applications of
BFs (100%) generally achieved 10-100 times the active ingredient
loading on the flower styles compared with conventional spray ap-
plications. However, method of application did not affect the
Botrytis control potential on berry flowers.

13.8 ETIOLOGY AND BIOLOGICAL CONTROL OF BAND-
ED LEAF AND SHEATH BLIGHT OF MAIZE. Y.S. Paul and V.
Sood. Department of Plant Pathology, CSKHPKYV, Palampur HP-
176062, India. Email: yspaul@billagric.ernet.in

BLSB (banded leaf and sheath blight) has become more de-
structive with the popularization of hybrid maize varieties in Hi-
machal Pradesh. Maize-growing areas of the state were surveyed
to work out the status of the disease. A total of 33 isolates of Rhz-
zoctonia solani causing BLSB were collected, and maintained as
pure cultures. Based on detailed cultural, morphological, and cy-
tological studies, the isolates were placed in 11 cultural groups
(C1-C11). Anastomosis grouping of the isolates was done follow-
ing the clean-glass and charcoal PDA method with international
tester isolates obtained from Sneh and Shiego Japan. The isolates
were found to belong to two groups (AGI-TA and AG I-IA/IB).
For genetic characterization RAPD analysis was done and the iso-
lates fell into 7 genetic groups (G1-G7). Two Trichoderma isolates
(HB15 and HB17) out of six isolated from parasitized mycelium
and sclerotia were found to be the most effective against the
pathogen using the dual culture method. HB15 was selected for
field experiments because of its fast growth and better sporula-
tion. It was found to be significantly superior to commercially
available bioagents tested in field experiments at Palampur. Seed-
and-soil application of HB15 integrated with chopping of lower
leaves was found to be the most effective in management of
BLSB of maize. Seed-and-soil application of HB15 was observed
to be superior as it reduced horizontal spread of the disease.

13.9 SEED AND SOIL TREATMENT WITH BACTERIAL AN-
TAGONISTS IN SUPPRESSING SCLEROTIUM ROOT ROT
OF SOYBEAN. 8. Prathuangwong, S. Kriphon, R. Sang-
prathoom and S. Kasem. Department of Plant Pathology, Faculty
of Agriculture, Kasetsart University, 50 Paholyothin Rd,
Chatuchuck, Bangkok 10900, Thailand. Email: agrsdp@ku.ac.th

Three known biocontrol bacteria are Bacillus amyloliquefa-
ciens KPS46, Paenibacillus sp. SW01/4, and Serratia marcescens
Spt360, which have been reported to protect various plants from
multiple diseases. Five new strains isolated from soybean rhizos-
pheres in this study include NB423, NB419, NP2031, KB404,
and SB305 are notable for their effect on root rot reduction of
soybean caused by Sclerotium rolfsii. In laboratory experiments,
all strains tested except Spt360 inhibited mycelial growth of the
pathogen, and KPS46 and SW01/4 were better at inhibition than
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the new strains. Strains KPS46 and KB404 also showed signifi-
cantly highest seed germination of 100%, followed by NB419,
Spt360 and SWO01/4 respectively. In the greenhouse, soybean
seeds cv. SJ4 were sown into S. rolfsii infested soil, and treated
with individual antagonists, or with Rhzzobium and antagonist, or
boosted soil (soil drenching) with antagonist, 7 days after sowing.
The result revealed that seed treatment with antagonist alone did
not give increased seed germination but reduced disease severity,
compared with antagonist plus rhizobium seed treatment. Treat-
ment of seeds with SW01/4, or SW01/4 and rhizobium, and both
treatments were again boosted soil with SW01/4 were highest in-
crease in 80% seed germination and 74% disease severity reduc-
tion. SW01/4 also enhanced shoot height and root length of soy-
bean seedlings more than all strains tested under pressure of Scle-
rotium root rot endemicity trials. It is evident from present and
prior studies that Paenzbacillus sp. SW01/4 has the potential to
control both root and foliar diseases of soybean.

13.10 IDENTIFICATION AND CHARACTERIZATION OF A
NEW BIOCONTROL AGENT IN THE GENUS LYSOBACTER.
G. Puopolo, A. Raio and A. Zoina. Universita di Napoli “Federico
II”, Via Universita, 100, 80055 Portici, Italy. Email: puopolo@
unina.it

Extracellular lytic enzymes are used by biocontrol agents to
attack plant-pathogen cell walls. A Gram-negative bacterial iso-
late named PG4 was selected as it showed high lipase, protease
and chitinolytic activities 77z vitro. Analysis of its 16S rDNA se-
quence allocated PG4 to Lysobacter, and its 16S rRNA sequence
clustered with the sequences of L. antibioticus and L. gummosus.
At the same time, the Biolog Test was used to determine its physi-
ological profile. PG4 was tested 77 vitro against a broad range of
fungi and bacteria, and showed strong inhibitory activity that can
be attributed to the production of diffusible antibiotic com-
pounds. Antibiotic production was drastically reduced by grow-
ing PG4 on King’s B medium (KB) but was restored by the addi-
tion of Fe3+. Adhesion assays in 96-well polystyrene plates were
used to evaluate biofilm production; the ability of PG4 to form
biofilm was correlated with entry into stationary growth phase
except when the bacterium was grown on KB. The strain was
tested for the control of some fungal pathogens iz vivo. The
strong reduction of plant mortality confirmed the potential of
Lysobacter sp. strain PG4 as a biological control agent.

13.11 LOOKING FOR NEW BIOCONTROL AGENTS WITHIN
A COLLECTION OF FLUORESCENT PSEUDOMONADS. G.
Puopolo, A. Raio and A. Zoina. Universita di Napoli “Federico II”,
Via Universita, 100, 80055 Portici, 1taly. Email: puopolo@unina.it

Agricultural soils can host bacterial strains able to interfere
with pathogenesis by protecting plant roots from fungal attack.
Several Pseudomonas spp. produce a wide range of antibiotic
compounds that can limit the growth of fungal pathogens. In this
work, fluorescent pseudomonad strains isolated from different
soils were identified according to a polyphasic approach. Molecu-
lar identification of the isolates was achieved by phylogenetic
analyses of recA gene, while physiological profiles were evaluated
by using API20NE and Biolog tests. All bacterial strains were
characterized for antagonism by scoring the production of lytic
exoenzymes, siderophores and antibiotics and by evaluating 77
vitro the inhibition of mycelial growth of four plant-pathogenic
fungi. The ability to colonize plant surfaces was also assessed us-
ing swimming and swarming motility tests. The production of
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quorum-sensing signals was investigated, by using several biore-
porter strains such as Chromobacterium violacearum strain CV026
and Agrobacterium tumefaciens strain NTL4. Five strains were
evaluated for the control of Fusarium oxysporum f.sp. lycopersici
and FE oxysporum f.sp. radicis lycopersici on tomato plantlets by
using a predictive 7z vivo approach. Only those strains able to
produce antibiotics and quorum-sensing signals performed well
in protection of tomato plantlets.

13.12 INHIBITION OF PLANT PATHOGENS BY BACILLUS
SUBTILIS BJ037. ]. Qiu,W. Liu and D. Zhao. Iustitute of Plant &
Environment Protection, Beijing Academy of Agriculture and
Forestry Sciences, Beijing 100097, PR. China. Email: giujiyan@ya-
hoo.com.cn

Chemical pesticides are mainly used to control plant disease,
and the chemicals have serious negative influence on the environ-
ment. Development and application of biological pesticides are
more and more the concern of scientists and farmers in China.
Bacillus subtilis BJ037 was isolated from the soil of a vegetable
field in Beijing, China and cultures of it have been found to in-
hibit plant pathogens broadly and efficiently. The antagonistic
ability of BJ037 was tested in vitro in pot tests in the greenhouse.
When fifteen pathogens were tested on PDA, strain BJ037 dis-
played broad-spectrum antagonistic activity to all. BJ037 broth
filtrate was able to inhibit mycelium growth of Fusarium oxyspo-
rum f.sp. conglutinans, E oxysporum f.sp. cucumerinum and F.
oxysporum {.sp. niveum. In the greenhouse BJ037 broth showed
excellent biocontrol of F oxysporum f.sp. conglutinans, which
causes yellow wilt on cabbage, and the highest control efficiency
reached 96.25%. Also plant roots treated with BJ037 broth, and
3 days later inoculating the pathogen, showed both low disease
index and low infection rate. In contrast, the control rate of F
oxysporum f.sp. conglutinans on cabbage in the spring season was
around 70% to 80% after treating with BJ037 broth by the
method of drenching or dipping, after transplanting, and a fur-
ther three times during the growing season.

13.13 PURIFICATION AND SOME PROPERTIES OF ANTI-
FUNGAL SUBSTANCES FROM ANTAGONISTIC BACILLUS
SP. BJ-6. Z.G. Ren, Z.P. Liu, Q.X. Shang, X.Y. Zhao, S.H. Liu
and Y.M. Wei. Department of Plant Science and Technology, Bei-
jing Agricultural College, Beijing 102206, PR. China. Email: yan-
minwei@yahoo.com.cn

The BJ-6 strain of Bacillus sp. was isolated from the rhizos-
phere of an apricot tree in Beijing, China. It showed strong antag-
onistic activity to 10 species of plant pathogens tested, i.e. Valsa
mali, Physalospora piricola, Monilinia laxa, Botrytis cinerea, Sclero-
tinia sclerotiorum, Alternaria solani, Alternaria brassicae, A. mali,
Fusarium oxysporum, and Verticillium dabliae. The strain could
produce antifungal substances which were purified from BJ-6
culture broth by ammonium sulfate precipitation at different sat-
urations from 20% to 90%. The crude antifungal substances pre-
cipitated at 30%-40% saturation were the most inhibitory, and
the width of the inhibition zone with V. #zali was 20 mm. Further
purification showed that there were two absorption peaks (P,
and P,) at 280 nm after the crude substances (precipitated at of
30%-40% saturation) were passed through gel chromatography
with Sephadex G-150. The P1 fraction had strong antagonistic
activity, while the other (P,) did not. P1 showed one protein
band after 15% SDS-polyacrylamide gel electrophoresis, and its
molecular weight was determined to be 10 kDa. It was also found
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that the protein still had antifungal activity after being treated at
121 °C for 20 min at pH 7, and could cause deformation of the
spores, inhibit spore germination, and induce abnormal myceli-
um of A. mali. Thanks to Academic Human Resources Develop-
ment in Institutions of Higher Learning under the Jurisdiction of
Beijing Municipality (PXM2007-014207-044536).

13.14 THE ROLE OF HEXOSAMINIDASE IN THE GROWTH
PROMOTION OF LETTUCE BY TRICHODERMA HAMATUM
GD12. L.S. Ryder and C.R. Thornton. Biosciences, Geoffrey Pope
Building, Stocker Road, Exeter, Devon, EX4 4QD, UK. Email:
L.S.Ryder@exeter.ac.uk

Trichoderma species are important agents in the biocontrol of
root pathogens and are attractive alternatives to synthetic pesti-
cides. In addition to biocontrol properties, certain strains display
plant-growth-promotional activities. While the involvement of
chitinases in the biocontrol activities of Trichoderma species has
been studied in depth, little attention has been paid to the role of
chitinases in the ‘nutritional chitinolysis’ of Trichoderma spp. A
thizosphere-competent strain of T hamatum (strain GD12) was
recently isolated that elicits increases in the root and photosyn-
thetic biomass of lettuce other plant species during growth in low
nutrient status plant growing media such as peat-based composts.
High levels of hexosaminidase activities occur during saprotroph-
ic colonization of peat by GD12 suggesting that the fungus is mo-
bilizing hexosamines present in the medium. Consequently, we
set out to determine the role that hexosaminidases might play in
saprotrophism of the fungus and whether mobilization of hex-
osamines could account for the plant-growth-promotion wit-
nessed during Trichoderma GD12-plant interactions. We targeted
the gene encoding the extracellular enzyme hexosaminidase
(Hex) using primers based on the T. harzianum exc2y sequence,
and amplified a 1.9 kb fragment of the gene. Strains disrupted in
hexosaminidase production were developed using an insertional
mutagenesis strategy and preliminary phenotypic analysis demon-
strates that a DHex mutant displays enhanced plant growth-pro-
motion and biocontrol abilities. The mechanism for this phenom-
enon is currently being determined.

13.15 DETERMINATION OF FACTORS INFLUENCING
BLAST FIELD RESISTANCE IN RICE POPULATIONS, USING
MULTIVARIATE ANALYSIS. H. Sabouri, A. Rezaei, M.
Kavousi and M. Katouzi. G:lan, Golsar, Bolvar Gilan, 188 street,
No. 10, PO. Box 41668-13515 and Azad Universiy of Tabriz, Col-
lege of Agriculture, Tabriz, Iran. Email: s_katuzi@yahoo.com

In order to study the relationship between morphological and
phenological traits and blast field resistance in Iranian rice popu-
lations, an F2 population derived from a cross between TAM
(susceptible) and KHZ (resistant) was constructed. The genetic
material involved 192 F3 families, each derived from bagged
seeds of a single F2 plant. Positive correlations were observed be-
tween blast score and panicle weight, flag leaf area, panicle length
and panicle exertion. Negative correlation also was observed be-
tween blast score and unfilled grains. The result of path coeffi-
cient analysis for this population showed that flag leaf area
(length times width) was the most important character in blast
score. Stepwise regression for blast score revealed that panicle
length and panicle exertion explained most of the observed varia-
tion. Factor analysis revealed five factors which explained
77.24% of the total variation. The first factor, named panicle
structure, was related to physiological sinks and source. The sec-
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ond factor was a component of length. Increase of the first two
factors would increase blast resistance.

13.16 INTRODUCTION OF SOME IMPORTANT ANTAGONIS-
TIC BACTERIA AFFECTING DAMPING-OFF OF CANOLA IN
IRAN. S. Sarani, A. Sharifi Tehrani, M. Ahmad Zadeh and M. Ja-
van Nikkhah. 1-Zabol University, Pajoubeshkadeb Keshavarzi 2, 3
and 4, Plant Protection Dept., College of Agriculture, Tehran Univer-
sity, Iran. Email: saranisistani@gmail.com

Three hundred ninety five bacterial isolates were collected
from canola root and rhizosphere in Golestan, Mazandaran,
Guilan and Tehran provinces. The antagonistic effect of the bac-
teria on Rhizoctonia solani was studied using dual culture assay.
The results showed that 60 isolates could inhibit the growth of
fungi on PDA medium. On the basis of the biochemical, physio-
logical and morphological tests, isolates Pf41, Pf51, Pf411 and
Pf412 were identified as Pseudomonas fluorescens, isolate Bul as
Burkholderia cepacia, isolates B1, B2, Bs44 and B6 as Bacillus sub-
tilis, and S44 and strd5 as Streptomzyces sp. Studies on the biocon-
trol mechanism showed that the isolates produced antibiotics and
volatile metabolites that prevented mycelial growth. Also the iso-
lates produced some of antimicrobial metabolites including hy-
drogen cyanide, protease and a siderophore. The isolates signifi-
cantly reduced disease compare with the control, although none
of the isolates were able completely to prevent disease occur-
rence. The isolates applied as soil treatment had a significantly
higher disease control compared to seed treatment. The isolates
considerably reduced disease under greenhouse conditions.

13.17 CORRELATION BETWEEN ANTIFUNGAL METABO-
LITE PRODUCTION OF ANTAGONISTIC BACTERIA AND
BIOLOGICAL CONTROL OF RHIZOCTONIA SOLANI,
CAUSAL AGENT OF CANOLA DAMPING-OFE S. Sarani, A.
Sharifi Tehrani, M. Ahmad Zadeh and M. Javan Nikkhah. Zabol
University, Pajoubeshkadeh Keshavarzi, Iran. Email: saranisis-
tani@gmail.com

Seven strains of bacteria were studied for their ability to sup-
press damping-off of canola (Brassica napus) caused by Rhizocto-
nia solani, including four bacterial species: Pseudomonas fluo-
rescens (strains P1, P2 and P3), Burkholderia cepacia (strain Bul),
Bacillus subtilis (strains B1 and B2) and Streptomyces sp.(strain
S1). Isolate P3 produced the greatest inhibition in vitro and in
greenhouse tests. The various strains had significantly different
effects on disease reduction compared with the control. All iso-
lates were able to colonize canola roots in the absence of R.
solani. P3 was the strongest colonizer. Results of studies on the
biocontrol mechanism showed that isolates produced antibiotics
and volatile metabolites that prevented mycelial growth. Also the
isolates produced some of antimicrobial metabolites including
hydrogen cyanide, protease and siderophore. Research showed
that in many cases there was no significant correlation between in
vitro antibiotic production and effect of bacteria under green-
house conditions. A significant correlation between the produc-
tion of other antimicrobial metabolites such as siderophore, hy-
drogen cyanide and protease was not observed. But there was a
relationship between inhibition of fungal growth in vitro, reduc-
tion of disease under greenhouse and farm conditions, produc-
tion of volatile metabolites and colonization.
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13.18 FLUORESCENT PSEUDOMONADS MEDIATE RESIST-
ANCE IN RICE PLANTS AGAINST LEAF-FOLDER AND
SHEATH ROT DISEASE. D. Saravanakumar, N. Lavanya, K.
Muthumeena and R. Samiyappan. Department of Plant Pathology,
Centre for Plant Protection Studies, Tamil Nadu Agricultural Uni-
versity, Cotmibatore 641 003, India. Email: agrisara@rediffmail.com

A survey was conducted to isolate the fluorescent
pseudomonads from different ecosystems of southern India and
they were assessed for their growth promoting activity on rice,
and relative efficacy against leaf-folder pest and sheath rot
pathogen 7 vitro. The results showed significant performance by
Pseudomonas fluorescens strains Pfl, TDK1 and PY15 when
compared to other strains. A combination of strains Pf1, TDK1
and PY15 was effective in reducing sheath rot and leaf-folder in-
cidence in rice plants compared to application of individual
strains under glasshouse and field conditions. A biochemical and
molecular study on induction of PR proteins (chitinase and be-
tal,3-glucanase) and defence enzymes (phenylalanine ammonia
lyase, scavengers of ROS, lipoxygenase) revealed a greater accu-
mulation of defence molecules in rice plants treated with P. fuo-
rescens strains Pf1+TDK1+PY 15 against sheath rot and leaf-fold-
er infestation. Further, the application of these P. fluorescens
strains significantly increased rice yield compared to untreated
controls under glasshouse and field conditions. The present study
revealed the probable influence of a mixture of P fluorescens
strains on antagonism, plant growth promotion and induced sys-
temic resistance (ISR) in enhancing disease resistance in rice
plants against sheath rot disease and leaf-folder attack.

13.19 THE EFFECTS OF BACILLUS PUMILUS, ISOLATED
FROM WHEAT RHIZOSPHERE, ON RESISTANCE IN
WHEAT SEEDLING ROOTS AGAINST THE TAKE-ALL FUN-
GUS. E. Sari, H.R. Etebarian and H. Aminian. Department of
Plant Protection, Abourayhan Campus, University of Tebran, P.O.
Box 11365/4117, Tebran, Iran. Email: etebar@chamran.ut.ac.ir

The aim of this study was to verify that induced resistance is
another mechanism through which Bacillus pumilus Tkm can sup-
press Gaeumannomyces graminis (Sacc.) von Arx and Oliver var.
tritici Walker (Ggt). Plant growth-promotion activity of B.
pumilus Tkm and its effect on disease severity of take-all were also
evaluated. Soil was drenched with B. pumzilus 7km, and disease
severity, root and shoot fresh weights and root and shoot heights
were measured. The activities of soluble peroxidase (SPOX), ion-
ically cell wall-bound peroxidase (CWPOX), 8-1,3-glucanase, B3-
1,4-glucanase and total phenolic compounds were also deter-
mined. The results indicated that disease severity in the bacter-
ized roots was significantly less than the pathogen control roots.
Also this isolate promoted root length, and root and shoot fresh
weights, compared with the healthy control plants. Wheat plants
treated with B. pumilus 7km showed increased presence of
SPOX, CWPOX, [3-1,3-glucanase, B-1,4-glucanase and phenolic
compounds in bacterized roots challenged with the pathogen. In
this treatment, maximum SPOX, 3-1,3-glucanase and 3-1,4-glu-
canase activities were recorded on day 4, and CWPOX activity
on day 8. Maximum total phenolic concentration was recorded
on day 6. The results suggest that the inhibitory effect of B.
pumilus 7km on take-all may be related to its ability to enhance
defence responses in wheat roots.

13.20 VIRAL TRANSFECTION BY PROTOPLAST FUSION
BETWEEN SOMATICALLY INCOMPATIBLE ISOLATES OF
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ROSELLINIA NECATRIX. A. Sasaki, S. Kanematsu, H. Naka-
mura, T. Shimane and K. Yoshida. Plant pathology Research
Team, National Institute of Fruit Tree Science, National Agricul-
ture and Food Research Organization (NARO), Independent Ad-
ministrative Institution, 2 Fujimoto, Tsukuba, Ibaraki 305-8605,
Japan. Email: sasaatu@affrc.go.jp

The white root rot fungus, Rosellinia necatrix isolates W8 and
W287 are both weakly virulent, harboring multiple dsRNA seg-
ments (L1, L2 and M) that differ in size and signal intensity. M
dsRNA in isolate W8 is a member of the Partitiviridae (RnPV1-
WS8). The effect of these dsRNAs has not been clear because
virus-free and somatic compatible isolates of W8 and W287 were
not available. Here, a viral transmission protocol into somatically
incompatible isolates was developed. Protoplasts were prepared
from virus-infected isolates (W8 and W287) and virus-free iso-
lates (W37 and W563) transformed with the bacterial hy-
gromycin B resistance gene. Protoplasts prepared from virus-in-
fected and virus-free isolates were fused by the polyethylene gly-
col-mediated method. Regenerated mycelia were selected for hy-
gromycin B resistance, and the presence of viral dsRNAs was
confirmed. W37 and W563 transfected with W287 dsRNAs con-
tained L1 and L2 dsRNAs. When isolate W37 was transfected
with W8 dsRNAs, they were all present, but in the case of W563,
four types of transfection pattern were observed (M dsRNA only,
L1 and L2 dsRNAs, L1 and M dsRNAs, and all three together).
Infected dsRNAs in W37 and W563 were transmissible via hy-
phal anastomosis to their virus-free, respective counterparts.
Virus-transfected and virus-transmitted strains showed the same
DNA banding pattern by UP- and ISSR-PCR as the original
virus-free isolates. Virus-transfected strains with all or L1 and M
dsRNAs from W8 indicated growth reduction and reduced viru-
lence, but this was not the case with strains transfected with dsR-
NAs from W287.

13.21 FERMENTATION: A KEY DETERMINANT OF SUCCESS-
FUL BIOCONTROL PRODUCT DEVELOPMENT. D.A.
Schisler, C.A. Dunlap, PJ. Slininger, S. Zhang, M.J]. Boehm and
M.A. Jackson. USDA-ARS, National Center for Agricultural Utiliza-
tion Research, Peoria, Illinois USA. Email: David.Schisler@ars.
usda.gov

Biological control of plant pathogens has enormous potential
for solving intractable disease control problems, yet much of this
potential remains unfulfilled. Our research addressed a serious
impediment to bringing effective biocontrol products to the mar-
ketplace the lack of adequate methods for mass producing these
agents with superior efficacy and amenability despite the stresses
of commercial production. Cryptococcus flavescens OH 182.9 re-
duces Fusarium head blight (FHB) severity on wheat by as much
as 60% and deoxynivalenol in grain by nearly 30% in field exper-
iments. The carbon loading and C:N ratio of fermentation media
were optimized to enhance OH 182.9 product survival and effi-
cacy. We further discovered that prolonged cold adaptation (28
h) of colonized culture broth at 15 C enhanced the storage stabil-
ity and efficacy of an OH 182.9 product. Cold adaptation im-
proved liquid hyperosmotic shock tolerance and altered the tem-
perature dependence of osmotic shock tolerance. Fluorescence
anisotropy and force curves from atomic force microscopy sug-
gested that cold adaptation significantly altered the membrane
properties of OH 182.9. In other studies, the feasibility of obtain-
ing the efficacy advantages of microbial mixtures by conducting
bi- and tripartite, mixed-strain yeast fermentations was assessed.
Growth curves of each component strain were determined by
plating on a melezitose-based medium. A co-culture of OH 182.9
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and C. aureus OH 71.4 that reached equivalent cell densities sig-
nificantly reduced (32%) FHB disease severity in multiple green-
house experiments. The possibility of obtaining superior efficacy
and cost benefits with mixed-strain fermentation products justi-
fies further evaluation of this approach.

13.22 EFFECT OF HIGH-DENSITY APPLE PLANTINGS ON
THE SOIL MICROFLORA AND ITS INTERACTION WITH
DEMATOPHORA NECATRIX AND SCLEROTIUM ROLFSII,
CAUSING ROOT ROT DISEASES. Satish K. Sharma, D.K.
Kishore and K.K. Pramanick. IARI Regional Station (Cereals &
Horticultural Crops), Amartara Cottage, Cart Road Shimla 171004,
Himachal Pradesh, India. Email: satishsharma_27@yahoo.com

The apple rhizosphere is rich in soil microflora; however, or-
ganic matter, increased soil moisture, root activity, and frequent
cultural practices influence microbial activity in the soil ecosys-
tem. Microbial populations under different high density apple
plantings were studied and evaluated against the soil-borne
pathogens Dematophora necatrix and S. rolfsii under in vitro and
in vivo conditions. The relative abundance of various microor-
ganisms increased with increasing plant densities (S1-S5) and de-
creased with increasing soil depth. The population of bacteria,
actinomycetes, fungi and Azotobacter was 25.44-13.05x107,
11.55-9.05x10°, 9.43-6.16x10* and 5.38-1.94x10* c.f.u /g soil, re-
spectively. The 7z vitro growth inhibition by different antagonistic
Trichoderma spp. ranged from 64.36 to 92.12% for D. necatrix
and 33.20 to 67.70% for S. rolfsii. Some promising biocontrol
agents under 77 vitro conditions evaluated in pots against white
root rot revealed that four Trichoderma viride isolates were more
effective in restricting the mortality of plants in the range of 6.25
to 12.5% as compared to 37.5% in the control, and 25 % with
Trichoderma harzianum. However, 81.25% of plants showed dis-
ease symptoms in the control, 50% with Azotobacter and 37.50%
with Trichoderma hamatum. A few of these micro-organisms are
being further evaluated for management of these pathogens in a
nursery. In conclusion, high microbial densities in high-density
plantings of apple not only help in the healthy growth of plants
but also help in combating diseases like root rot through their an-
tagonistic activity.

13.23 ROLE OF FUNGICHROMIN IN CONTROL OF TOMA-
TO LATE BLIGHT BY STREPTOMYCES PMS-702 FORMULA-
TION. H.-D. Shih and J.-W. Huang. Division of Plant Pathology,
Agricultural Research Institute, Wufeng, Taichung 41301, ROC.
Email: tedshib@uufeng.tari.gov.tw

Previous studies showed that fungichromin produced by
Streptomyces padanus Baldacci strain PMS-702 was an effective
antibiotic for control of damping-off of cabbage caused by Rhi-
zoctonia solani. Laboratory and field tests indicated that Strepro-
myces PMS-702 formulation was also effective in reducing toma-
to late blight caused by Phytophthora infestans. Four compounds,
sterol glycoside, daidzein, fungichromin and an unknown com-
pound 4 were obtained from culture filtrate of S. padanus PMS-
702. Among them, fungichromin was most effective in reducing
sporangium production and zoospore release from sporangia.
Further tests showed that both culture filtrate and fungichromin
were effective in inhibiting sporangial production, sporangial ger-
mination, zoospore release from sporangia and cytospore germi-
nation of P infestans. These effects were negatively correlated
with the dilution of culture filtrate and fungichromin. Observa-
tions under the light microscope and scanning electron micro-
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scope indicated that fungichromin was able to incite substantial
plasma agglutination, cell malformation and cell collapse of the
treated sporangia and zoospores of P infestans. It also caused
zoospore membrane rupture and plasma leakage. The minimum
inhibitory concentration of fungichromin against zoospore re-
lease (over 90% inhibition) was 5 ppm. These results suggested
that fungichromin played an important role in the mode of action
of PMS-702 formulation for controlling tomato late blight.

13.24 ENDOPHYTIC STREPTOMYCES SP. MBCN152-1 AS A
BIOCONTROL AGENT OF ALTERNARIA BRASSICICOLA ON
CABBAGE PLUG-SEEDLINGS. M. Shimizu, S. Nakasuji, M.
Kubota and K. Nishi. Graduate School of Bioresources, Mie Univer-
sity, Kurimamachiya, Tsu 514-8507, Japan. Email: shimizu@bio.
mie-u.ac.jp

A seed-borne pathogen Alternaria brassicicola causes serious
damage on plug-seedlings of cabbage through the growing season
in Japan. In this study we isolated and screened endophytic actin-
omycete strains for biocontrol of A. brassicicola on cabbage plug-
seedlings. Ninety-eight strains of endophytic actinomycetes were
isolated from surface-sterilized cabbage plants (Brassica oleracea
var. capitata). In order to evaluate their biocontrol activities, cab-
bage plug-seedlings pretreated with mycelial suspension of each
strain were spray-inoculated with conidial suspension of A. bras-
sicicola. Streptomyces sp. strain MBCN152-1 was found to give
the highest protection level of all the strains, hence this strain was
selected as a candidate. Cabbage seeds artificially infested with A.
brassicicola were grown for 2 weeks in artificial soil blended with
a spore suspension of MBCN152-1. Disease incidence was com-
pletely suppressed. Scanning electron microscopy revealed that
mycelia of this strain actively grew on the cuticle surface of
seedlings as well as beneath it in places. MBCN152-1 did not an-
tagonize any fungal pathogens tested on agar media, indicating
that antibiosis may not be a key factor for biocontrol ability and
that other factors such as induced resistance and/or nutritional
competition may be involved in this suppressive capability. From
these results, we consider that Streptonzyces sp. MBCN152-1 has
a high potential in commercial application as an alternative to
chemical fungicides. Further studies are in progress to elucidate
the biocontrol mechanism.

13.25 MODELLING THE RETENTION OF BOTRY-ZEN® ON
GRAPE BUNCHES USING A RAIN SIMULATOR. P. Shorten,
PA.G. Elmer, S.M. Hoyte, M.S. Speirs and T.K. Soboleva.
HortResearch, Ruakura Research Centre, Private Bag 3123, Hamil-
ton, New Zealand. Email: shoyte@bortresearch.co.nz

BOTRY-Zen® is a biological control agent whose active ingre-
dient (Ulocladium oudemanseii, isolate HRU3) effectively colonis-
es necrotic floral tissues, thereby suppressing Botrytis cinerea
within winegrape bunches. In 2005-06, application of BOTRY-
Zen® during flowering was followed by significant rainfall. The
subsequent assessments indicated that the colonisation of grape
bunches by U. oudemnanseii was substantially reduced compared
to previous seasons. BOTRY-Zen® use in New Zealand vineyards
is increasing and the relationship between rainfall, potential loss
of the biocontrol product and subsequent tissue colonisation is
not clear. A rainfall simulator was used to determine the rate at
which U. oudemanseii conidia were washed from exposed de-
tached grape bunches (cv. Chardonnay) under different drying
time regimes (1 h and 24 h post spraying) and rainfall intensity
(28 mm/h and 40 mm/h). A simple model of this wash-off
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process was developed that assumed the rate of conidial wash-off
was proportional to the number of conidia on the bunch and the
intensity of rainfall. This exponential decay model was fitted to
the number of conidia remaining on bunches using least squares,
and explained the data well (r?=0.98). Drying time and rainfall
intensity both had a significant effect on the retention of U. oude-
manseii conidia by affecting the rate of wash-off and the total
number of conidia retained on the bunches. The implications of

the effects of rainfall on persistence and subsequent disease con-
trol with BOTRY-Zen® are discussed.

13.26 EFFECT OF DIFFERENT WETTING CYCLES ON DIS-
PLACEMENT OF FUSARIUM PSEUDOGRAMINEARUM
FROM CEREAL RESIDUES BY FUNGAL ANTAGONISTS.
D.P. Singh and D. Backhouse. Botany, SE&RS, UNE, Armidale,
NSW 2351, Australia. Email: dsingh3@une.edu.au

Fusarium pseudograminearum (Fp) is a stubble-borne fungus
that causes crown rot in wheat. Different wetting and drying cy-
cles were explored to test their effects on the efficiency of antago-
nists in displacement of Fp from stubble. The inoculum of antag-
onists (Trichoderma harzianum, Fusarium nygamai, Fusarium equi-
seti, Alternaria infectoria) and control (bran inoculum without an-
tagonist) was grown on wheat bran for 5-10 days, air-dried
overnight and ground in a sterile mortar with a pestle. Barley
straw pieces precolonized with Fp were inoculated with all antag-
onists using 1.3% methylcellulose solution as adhesive. Straw
pieces were placed erect on a spiked metal plate into a square
plastic pot. An automated misting system was used to provide a
mist frequency of 3s every 10 min for 4, 7 and 10 hours wetness
duration per day. Misting stopped at 11am to allow straw to dry
before the start of the next cycle. Straw pieces were assessed for
displacement after 1, 2 and 3 weeks using an index based on pro-
portion of length of the straw from which Fp could be isolated.
In the 4 hr misting cycle T. harzianum displaced Fp strongly at 3
weeks. E equiseti and E. nygamai showed moderate displacement
and A. infectoria very low displacement. Increasing the wetting
duration did not increase displacement. Even short durations of
wetness were sufficient to allow displacement to occur.

13.27 NICHE OVERLAP RELATIVE TO NUTRIENT UTI-
LIZATION PATTERNS OF FUSARIUM PSEUDOGRAMIN-
EARUM AND ANTAGONISTS. D.P. Singh and D. Backhouse.
Botany, SE&RS, UNE, Armidale, NSW 2351, Australia. Email:
dsingh3@une.edu.au

Fusarium pseudograminearum (Fp) is a stubble-borne fungus
that causes crown rot in wheat. The hypothesis that the antago-
nists Trichoderma harzianum (Th), Fusarium nygamai (Fn), Fusar-
tum equiseti (Fe) and Alternaria infectoria (Ai) will have overlap-
ping nutrient use profiles with Fp was tested. Growth of the fun-
gi on 95 substrates in BIOLOG FF MicroPlates was compared.
The correlation coefficients for utilization patterns of all 3 Fusari-
um spp. were similar ranging from 46-57%. However Th and Ai
had only 17-20% similarity to Fp. We examined growth on
mono- and polysaccharides found in straw as sole carbon
sources. Galacturonic acid favoured growth of Fp, while Th grew
best on arabinose, mannose and xylose. However, different sug-
ars or polysaccharides had only a small effect on antagonism. Dif-
ferent nitrogen sources (urea, nitrate, ammonium) had a signifi-
cant effect on growth, antagonism, and displacement of Fp from
straw, especially by Th. Urea and nitrate favoured Th whereas
ammonium favoured Fp. Applying N to Fp-colonized straw en-
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hanced displacement of the pathogen, both when Th was applied
as an antagonist and by the natural microflora of soil. Urea and
nitrate were much more effective than ammonium. Niche overlap
may be important in competition by related fungi, but was less
important for strong antagonists like Th.

13.28 INTEGRATED CONTROL OF POWDERY MILDEW ON
APPLE BY THE MYCOPARASITE AMPELOMYCES
QUISQUALIS AND PLANT PRODUCTS. K.P. Singh, A. Singh,
D.C. Dimri and J. Kumatr. Department of Plant Pathology, College
of Forestry & Hill Agriculture, G B Pant University of Agriculture
& Technology, Hill Campus, Ranichauri 249 199, Tebri Garbwal,
Uttarakband, India. Email: kps60@rediffmail.com

The presence of Ampelomryces spp. was quantified in samples
of naturally occurring powdery mildew fungi collected in appkle
orchards from 10 sites of Tehri Garhwal District, India, between
2003 to 2006. Ampelomyces pycnidia were found in 34% of the
samples. Maximum mycoparasitism was recorded in the cultivar
‘Mollies Delicious’ followed by ‘Bakingham’. The incidence of
Ampelomyces spp., determined as the proportion of samples con-
taining intracellular pycnidia, varied between 0 and 24.7% in P.
leucotricha of apple. Maximum powdery mildew growth inhibi-
tion (63.54%) was observed after treatment with 10° spores ml!
of A. quisqualis followed by 52.61% at 10> ml' and minimum
(22.45%) at 10°> ml'! spore concentration, in polyhouse condi-
tions in plastic pots. The antagonistic effect of A. quisqualis and
plant products (Ajoene, Neemazal) against P. leucotricha were
further assessed under nursery conditions. In one experiment,
spores of A. quisqualis alone, significantly decreased disease inci-
dence and severity. However, plant products alone or integrated
with the mycoparasite showed significant effects on incidence
and severity of powdery mildew. The maximum protection
(89.2%) was obtained in alternated sprays at 2 week intervals of
A. quisqualis, Ajoene and Neemazal treatment followed by mix-
ture of Ajoene and Neemazal (100+250pg ml!) and A. guisqualis
once every 4 weeks. The integrated spray schedule improved pro-
tection from powdery mildew without affecting further develop-
ment of the apple seedlings.

13.29 POTENTIAL OF BIOCONTROL AGENTS IN CON-
TROLLING POTATO SCURF AND RICE SHEATH BLIGHT.
N. Singh, S. Ahmed and S.K. Maan. Department of Plant Pathol-
0gy,Punjab Agricultural University, Ludbiana 141004, Punjab, In-
dia. Email: navindermutti@yahoo.com

Forty one percent of soil samples from different districts of
Punjab contained Pseudononas fluorescens whereas 21.20% and
19.50% contained Trichoderma harzianum and T. viride. Twenty
six isolates of P. fluorescens were isolated, identified and morpho-
logically characterized. Ten strains each of T. harzianum and T.
viride were also isolated and identified. P fluorescens isolate
BP49-4 showed the maximum inhibition zone i.e. 7.0 and 8.0 mm
in interaction studies with Rbizoctonia solani causing potato
black scurf and rice sheath blight respectively. Among the ten iso-
lates of T. viride, isolate SK 13-1 was the best, showing 7.0 and
6.5 mm inhibition zones of the respective disease agents. With T.
harzianum culture filtrate the colony diameter was minimum i.e.
9 and 10 mm with R. solani causing potato black scurf and rice
sheath blight. The bioefficacy of these antagonists was also tested
in the field. Foliar sprays of P fluorescens reduced rice sheath
blight up to 37%, increasing the yield up to 7.88%. Seed treat-
ment with T vzride strain SK 13-1 of scurf-infected potato tubers
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gave a disease index of 21% compared to 58.92% observed in
controls, increasing the yield by 3.2%. Treatment with T
harzianum of scurf-infected seed potato tubers gave a disease in-
dex of 16.31% as compared to 98% observed in controls. The in-
crease in yield over controls was 4.8%.

13.30 EFFICACY OF MIXED BIOFORMULATION OF TRI-
CHODERMA HARZIANUM AND PSEUDOMONAS FLUO-
RESCENS FOR MANAGEMENT OF FOLIAR BLIGHT OF
WHEAT. R.S Singh, S.A. Untoo, N. Singh and S.K. Mann. De-
partment of Plant Pathology, Punjab Agricultural University, Lud-
hiana 141004, India. Email: ramassingh@rediffmail.com

Trichoderma harzianum (Th38) and Pseudomonas fluorescens
(Pf2), potential antagonists of various plant pathogens were
found compatible with each other. Talc-based single and mixed
formulations were developed and evaluated against foliar blight
of wheat (Drechslera and Alternaria spp.) on variety HD 2329 in a
local in field experiment. Treatments were given as seed treat-
ment (ST) @ 6g/kg seed and a combination of ST + one or two
foliar sprays (FS) @ 6g/1. Seed germination, plant growth and dis-
ease intensity were recorded. Levels of 66.3-77.5%, 66.9-73.4%
and 70.9-73% seed germination were observed after seed treat-
ments of Th38, Pf2 and Th38+Pf2 respectively as compared to
68.7% and 56.2% with treatment of Raxil and in controls. Maxi-
mum plant growth and minimum disease incidence were ob-
served with the mixed formulation. Minimum disease intensity,
27.9%, 25.2% and 25.1% were recorded with ST, ST + 1 spray,
and ST + 2 sprays with mixed formulation, respectively as com-
pared 30.4% and 41% with Raxil and the control. A similar data
trend was recorded on a local variety. Minimum blight intensity
35%, 32.7% and 27.4% were observed with ST, ST + 1 and ST +
2 sprays respectively with mixed formulation, as compared
33.3% and 43.8% with Raxil and the control. Overall, the mixed
formulation treatments were the best with maximum plant
stands, better growth and minimum disease intensity. Application
also enhanced yield 33.6%.

13.31 AFLP ANALYSIS OF ANTAGONISTIC STRAINS OF
METSCHNIKOWIA PULCHERRIMA FOR BIOLOGICAL
CONTROL OF POSTHARVEST DISEASES IN APPLE. D.
Spadaro, A. Garibaldi and M.L. Gullino. AGROINNOVA, Uni-
versity of Torino, Via L. Da Vinci 44, 10095 Grugliasco (TO), Italy.
Email: davide.spadaro@unito.it

Seven strains of the yeast Metschnikowia pulcherrima, isolated
from the carposphere of apples cv. Golden delicious, showed bio-
control capability against Botrytis cinerea and Penicillium expan-
sum. PCR-RFLP of the 185+ITS rDNA was tested as a rapid and
easy way to identify yeast species. The efficacy of these strains
was compared with that of nineteen other M. pulcherrima strains
isolated from different sources in different geographical regions.
The strains were more effective in the control of B. cinerea than
of P. expansum, after storage for 28 days at 4°C, with a mean re-
duction of pathogen growth to 30.0% and 49.3% of the control,
respectively. M. pulcherrima strains of different origin were
shown to have antagonistic properties. Strain 3043 isolated from
grape must offered the best control of both B. cinerea and P. ex-
pansum. To assess the genetic diversity of M. pulcherrima, the
RAPD and AFLP techniques were used. With six RAPD primers
33 polymorphic bands were obtained, while 729 polymorphic
bands were obtained with six AFLP primer pairs. The genetic
distances obtained by AFLP were mapped on a dendrogram.

S2.129

Strains isolated in different locations with high genetic diversity
could have similar biocontrol potential. One primer pair, such as
McaEaa or McgEat, were highly informative and sufficient to de-
scribe the genetic distances among the strains. AFLP fingerprints
could be used to develop STS markers specific for strains, to im-
prove identification and monitoring of the biocontrol agent in the
environment.

13.32 BIOLOGICAL CONTROL OF SUNFLOWER NECROSIS
VIRUS DISEASE USING TWO DIFFERENT FORMULATIONS
OF PLANT GROWTH-PROMOTING MICROBIAL MIX-
TURES. K. Srinivasan, M. Jayaprakashvel and N. Mathivanan.
Biocontrol and Microbial Metabolites Lab, Centre for Advanced
Studies in Botany, University of Madras, Guindy Campus, Chennai
600 025, India. Email: seenu_cas@rediffmail.com

Sunflower necrosis virus disease (SNVD) severely affects sun-
flower cultivation in India with disease incidence up to 90%. Bio-
logical control is the best option for managing SNVD as no other
effective method is available. In the present study, powder and
liquid formulations of Bacillus licheniformis MML2501 (BI),
Streptomyces fradiae MML1042 (Sf), Pseudomonas aeruginosa
MML2212 (Pa) and Bacillus sp. MML2551 (Bsp) were developed
individually and evaluated as mixtures of three (Bl + Pa + Bsp) or
four cultures (Bl + Sf + Pa + Bsp) against SNVD in the field.
These formulations remarkably enhanced plant growth and re-
duced SNVD, thereby increasing seed yield. SNVD reduction
was estimated as up to 51.4% and 40.9%, using the four-cultures
mix as liquid or powder, respectively, compared to the control.
Further, it significantly increased the yield parameters more than
the other treatments. The liquid four-culture formulation gave an
additional seed yield of 936 kg/ha with an additional income of
212 €/ha whereas the talc formulation gave an additional seed
yield 840 kg/ha with an additional income of 190 €/ha compared
to control. The results of field experiments clearly showed that
both the four-culture formulations can be used for the effective
control of SNVD.

13.33 BIOLOGICAL CONTROL OF BOTRYTIS DISEASES BY
THE ANTAGONISTIC FUNGUS TRICHODERMA ATROVIRI-
DE. A. Stewart, S.D. Card and J.S. Hunt. National Centre for Ad-
vanced Bio-Protection Technologies, P.O. Box 84, Lincoln University,
Canterbury, New Zealand. Email: stewarta@lincoln.ac.nz

Trichoderma atroviride 1LU132 was effective against Botrytis
grey mould on strawberry and grapevines in laboratory,
glasshouse and field tests. T. atroviride significantly suppressed
B. cinerea sporulation on detached strawberry leaves and whole
plants by up to 85%. This was equal to the control given by the
fungicide fenhexamid. Across all field trials, T. atroviride gave
suppression of B. cinerea sporulation on leaves and stamens by
52-100% and increased yield of strawberry fruit by up to 36%
more than the control. A wettable powder formulation of T. atro-
viride was applied to grapevine var. Chardonnay at 80% capfall
prior to B. cinerea challenge. Further trials tested different times
of application of T. atroviride on var. Sauvignon Blanc and levels
of bunch rot disease were compared to the untreated control
and a standard fungicide spray programme. T atroviride consis-
tently reduced Botrytis bunch rot incidence in grapevines across
all trials compared to the control (65-98%). The biocontrol
agent gave equal or better control than the standard fungicide
programme used at each site. T. atroviride was shown to protect
the strawberry and grape tissues from B. cinerea colonization by
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competitive exclusion and suppression of secondary inoculum
production. Agrimm Technologies Ltd has commercialized T.
atroviride LU132 for control of Botrytis grey mould on grapes.
Sentinel® is formulated as a wettable powder for spray applica-
tion at 5% and 80% capfall, pre-bunch closure and veraison.
Sentinel® is registered for use on grapes and tomatoes in NZ
with label claim extensions currently being sought for strawberry
and berryfruit.

13.34 EFFECT OF MICROBIAL MIXTURES ON THE CONDI-
TION OF VEGETABLE CROPS UNDER MULTIPLE-
PATHOGEN STRESS. M. Szczech and B. Kowalska. Research
Institute of Vegetable Crops, Konstytucii 3-Maja 1/3, 96-100
Skierniewice, Poland. Email: mszczech@inwarz.skierniewice.pl

A serious problem with biocontrol agents is their inconsistent
performance. However, a community of active microorganisms
with diverse mechanisms of disease suppression may enhance the
reliability of control. In this work several PGPR bacteria exhibit-
ed different modes of action (antagonism, plant growth stimula-
tion) and antagonistic Trichoderma harzianum strain PBG were
selected for use in combination to control multiple soil-borne
pathogens of tomato and cucumber. In greenhouse experiments a
potting medium was infested with a cocktail of three pathogenic
isolates of Fusarium spp. and Rbizoctonia solani. Two types of
bioassay were performed. In one, the seeds were sown in infested
medium and treated with suspensions of single biocontrol agents
or of their mixtures. The influence of combined microorganisms
on seedlings number, and on their growth in the stressful condi-
tions was studied. For other bioassays, transplants treated with
the mixtures or separate components were produced in “clean”
medium and then planted in medium infested with the
pathogens. The condition of the plants and the effect of the mix-
tures on the appearance and severity of the diseases were ob-
served during the vegetation period. The yield was estimated and
compared to controls and to the yield of treated plants grown si-
multaneously in non-infested potting medium. At the end of the
experiments the degree of colonisation of the plant roots by path-
ogenic fungi was measured. It was found that the microbial mix-
tures, especially in the case of tomato, increased plant stands, and
some of the combinations enhanced the yield of both plants in
the medium infested with multiple pathogens.

13.35 BIOLOGICAL CONTROL OF BLUE MOULD OF APPLE
BY TRICHODERMA ISOLATES. E Tabebordbar, H.R. Etebar-
ian, N. Sahebany and H. Rohany. Department of Plant Protection,
Abourayban  campus, University —of Tebran, PO. Box
11365/4117, Tebran, Iran. Email: f_tabe58@yahoo.com

In the present study, the antagonistic effects of 11 isolates of
Trichoderma were evaluated as potential biological control agents
for blue mould of apple caused by Penicillium expansum. Tricho-
derma isolates inhibited the mycelial growth of P expansum in
dual culture by 55.16 to 69.26%. Volatile metabolites emitted
from all isolates inhibited growth of P expansum and the in-
hibitory effects of T. harzianum (T.301.11, T.401.4) were greater
compared with the other isolates. Cell-free metabolites of T. viri-
de (T.193, T.301.4) and T harzianum (T.301.11, T.404.8) inhibit-
ed the pathogen by 58.21, 81.67, 87.06 and 88.36%, respectively.
The concentration of pathogen and antagonist for inoculation
were 1x10° cfu/ml and 1x107 cfu/ml, respectively. The antago-
nists significantly reduced decay area caused by P. expansum at
23°C and 5°C. T. harzianum (T.192) at 23°C and T. harzianum
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(T.404.8) and T wiride (T.193) at 5 °C had the best effect on de-

cay reduction.

13.36 IMPROVEMENT OF BIOCONTROL AGENT VIABILI-
TY DURING FORMULATION BY INDUCTION OF HEAT
TOLERANCE. N. Teixid6, T.P. Cafiamas, M. Abadias, R. Tor-
res, C. Solsona and 1. Vinias. IRTA, UdL-IRTA centre, XaRTA-
Postharvest, 191, Rovira Roure Av., 25198 Lleida, Catalonia,
Spain. Email: neus.teixido@irta.cat

The yeast Candida sake CPA-1 is an effective biocontrol agent
(BCA) against major postharvest diseases on pome fruits. Opti-
mal formulation is necessary to successfully bring BCAs into
commercial use. Unfortunately, most of microorganisms are very
sensitive to the drying involved in formulation. The aim of this
study was to induce tolerance in C. sake cells by mild heat treat-
ment in order to enhance its viability during drying processes, in
this specific case during spray-drying. The possible role of syn-
thesis of heat shock proteins (HSPs) and accumulation of sugars
and sugar alcohols was also determined. First, 30°C and 33°C
were selected as temperatures optimal for inducing thermotoler-
ance in C. sake cells during incubation in molasses-based liquid
medium. Mild heat was applied at different growth phases. Both
temperatures induced thermotolerance, tested by exposure to
lethal shock at 40°C. Cells adapted at 33°C in early or mid sta-
tionary phases showed survival values after spray-drying signifi-
cantly higher than unadapted cells. However, viabilities were not
high enough to be suitable for commercial use. Furthermore, it
was shown that HSPs, sugars and sugar alcohols were not directly
responsible for induced thermotolerance in this yeast. In conclu-
sion, it is possible to induce thermotolerance in biocontrol
agents, and this approach can be used to improve viability of cells
during formulation.

13.37 BIOCONTROL OF BOTRYTIS BUNCH ROT IN
GRAPEVINE USING CANDIDA SAKE. N. Teixid6, T.P.
Canamas, R. Torres, C. Solsona, E. Cases, J. Usall and 1. Vifas.
IRTA, UdL-IRTA centre, XaRTA-Postharvest, 191, Rovira Roure
Av., 25198 Lleida, Catalonia, Spain. Email: neus.teixido@irta.cat

Bunch rot caused by Botrytis cinerea is an important disease of
grapevine. There is increasing interest in the use of biocontrol
agents (BCAs) and other environmentally safe methods alterna-
tive to chemical fungicides. Biosuppression of B. cinerea in vine-
yards using BCAs has been inconsistent, compared with results in
controlled conditions, due to the variable field environment. Re-
search has been directed towards developing formulation strate-
gies capable of enhancing the activity of BCAs. Stress adaptation
methods of C. sake have been developed to improve performance
under field conditions and survival during formulation. Cells
adapted to mild heat showed greater thermotolerance than un-
adapted cells. In this three-season study, different preparations of
C. sake cells were applied at flowering, pea sized berries, veraison
and before vintage in order to evaluate level of Botry#is control at
harvest. Strategies used included liquid formulation, mild heat
adaptation and additives. Results indicated that applications of
different preparations of C. sake resulted in colonisation of
bunches under field conditions. Population sizes of C. sake sup-
plemented with the food film Fungicover showed survival rates
significantly higher than for other treatments. No improvements
were observed in survival rates with different formulations and
heat-adaptation strategies. In general, yeast treatments signifi-
cantly reduced the incidence of B. cinerea with respect to the con-
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trol. C. sake+Fungicover treatment were the most effective, with
rot reduction levels of 90%. These results demonstrated the po-
tential of C. sake to control Botrytis bunch rot and the impor-
tance of improving BCA formulations.

13.38 ECOLOGY OF FUNGI ASSOCIATED WITH OAK POW-
DERY MILDEW, ERYSIPHE ALPHITOIDES. E.T. Topalidou and
M.W. Shaw. School of Biological Sciences, The University of Read-
ing, Whiteknights, Reading RG6 6AU, UK. Email: etopalidou@

gmail.com

Powdery mildew (Erysiphe alphitoides) on oak (Quercus robur)
was extremely commonly intimately associated with several other
fungi of which Trichoderma sp., Acremonium sp. and Lep-
tosphaerulina sp. — the commonest — were successfully isolated on
artificial media, but also often including Tz/letiopsis sp. and
Phomal Ampelomyces. The three symbionts isolated had no di-
rectly visible effects on young oak leaves. Symbionts were applied
to oak leaves, previously inoculated with powdery mildew, singly
and in combinations of two. The treated oak leaves were covered
with permeable transparent bags to reduce entry of external mi-
cro-organisms. Visual assessments of powdery mildew were made
every week, and when leaves were about 80%-100% covered
with powdery mildew a final assessment was made microscopical-
ly. Leptosphaerulina sp., which is not otherwise a common hyper-
parasite of powdery mildews, inhibited mildew; Acremonium sp.
increased powdery mildew severity; the severity on leaves treated
with Trichoderma sp. was similar to control leaves, although
sporulation was reduced. Effects differed with leaf age; inhibition
of powdery mildew on very young leaves was difficult. Lep-
tosphaerulina appeared to reproduce exclusively by ascospores
from small pseudothecia; these were discharged at relative hu-
midities down to 54%. This suggests that these fungi may inter-
act to limit reproduction of oak powdery mildew to the very early
part of the season, but also to limit one another’s effects. Oak
powdery mildew must form an environmental reservoir of these
agents, and Leptosphaerulina sp. was active against other, com-
mercially important, mildews such as Sphaerotheca macularis
which causes strawberry powdery mildew.

13.39 PCR-BASED CHARACTERIZATION OF ANTIBIOTICS-
PRODUCING PSEUDOMONAS FLUORESCENS ISOLATES
AS POTENTIAL BIOCONTROL AGENTS. K. Tsuchiya, S. Sug-
isawa, N. Someya, T. Yoshida, H. Sawada, M. T. Noguchi and
N. Furuya. Kyushu University, 6-10-1, Hakozaki, Fukuoka 812-
8581, Japan. Email: kentsuch@agr.kyushu-u.ac.jp

Collections of Pseudomonas fluorecens isolated from the plant
rhizosphere varied in spectra and intensity of antagonism to
pathogens such as Gaeumannomyces graminis var. tritici (Ggt)
and Rbhizoctonia solani (Rs), suggesting that various antibiotic
substances were involved. The strains were screened by PCR-
based detection of the genes encoding synthesis of antibiotic sub-
stances 2,4-diacetylphloroglucinol (Phl), pyrrolnitrin (Prn), and
pyoluteorin (Plt) by using specific DNA primers. Presumed
DNA amplification bands produced were confirmed by South-
ern hybridization with standard strains. Some strains were posi-
tive for one (Phl), others for two (Phl, Prn), and the remaining
strains were positive for all (Phl, Prn, Plt). Production of Phl and
Prn was identified as expected by TLC. Strains that produced
multiple substances did not always show higher disease suppres-
sion ability than those producing single substances, suggesting
amount of active compound against a kind of target pathogen.
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Some strains such as LRB3W1 also produced TIAA, which may
combine promising biocontrol agents (BCAs) with growth pro-
motion. Alginate gelation of wheat seeds, together with treat-
ment with BCAs suppressed take-all of wheat more effectively
than direct treatment of seeds with those strains alone. The
method may help to increase fixation of BCAs to plant roots. To
analyze the behavior of BCA-producing strains on wheat seeds
and roots, we engineered the strain to express a green fluores-
cent protein (Gfp) constitutively, and we then confirmed that the
target strains moved along the geminating root(s) from the seed
and colonized them.

13.40 CAN FILTRATION HELP TO ELIMINATE PHYTOPH-
THORA SPP. FROM RECYCLING WATER IN COMMERCIAL
NURSERIES? T. Ufer, M. Posner, H.-P. Wessels and S. Werres.
Federal Biological Research Center for Agriculture and Forestry, In-
stitute for Plant Protection in Horticulture, Messeweg 11/12,
38104 Braunschweig, Germany. Email: s.werres@bba.de

The production of hardy ornamental nursery stock in contain-
ers is a profitable and increasing part of the horticultural industry
in Germany. The plants are cultivated outdoors on special areas
where the surplus water from irrigation and natural precipitation
is collected via drainage systems and stored in reservoirs for
reuse. From epidemiological studies in commercial nurseries it is
well known that plant pathogens of the genus Phytophthora can
be present in the water and in the sediment of these water recy-
cling systems and that they can be easily spread with contaminat-
ed irrigation water. In a four year project three designs of slow
sand filtration and one lava grain filtration system (Shieer Bio-Fil-
ter®) were tested in commercial nurseries to eliminate the
pathogens from recirculation water. Samples were taken at three
dates during the season (May, August, October) starting in Au-
gust 2003 (after the first four months of filter operation) ending
in October 2006, and at four places in the recycling system
(runoffs, retention reservoirs, filter effluents, clean water reser-
voirs) of each nursery. All four filtration systems eliminated Phy-
tophthora spp. successfully and produced sufficient quantities of
water for nursery production. The maximum annual quantity of
water demanded by the nurseries ranged from 30,000 m* up to
163,000 m>.

13.41 PYTHIUM OLIGANDRUM BIOCONTROL IN THE
RHIZOSPHERE: INFLUENCE ON FUNGAL POPULATION
DYNAMICS. ]J. Vallance, G. Le Floch, F. Déniel, J.J. Godon and
P. Rey. LBEM (EA 3882), ESMISAB, Université de Bretagne Occi-
dentale, Technopdle Brest-Iroise, 29280 Plouzané, France. Email:
Jessica.vallance@univ-brest. fr

In this study, fungal populations and their dynamics were in-
vestigated in relation to the introduction of the biocontrol agent
Pythium oligandrum in the rhizosphere of tomato plants grown in
greenhouses. P. oligandrum is known to display antagonistic activ-
ities against several species of pathogenic fungi including Pythi-
um group F, which are ubiquitous tomato root minor pathogens
in soilless cultures. P. oligandrum can also produce an elicitor of
plant defence named oligandrin. One limitation to its use is the
lack of persistence of the fungus in the rhizosphere. The research
was done by inoculating roots of tomato plants grown in hydro-
ponic culture with three selected strains of P. oligandrum display-
ing distinctive traits. These strains were then monitored over time
to evaluate their persistence and their effect on the microflora.
The strains were detected by real-time PCR at high rates
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throughout the 8-month experiment but did not seem to influ-
ence the root distribution of other Pythium species, especially
Pythium group F. Inter simple sequence repeat (ISSR) analysis of
P, oligandrum isolates collected at the end of the growing season,
showed that 90% of them belonged to only one of the three se-
lected strains. Single-strand conformational polymorphism (SS-
CP) and cloning/sequencing showed that introduction of the an-
tagonistic fungus has only a slight influence on the native fungal
community and its dynamics.

13.42* BIOLOGICAL CONTROL OF SCLEROTINIA SCLERO-
TIORUM USING TRICHODERMA HARZIANUM AND SILI-
CON. D.D. Visser, P.M. Caldwell and N.W. McLaren. Discipline
of Plant Pathology, University of KwaZulu-Natal, Private Bag X01,
Scottsville 3209, South Africa. Email: caldwellp@ukzn.ac.za

Sclerotinia sclerotiorum (Lib.) de Bary, the causal organism of
Sclerotinia stem rot (SSR) has become a major pathogen of soy-
beans in South Africa (SA), particularly in the wetter growing ar-
eas. In vitro dual culture bioassays were performed to identify
possible bio-control mechanisms of EcoT® and Eco77® against
hyphae and sclerotia of S. sclerotiorum. Ultrastructural studies us-
ing ESEM revealed that mycoparasitism is possibly the mode of
action as initial signs of hyphae of EcoT® and Eco77® coiling
around hyphae of S. sclerotiorum were observed. Surface colo-
nization of sclerotia by hyphae of EcoT® and Eco77® and enzy-
matic degradation was also observed. The effect of Eco77® to-
gether with silicon (Si), was tested 7z vivo against S. sclerotiorum.
Soybean plants were inoculated using the cut stem method. Si
(100 ppm), in the form of potassium silicate, was applied in irri-
gation water to the soil weekly from the V1-V5 stage. Eco77® was
sprayed onto plants 2 days before inoculation. Plants treated with
Eco77® had a significantly lower rate of disease development
(0.382) compared to plants not treated with Eco77® (0.568), re-
gardless of the application of Si. Similarly, plants treated with
Eco77® had a significantly lower number of sclerotia (1) com-
pared to plants not treated with Eco77® (3). The significantly
lower rate of disease development coupled with a significant re-
duction in sclerotia showed that Eco77®, and not Si, was respon-
sible for reducing the severity of SSR. A strong positive correla-
tion between rate of disease development and the number of scle-
rotia produced (R?= 0.88) was observed.

13.43* DETECTION AND QUANTIFICATION OF
PSEUDOMONAS FLUORESCENS BIOCONTROL STRAINS
BY A STRAIN-SPECIFIC REAL-TIME PCR APPROACH IN
THE FIELD. A. von Felten, G. Défago and M. Maurhofer. Plant
Pathology, Institute of Integrative Biology, ETH Ziirich, 8092,
Ziirich, Switzerland. Email: andreas.vonfelten@agrl.ethz.ch

Pseudomonas fluorescens strains F113, CHAO and Pf153 are
well known biocontrol agents that suppress soil-borne pathogens
on different host plants mainly by producing antimicrobial
metabolites. These strains are also known to solubilize inorganic
phosphates and produce plant-growth hormones, therefore they
could also have an effect in plant growth promotion. In order to
study biocontrol performance, persistence and proliferation of
the three P. fluorescens strains under field conditions, unequivo-
cal strain identification and a rapid method for monitoring their
population dynamics is needed. A promising approach is based
on the sequence-characterised amplified regions (SCAR) tech-
nique, which has been extensively used for different organisms.
SCAR markers in combination with real-time PCR can then be
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used for quantitative monitoring of these specific strains in field
trials. First results will be presented. Authors acknowledge the
support of the Micromaize project 6th FWP, funded by the Euro-
pean Commission.

13.44 CLONING AND FUNCTIONAL CHARACTERIZATION
OF THE GENES RELATED TO WHEAT RHIZOSPHERE
COLONIZATION IN BACILLUS CEREUS. Y. Wang, X.H. Gu,
W. Jiang, Q. Wang and R.H. Mei. Department of Plant Pathology,
China Agricultural University, Beijing, PR. China. Email: wangq:
@cau.edu.cn

Rhizosphere inhabitants interact intricately with the plant
host. Bacillus cereus 905 isolated from wheat rhizosphere colo-
nized wheat rhizospheres with large population sizes. In this
work, we obtained the flagellin gene and the chemotaxis cheA
gene by PCR, and acquired mutants lacking the chemotaxis cheA
gene or the flagellin gene by homologous recombination. Using
biological methods, it was found that the mutants colonized
wheat roots at a lower rate than the wild type. The role of super-
oxide dismutases (SODs) of B. cereus 905 in surviving in the
wheat rhizosphere was also analyzed. Two genes, sodA-1 and so-
dA-2 encoding two distinct manganese SODs (MnSODs), were
isolated from the bacterium. Three mutant strains have been cre-
ated, each lacking either sodA-1, sodA-2 or both. Analysis of these
mutant strains revealed differences in SOD transcription and en-
zymatic activity. MnSOD2, encoded by sodA-2, plays a more im-
portant role in antioxidative stress. MnSOD1, the product of so-
dA-1 gene, is expressed at a lower level. The function of the two
MnSODs appears to be essential in colonization of wheat rhizos-
phere. In conclusion, the cheA gene, flagellin gene, and sodA
genes of B. cereus B905 play important roles in surviving in the
wheat rhizosphere.

13.45 BACTERIA COLONIZING MELON FRUIT SURFACE
ACT AS BIOCONTROL AGENTS TO POSTHARVEST DIS-
EASE PATHOGENS. Y. Wang, L. Xu, Y. Mastuda and H. Toyo-
da. School of Life Science, East China Normal University, Shanghai
200062, PR. China. Email: [xu@bio.ecnu.edu.cn

The present study was conducted to select antagonistic bacte-
ria that supetficially colonize melon fruits and to clarify their sup-
pressive functions against fungal pathogens, aiming at developing
practical biocontrol agents for post-harvest diseases of melon
fruits. Bacteria colonizing melon fruits were obtained by printing
fragmented pericarps onto LB culture medium. Antifungal activi-
ty was screened by pair-culturing with fungal pathogens, and
identified on the basis of DNA sequence alignments and conven-
tional bacterial characteristics; one was identified as Bacillus anzy-
loliquefaciens EXWB3, and the others B. subtilis EXWBI,
EXWB2 and EXWB4. Four isolates expressed significant anti-
fungal activity to eight postharvest pathogens, Botrytis cinerea,
Alternaria alternata, Fusarium oxysporum, Aspergillus niger, Tri-
chothecium roseum, Penicillium sp. and Cladosporium sp. Of the
antagonistic isolates tested, EXWB1 was most effective, suppress-
ing conidial germination of B. cinerea, A. alternata and F. oxyspo-
rum and inducing darker cell walls and abnormal conidial shape.
The isolate secreted some bio-surfactants, which helped the
sprayed bacteria to stick to the hydrophobic fruit surface. Melon
fruits treated with EXWB1 retained high levels of sugar, vitamin
C and organic acids even after inoculation with A. alternaria and
E oxysporum. Additionally, EXWB1-26 treatment suppressed the
respiration increase and ethylene production that were typical in
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pathogen-inoculated fruits, and limited both fungal growth and
expansion of the necrotic lesions produced by pathogen inocula-
tion. Thus, the present study provides a promising biological
agent to suppress fungal pathogens causing postharvest market
diseases of fruit crops.

13.46 RESEARCH ON PENICILLIUM OXALICUM ISOLATES.
T. Wenhua, A. Turok, W. Qi and X. Yang. Depart. of Plant Pathol-
ogy, China Agricultural University, Haidian, Beijing 100094, PR.
China. Email: wenhuatang@uip.sobu.com or tanguwh@cau.edu.cn

Hundreds of isolates of Penicillium oxalicum were obtained
from soil and roots of wheat on selected medium for phosphate-
dissolving micro-organisms. Several isolates showed ability to
promote wheat seedling growth in pot experiments. The reasons
for this were examined. Content of active phosphate increased in
soil for some isolates, particularly in soil amended with phospho-
rite powder. Some isolates, while promoting plant growth, did
not increase active phosphate content significantly. However, ac-
tive phosphate content in the fungus body was significantly in-
creased. Analysis of phytohormone concentrations in fermented
cultures of the isolates showed that IAA content was higher in
acidic conditions. Resistance induced by fermented cultures of P
oxalicum (P-o- 41) was determined on XanthiN tobacco with the
method of separating treated leaves and leaves inoculated with
TMV. Results showed that reduction rate of spots comparing
with CK (water treatment) was significant. No significant differ-
ence was found comparing with treatment by 38 ppm BTH. In
experiments on control of wheat powdery mildew conducted in
the greenhouse, disease incidence reduction was significant, but
not for control of common root rot caused by Bipolaris sorokini-
ana. Controlling take-all with P. oxalicum culture filtrate was test-
ed in field trails. The results showed that disease incidence was
reduced and yield increased. This project was supported by na-
tional 863 project 2006AA10A211.

13.47 BACILLUS THURINGIENSIS B24-14 AND ITS FORMU-
LATIONS FOR CONTROLLING MELOIDOGYNE INCOGNI-
TA. T. Wenhua. Dept. of Plant Pathology, China Agricultural Uni-
versity, Beijing, PR. China. Email: wenhuatang@uip.sobu.com

Meloidogyne incognita is a nematode causing widespread dis-
ease in China, particularly in vegetable-growing areas. A bacterial
isolate, B24-14, was isolated from Gobi desert soil located in
Gansu province. The bacterium was identified as Bacillus
thuringiensis based on analysis of 16StTDNA and Bergey Manual
system. 3-exotoxin produced by B24-14 was obtained by distilla-
tion of alcohol graded deposition. Nematocide effectiveness of
the B-exotoxin was determined on Bursaphelenchus xylophilus.
Responding to 8 h treatment of B-exotoxin (4 mg/ml) nematode
motility reached 93.75%, Lc 50=574 pg/ml. The bacterium was
cultured in beef extract and peptone medium on a shaker at 37°C
for 36 h. Solid preparations were made by evaporation of the cul-
ture broth at high pressure. The effect on controlling root knot
caused by M. incognita of preparations was evaluated by pot ex-
periments in the greenhouse. Dosage of both preparations used
in the testing was comparable. Experiments lasted for 40 days.
Numbers of root knots were recorded and compared. The results
showed that disease index was reduced by treatments with both
preparations. The efficacy compared with non-treated CK
reached 89.5% and 72.4% respectively with the same dosage.
This project is supported by national 863 project
2006AA10A211.
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13.48 VARIETAL, CULTURAL AND CHEMICAL MANAGE-
MENT OF STRIPE RUST ON WHEAT IN EASTERN AUS-
TRALIA. P. Wilkinson. Department of Primary Industry &
Forestry, Leslie Research Station, Toowoomba, QLD 4350, Aus-
tralia. Email: peter.wilkinson@dpi.qld.gov.au

The re-emergence of stripe rust as a disease of significance
across the whole of the Australian grain growing regions has re-
quired evaluation of cultural and chemical control options for
this disease. There is a need for an improved understanding of
the value of various levels of resistance to stripe rust in commer-
cial wheat varieties in the northern wheat producing regions of
eastern Australia. Resistant varieties of wheat present the best
long term option for management of this disease. There was a
greater disease response to timing of pesticide application then to
registered dosages.

13.49 ISOLATION OF DIAPORTHE AND PHOMOPSIS FROM
SOYBEAN PLANTS IN ONTARIO AND BENEFITS OF SEED
TREATMENTS. A.G. Xue, M.]. Motrison, E. Cober, Y. chen
and ]J.X. Zhang. Eastern Cereal and Oilseed Research Centre,
Agriculture and Agri-Food Canada (AAFC), 960 Carling Avenue,
Ottawa, ON, K1A 0C6, Canada. Email: axue@agr.gc.ca

Diaporthe-Phomopsis complex, caused by Diaporthe phaseolo-
rum var. caulivora, D. phaseolorum var. sojae, and Phomopsis
longicolla, is an important disease of soybean. To determine the
predominant causal species in Ontario, 2,700 stem tissues, 2,700
pod tissues, and 9,000 seeds from diseased plants were collected
at nine locations each year from 2002 to 2004. A total of 17,280
isolates of the pathogens were recovered, of which 73% were
from stems, 23 % from pods, and only 3% from seeds. P. longicol-
la was the predominant species (41% of isolates), followed by D.
phaseolorum var. caulivora (37%), and D. phaseolorum var. sojae
(22%). We used Dzaporthe and Phomopsis infested seeds, 10 for-
mulated fungicides and 2 bioagents to evaluate disease at two
sites each year from 2002 to 2004. Significant increases (P < 0.05)
in emergence and yield were observed for 8 and 2 of 11 seed
treatments in 2002, 7 and none of 19 treatments in 2003, and all
of 18 treatments in 2004. All 19 treatments in 2003 and 13 out of
18 treatments in 2004 reduced root rot severity. These treatments
increased emergence by 2 to 10%, and yield by 7 to 19%, and re-
duced root rot severity by 20 to 79%. Results of this study pro-
vide evidence that fludioxonil, difenoconazole, triazolinthion,
and trifloxystrobin protect soybean from seed-borne Diaporthe
and Phomopsis and increase plant emergence and yield, and that
the effectiveness of these fungicides may be enhanced when used
in combination with the bioagents.

13.50 PRELIMINARY STUDY ON BIOLOGICAL CONTROL
OF ANTAGONISTIC BACTERIUM CE ON PEACH BROWN
ROT. H.Q. Yang, Y.M. Wei, Q.X. Shang, X.Y. Zhao, S.H. Liu
and Z.P. Liu. Department of Plant Science and Technology, Betjing
Agricultural College, 102206 Beijing, PR. China. Email: liuzheng-
ping8882000@yahoo.com

The bacterial strain CE was isolated from soil of a peach or-
chard. The antagonism of CE against Monilia fructigena was test-
ed using different methods. CE had shown antagonism against
hyphal growth of M. fructigena. After incubation for five days,
the width of the inhibition zone was 9.0 mm and the hyphae of
M. fructigena were seen light microscopy to be abnormal. Peach
fruits were disinfected with 2% sodium hypochlorite for 2 min,
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washed 5 minutes with tap water, and air-dried prior to wound-
ing. A uniform 5 mm deep X 10 mm wide wound was made at the
equator of each fruit using a sterile dissecting needle. CE was in-
oculated on the wound of each fruit and then after 12 h inoculat-
ed with M. fructigena. The controls were inoculated with M.
fructigena only. All peaches inoculated only with M. fructigena
showed disease symptoms the day after inoculation, 56% of those
inoculated with M. fructigena after CE showed symptoms the
fifth day after inoculation. Antifungal proteins produced by CE
were obtained from liquid culture after 48h dark incubation, and
were isolated by PAGE (12% resolving gel and 5% stacking).
About 15 different bands were resolved. We cut out the smallest
band from PAGE and crushed it, then added phosphate buffer
from which the small protein was extracted by centrifugation for
20 minutes at 6,000 rpm. This protein showed antagonism
against hyphal growth of M. fructigena. Thanks to Academic Hu-
man Resources Development in Institutions of Higher Learning
under the Jurisdiction of Beijing Municipality (PXM2007-
014207-044536).

13.51 SUPPRESSION OF INVADING PATHOGENS
THROUGH A BENEFICIAL PLANT-BACTERIA ASSOCIA-
TION BETWEEN RICE AND RHIZOBIUM. Y. Yanni, F. Dazzo
and R. Mishra. Sekha Agricultural Research Station, Kafr
El-Sheikh, 33717, Egypt. Email: yanni244@hotmail.com

A total of 19 field trials in the Nile delta clearly established the
potential use as biofertilizers of selected strains of Rhizobium that
naturally colonize rice roots and can enhance crop production
while reducing the need for N-fertilizer. A major multinational
network of investigators was created to obtain a broad-based un-
derstanding of the physiology of this association. Although our
contributions improved our understanding of such beneficial as-
sociations, complete information is still very far. Our studies
showed that rhizobial inoculation of rice may trigger enhanced
production of phenolic acids involved in defence reactions during
pathogenic ingress. HPLC analysis of different rice plant parts af-
ter inoculation with two Rhizobium strains as well as Rhizoctonia
solani, the causative agent of rice blast disease, revealed the in-
duction of phenolic acids such as gallic, tannic, ferulic and cin-
namic acids which mediate defence responses against phy-
topathogens that cause various devastating diseases. The exact
mechanism used by the Rbizobium to alter the phenolic profiles
is still not clear but bacterial endophytes are reported to exert
their beneficial effect in two possible ways: 1) by extensive colo-
nization of internal plant tissues and suppression of invading
pathogens by niche occupation, antibiosis or both; and 2) by colo-
nization of the root cortex, where they stimulate general plant
systemic defences/resistances. It is possible that endophytic rhi-
zobia employ the same mechanisms to protect plants and pro-
mote their growth while colonizing their root tissues and en-
hance plant growth and crop performance.

13.52 BACTERIA AND CHITINASE GENES IN VERMICOM-
POST WITH ANTIFUNGAL ACTIVITY. M. Yasir, C.O. Jeon
and Y.R. Chung. Division of Applied Life Sciences, EB-NCRC,
Gyeongsang National University, Jinju 660-701, Republic of Korea.
Email: yrchung@gnu.ac.kr

Paper sludge supplemented with dairy sludge composted by
earthworms (vermicompost) has shown antifungal activity against
plant pathogens. The antifungal mechanism was elucidated in
terms of bacterial and chitinase gene diversities of the vermicom-
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post compared to the fresh sludge. The bacterial diversity was ex-
amined by culturing and molecular methods. Clone libraries of
the 16S rRNA gene were constructed from the genomic DNA
isolated from both samples. The resulting 252 clones were ana-
lyzed by ARDRA using tetrameric restriction enzymes (Hhal and
Haelll) and the selected 133 clones were sequenced. The se-
quences from the fresh sludge fell into major lineages of the do-
main bacteria, Proteobacteria, Bacteroidetes, Verrucomicrobia,
Actinobacteria and Firmicutes. In vermicompost, the abundance
of various taxa was different, mainly Bacteroidetes from the fresh
sludge. The DGGE analysis showed a consistent shift of the bac-
terial community from Proteobacteria to Bacteroidetes in the fresh
sludge to vermicompost. The chitinase gene population was in-
vestigated by using degenerate primers. More than 100 colonies
among 300 colonies isolated from both samples were randomly
sequenced for 16S rRNA gene analysis. A high population of
Actinobacteria was found in vermicompost, while almost equal
numbers of Actinobacteria and Proteobacteria were in the fresh
sludge. The population of chitinolytic and antifungal bacteria ac-
tive against Rhizoctonia solani, Colletotrichum coccodes, Pythium
ultimum and Phytophthora capsici was higher in vermicompost
than the fresh sludge. Chitinolytic isolates were particularly active
against target fungi.

13.53 PURIFICATION AND BIOLOGICAL ACTIVITY OF AN
ANTIFUNGAL PROTEIN FROM BACILLUS SUBTILIS BS-916.
L. Yongfeng, L Fan, C. Zhiyi, Z. Jie, Z. Mingguo, S. Fuping, L.
Youzhou and N. Yafeng. No. 50 Zhongling street, Nanjing, PR.
China. Email: Liuyf@jaas.ac.cn

Strain Bs-916 of Bacillus subtilis was isolated from rice field
soil and used in controlling rice sheath blight and rice false smut
in the field. We discovered that Bs-916 secretes an antifungal pro-
tein, and we purified this protein using the Amersham AKTA Ex-
plore system. The crude proteins of Bs-916 were eluted through a
DEAE Sepharose Fast Flow column and three peaks were found;
only the second fraction (B) had antifungal activity. After fraction
B peaks were pooled and eluted in a Phenyl Sepharose 6 FF. col-
umn, two peaks were obtained, only the second (E) having anti-
fungal activity. When the fraction E peaks were pooled and elut-
ed in hydroxyapatite columns, there were also two peaks and the
last peak (G) exhibited antifungal activity, and gave only one pro-
tein band in SDS-PAGE. It was named Bacisubin, and its size
was estimated as 41.9 kDa compared with standard proteins.
Bacisubin had high antifungal activity against Rhizoctonia solani,
Magnaporthe grisea Sclerotinia sclerotiorum, Alternaria oleracea,
A. brassicae and Botrytis cinerea. Bacisubin appeared to inhibit
mycelial nutrition. The mycelial apex appeared distorted and en-
larged, with rupture and cell wall thickening in presence of
Bacisubin. However Bacisubin did not show protease activity or
protease inhibitory activity, but exhibited some ribonuclease ac-
tivity and hemagglutinating activity.

13.54 RESEARCH ON BIOLOGICAL CONTROL OF RICE
BLAST. Y.N. Yoon, D.H. Kim, B.C. Lee, S.J. Hong, Y.K. Hong
and S.T. Park. Plant Enviroment Division, Yeongnam Agricultural
Research Institute, NICS, RDA, Milyang, 627-803, Republic of Ko-
rea. Email: yoonyn@rda.go.kr

Rice blast, caused by the fungus Magnaporthe grisea Barr, is
the most important constraint to rice production worldwide. In
this study, we selected biological control bacteria against rice
blast, and tested their control effect through contraposition cul-
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ture. In total 18 bacteria were tested, and 12 were selected that
gave effective control of rice blast. Among these bacteria,
BAC06-10-15-3 had a competition effect and BAC06-10-24-2 did
not have a competition effect but depressed melanin formation.
The two bacteria were shown to be effective in control of melanin
formation against rice blast. In glasshouse tests, these bacteria
were shown to be very effective as compared to the control. We
will continue the search for biological control bacteria and select
those that are effective.

13.55 EFFECT OF ANTIFUNGAL CYCLOPEPTOLIDE FROM
ULOCLADIUM ATRUM ON CONTROL OF BOTRYTIS-INCIT-
ED DISEASES AND POWDERY MILDEWS IN GREEN-
HOUSE CROPS. S.H. Yu, E.M. Kwon and B.-S. Yun. Depart-
ment of Applied Biology, Chungnam National University, Daejeon
305-764, Korea. Email: shunyu@cnu.ac.fer

The saprophytic fungus Ulocladium atrum Preuss is a promis-
ing biological control agent for Botrytis cinerea in greenhouse and
field crops. Recently we isolated an antibiotic peptide from U.
atrum. Based on extensive spectroscopic analysis, its structure
was identified as a cyclopeptolide with a high portion of N-
methylated amino acids. The compound exhibited specific and
potent antifungal activity against B. cinerea, Alternaria alternata
and Magnaporthe grisea with an MIC of 1, 11 and 33.3 pM, re-
spectively, and moderate activity against Colletotrichum acutatum
and C. gloeosporioides with and MIC of 100 pM. The compound
also inhibited conidial germination and germ tube growth of B.
cinerea in a dose-dependent manner. In greenhouse experiments,
the compound effectively controlled Bozrytis grey mould of toma-
to and strawberry at 20 pg/ml, and powdery mildew of cucum-
ber, strawberry and paprika at 2 pg/ml.

CONCEPTS IN CHEMICAL CONTROL

31.1 FITNESS OF ANILINOPYRIMIDINE-RESISTANT STRAINS
OF BOTRYTIS CINEREA. G.A. Bardas, CK. Myresiotis and G.S.
Karaoglanidis. Aristotelian University of Thessaloniki, Faculty of
Agriculture, Plant Pathology Laboratory, PO. Box 269, 54124, Thessa-
loniks, Greece. Email: gkarao@agro.auth.gr

The fitness of anilinopyrimidine-resistant isolates of Bozrytis
cinerea, collected from vegetable crops in Greece during 2005,
was investigated. Fitness parameters measured were mycelial
growth, spore production 7z vitro and in vivo, virulence, percent-
age spore germination and ability of the resistant isolates to com-
pete in four pairs with sensitive isolates. Measurements of the fit-
ness components in individual isolates showed high variability
within both sensitivity groups, in all but virulence fitness compo-
nents tested. As a group, resistant isolates showed significantly
lower (P<0.05) mycelial growth and virulence. The resistant iso-
lates showed higher (P<0.05) spore production 7z vivo but there
was no difference (P>0.05) between the two sensitivity groups in
spore production 7z vitro and in percentage spore germination.
However, the correlation to test if there is any relationship be-
tween the values of each fitness component and the level of
cyprodinil sensitivity of each isolate was not significant (P>0.05)
for all fitness components, except spore production 7z vzvo. This
absence of significance suggests that development of resistance
did not affect the fitness of the resistant isolates. Competition of
the resistant vs sensitive isolates was isolate-dependent, since in
two of the isolate pairs the resistance frequency decreased signifi-
cantly after five culture or disease cycles while in the remaining
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two pairs resistance frequency increased significantly after five
disease cycles or remained stable for one pair after five culture
cycles on artificial nutrient media.

31.2 SEPTORIA LEAF SPOT, TAN SPOT AND BROWN RUST:
FUNGICIDE EFFICACY IN SWEDEN. G. Berg, G. Gustafsson
and C. Lerenius. Swedish Board of Agriculture Box 12 SE-230 53
Alnarp, Sweden. Email: gunilla.berg@spv.se

Septoria leaf spot, caused by Mycosphaerella graminicola
(anamorph Septoria tritici) is one of the dominating wheat dis-
eases in Sweden and northern Europe. Control of the disease
mainly depends on fungicides but also on varieties with good dis-
ease resistance. In Sweden there are only very few azoles ap-
proved, propiconazole, prochloraz and prothioconazole, which
makes the issue of declining field performance very important to
investigate. Epoxiconazole is not approved in Sweden. Results
from field trials will be presented. Best control of Septoria leaf
spot was obtained with prothioconazole. Even metconazole and
difenoconazole mixed with propiconazole performed well, but
these products have not been used in Sweden. Prochloraz per-
formed better than propiconazole. Tan spot (Drechslera tritici-re-
pentis) is also an important wheat disease in Sweden and the effi-
cacy of fungicides on tan spot have been investigated in field tri-
als. Prothioconazole and propiconazole performed well. Even
metconazole and propiconazole mixed with trifloxystrobin or
difenoconazole showed good control. The field performance of
fungicides to brown rust (Puccinia recondita) were investigated in
two trials. The best fungicide was the strobilurine pyraclostrobin,
but metconazole also performed well. Propiconazole showed in-
sufficient control and prochloraz was very bad. Prothioconazole
is widely used in cereals, especially winter wheat, in Sweden and
there are concerns for resistance management. There is a great
need for effective mixture partners to build a reliable anti-resist-
ance strategy.

31.3 SENSITIVITY OF PHAEOSPHAERIA NODORUM TO-
WARDS FUNGICIDES IN SWEDEN. E. Blixt, A. Djurle, J.
Yuen and A. Olson. Department of Forest Mycology and Patholo-
2y, PO. Box 7026, Swedish University of Agricultural Sciences, Up-
psala, Sweden. Email: eva.blixt@mrykopat.slu.se

Various kinds of fungicides have been used for several years to
control foliar diseases of wheat. So far no reports have been pub-
lished on fungicide resistance in Phaeosphaeria nodorum, causing
leaf and glume blotch in wheat. Two other leaf-spotting fungi,
Mycosphaerella graminicola and Pyrenophora tritici-repentis, have
developed resistance towards fungicides based on strobilurins
and triazoles. The aim of this study was to investigate the sensitiv-
ity of P. nodorum towards azoxystrobin, propiconazole, prothio-
conazole and cyprodinil. P. nodorum isolates were collected in
2003-2005 from five fields in three regions of Sweden. Two iso-
lates collected in 1990 were used as reference. The fungus was
grown on MEA containing six concentrations of the fungicides.
Preliminary results indicate varying sensitivity to propiconazole
and prothioconazole to concentrations up to 10 ppm. P. nodorum
isolates were also able to grow on media containing 1 ppm cypro-
dinil or 100 ppm azoxystrobin, in contrast to the two reference
isolates that showed drastically reduced growth even at 1 ppm
azoxystrobin. Primer pairs were designed for sequencing the rele-
vant areas containing possible resistance genes and the results of
these studies will be discussed.
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314 EVOLUTION OF THE CYP51 GENE IN MY-
COSPHAERELLA GRAMINICOLA: EVIDENCE FOR RECOM-
BINATION AND SELECTIVE SWEEPS. P.C. Brunner, EL. Ste-
fanato and B.A. McDonald. Plant Pathology, Institute of Integra-
tive Biology, ETH Zurich, 8092 Zurich, Switzerland. Email:
patrick.brunner@agrl.ethz.ch

The goal of this study was to elucidate the evolutionary mech-
anisms by which CYP51-based fungicide sensitivity has evolved
in Mycosphaerella graminicola over space and time. To accom-
plish this, we sequenced and compared a portion of the CYP51
gene encompassing the main mutations associated with sensitivity
towards DMI fungicides. The CYP51 gene showed an extraordi-
nary dynamic shift consistent with a selective sweep both in space
and time. No mutations associated with increased resistance to
azoles were found in non-European populations. These muta-
tions were also absent in the oldest collections from Europe,
whereas they dominated in recent European populations. Intra-
genic recombination was identified as an important evolutionary
process in populations affected by high fungicide selection, sug-
gesting the creation of novel alleles among existing mutations as a
potential source of novel resistance alleles. We propose that
CYP51 mutations giving resistance in M. graminicola arose only
locally (perhaps in Denmark or the UK) and were then spread
eastward across Europe through wind-dispersed ascospores. We
conclude that recurring cycles of recombination coupled with se-
lection due to the widespread use of azole fungicides will increase
the frequency of novel mutants or recombinants with higher re-
sistance. Long-distance gene flow due to wind-dispersal of as-
cospores will move the resulting new alleles to new areas follow-
ing the prevailing wind directions. A selective sweep favoring
haplotypes with various coding mutations at the target site for
azole fungicides during the last 5-10 years is the most likely cause
of the decrease in sensitivity reported for many azole fungicides
in the same period.

31.5 CHARACTERISATION OF MECHANISMS CORRELAT-
ED WITH REDUCED AZOLE SENSITIVITY IN MY-
COSPHAERELLA GRAMINICOLA. H.]. Cools, B.A. Fraaije,
T.P. Bean and J.A. Lucas. Plant Pathology and Microbiology De-
partment, Rothamsted Research, Harpenden ALS5 2]Q, Hertford-
shire, UK. Email: hans.cools@bbsrc.ac.uk

Mycosphaerella graminicola causes Septoria leaf blotch, the
most important foliar disease of winter wheat in the UK. Control
of M. graminicola currently relies on azole (imidazole and tria-
zole) fungicides. In the absence of alternative curative fungicides,
the dependence on azole chemistry has prompted concerns
amongst growers and the agro-chemical industry that resistance
could develop, compromising control of this pathogen. Recent
field studies have shown a decline in the efficacy of a number of
azoles against M. graminicola, although the most active com-
pounds still remain effective. We have previously reported muta-
tions in the gene (CYP51) encoding the target for azoles, the
sterol 14a-demethylase, accumulating in less sensitive isolates
and differentially selected by different azole treatments in M.
graminicola populations. Interestingly, isolates of M. graminicola
with the same CYP51 sequence often have a wide range of sensi-
tivities to the most effective azoles, suggesting a contribution of
mechanisms other than target site change to the final phenotype.
Here we report on the impact of CYP51 mutations on azole sen-
sitivity and intrinsic CYP51 enzyme activity. Furthermore, we
discuss studies determining the contribution of mechanisms oth-
er than target site change to the final azole sensitivity phenotype
in M. graminicola.
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31.6* RESISTANCE OF PLASMOPARA VITICOLA TO QOI
FUNGICIDES: ORIGIN, DIVERSITY AND FITNESS. M.E
Corio-Costet, D. Lafarge, M.C. Dufour, P. Abadie, F. Delmotte,
W.J. Chen, L. Douence, J. Jolivet and F. Martinez. INRA, UMR
Santé végétale, INRA-Bordeaux, ISVV, IFR 103, BP 81, 33883, Vil-
lenave d’Ornon, France. Email: coriocos@bordeaux.inra.fr

Since its introduction in Europe, Plasmopara wviticola
(grapevine downy mildew) has been controlled by chemicals, but
resistant strains of the pathogen have emerged regularly, i.e. gener-
al resistance to Qoi fungicides. Analysis of the cytochrome 4 gene
revealed a single mutation (G143A) as a major mechanism factor
conferring Qol resistance. Phylogenetic analysis of mitochondrial
DNA fragments (2281 pb) allowed the detection of four major
haplotypes (IS, IR, IIS, IIR) belonging to two distinct clades, each
of which contained a different Qol resistant allele [1]. The preva-
lence of mitochondrial haplotypes and resistant alleles was as-
sessed by characterizing 839 isolates collected in 21 localities in a
Bordeaux vineyard without Qol treatment. The most frequent
haplotypes (IR, IS) were found in 74% of P. viticola populations.
Resistant-allele frequencies ranged from low (0) to very high
(0.75) with an average value of 0.29. At least two independent
events led to the emergence of Qol resistance. By combining mi-
crosatellite markers [2] and selected markers, a temporal genetic
structure of P. viticola populations was obtained in three localities
in Bordeaux. The genetic variability was low and the genotypic
richness was high. Based on determination of the fitness index
(Fic), Qol-resistant strains did not exhibit a cost and often tended
to have good fitness. To assess these results, competition assays
with different mixtures of sensitive and resistant strains using bio-
logical and molecular (Q-PCR) tests were done. [1] Chen et al.,
2007, Appl. Environ. Microbiol. 73: 5162-5172; [2] Delmotte et
al., 2006. Molecular Ecology Notes, 6, 379-381.

31.7* MOLECULAR CHARACTERIZATION OF MUTANTS
OF BOTRYOTINIA FUCKELIANA RESISTANT TO FUNGI-
CIDES. R.M. De Miccolis Angelini, C. Rotolo, W. Habib and F.
Faretra. Dipartimento di Protezione delle Piante e Microbiologia
Applicata, Universita degli Studi di Bari, Via Amendola, 165/4,
Bari, Italy. Email: milvia.demiccolis@agr.uniba.it

Acquired resistance to fungicides is an important challenge in
modern chemical control of plant diseases. Botryotinia fuckeliana
(de Bary) Whetz. (Botrytis cinerea Pers.), the causal agent of grey
mould on numerous economically important crops, is universally
recognized to be a pathogen at high risk of developing resistance
to chemicals. The genetic basis of resistance to dicarboximides,
hydroxyanilides and carboxamides was investigated. Nucleotide
sequence analysis of the genes encoding the target proteins of
each class of fungicides showed that: 1) point mutations in the
two-component histidine kinase (Dafl) gene resulting in amino
acid substitutions in the protein sequence, were associated with
different levels of resistance to dicarboximides; an alternative
amino acid change at the same position (I365S or 1365B) was de-
tected in low-resistant strains, whereas a double substitution
(Z369P and B373S) and two different replacements (G357B or
G446S) were identified in moderate- and high-resistant mutants,
respectively; 2) substitutions of one of three different amino-acid
residues (G5V or G5S, P409L, and T451), caused by single nu-
cleotide polymorphisms in the 3-keto reductase (ERG27) gene,
were displayed by laboratory mutants resistant to the hydrox-
yanilide fenhexamid; 3) three nucleotide substitutions in the
highly conserved regions of the iron-sulfur protein of succinate
dehydrogenase were detected by sequencing the four protein
subunit genes from laboratory mutants resistant to the carboxam-
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ide boscalid. Two possible amino acid replacements (P225L or
P225F) in the second cysteine-rich cluster (S2) were found in
high resistant mutants, whereas a specific amino acid change
(H272Y) in S3 was associated with a low level of resistance.

31.8* IMPACT OF GRAPEVINE DOWNY AND POWDER
MILDEW DIVERSITY ON THE EFFICACY OF PHOSPHO-
NATE DERIVATIVES DESCRIBED AS STIMULATORS OF
PLANT DEFENCES. M.C. Dufour, J. Bouscaut and M.E Corio-
Costet. INRA, UMR Santé végétale, INRA-Bordeaux, I1SVV, BP 81,
33883 Villenave d’'Ornon, France. Email: coriocos@bordeaux.inra.fr

Phosphonates are well known to possess powerful antifungal
activity, and the fungicide fosetyl-Al (O-ethy! phosphonate) is
known to exert both a direct effect on the pathogen and an indi-
rect effect via stimulation of host defences. In this study, the effi-
cacy of two phosphonate derivatives fosetyl-Al and a foliar fertil-
izer (PK2) was tested on different genotypes and phenotypes of
grape downy mildew (Plasmzopara viticola) and powdery mildew
(Erysiphe necator). We quantified the level of gene expression of
proteins involved in potential plant defence pathways (PAL, STS,
CHIT4c, PGIP, PIN, GLU, CHS, CHI, PR1, LOX, LDOX) by
RT-Q-PCR. The gene expressions induced after treatments with
phosphonate derivatives were compared to that found after elici-
tation with benzothiadiazole (BTH), which mimics salicylic acid
in natural systemic acquired resistance. Phosphonate derivatives
were efficient against powdery mildew depending on genetic
group (A or B), and group B strains were four times more sensi-
tive to fosetyl-Al than group A strains. Furthermore, downy
mildew strains showed differences in sensitivity to phosphonate
derivatives depending on their phenotypes (resistant or sensitive
to fungicides). Phosphonates exerted effects on the expressions
of CHI, PR1, GLU and PAL genes. We discuss the role of diver-
sity of the two pathogens on the efficacy of these chemical com-
pounds and also the effective stimulation of grapevine plant de-
fences.

31.9 DISEASE MANAGEMENT IN TOMATO USING SAFE
LEVELS OF CHEMICALS. G. Ganeshan and D. Sharma. D7vision
of Plant Pathology, Indian Institute of Horticultural Research, Hes-
saraghatta Lake PO., Bangalore 560089, India. Email: gg@iibr.
ernet.in

In India tomatoes are grown widely over in an area of 520,000
hectares, producing 7,420,000 tonnes (FAO 2004). The crop suf-
fers from many diseases, with frequent application of pesticides.
This results in accumulation of pesticide residues in the produce,
making it unsafe for consumption besides affecting the environ-
ment. The present paper is focused on generating information on
residues of pesticides used in the control of tomato diseases. Sev-
eral fungicides and insecticides used in the management of toma-
to diseases were evaluated to find out whether their applications
(single or multiple) resulted in persistence of harmful residues at
harvest. Triademifon (1g/1), difenaconazole (0.15ml/l), carben-
dazim + mancozeb — combination product (2g/l), propineb
(2.5g/1), metalaxyl+mancozeb (2g/1), mancozeb (2.5g/1), copper
oxychloride (3g/l) and chlorothalonil (2.5g/1) against fungal dis-
eases and imidacloprid, acephate, dimethoate, dichlorvos,
fipronil against insect vectors transmitting viral diseases, were
evaluated. The residue estimations were carried out following ap-
plication of these pesticides at appropriate doses. The fungicide
residues on tomato fruits harvested 3 and 5 days after the last ap-
plication was ND — 1.70 ppm. Based on the residue persistence
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of the above fungicides and their prescribed permissible levels
(MRL), dinocap, difenconazole, propineb, mancozeb, copper
oxychloride and chlorothalonil were found safe to be used (Sin-
gle and multiple applications). Triademifon, tebuconazole and
metalaxyl + mancozeb — combination product, were found to be
unsafe, while carbendazim + mancozeb application was safe only
at 5 days after last application was made. Among the insecticides
imidacloprid, acephate, dimethoate and dichlorvos were found
safe.

31.10 INTEGRATED MANAGEMENT OF FUNGICIDE-RESIST-
ANT PLANT PATHOGENS. L.V. Gangawane. Soi/ Microbiology
and Pesticides Laboratory, dept. of Botany, Dr.B.A. Marathwada Uni-
versity, Aurangabad, India. Email: gangawawne@cyberpoint.in

When resistant varieties and cultural practices are inadequate
to manage the pathogens of different crops, use of chemicals be-
comes essential. It is estimated that nearly 35,000 formulations
involving about 1500 basic chemical ingredients are in the world
market. In India consumption of pesticides during 2006 was
more than 39,000 tonnes and 128 pesticidal compounds have
been registered under the pesticide act 1968. However, many ex-
amples of fungicide resistance have been reported from USA, Is-
rael, Japan, Australia, Europe and also from South East Asia. In
India, fungicide resistance in plant pathogens of various crops is
documented and therefore management of this situation becomes
essential. Our laboratory has reported nearly 20 pathogens resist-
ant to different fungicides. Amoung these Gloesporium ampeloph-
agum (anthracnose of grapes) against carbendazim and Plas-
mopara viticola (downy mildew of grapes) against aluminium
phosetyl are acute problems. Resistance against these fungicides
has been evaluated, and integrated managements have been
worked out using mixtures of other agrochemicals having differ-
ent modes of action and use of plant extracts. This has helped to
reduce the selection pressure of fungicides, and sometimes 90%
-100% control of these diseases has been observed.

31.11 STUDIES ON THE BIOLOGICAL CHARACTERISTICS
OF METALAXYL-RESISTANT MUTANTS OF PHYTOPHTHO-
RA BOEHMERIAE. Z. Gao, F. Chen, Y. Pan and R. Qi. College of
Plant Protection of Anbui Agricultural University, Hefei 230036, P
R. China. Email: ggm@abau.edu.cn, gaozhimou@126.com

Phytophthora boehmeriae Sawada is an economically im-
portant plant-pathogenic oomycete causing blights of cotton and
ramie in China. Metalaxyl has been one of the most effective
fungicides for controlling plant-pathogenic oomycetes including
P. boehmeriae. Some biological characteristics and their inher-
itance in metalaxyl-resistant (Mt") mutants of P. boehmeriae,
obtained by metalaxyl-induction on LBA medium, were stud-
ied in vitro. The results showed no obvious differences be-
tween the Mt* mutants and their wild-type parents in temper-
ature for mycelial growth, zoosporangium production, sensi-
tivity to malachite green and pathogenicity to cotton seedlings.
However, oospore production of the mutants was much lower
than that of their parents. Growth rate and colony morpholo-
gy of Mt" mutants and their parents all displayed obvious
variation or separation, suggesting that the two characters
were inherited non-uniformly in their single zoospore and
oospore progenies. At the same time, the homothallic charac-
ter of Mt" mutants was inherited consistently as well as that of
the wild-type isolates in asexual and sexual progenies. The re-
sults suggested that the Mt mutants of P. boehmeriae were
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strong in natural fitness, and could develop into a metalaxyl-
resistant population easily in a short time as long as the Mt*
mutants were initially produced. The results are valuable for
risk evaluation, monitoring and control of resistance of P
boehmeriae to metalaxyl.

31.12 STUDIES ON GENETIC DIVERSITY IN RESISTANCE
OF PHYTOPHTHORA BOEHMERIAE TO METALAXYL. Z.
Gao, E Chen, Y. Pan and R. Qi. College of Plant Protection, An-
hui Agricultural University, Hefei 230036, PR. China. Email:
g @ahau.edu.cn, gaozhimou@126.com

Metalaxyl-resistant (Mt") mutants of Phytophthora boehme-
riae Sawada were obtained by chemical mutagenesis, and the
inheritance of resistance of these mutants to metalaxyl was
studied 7z vitro. Wild-type and metalaxyl-sensitive (Mt®) iso-
lates from different localities and host plants were used for
the tests. The results showed that there were three patterns of
inheritance of resistance of mutants in P. boehmeriae to meta-
laxyl as follows: (1) The metalaxyl-resistant character was
steadily inherited in single-zoospore progenies but separated
into Mt" and M¢t* in the ratio 3:1 in the first single selfed
oospore generation; (2) The Mt character was steadily inher-
ited in both single-zoospore and single-oospore progenies; (3)
The Mt* character was unsteadily inherited, i.e. it reverted to
Mt® or showed continuous variation in successive zoospore
progenies. This suggested that the mutation of resistance of P
boebmeriae to metalaxyl might occur in the nuclei or in the
cytoplasm, and the Mt character of the pathogenic oomycete
might be controlled by a single dominant nuclear gene, or by
steadily inheritable or variably inheritable mitochondrial
genes in the cytoplasm. The results also indicated that among
different mutants from the same isolate there might be obvi-
ous differences in the genetic background of mutation of re-
sistance to metalaxyl. It appears that there is complex diversi-
ty in the inheritance of resistance in P. boehmeriae to meta-
laxyl. The results will be useful in monitoring and manage-
ment of resistance of P. boehmeriae to metalaxyl.

31.13 FUNGICIDE MIXTURES FOR CONTROL OF MY-
COSPHAERELLA GRAMINICOLA 1ISOLATES WITH RE-
DUCED SENSITIVITY TO DMIS. ]J. Godwin, R. Boutellier, C.
Chassot, U. Hugelshofer, H. Sierotzki and U. Gisi. Syngenta
Crop Protection AG, Research Biology, 4332 Stein, Switzerland.
Email: jereny.godwin@syngenta.com

Mycosphaerella graminicola (anamorph Septoria tritici) is the
causal organism of septoria tritici leaf blotch, the most commer-
cially damaging foliar disease of wheat in N.W. Europe. Chemical
control of this disease is currently primarily based on azoles,
members of the sterol 140—~demethylase inhibitor group of fungi-
cides (DMIs), and significant reductions in sensitivity leading to
reduced field performance have been reported in the last few
years. Mutations in the CYP51 gene, encoding the sterol 140~
demethylase target protein, and changes in the expression of ef-
flux proteins have been associated with these reductions in sensi-
tivity. Furthermore, molecular genetics studies in combination
with in vitro plate assays have identified six different genotype
groupings within the N.W. European population, each of which
has a different phenotype in terms of sensitivity to a defined set
of azole fungicides. The current study builds on this by examin-
ing different commercial fungicide products for control of repre-
sentative isolates from these genotype groupings on whole plants
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under carefully controlled growth chamber conditions. The data
generated in this study highlight the benefit of applying a multi-
site inhibitor fungicide, such as chlorothalonil, in mixture with
azoles in order to give robust control of S. #ritici, irrespective of
the DMI sensitivity profile of the field population. Studies also
demonstrated that mixtures of some azoles can interact synergis-
tically against S. #rstici isolates with reduced sensitivity to DMIs.
These data are of interest both from a mechanistic standpoint
and for control of this disease under commercial conditions.

31.14 INTELLIGENT CHEMICALS FOR INTEGRATED PEST
AND DISEASE MANAGEMENT. S. Gomathinayagam, K.
Mathivanan and Lalithakumari. Faculty of Agriculture and
Forestry, University of Guyana, Berbice campus, Guyana. Email:
drrekhagoms@yahboo.co.in

Modern chemical fungicides play a vital role in controlling
various fungal diseases in crop plants. The introduction of sys-
temic fungicides has significantly improved crop productivity.
The benzimidazole group is the most important, and is used in
preventive as well as curative fungicides for several crop diseases.
Spraying of carbendazim significantly reduced sheath blight in
rice with commensurate increase in grain yield. The ergosterol
biosynthesis inhibitors, peneconazole and biloxazole effectively
inhibit mycelial growth and sporulation in fungal pathognes.
Modern systemic fungicides are not only potent fungitoxicants
but also plant growth regulators, thereby protecting plants under
stress conditions. Benomyl, carbendazim, baycor and calixin ex-
hibited significant protective effect against methyl isocyanate tox-
icity in crop plants. Probennazole, a systemic chemical inhibited
the bacterial multiplication in rice leaves and its applocation sig-
nificantly induced defence-related enzymes such as peroxidase,
polyphenol oxidase, phenylalanine ammonia lyase and tyrosine
ammonia lyase, which are responsible for host resistance thereby
reduced the baterial leaf blight in rice. No development of resist-
ance to probenazole was reported. Fungicides showed differen-
tial activity on soil microorganisms in different types of soils, di-
rectly related to soil texture and microbial populations. Interest-
ingly, the addition of fungicides alone or in combinations selec-
tively stimulated certian beneficial soil microbes. Integration of
carbendazim with biocontrol agent, Trichoderma viride consider-
ably reduced root disease in cotton.

31.15* SOYBEAN RUST: DISEASE CYCLE AND EFFICACY
OF AZOLES AND STROBILURINS. 1. Haeuser-Hahn, A. Mehl,
U. Steffens and K. Tietjen. Bayer CropScience AG, Alfred Nobel
Str. 50, 40789 Monbheim, Germany. Email: Isolde. Haeuser-Hahn@
bayercropscience.com

Soybean rust (Phakopsora pachyrhizi) has turned out since
2003 to be very devastating in Brazil. The disease cycle starts with
uredospore germination and mainly direct penetration. In most
cases an appressorium develops at the end of the germ tube. Af-
ter penetration of the hyphal tube in the underlying epidermis
hyphae grow intercellularly and rapidly colonize the mesophyll.
After five to seven days under optimal conditions, urediae are
formed, and after nine days these liberate new uredospores for a
longer period of time. The mode of action of strobilurins and
azoles on the disease cycle of soybean rust is shown in scanning
electron micrographs. Strobilurins such as Flint directly inhibit
uredospore germination whereas azoles such as Tebuconazole ef-
ficiently inhibit mycelial growth. Up to now, several sensitivity
monitoring methods have been checked for their applicability to
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soybean rust. For strobilurins, because of their mode of action, a
spore germination test seems to be most suitable. Radioactive la-
bel incorporation studies showed that within the first 6 hours of
germination no significant sterol biosynthesis could be detected.
Because of the late onset of fungal sterol biosynthesis during ger-
mination a spore germination test turned out to be inapplicable
for sensitivity monitoring of DMIs and a detached leaf assay was
necessary. Preliminary data show that until now no sensitivity
changes occurred in the case of both fungicide classes, strobil-

urins and DMIs.

31.16 OXOLINIC ACID-RESISTANCE MECHANISM OF IN
VITRO MUTANTS OF BURKHOLDERIA GLUMAE AND
THEIR SURVIVAL FITNESS ON RICE PLANTS. Y. Hikichi, Y.
Maeda, K. Ohnishi and A. Kiba. Laboratory of Plant Pathology &
Biotechnology, Kochi University, Kochi, Japan. Email: yhikichi@cc.
kochi-u.acjp

Oxolinic acid (OA)-resistance in field isolates of Burkholderia
glumae, a causal agent of bacterial grain rot, depends on the
amino acid substitutions at position 83 in the GyrA (GyrA83).
Among iz vitro spontaneous mutants from OA-sensitive B.
glumae strain Pg-10 (Pg-10), we selected OA-resistant mutants
which were produced at the rate of 5.7 x 10-1°, The nucleotide se-
quences of the quinolone resistance-determining region in GyrA
showed that Gly81Asp, Gly81Cys, Asp82Gly, Ser83Arg,
Asp87Gly and Asp87Asn substitutions in GyrA occurred in these
OA-resistant mutants. Introduction of each amino acid substitu-
tion to GyrA of Pg-10 resulted in OA-resistance, similarly to 77
vitro OA-resistant mutants having the responsible amino acid
substitutions. Though the Asp82Gly recombinant grew iz vitro
less than the parent strain, other recombinants grew z# vitro, sim-
ilarly to Pg-10. When rice plants at booting were inoculated with
the bacteria, the population of Pg-10 in spikelets increased to 7.0
x 106 cfu/g by 5 days after flowering. Though the population of
Ser83Arg recombinant in spikelets increased to 3.8 x 10° cfu/g,
growth of other OA-resistant recombinants in spikelets was re-
duced significantly, compared to that of Pg-10. When spikelets at
flowering were treated with OA, only the Ser83Arg recombinant
grew vigorously in spikelets, causing bacterial grain rot. These re-
sults suggest that only OA-resistant B. glumae with GyrA83 sub-
stitutions among the GyrA-mutants retains the ability to survive
on rice plants, especially when OA is applied. Therefore, GyrA83
substitution is commonly responsible for OA-resistance for B.
glumae field isolates.

31.17* DISRUPTION OF THE BOTRYTIS CINEREA
GENOME HIGHLIGHTS THE POSSIBILITY THAT NON-
PROTEIN CODING REGIONS MAY OFFER NOVEL FUNGI-
CIDE TARGETS. D.W. Hollomon, P.M. Wood and T. Joseph-
Horne. Biochemistry Department, School of Medical Sciences, Bris-
tol University, Bristol, UK. Email: D.W.Hollomon@bristol.ac.uk

As part of our studies to identify how various branch path-
ways interact with the core mitochondrial respiratory pathway in
filamentous plant pathogenic fungi, we cloned an external alter-
native NAD(P)H dehydrogenase (ANADH) gene from the grey
mould fungus, Botrytis cinerea. To determine the function of this
gene during early infection and spread, we attempted a “Knock-
out” using the haploid B. cinerea strain B0510, and a disruption
cassette carrying the hygromycin resistance gene. Several stable
hygromycin-resistant transformants were obtained, but PCR and
Southern blots confirmed that the resident ANADH gene had
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not been disrupted. Yet all transformants sporulated very poorly,
grew more slowly 7z vitro than the parent, and were non-patho-
genic. Genome walking outward in both directions from the hy-
gromycin-resistance gene identified the insertion of the disrup-
tion cassette in an open reading frame of 106 amino acids, which
was at least 2 kb in either direction from any protein sequence
recognised in a BLAST search. Recent analysis of several eukary-
otic genomes (Gingeras, 2007, Genome Research, 17: 582-690)
has identified the widespread occurrence of RNA transcripts
with apparently little protein-coding capacity, and their role in
the regulation of development. We will report our experiments,
using RT-PCR, to see if RNA transcription occurs where the
ANADH disruption cassette has inserted in the Botrytis genome.
This work highlights the fact that apparent non-coding regions of
fungal genomes may regulate proteins associated with cell func-
tion and/or pathogenicity, which may offer possible novel fungi-
cide targets.

31.18 EFFECTS OF FUNGICIDES ON CONTROL OF LEP-
TOSPHAERIA MACULANS AND L. BIGLOBOSA (PHOMA
STEM CANKER) IN OILSEED RAPE. J.R. Hood, Y.J. Huang,
N. Evans, S. Rossall, M. Ashworth, B.D.L. Fitt. Rothamsted
Research, Harpenden AL> 2]Q, Herts, UK. Email: yong-ju.
huang@bbsrc.ac.uk

Phoma stem canker is a damaging disease of oilseed rape
caused by a Leptosphaeria species complex, L. maculans and L.
biglobosa. Stem cankers caused by L. maculans are more damag-
ing than those caused by L. biglobosa. Control of severe stem
canker in the UK depends on the use of fungicide. Understand-
ing the sensitivity of L. maculans and L. biglobosa to fungicide is
important for effective control of phoma stem canker. This poster
reports work on sensitivity of L. maculans and L. biglobosa to
flusilazole and effectiveness of fungicides on control of the dis-
ease in field experiments. Results from 77 vitro assays of sensitivi-
ty to flusilazole indicate that isolates of L. biglobosa were less sen-
sitive than isolates of L. maculans. There was also large variation
between isolates of the same species. In winter oilseed rape field
experiments to investigate effects of early and late applications of
fungicides on control of the disease done in the 2005/06 and
2006/07, there were significant differences between treated and
untreated plots. In 2005/06, the early spray (29 Oct.) was more
effective in control of phoma leaf spots, while the late spray (29
Nov.) was more effective in control of stem canker. In 2006/07,
the early spray (13 Oct.) was more effective than late spray (13
Nov.) in control of both leaf spots and stem canker. For the two
cultivars used in the field experiment, there was no difference in
phoma leaf spot incidence in autumn but there was a difference
in severity of stem canker at harvest.

31.19 OCCURRENCE OF STROBILURIN-RESISTANT ISO-
LATES OF PSEUDOCERCOSPORA VITIS, CAUSAL FUNGUS
OF GRAPEVINE LEAF BLIGHT IN JAPAN. K. Inoue, N. Koya
and A. Kawaguchi. Agricultural Experiment Station, Okayama
Prefectural General Agriculture Center, Akaiwa-city, Okayama,
709-0801, Japan. Email: kouji_inoue3@pref.okayama.lg.jp

The strobilurin fungicides, kresoxim-methyl and azoxys-
trobin, have been used to control ripe rot, downy mildew and
leaf blight of grapevine for more than ten years in Okayama Pre-
fecture, Japan. Failing efficacy of strobilurin fungicides to leaf
blight was lately observed in some vineyards. Seventy seven iso-
lates of Pseudocercospora vitis collected from ten vineyards in
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Okayama Prefecture were tested for sensitivity to a strobilurin
fungicide in 2006. The MIC of azoxystrobin against mycelial
growth in presence of 5mM #-propyl gallate was more than
400ppm in 61 isolates. A single point mutation (G143A) in the
cytochrome b gene was found in the resistant isolates tested. Con-
trol efficacy of azoxystrobin against resistant isolates was very low
in an inoculation test using pottedgrapevine plants. Most of these
strobilurin-resistant isolates were also resistant to benzimidazole.
These results show that failure of strobilurin fungicides to pre-
vent leaf blight was caused by occurrence of strobilurin-resistant
isolates. This appears to be the first report of strobilurin-resistant
isolates of Pseudocercospora vitis.

31.20 DEVELOPMENT OF AN ENZYMATIC ASSAY FOR
MEASURING PHOSPHITE. N. Jardine, J.A. McComb, G.E.St]J.
Hardy and P.A. O’Brien. Centre for Phytophthora Science
and Management, School of Biological Sciences and Biotechnology,
Murdoch  University, Perth, WA 6150, Australia. Email:
N.Jardine@murdoch.edu.au

The systemic fungicide phosphite is increasingly being used to
treat oomycete plant diseases in horticultural crops and native
ecosystems around the world. The effects of phosphite applica-
tion on a plant are variable. Resistance depends on the species,
the time of application and the method of application. Very little
is known about how phosphite is transported and stored within
plants, or how these processes are affected by the physiological
status of the plant. This is mainly due to the unavailability of a
simple, efficient method for measuring the concentration of
phosphite. We have developed an enzymatic assay that enables
phosphite to be quantified as an alternative to high-performance
liquid chromatography or gas chromatography. Phosphite is oxi-
dised to phosphate by a modified phosphite dehydrogenase.
NADH formed in the reaction reduces p-iodonitrotetrazolium vi-
olet (INT) via an intermediate electron carrier to produce a stable
red formazan that can be measured spectrophotometrically at
490 nm. This method is being further developed to quantify
phosphite in plant-tissue samples. Dried plant material is pow-
dered and resuspended in water. Phosphite is separated from the
plant extract solution by dialysis and determined with the phos-
phite dehydrogenase assay. The method is rapid and inexpensive
and could potentially be developed to measure the phosphite
concentration within plant samples in the field.

31.21 ECONOMIC THRESHOLDS FOR ALTERNARIA LEAF
BLIGHT INFECTION (ALTERNARIA SP.) OF FIELD-GROWN
SESAME. B.R. Kim, K.S. Han, Y.S. Choi, E.S. Yang, J.R. Son
and S.Y. Yu. BioEnvironment Division, Chungnam Agricultural
Research and Extension Services, Yesan, Chungnam 340-861, Re-
public of Korea. Email: amali@hanmail.net

Alternaria leaf blight caused by Alternaria sp. is one of the
most serious diseases affecting sesame in tropical, subtropical and
temperate regions. This disease occurs under high humidity and
low temperature. Our study was conducted to develop economic
thresholds for field cultivation of sesame according to disease-in-
cidence levels from 0 to 40%.The yield losses were 4.2%, 15.3 %,
17.1%, and 28.2%, with disease incidence levels of 10%, 20%,
30%, and 40%, respectively. In cases of early disease occurrence,
the control threshold (CT) estimated was 16.3%.
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31.22 RAINFASTNESS AND LONG LASTING ACTIVITY -
KEY REQUIREMENTS IN SPRAYS FOR THE EFFECTIVE
CONTROL OF OOMYCETE PATHOGENS IN GRAPES, PO-
TATOES AND VEGETABLES. G. Knauf-Beiter, D.W. Bartlett
and F. Huggenberger. Syngenta, Crop Protection Biological
Research Centre, CH-4332 Stein, Switzerland. Email: gertrude.
knauf-beiter@syngenta.com

Mandipropamid is a new active ingredient with high intrinsic
activity against Oomycete pathogens in grapes, potatoes and veg-
etables. Biokinetic studies show that a substantial proportion of
the active ingredient binds immediately to the epicuticular wax of
plant surfaces. As the surface spray deposit has dried, adsorption
to the wax layer protects the active ingredient from being washed
off by rain. These properties explain the consistently excellent
rainfastness of mandipropamid-based products observed in dif-
ferent laboratory and field tests on leaves of potatoes, grapes and
vegetables as well as on grape bunches. In field/laboratory tests,
potato leaves of different sizes were marked at the time of fungi-
cide application in the field, and at different intervals, marked
leaves were removed from the field plants and inoculated with
Phytophthora infestans in the laboratory. The results of these tests
show that mandipropamid fully protects expanding leaves from
disease infection. The stability of the surface deposit and the dis-
tribution of the active ingredient with growing leaf tissue can ex-
plain these results. From the surface deposit and the material ad-
sorbed to the epicuticular wax, small amounts of active ingredi-
ent migrate progressively into the plant tissue. Due to the high in-
trinsic activity of mandipropamid, the amount taken up into the
plant tissue is sufficient to provide good translaminar activity and
curative disease control during the incubation period. Rainfast-
ness and long-lasting activity are key requirements for reliable
preventive control of Qomycete pathogens under field condi-
tions.

31.23 OVEREXPRESSION OF EFFLUX TRANSPORTERS
LEADS TO MULTIDRUG RESISTANCE IN BOTRYTIS
CINEREA FIELD STRAINS. M. Kretschmer, A-S. Walker, M.
Leroch, M. Wiwiorra, H-]. Schoonbeek, P. Leroux, S. Fillinger,
M. de Waard and M. Hahn. Phytopathology, Department of Biolo-
2y, PO. Box 3049, University of Kaiserslautern, Kaiserslautern,
Germany. Email: kretschm@rhrk.uni-kl.de

Botrytis cinerea is a ubiquitous necrotrophic ascomycete
which can infect more than 230 plant species. It causes high loss-
es in economical important crops like grapes, tomatoes or straw-
berries. To control Botrytis several applications per year of differ-
ent fungicides are used. Common fungicide resistance pheno-
types are due to mutations of fungicide target sites or increased
degradation. Another type of resistance, called multidrug resist-
ance (MDR), known from cancer cells or microbial infections,
leads to resistance against different drugs and is correlated with
overexpression of ABC- or MFS-transporters. In French vine-
yards, B. cinerea strains with a MDR phenotype were observed
for the first time 15 years ago. MDR strains constitute an increas-
ing population which already accounted, in 2005 and 2006, for
more than 50% of the population. In Germany 23-34% MDR
strains were found in 2006 and 2007. All strains could be classi-
fied into three MDR groups according to their fungicide resist-
ance spectrum. Uptake experiments with “C-labeled fludioxonil
with MDR1 and sensitive strains showed strongly reduced fungi-
cide uptake in MDRI1 strains. This was clear evidence for a corre-
lation between MDR and increased efflux transport activity.
Gene expression studies identified constitutively overexpressed
efflux transporters. In MDR1 strains, an ABC- and in MDR2 a
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MFS-transporter was overexpressed. MDR3 strains, as a natural
cross of MDR1 and 2, showed overexpression of both the ABC-
and the MFS-transporters. Knock-out mutagenesis of the ABC-
transporter in MDR1 strains led to complete loss of the MDR1
phenotype, which confirmed a correlation between efflux-trans-
porter expression and MDR.

31.24 COST OF FUNGICIDE RESISTANCE FOR PLAS-
MOPARA VITICOLA: FITNESS ASSESSMENT AND SPATIO-
TEMPORAL DISTRIBUTION. D. Lafarge, F Delmotte, V.
Machefer, J. Jolivet,L. Douence, M.P. Latorse, R. Beffa and M.E.
Corio-Costet. UMR Santé Végétale, INRA-Bordeaux, 71 Ave. E.
Bourlaux, BP81- F-33883 Villenave d’Ornon Cedex, France. Email:
dlafarge@bordeaux.inra.fr

Since its introduction from USA to Europe in the late 19th
century, Plasmopara viticola, the causal agent of grapevine downy
mildew, has caused extensive damage in vineyards, where chemi-
cal control remains the most efficient management tool. This
chemical disease control has led to the selection of resistant
strains. To manage these resistance phenomena, it is important to
understand how resistant populations appear, spread and survive.
One major issue is to evaluate pathogen fitness (ability of strains
to spread their genotypes within populations) without selection
pressure. The aim of this study was to 1) characterize different
physiological parameters of resistant and sensitive isolates of P.
viticola to fungicides, 2) combine the data obtained to define a
fitness indicator, i.e. Composite Index of Fitness (CIF), and 3)
classify the P. viticola isolates according to their CIF. In addition,
we tested direct measurement of competitive fitness by mixing re-
sistant and sensitive strains during several asexual reproduction
cycles without fungicide pressure. From these data we can esti-
mate the cost of fungicide resistance in P. viticola. We also pres-
ent data on population genetics linked to resistance phenotypes.
For this study, we developed and used neutral (microsatellite)
and non-neutral (SNP) molecular markers to assess the genotype
of strains and their spatio-temporal distribution.

31.25 INFLUENCE OF TRIFLOXYSTROBIN ON PRIMARY
INOCULUM AND PROGRESSION OF SCAB EPIDEMICS ON
STONE FRUIT. N. Lalancette, K.A. McFarland and A.L. Bur-
nett. Rutgers University, Agricultural Research and Extension Cen-
ter, 121 Northville Road, Bridgeton, N]J 08302 USA. Email:
lalancette@njaes.rutgers.edu

Primary inoculum for scab epidemics on peach and nectarine
is produced by overwintering twig lesions. This inoculum source
accounts for the majority of fruit infection during early-to-mid
season. The relatively long latent period of 42+ days for fruit scab
limits secondary infection cycles to later in the season. Thus, a re-
duction in primary inoculum could significantly impact disease
development on fruit. To evaluate this possibility, the influence of
bloom applications of trifloxystrobin on twig lesion sporulation
and subsequent fruit infection was studied in a nectarine orchard
during 2005-2007. Treatments consisted of applications made at
pink and bloom, bloom and petal fall, petal fall and shuck-split,
or petal fall, using 3x3 tree plots arranged in a RCBD with three
replicates. Five or six sporulation assessments were made from
May through July by removing 10-16 infected twigs from each
plot and incubating them for 24 h at 25°C and RH > 95%. Coni-
dial production was estimated using a hemocytometer. Fruit dis-
ease development was assessed three times during each season by
counting the number of lesions on 25 fruit per plot. Analysis of
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areas under the sporulation and fruit-disease progress curves in-
dicated that all treatments significantly reduced primary inocu-
lum production and fruit disease severity. The most effective
treatments reduced peak sporulation by 82-92% and fruit lesion
density by 79-87%. These results indicate that use of anti-sporu-
lant fungicides at bloom is an effective strategy for reducing the
impact of primary scab inoculum during the subsequent fruit
growth and development period.

31.26 EVALUATION OF POLYMERS FOR COATING BEAN
SEEDS. L. Leandro Pires, C. Bragantini and A. Teramoto. School
of Agronomy and Food Engeneering, Federal University of Goids,
CP 131, Campus II, Goidnia, GO, Brazil. Email: larissa@
agro.ufg.br

Coating seeds of bean (Phaseolus vulgaris L.) with polymers
promotes a uniform distribuition and better fixation of chemical
products on the seed surface. Since species respond differently to
coating, one of the objectives of this study was to evaluate the ef-
fect of different polymers on the quality of bean seeds (cv. Péro-
la). The polymers tested (PVA paints, xantan gum and polyvinyl
acetate) were coated on the seeds. Germination was slower in
coated seeds, particularly with polyvinyl acetate; but coating did
not affect germination of samples taken over the storage period.
Another experiment was conducted to study the effects of poly-
mer coating on the physiological quality of bean seeds (cv.
Aporé). Coating polymers were PVA paints (regular and glossy).
Bean seeds were put to germinate immediately and at 1, 2, 3, 4,5
and 6 days after coating. Seed quality was evaluated through a
standard germination test, first count and accelerated aging test.
Effects of polymer coating on seed water absorption rate were al-
so evaluated. Coated seeds were placed in water immediately and
after 2, 4, and 6 days after coating. Weight gains were checked af-
ter 1,2, 4, 8, 16, 24, 36, 48, 60 and 72 hours of imbibition. Coat-
ing with glossy paint slowed the germination process when com-
pared to non-glossy paint. This was probably because the glossy
paint restricted water absorption. However, final germination
percentage of the seeds coated with both paints was not affected.

31.27* STORAGE OF BEAN SEEDS COATED WITH POLY-
MERS AND TREATED WITH FUNGICIDES. L. Leandro Pires,
C. Bragantini and A. Teramoto. School of Agronomy and Food
Engeneering, Federal University of Goids, C.P. 131, Campus I,
Goidnia, GO, Brazil. Email: larissa@agro.ufg.br

Coating seeds with polymers, associated with other chemicals,
is being used to promote better fixation of seed treatment prod-
ucts and, therefore, minimizing toxic hazards. Physiological and
sanitary seed quality of bean (Phaseolus vulgaris L.) seeds, inocu-
lated with Colletotrichum lindemuthianum, coated with polymers
and treated with fungicides, were evaluated by germination,
vigour, and pathology tests, during four months in storage. Ger-
mination of coated and treated seed was not affected during the
storage period. Combination of a coating paint and a wettable
powder fungicide gave higher germination percentages after two
and four months of storage. Fungicides formulated as wettable
powder or concentrated suspensions promoted a better control
of pathogens in general. The combination of dry powder formu-
lation with a coating substance improved the control of C. /inde-
muthianum at the beginning of storage.
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31.28 SUPPRESSING CUCURBIT DOWNY MILDEW OF CU-
CURBITS. S. Rideout, C. Waldenmaier and M. Mahovic. Vir-
ginia Tech, Eastern Shore AREC, 33446 Research Dr., Painter, VA,
23420, USA. Email: srideout@ut.edu

Cucurbit downy mildew, caused by Pseudoperonospora cuben-
sis, is the most damaging disease on cucurbits in Virginia. Recent-
ly, management of the disease has become more problematic as
the pathogen has developed resistance to Qol fungicides. In ad-
dition, performance of particular fungicides on different cucurbit
crops have led to questions regarding the homogeneity of P.
cubensis populations. Over the past two growing seasons (2006
and 2007), our research group has screened 11 different fungi-
cide regimes across three different cucurbits crop: cucumber (Cu-
cumis sativus), cantaloupe (Cucumis melo), and pumpkin (Curcur-
bita pepo). Disease severity was greatest in cucumber where only
regimes containing cyazofamid and propamocarb hydrochloride
have been effective at suppressing levels of disease. Qol fungi-
cides (azoxystrobin and pyraclostrobin) have only offered moder-
ate levels of suppression. In addition, moderate suppression has
been realized in plots receiving applications of famoxadone + cy-
moxanil, cymoxanil, mandipropamid, and chlorothalonil. Results
in cantaloupe have mirrored those observed in cucumber. How-
ever, in pumpkin trials, mandipropamid offered similar levels of
control to cyazofamid and propamocarb hydrochloride. In all tri-
als, plots receiving fungicide applications have exhibited less
downy mildew and higher yields compared to the nontreated
control. These results indicate that Qol fungicides are no longer
effective at controlling levels of cucurbit downy mildew in the
United States. In addition, performance of particular fungicides
varies across different cucurbit crops.

43.1 FUNGICIDE RESISTANCE IN POPULATIONS OF CU-
CURBIT POWDERY MILDEW. A. Lebeda and B. Sedlikova.
Palacky University in Olomouc, Faculty of Science, Department of
Botany, Slechtitelu 11, 783 71 Olomouc-Holice, Czech Republic.
Email: ales.lebeda@upol.cz

A total of 108 cucurbit powdery mildew (CPM) isolates, 78
Golovinomyces cichoracearum (Gce), 30 Podosphaera xanthii (Px),
were screened for tolerance and/or resistance to the three fre-
quently used fungicides (fenarimol, dinocap, benomyl) in the
Czech Republic (CR). The isolates, from 9 regions and 22 dis-
tricts of CR, were collected in 2001-2004. Fungicide sensitivity
was determined by a modified leaf-disc bioassay using five con-
centrations. Significant differences among fungicides and even
between different years were found. Occurrence of resistant
and/or tolerant isolates of both powdery mildew species in differ-
ent locations was observed. Fenarimol (Rubigan 12 EC) showed a
high level of effectiveness and all isolates of both CPMs were
controlled by the recommended concentration (36 pg a.i./ml).
Specific temporal variation in tolerance/resistance was observed.
Dinocap (Karathane LC) showed decreasing efficacy. A shift to
the tolerant reactions in CPM populations was recognized. Beno-
myl (Fundazol 50 WP) was totally ineffective, because the majori-
ty of isolates screened (88% Gc and 97% Px) showed resistance
to the recommended concentration (250 pg a.i./ml) and tolerant
or resistant response to higher concentrations (500 pg a.i./ml and
1000 pg a.i./ml). Differences in sensitivity between Gc¢ and Px
were found. Practically all Px isolates (except one from 2003)
were resistant, whereas 12% of Gc isolates during the years 2001-
2003 showed sensitive and/or tolerant reactions. At some loca-
tions repeatedly sampled during 2001-2004, variation in toler-
ance/resistance to all fungicides screened was detected.
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43.2 EPIDEMIOLOGY OF ALTERNARIA SPP. AND YIELD
LOSS IN POTATOES. ]. Leiminger and H. Hausladen. Chair of
Phytopathology, Life Science Center Weihenstephan, Am Hochanger
2A, 85350 Freising Weihenstephan, Germany. Email: j.leiminger@
web.de

Early blight is one of the major diseases of potatoes and other
Solanceae. In most potato-growing areas in Germany, early blight
is destructive. The primary damage is due to premature defolia-
tion. Heavy infections, which already start early in the growing
season, cause yield losses of 50%. In Europe, the disease is in-
creasingly important and the yield losses are greatly underesti-
mated. Early blight is caused by two pathogens, Alternaria solani
and A. alternata. The occurrence of each pathogen was moni-
tored in Germany over several years as well as over the entire veg-
etation period. In the laboratory, the fungi can be distinguished
on conidial morphology. This is crucial because as Deutermycota,
Alternaria spp., cannot be distinguished on sexual spores. Up to
now it has not been possible to distinguish which of the two
species causes the necrotic spot in the field, but by using quanti-
tative PCR we could measure the temporal and spatial distribu-
tion of both pathogens in the field. Our results indicate that inte-
gration of several factors (such as fungicide strategy, nutrition,
host cultivar and irrigation) can be very effective for prevention
of early blight. Fungicide treatments appear most effective in
control of early blight. We aimed to develop a decision-support-
ing system (DSS) for fungicide treatments as part of an integrated
plant protection system against potato early blight. In this we
combined fungicide strategies against early as well as late blight.

43.3 SCREENING SURFACTANTS WITH SYNERGETIC INHI-
BITION ACTIVITY TO SYP-Z048 ON BOTRYTIS CINEREA.
P.E Liu, EP. Chen, P. Han and X.L. Liu. Dep?. of Plant Patholo-
2y, China Agricultural University, Beijing 100094, PR. China.
Email: pengfeiliu@cau.edu.cn

A novel fungicide, 5-(4-chloro phenyl)-2,3-dimethyl-3-(pyri-
dine-3)-oxazoline (SYP-Z048), formulated by ShenYang Re-
search Institute of Chemical Industry, showed extra control of
grey mould in field tests. To provide a reference for formulation
development and rational administration of the fungicide, surfac-
tants that could increase the inhibition of Botrytis cinerea by
SYP-Z048 were selected from 18 varieties of eight kinds. It in-
cluded organic silicon, castor oil, tween, alkyl naphthalene sul-
phur salt, alkylphenol polyoxyethylene, lignin, nitride ketones
and phosphate ester salt. In screening, the best combination of
SYP-Z048 and surfactants was measured using three physiologic
indexes. They were dry weight of mycelium in liquid culture
medium, colony diameter on agar culture medium, and area of
mycelial expansion on tomato leaves. The results in vitro such as
colony diameter and dry weight of mycelium showed high corre-
lation. Treatment with SYP-Z048 combined with 0201B gave the
best inhibition, in terms of colony diameter and dry weight,
namely 52.17% and 94.67%, respectively while there was only
22.27% and 13.51% inhibition with SYP-Z048 alone. When cul-
tured on tomato leaves, B. cinerea was inhibited the most by
SYP-Z048 together with the surfactant Silwet L77. The inhibi-
tion rate was 83.69%, more than 40% higher than when surfac-
tant 0201B was used.

43.4 STUDIES ON THE MECHANISM OF NOVEL FUNGI-
CIDE SYP-Z048 AGAINST BOTRYTIS CINEREA. X.L. Liu, P.
Han, M. Liu and L. Chen. Depz. of Plant Pathology, China Agri-
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cultural University, Beijing 100094, PR. China. Email: Seedlingxili
@yahoo.com

A novel fungicide, 5-(4-chloro phenyl)-2,3-dimethyl-3-(pyri-
dine-3)-oxazoline (SYP-Z048) was developed in China. In vitro,
SYP-Z048 showed good inhibition of Ascomycetes, Basidomycetes
and Deuteromycetes. The EC,, values for Botrytis cinerea and Ful-
via fulva were 0.306 and 0.126 pg/ml, respectively. The effect of
SYP-Z048 on ergosterol synthesis in B. cinerea hyphae was studied
using HPLC. We found that SYP-Z048 could significantly inhibit
ergosterol synthesis. The levels of ergosterol in hyphae were 1.59
(£0.126) and 0.10 (£0.011) pg/mg dry wt under the treatment
dosage of 0.5 and 10.0 pg/ml, respectively. The inhibition rates
were 22.24% and 95.12%, which were not very different from the
effects of the DMI fungicide tebuconazole. Regression analysis in-
dicated that there was positive linear relationship between loga-
rithm fungicide concentration and odds score of inhibition rate of
ergosterol. The effect of SYP-Z048 on different sterols in hyphae
of B. cinerea was determined by the GC method. The results
showed that the ergosterol level in total sterols was 43.91%,
43.74% and 32.41% after SYP-Z048 treatment of hyphae at 0.5,
1.0 and 5.0 pg/ml. Compared to the untreated control, the levels of
other sterols also showed various changes. After treatment at 0,
0.5, 1.0 and 5.0 pg/ml SYP-Z048 concentration, the eburicol con-
centration in total sterols was 2.25%, 7.10%, 9.88% and 12.80%,
but the 4,4-dimethylfecosterol concentrations were 0.040%,
0.017%, 0% and 0.006%, respectively. Thus, the site of SYP-Z048
action in B. cinerea was focused on the sterol C14 demethylase.

43.5 MECHANISM OF RESISTANCE OF FUSARIUM FU-
JIKUROI'TO PROCHLORAZ. X.L. Liu, Z.H. Zhao, J.R. Fan and
O.S. Lund. Dept. of Plant Pathology, China Agricultural University,
Beijing 100094, PR. China. Email: Seedlingxili@yahoo.com

Rice bakanae disease, caused by Fusarium fujikuroi, is impor-
tant in most rice-growing areas of the world. Prochloraz is applied
widely to control this disease in China. Prochloraz-resistant mu-
tants were obtained by fungicide adaptation and UV-irradiation.
Some biological characteristics of the mutants were studied in the
laboratory, and the resistance of all mutants was found to be stable.
The resistant mutants could grow at levels of 0.5pg/ml prochloraz,
at which the mycelial growth of sensitive strains was inbihited com-
pletely. Based on the dose response of resistant mutants, the con-
centration of 0.5 pg/ml could be considered as discriminatory to
distinguish sensitive strains from resistant mutants. The metabo-
lism and absorption of prochloraz in mycelia of sensitive strains
and resistant mutants were determined by HPLC and gas chroma-
torgraphic (GC) methods. The analysis showed that the effect of
ATP-binding cassette transporter genes was one of the resistant
mechanisms of F. fujikuro: to prochloraz. However, the metabolism
of prochloraz by mycelia was not correlated with resistance. The
1523bp sequence of gene cyp51 from a sensitive strain and resist-
ant mutants with different resistance levels was cloned and com-
pared. The results showed that resistance to prochloraz was not
due to mutation in cyp51. Analysis of cyp51 mRNA, measured by
real-time PCR showed that over-expression of this mRNA should
be the potential resistance mechanism of F. fujzkuroi to prochloraz.

43.6 DETECTION OF RESISTANCE TO DIMETHACHLON
AND CARBENDAZIM IN SCLEROTINIA SCLEROTIORUM IN
JIANGSU PROVINCE. H.X. Ma, X.J. Feng, C.J. Chen and M.G.
Zhou. College of Plant Protection, Nanjing Agricultural Universi-
ty, Nanjing 210095, China. Email: mgzhou@njau.edu.cn
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Sclerotinia stem rot, caused by Sclerotinia sclerotiorum (Lib-
ert) de Bary, is one of the most devastating diseases of rape in
China, causing yield losses from 10% to 80%, and decline in oil
quality. Chemical control remains the main way to reduce the in-
cidence of S. sclerotiorum. Carbendazim (a benzimidazole) has
been used since the early of 1980s and dimethachlon (a dicarbox-
imide) replaced benzimidazoles in some regions after the carben-
dazim failure in 2001 and 2002. Monitoring was done by collect-
ing the pathogen’s sclerotia from rotted stems in Jiangsu province
of China, where about 700 thousand ha of oil rape are planted,
since 2005 in order to study the resistance of S. sclerotiorum to
dimethachlon and carbendazim by the method of discrimination
dose. Sensitivity tests showed that the ratio of isolates resistant to
carbendazim was increased all over the areas monitored. The re-
sistance level of these isolates was very high. The ratio of isolates
resistant to carbendazim was different among regions in Jiangsu;
it reached 50.0% in Zhenjiang and Nantong city, but was only
3.0% in Wuxi and Changzhou city. There were only 6.0% of
dimethachlon-resistant isolates in the tested population in
Yancheng, and the resistance level was low about 10 folds to sen-
sitive. No dimethachlon-resistance was found in other regions.
Furthermore, the strains resistant to dimethachlon had positive
cross resistance to other dicarboximide fungicides such as iprodi-
one and procymidone.

43.7 EFFICACY OF FUNGICIDES APPLIED TO THE SOIL
FOR MANAGEMENT OF PHYTOPHTHORA ROOT AND
CROWN ROT ON CHILE PEPPERS. M.E. Matheron and M.
Porchas. Yuma Agricultural Center, University of Arizona, Yuma,
Arizona, U.S.A. Email: matheron@ag.arizona.edu

The oomycete pathogen Phytophthora capsici can cause exten-
sive losses in pepper plantings. Studies were initiated to evaluate
and compare several new and existing fungicides for their ability
to protect pepper plants from Phytophthora crown and root rot
when applied to the soil. In 2005 and 2006, soil was collected
from within the root zone of chile pepper field plants infected
with P, capsici. Five parts of this soil was thoroughly mixed with 2
parts sand in a large container, then dispensed into a series of 0.5-
liter plastic pots. A bell pepper seedling (approximately 8 cm tall)
was transplanted into each pot, and the soil in each container was
then drenched with 200 ml of a solution containing one of the
chemical treatments. Plants were maintained in a greenhouse for
approximately 2 months. Additional applications of materials to
the soil were made after 1-month in 2005 and after 3- and 6-
weeks in 2006. Average survival time for pepper plants grown in
infested soil not treated with a fungicide was 5 and 29 days in
2005 and 2006, respectively. On the other hand, in both years the
survival of plants in soil treated with cyazofamid, fluazinam, flu-
opicolide, dimethomorph, mandipropamid, and fenamidone +
propamocarb did not differ significantly from plants grown in
soil not containing P. capsici. These ingredients were all effective
for management of root and crown rot on pepper plants when
applied as a soil drench in these trials.

43.8 DMI SENSITIVITY STATUS OF EUROPEAN SEPTORIA
TRITICI POPULATIONS AND RELEVANCE OF CYP51 TAR-
GET MUTATIONS. A. Mehl, K. Stenzel and K. Tietjen. Bayer
CropScience AG, Research Biology Fungicides, Building 6240,
Alfred-Nobel-Str. 50, D-40789 Monbheim, Germany. Email:
andreas.mebl@bayercropscience.com

During the last decade fungicides used to control cereal
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pathogens have mostly contained Qol and SBI compounds in-
hibiting mitochondrial respiration or sterol biosynthesis, respec-
tively. Resistance towards Qol fungicides has developed and
spread quite fast, based on a single nucleotide polymorphism
known as G143A target mutation in several cereal pathogens
such as Erysiphe graminis f.sp. tritici, E. graminis f.sp. hordei or
Septoria tritici, therefore chemical control in cereals now relies
predominantly on the use of DMI fungicides. Today’s resistance
research or sensitivity-monitoring focuses on azoles and in partic-
ular on performance towards the most important wheat pathogen
in northwestern Europe, S. #ritici. In this context, several individ-
ual mutations and combinations of these mutations within the
azole target site (cyp51) have been reported to be important for
azole efficacy. Latest investigations to be presented show the cur-
rent sensitivity status of European S. #r:tici strains as well as dif-
ferent correlations between selected cyp51 mutations identified
within isolates and in vitro efficacy of studied DMI fungicides.
The practical relevance of these findings will be discussed as well
as consequences for solid-resistance management strategies.

43.9 BEHAVIOR OF CYAZOFAMID DEPOSITS ON NEWLY
DEVELOPING POTATO LEAVES. S. Mitani, T. Kanza, J. Testers
and H.T.A.M. Schepers. Central Research Institute, Ishibara Sangyo
Kaisha, Ltd., Shiga, Japan. Email: s-mitani@iskweb.co.jp

Cyazofamid is a selective fungicide highly effective against a
limited number of important diseases including potato late blight
caused by Phytophthora infestans. To evaluate the behavior of
cyazofamid on newly developing potato leaves, [1*C] labeled cya-
zofamid was applied to young potato leaves and around vegeta-
tive growing points. Leaves were sampled after various growth
periods and investigated by autoradiography and combustion of
the tissues to determine the amount of cyazofamid. When 266
pg/ml cyazofamid (equivalent to practical use rate, 80 ga.i./ha,
water volume 300 1/ha) was applied to young leaves, expansion of
the labeled zone was observed after 20 days incubation. When
cyazofamid was sprayed around the vegetative growing points or
on the unfolded young leaves, cyazofamid was detected on the
newly developing potato leaves which were invisible or unfolded
at the time of treatment. The amount of cyazofamid required to
control late blight was actually present on the newly developed
leaves. This study supports previous indications that cyazofamid
resulted in the best protection of newly developing potato leaves
at the beginning of the growing season when crop growth rate
was high.

43.10 MONITORING AND METHODS FOR TESTING THE
SENSITIVITY TO MELANIN BIOSYNTHESIS INHIBITOR
(MBI-D, R) AND QOI INHIBITOR (STOROBILURIN) OF
MAGNAPORTHE GRISEA ISOLATES. N. Nakamura, H. Fuku-
da, K. Uchida, K. Sou and T. Takeda. Pesticide Research Depart-
ment, ZEN-NOH Agricultural R&D Center, 5-5-1 Higashi-yahata,
Hiratsuka, Kanagawa 254-0016, Japan. Email: nakamura-nobubiro
@zennoh.orjp

Rice blast caused by Magnaporthe grisea is a highly destructive
disease of Japanese rice crops. It has often inflicted tremendous
damage since the dawn of rice cultivation in Japan. To counteract
the disease, melanin biosynthesis inhibitor (MBI) and storobil-
urin have been widely used, giving excellent results. The sensitivi-
ty of M. grisea to MBI-D (target scytalone dehydratase), MBI-R
(target hydroxynaphthalene reductase) and storobilurin (target
Qol) fungicides was examined. Single-spore isolates collected in
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821 fields in Japan from 2004 to 2007 were tested by mainly 77
vitro assays. Rice plants in the 2nd leaf stage (cv. Koshihikari)
grown in cell-trays were sprayed with carpropamid (MBI-D; 100
ppm and 10 ppm), tricyclazole (MBI-R; 100 ppm and 10 ppm)
and azoxystorobin (Qol; 100 ppm, 10 ppm and 1 ppm) in each of
three replications. After inoculation, MBI-D resistant M. grisea
isolates were distinguished clearly by making protective value to
the histogram. The cause of the MBI-D resistance is known to be
a point mutation resulting in the change Val75Met in scytalone
dehydratase, the primary target of MBIs. Furthermore, we estab-
lished a simple diagnosis method by TagMan Probe assay using
Real-time PCR. Analysis for mutation in the scytalone dehy-
dratase gene could be completed within a day. From 2004 to
2006, MBI-D-resistant isolates were noted in various fields. Their
distribution has expanded from south to north in Japan. MBI-R
and storobilurin-resistant isolates have not so far been observed.
The data of 2007 are now being evaluated.

43.11* MOLECULAR CHARACTERIZATION AND DIAGNO-
SIS OF DMI-RESISTANCE IN CERCOSPORA BETICOLA. D.C.
Nikou, A.A. Malandrakis, J.G. Vontas, A.N. Markoglou and
B.N. Ziogas. Laboratory of Pesticide Science, Agricultural Univer-
sity of Athens, Greece. Email: ziv@aua.gr

Strains of C. beticola with high and moderate resistance levels
to epoxiconazole were isolated from sugarbeet fields in Serres,
Veria, Xanthi and Orestiada, Greece, heavily sprayed with tria-
zoles for a number of years. Cross-resistance studies showed that
epoxiconazole-resistant strains were less sensitive to the triazole
flutriafol but not to the benzimidazole benomyl and the carbox-
amide boscalid. A small reduction in sensitivity to the Qols pyra-
clostrobin, azoxystrobin and fenamidone was observed in a few
mutant strains. Study of phytopathogenic fitness did not show
any adverse effect by the resistance mutations; most mutants re-
tained their resistance levels even after four generations on fungi-
cide-free medium. The C-14 demethylase (CYP51) gene, the tar-
get site of DMI fungicides, was isolated from mutant and wild-
type strains using primers designed on conserved sequences and
RACE techniques. A number of different mutations, possibly as-
sociated with resistance in some strains, were identified. Tran-
scriptional levels of the C-14 demethylase gene were also com-
pared between resistant and wild-type strains using real-time
PCR. Overexpression of the C-14 demethylase gene, which was
observed in most resistant strains, seems the most possible mech-
anism of resistance to DMIs in C. beticola. Moreover, a neutral
mutation in the coding region of C-14 demethylase was ob-
sereved in all resistant strains and permitted the development of a
molecular probe for fast and accurate identification of resistance
to DMIs in C. beticola populations from Greece. This research
was co-funded by EU and Ministry of National Education and
Religious Affairs.

43.12 ESTIMATION OF THE COST-EFFECTIVENESS OF
FUNGICIDE APPLICATION FOR CONTROL OF FUNGAL
DISEASES OF WHEAT AND BARLEY. L. Paul and F. Calitz.
Agricultural Research Council Small Grain Institute, PO. Box
3507, Matieland, 7600, Stellenbosch, Republic of South Africa.
Email: pauli@arc.agric.za

Small grains, such as wheat and barley, are staples forming a
major part of the world’s food supply. However, fungal diseases
reduce yields. Host plant resistance is relied on as a method of
control, but some sources of resistance have become ineffective,
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and in South Africa few breeding programs focus on developing
new resistant cultivars. Control of fungal diseases, therefore, re-
lies on the application of fungicides. Fungicides are applied at an
early stage, and at a later stage of the small grain plant’s develop-
ment. Fungicide application is expensive, and to sustain produc-
tion it should be applied in a cost-effective manner. In 2006 and
2007 field trials were conducted to determine the cost-effective-
ness of fungicides applied either alone, or together with a seed
treatment, to control the prevalent fungal diseases of barley and
wheat. Two cultivars of wheat or barley were treated with fungi-
cides at early, late, or both early and late stages. The effect of a
high-dose seed treatment was also tested. The profitability of fun-
gicide application was calculated as the total profit from the per-
centage increase in yield obtained with a specific treatment, mi-
nus the total costs associated with the application of the fungi-
cides and/or seed treatment. A correctly timed single application
of fungicide was generally found to be more profitable than dou-
ble fungicide applications. Yield response to the application of a
seed treatment varied. Overall a better quality grain was obtained
when fungicides were applied.

43.13 BIOLOGICAL MODE OF ACTION OF CAA FUNGI-
CIDES AGAINST PHYTOPHTHORA INFESTANS AND
BREMIA LACTUCAE. A.E. Rubin, U. Gisi and Y. Cohen. Bar
Ilan University, Israel. Email: ycoben@mail. biu.ac.il

Four carboxylic acid amide (CAA) fungicides, mandipropamid
(MPD), dimethomorph (DMM), benthiavalicarb (BENT) and
iprovalicarb (IPRO) were examined for their effects against the
oomycetes Phytophthora infestans and Bremia lactucae. All were
highly inhibitory, with significant differences in intrinsic activity,
to spore germination. In P infestans, CAAs did not affect
zoospore discharge, motility, viability, or encystment, but all pre-
vented germination of cystospore and sporangia. Cystospores
which failed to germinate were often swollen. Electron mi-
croscopy showed a large vacuole inside such cystospores. Removal
of CAAs after 1 hour of exposure allowed spores to germinate and
infect. As low as nM concentrations of MPD were sufficient to in-
hibit spore germination but mM concentrations were required to
inhibit colonization or sporulation zz planta. In B. lactucae, all
CAAs inhibited spore germination in vitro or on the leaf surface.
MPD was more effective than DMM or BENT whereas IPRO was
least effective. CAAs enabled (unlike in P infestans) the emer-
gence of minor germ-tubes but prevented their growth. CAAs in-
duced no disruption of F-actin microfilament organization in the
inhibited spores. CAAs applied to lettuce plants after spore germi-
nation inhibited penetration and infection. Curative application
was effective at <3 hpi but not at 218 hpi. CAAs (except IPRO)
applied to upper leaf surfaces inhibited spore germination on the
lower surface and hence reduced infection. BENT and DMM
were more effective in suppressing sporulation than MPD or
IPRO. CAAs were highly effective in suppressing epidemics of
late blight in potato and downy mildew in lettuce.

43.14 BIOEFFICACY OF FUNGICIDES, BIOAGENTS AND
BOTANICALS FOR MANAGEMENT OF EARLY BLIGHT
(ALTERNARIA SOLANI) OF TOMATO. A. Sataraddi, H. Viru-
pakshaprabhu, M.M. Jamamdar and N.P. Ningaraddi. Depart-
ment of Plant Pathology College of Agriculture, Bijapur, India.
Email: arunsataraddi@yahoo.co.in

Early blight of tomato caused by Alternaria solani is a major
disease in Karnataka. The efficacy of eight systemic and three
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non-systemic fungicides was tested against conidial germination
of Alternaria solani. Among systemic fungicides, maximum inhi-
bition was recorded with 0.05% difenconzate followed big hexa-
conzazole, propicanazole and thiophanate methyl. At higher con-
centrations (0.075 and 0.1%) all inhibited conidial germination
completely. Among non-systemic fungicides maximum inhibition
was recorded with mancozeb at all three concentrations tested. A
further four systemic, two non-systemic and one botanical were
evaluated for their efficacy in disease control under field condi-
tions. Difenconazale at 0.05% was found to be the best fungi-
cide, giving least disease incidence (8.2%) followed by propi-
conazole.

43.15 WHEAT LEAF RUST IN EUROPE IN 2007: EFFICACY
OF FUNGICIDES AND STUDIES ON THEIR BIOLOGY. M.
Semar, D. Strobel and G. Stammler. BASF Aktiengesellschaft, D-
67117 Limburgerhof, Germany. Email: martin.semar@basf.com

In 2007, most European wheat growing regions were highly
affected by Puccinia triticina, the causal agent of leaf rust. Fungi-
cide programmes based on azoles with high intrinsic anti-rust ac-
tivity provided effective disease control. Qol fungicides also con-
tributed significantly to the control of rust and led to remarkable
yield increases — especially when long-lasting efficacy was re-
quired. Under high disease pressure in specific trials, yield gains
of up to 28 dt/ha compared to untreated controls or 10 dt/ha
compared to products with low anti-rust activity were observed
with single treatments. Since outbreaks like that of 2007 lead to a
strong selection pressure, the sensitivity of P. triticina towards tri-
azoles and Qols was monitored intensively. The epidemic in 2007
will be considered in relation to epidemiology, fungal pathogenic-
ity and fungicide sensitivity in order to provide insights for future
fungicide programmes.

43.16 EVALUATION OF FUNGICIDE RESIDUES IN CHILLI
AT HARVEST FOR SAFE PRODUCE. D. Sharma and G. Gane-
shan. Indian Institute of Horticultural Research, Hessaraghatta
Lake PO. Bangalore 560089, India. Email: debisharma@
gmail.com

Chilli, (Capsicum annum 1.) is an economically important crop
grown throughout the year in India, for both in fresh green as well
as red ripe dry versions. A long-duration crop of more than six
months, it suffers from a number of diseases, the most important
being anthracnose, leaf spot, powdery mildew, Alternaria blight,
bacterial wilt and chilli leaf curl. A number of fungicides are used
for control of these diseases, often near maturity, so there is a risk
of toxic residues remaining on the crop at harvest. The present
work was done to determine whether such fungicide application
result in persistence of harmful residues on the crop at harvest. We
also looked for ‘TDM friendly’ fungicides which are less persistent
and can form a part of the chemical control module of an integrat-
ed disease management package for chilli. Green chilli fruits ready
to harvest were collected at 3 and 5 days after the last foliar spray
treatment of any fungicide, and its residues were analyzed by previ-
ously standardized GLC/HPLC methods. Residues of thiophanate
methyl, mancozeb, iprodione and propineb were found to be with-
in permissible levels prescribed by Codex Alimentarius
(FAO/WHO) at harvest while those of tebuconazole, carbendaz-
im, propineb, difenconazole, tricyclazole and triademifon were
above the permissible levels prescribed. No detectable residues of
any of these fungicides were found in dry red chilli analyzed a min-
imum of 30 days after the last spray of any fungicide.
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43.17 MECHANISMS OF REDUCED SENSITIVITY TO DMI
FUNGICIDES IN PLANT PATHOGENS. H. Sierotzki, C. Chas-
sot, S. Oehring, R. Frey and U. Gisi. Syngenta Crop protection
AG, Research Biology, Schaffhauserstrasse, 4332 Stein, Switzer-
land. Email: helge.sierotzki@syngenta.com

DMI fungicides inhibit the C-14-demethylase in the ergosterol
biosynthesis pathway of fungi. The enzyme is encoded by the cyp
51 gene and has cytochrome P450 activity. Use of DMI fungi-
cides has selected isolates with reduced sensitivity to DMI’s. Pos-
sible mechanisms are point mutations in cyp 51, over-expression
of the target enzyme, and efflux pumps decreasing fungicide con-
centration in fungal cells. Moreover, variants of cyp 51, designat-
ed A and B, exist in some species. Many plant pathogens have
adapted to DMI fungicides by reduced sensitivity, but the mecha-
nism of resistance has been studied in more detail for only a few
species: In Mycosphaerella graminicola, 9 mutations in cyp 51 have
emerged over the past 10 years, correlating with reduced sensitiv-
ity. Mutations in cyp 51 were also correlated with reduced sensi-
tivity in Erysiphe necator and Blumeria graminis £. sp. tritici. Over
expression of cyp 51 has been detected in pathogens like Venturia
inaequalis, Blumeriella jaapii and Penicillium expansum, whereas
in Botrytis cinerea, Mycosphaerella graminicola and Monilinia fru-
ticola over-expression of efflux pumps may explain decreased
sensitivity. No information is available about possible reasons for
decreased sensitivity for Mycosphaerella fijiensis, Septoria nodor-
um, Blumeria graminis {. sp. hordei, Cercospora beticola, Venturia
nashicola, Pyrenophora teres, P. tritici-repentis and Rhynchospori-
um secalis. Sequences of ¢yp 51 from reduced-sensitivity isolates
will be presented for the latter three pathogens.

43.18 MANAGEMENT OF EUTYPA DIEBACK IN
GRAPEVINES BY APPLYING FUNGICIDE TO PRUNING
WOUNDS USING COMMERCIAL SPRAY EQUIPMENT. M.R.
Sosnowski, A.P. Loschiavo and T.J. Wicks. South Australian Re-
search and Development Institute, GPO Box 397, Adelaide 5001,
Australia. Email: sosnowski.mark@saugov.sa.gov.au

Eutypa dieback is caused by the fungal ascomycete Eutypa la-
ta, and is a serious disease of grapevines worldwide. It con-
tributes to vineyard decline by reducing growth and yield and
eventually kills vines. Vines are infected by airborne ascospores,
which enter the vascular system through pruning wounds, germi-
nating in the xylem vessels and colonising woody tissue. Fungi-
cides such as carbendazim, biocontrol agents and physical barri-
ers such as paints and pastes applied to wounds with a paint
brush can control eutypa dieback but in large-scale viticulture
this is not economically viable due to labour costs. This study
compared the efficacy of carbendazim applied at 2.5 ml active in-
gredient/l to pruning wounds using two commercial spray ma-
chines, a SARDI fan sprayer (output 596 1/ha) and a Hardi air-as-
sisted sprayer (366 1/ha), with manual paint brush application for
the control of E. [ata infection. Over two consecutive seasons car-
bendazim applied by paint brush provided 96-100% control of
infection. Application with the SARDI fan sprayer provided 92-
100% control and the air-assisted sprayer provided 50-77% con-
trol. Trials are currently underway to optimise water output rates
and spray deposition on a range of different spray machines.
Spray application of pruning wound protectants has potential to
improve control of eutypa dieback on large large-scale vineyard
plantings and could also be used for other fungicides, biocontrol
agents and alternative products effective against E. lata.
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43.19 FREQUENCY OF CYP51 HAPLOTYPES OF MY-
COSPHAERELLA GRAMINICOLA IN EUROPE. G. Stammler,
M. Carstensen, D. Strobel and M. Semar. BASF Aktienge-
sellschaft, D-67117 Limburgerhof, Germany. Email: gerd.stammler
@basf.com

Demethylation inhibitors (DMIs) are efficient fungicides for
the control of Mycosphaerella graminicola, the most important ce-
real pathogen in Northern Europe. After the recent spread of
Qol resistance in this area, the continued efficacy of DMI fungi-
cides became controversial. In extensive Europe-wide monitoring
studies started in 2001, a slight shift to lower sensitivities to
DMIs was initially observed. In 2006 and 2007 this shift had sta-
bilised. Mutations in the target gene of CYP51 (14a-demethy-
lase) are considered as one reason for sensitivity changes. Amino
acid sequence analysis of CYP51 of many isolates from different
regions showed substitutions or deletions at different positions
representing 19 amino acid exchanges or deletions in total. The
haplotypes could be grouped in different classes (R-types). These
classes were characterised by the presence of different combina-
tions of amino acid exchanges at positions 136, 379, 381, 459,
461 and deletions at positions 459, 460 (461, 462), respectively.
The frequency of the single mutations and the different combina-
tions of mutations (R-types) at one geographical location were
analysed by pyrosequencing. The data showed that different hap-
lotypes are present within one geographical location. The haplo-
type characterised by the 1381V mutation and the 459/460 dele-
tion with and without the A379G mutation is most frequent in all
intensive wheat growing regions in Europe. The mutation V136A
is of minor importance. Sensitivity analyses employing more than
1000 isolates revealed a broad range of sensitivities within one R-
type. In summary, this indicates a limited contribution of the R-
type to DMI sensitivity.

43.20 BETA-TUBULIN GENE MUTATIONS IN BENZIMIDA-
ZOLE-RESISTANT ISOLATES OF FUSARIUM ASIATICUM IN
JAPAN. H. Suga, T. Nakajima, K. Kageyama and M. Hyaku-
machi. Life Science Research Center, Gifu University, 1-1 Yanagi-
do, Gifu 501-1193, Japan. Email: suga@gifu-u.ac.jp

Fusarium asiaticum is one of the primary pathogens of Fusarium
head blight of wheat and barley in Japan. Benzimidazole fungicides
are widely used to control the disease, and in Japan benzimidazole-
resistant isolates of F. aszaticum have been detected since 2004. It
was reported that mutations in the beta-tubulin gene confer benz-
imidazole resistance in other ascomycetes. However, no mutation
was detected in the beta-tubulin gene, FG09530.1 of the resistant
isolates. We analyzed the genome of 30 progenies from crossing
between benzimidazole-sensitive and resistant isolates with 49 se-
quence-tagged markers. Two markers, VNTR987 and VNTR1065,
were linked to benzimidazole resistance and they were located at
ca. 5 M base far from FG09530.1 in chromosome 4. Another puta-
tive beta-tubulin gene, FG06611.1, was detected from these mark-
er regions by using the genome sequence database of E gramin-
earum. FG06611.1 encodes 447 amino acids and has homology to
FG09530.1 with 59.7 and 76.7 % in the nucleotide and amino acid
sequences respectively, although only 313 amino acids were indi-
cated as encoding the protein of FG06611.1. Several mutations
were found in FG06611.1 in the benzimidazole-resistant isolates
and these included a mutation at codon positions 167 or 200, that
were known to confer benzimidazole resistance in other as-
comycetes. These results indicate that mutations in FG06611.1
confer benzimidazole resistance in E aszaticum in Japan.
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43.21 STATUS AND MANAGEMENT OF METALAXYL RE-
SISTANCE IN THREE OMYCETE PATHOGENS IN PUNJAB
STATE, INDIA. T.S. Thind, S. Goswami and C. Mohan. Depart-
ment of Plant Pathology, Punjab Agricultural University, Ludbi-
ana, India. Email: thind_ts@yahoo.co.in

Metalaxyl-based fungicides are frequently used by farmers to
manage oomycete pathogens on various crops. Recently, many
cases of inferior disease control have been reported by growers.
Investigations were carried out to monitor changes in sensitivity
levels of three pathogens viz. Phytophthora infestans (potato late
blight), P parasitica (citrus foot rot) and Pseudoperonospora
cubensis (cucurbit downy mildew) to metalaxyl. In all, 22 sporan-
gial populations of P. infestans, 15 of P. cubensis and 42 isolates of
P parasitica were studied using standard sensitivity assays. Five
populations of P. infestans showed EDgy, values between 50 and
100 pg/ml with resistance factor (RF) of 12.5, while 8 popula-
tions of P. cubensis possessed EDy values ranging between 30-50
pg/ml with RF between 6.0 and 10.0. A majority of P. parasitica
isolates showed higher tolerance levels with 6 isolates having
ED,, values of > 100 and RF of > 20.0. Resistant populations/iso-
lates were equally pathogenic with profuse sporulation. Cross re-
sistance studies indicated good inhibitory effects of cymoxanil,
dimethomorph, azoxystrobin, mandipropamid, famoxadone,
iprovalicarb and fenamidone against both resistant and sensitive
strains of the three pathogens. These compounds have new
modes of action. In resistance-affected fields, formulations of cy-
moxanil and mancozeb (Curzate M-8), dimethomorph (Acrobat)
and azoxystrobin (Amistar) showed promising control of potato
late blight and cucumber downy mildew. Curzate M-8 also con-
trolled citrus foot rot when applied as a soil drench in orchards
suffering from metalaxyl resistance. Such novel-action com-
pounds hold promise as alternatives where metalaxyl resistance
to these pathogens is a problem.

43.22 EVOLUTION OF QOI RESISTANCE IN PLASMOPARA
VITICOLA OOSPORE POPULATIONS COLLECTED IN
ITALY. S.L. Toffolatti, M. Prandato, L. Serrati, H. Sierotzki, U.
Gisi and A. Vercesi. Istituto di Patologia Vegetale, Universita degli
Studi di Milano, Via Celoria 2, 20133 Milano, Italy. Email:
stlvia.toffolatti@unimi.it

Qol resistance in P. viticola was first detected in France and
Italy in 1999. Molecular and biological assays have been carried
out since 2000 in order to provide reliable methods of detecting
and quantifying resistance. Qol resistance of oospore popula-
tions, collected in October in vineyards located in nothern and
southern Italy, was evaluated by both their germination rate on
azoxystrobin-amended medium and the quantification of mutant
alleles (G143A) in DNA extracted from the oospores. The meth-
ods correlated and can be easily used to test Qol resistance. Due
to the spontaneous presence of resistant strains and/or migration
from surrounding vineyards, resistance rates below 10% were
found in samples collected from vineyards never treated with
Qol. Particularly high rates, about 90%, were detected following
the application of five to six treatments with Qol in the same sea-
son, while lower percentages, about 30%, characterized the vine-
yards treated with Qol in mixture with partners belonging to dif-
ferent cross-resistance groups. A progressive decrease in resist-
ance rates was observed in vineyards where Qol applications
were completely suspended or reduced in number for at least one
season, but a strong increase was also found as Qol treatments
were resumed in the following season. Full recovery of sensitivity
can therefore be obtained in vineyards having high levels of re-
sistance, but particular care should be taken where numerous
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Qol treatments, especially if not in mixture, were applied in pre-
vious years.

43.23 FUNGICIDE APPLICATION AND THE MINIMISATION
OF RISK. E van den Bosch and D. te Beest. Rothawzsted Research,
Harpenden AL5 2]Q, UK. Email: frank.vandenbosch@bbsrc.ac.uk

According to various sources, fungicides are overused and a re-
duction in fungicide dose would be economically justified. Al-
though this common wisdom has been around for several years it
has not influenced farming practice nor has it influenced advisers.
The motivation for using a larger total dose than seems justified
has always been reduction of the risk of suffering major losses in
years when the epidemic is severe. It is however not known what
aspect of risk in relation to income (gross margin) the farmer/ad-
viser is seeking to minimise. This makes it impossible to evaluate
the justification for the total dose used and, more importantly,
makes it impossible to search for fungicide-use strategies that in-
crease economic and environmental gains. Here we introduce a
new approach to calculate the relation between fungicide use and
economic gross margins that does take account of the risk of se-
vere losses in an adverse year. Applying this approach to data on
Septoria tritici epidemics over the last 5 years we have been able to
explain and understand what elements of risk farmers and advis-
ers are seeking to minimise. Elaborating this, we investigated the
effect of crop resistance rating on the dose that minimised risk.
Further, we extend the method to calculate minimum risk dose for
treatments targeted at multiple diseases and take a look at insur-
ance policies and the reduction of fungicide use.

43,24 MANAGING BOTRYTIS CINEREA IN STRAWBERRY
UNDER HIGH DISEASE PRESSURE. M. Walter, O.E. Timudo-
Torrevilla, K.S.H. Boyd-Wilson and G.I. Langford. The Horticul-
ture and Food Research Institute of New Zealand (HortResearch),
PO. Box 51, Lincoln, New Zealand. Email: mwalter@bortre-
search.co.nz

In Auckland, the main strawberry growing region in New
Zealand, climatic conditions result in consistently high Botrytis
cinerea risk, with generally one or more infection events per
week. A total of 24 chemical and biological fungicides were eval-
uated in the laboratory and in the field for control of Bozrytis
strawberry fruit infections during this 4-year research project
(2003-2007). The importance of latent Botry#is infection occur-
ring at flowering ». infection resulting from surface contamina-
tion at or during harvest was investigated. Based on laboratory
leaf, flower and fruit assays, ten chemical and two biological
fungicides were selected for field trials. The two biological fungi-
cides were inconsistent in controlling Botrytis in the field. The
most consistently performing chemical fungicide was fludioxonil
+ cyprodinil, which also gave some reduction of leak by delaying
the onset of leak rots. Good Botrytis control was also achieved
with boscalid + pyraclostrobin as well as with fenhexamide and
captan applied as a tank mix, although data for the latter are only
available for one season (2006/07). Captan, when used alone did
not reduce Botrytis strawberry flower and fruit infections in the
laboratory and field. Strawberry fruit rots were caused by latent
infections occurring during flowering as well as by fruit surface
contamination at or during harvest. Monitoring of fruit rots dut-
ing picking and grading showed that Bozrytzs fruit rots doubled
as a direct result of fruit handling during harvest. This coupled
with the constant high Bozryzis disease pressure explains the diffi-
culty in producing Botrytis-free fruit.
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43.25 OPTIMAL TIMING OF FUNGICIDE APPLICATION ON
FUSARIUM HEAD BLIGHT AND MYCOTOXIN ACCUMU-
LATION IN CLEISTOGAMOUS BARLEY IN JAPAN. M.
Yoshida, T. Nakajima, M. Arai, E Suzuki and K. Tomimura. Na-
tional Agricultural Research Center for Kyushu Okinawa Region
(KONARC), 2421 Suya, Koshi, Kumamoto 861-1192, Japan.
Email: ymegu@affrc.go.jp

Fusarium head blight (FHB), caused by several Fusarium
species, primarily E graminearum Schwabe, is a widespread and
destructive disease of barley and wheat, infecting spikes and re-
ducing grain yield and quality. Moreover, Fusarium species that
cause FHB produce mycotoxins such as deoxynivalenol (DON)
and nivalenol (NIV), which are toxic to humans and animals.
Fungicide application is one measure available to reduce the risk
of FHB and mycotoxin contamination in grain. The stage at or
near anthesis is generally thought to be optimal for fungicide ap-
plication for barley, as well as for wheat. However, we have found
that the most critical time for E graminearum infection and myco-
toxin accumulation in barley differs among cultivars. Whereas
chasmogamous (open-flowering) cultivars were most susceptible
at anthesis, cleistogamous (closed-flowering) cultivars showed
good resistance at anthesis but became relatively susceptible after
‘spent” anther extrusion. Therefore, we evaluated the effect of the
timing of fungicide application on FHB and mycotoxin (DON
and NIV) accumulation in cleistogamous barley in Japan. Thio-
phanate-methyl fungicide was applied at different developmental
stages, from before anthesis to 30 days after anthesis (DAA), un-
der artificial inoculation conditions in the field in which inocu-
lum spores were provided throughout the test period. As expect-
ed, the optimal timing for chemical control of FHB and mycotox-
in accumulation was the time around the beginning of spent an-
ther extrusion, rather than at anthesis. Later application, as late
as 30 DAA, was also effective in reducing mycotoxin accumula-
tion, although it was not effective in reducing disease levels.

43.26 ASSESSMENT OF THE RISK OF PHYTOPHTHORA
MELONIS DEVELOPING RESISTANCE TO FLUMORPH. S.S.
Zhu, X.H. Lu, Q.X. Meng and X.L. Liu. Dept. of Plant Patholo-
2, China Agricultural University, Beijing 100094, PR. China.
Email: seedling@cau.edu.cn

Flumorph is a new systemic carboxylic acid amide (CAA) fun-
gicide, developed in China for the control of Oomycete
pathogens. It is highly active against members of the Peronospo-
raceae and the genus Phytophthora but not Pythium. In this study,
we isolated 108 strains of Phytophthora melonis from infected cu-
cumber plants and, after RAPD analysis, selected eight strains
with different genotypes to assess the risk of their developing re-
sistance to flumorph. The results showed that the resistance risk
was various among the eight strains. Mutants of P. melonis with
moderate or high level of resistance (with resistance factor range
from 3-900) were only isolated with or without UV mutagenesis
from three strains. This to our knowledge is the first report indi-
cating the existence of genetic and biochemical potential for the
development of resistance to CAA fungicides in Phytophthora.
The fungicide-resistant mutants of P. melonis were not compro-
mized in stability, mycelial growth and pathogenicity, but sporula-
tion was affected in some mutants. Cross-resistance studies indi-
cated that there is cross-resistance among flumorph, dimetho-
morph and iprovalicarb. But these CAA fungicides have no
cross-resistance with the Q_-inhibiting fungicide azoxystrobin, Q,
inhibitors cyazofamid, the cyanoacetamideoxime fungicide cy-
moxanil, and the phenylamide fungicide metalaxyl. Our results
showed that the mechanisms of resistance of the pathogen to flu-
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morph, dimethomorph and iprovalicarb may be similar, and
these fungicides may also act by a similar mechanism against the
target pathogen. Combining the above results and the character-
istic that P. melonis is a soilborne pathogen, we thought that the
risk of developing resistance can be classified as moderate.

CROP BIOSECURITY

17.1* CROP BIOSECURITY IN SLOVENIA: STRATEGIES
AND IMPLEMENTATION. ]. Boben, G. Urek, S. Radisek, N.
Mehle, T. Dreo, S. Sirca, M. Pirc, M. Zerjav, M. Virscek Marn
and M. Ravnikar. National Institute of Biology, Department of
Biotechnology and Systems Biology, Vecna pot 111, SI-1000 Ljubl-
Jana, Slovenia. Email: jana.boben@nib.si

In recent years crop biosecurity has been recognized as an im-
portant focal point in national as well as European security strate-
gies. Infection of host plants, deliberate or accidental, presents a
threat to local economies, thus causing economic, environmental
as well as social damage in affected areas. Slovenia has recognized
crop biosecurity as an important part of national strategy. Aware-
ness is being raised through the dissemination of results of re-
search projects. Our aim was to prepare a list of plant pathogenic
microorganisms, important for Slovenia and to develop a quick
and simple method for performing pest risk analysis (PRA). Ex-
tensive lists of possible plant pathogens on economically impor-
tant plants for Slovenia were compiled. The pathogens could be
screened using the system developed for quick PRA, adapted
(Schaad ez al., 2006, Phytopathology, 96: 616-621). Our system
was developed by careful selection of criteria that determine the
importance of the pathogen. Appropriate weighting was assigned
to each criterion. The system was tested on different plant
pathogens from fungi and nematodes to viruses, bacteria and
phytoplasmas. Results obtained are numerical and can be used to
rank plant pathogens according to their relevance in a certain
area and give information about where to focus attention in the
field. Performance of PRA can be greatly facilitated using this
system and can be used for rapid assessment of large numbers of
pathogens.

17.2 A SURVEY OF ALLIUM DISEASES IN NEW ZEALAND.
].D. Fletcher, R.A. Lister, P.J. Whright, S.L.H. Viljanen-
Rollinson, M.T. Andersen and T. Wei. New Zealand Institute for
Crop & Food Research Limited, PB 4704 Christchurch, New
Zealand. Email: fletcherj@crop.cri.nz

To determine if pests on the regulated list but until now unde-
tected were present in New Zealand we completed a preliminary
survey of viruses, bacteria and phytoplasmas in a representative
group of 18 crops of Allium spp. in Auckland and Marlborough
in the summer of 2004-05. For each crop the entire field was
walked in a ‘W’ pattern, and plants showing symptoms of bacter-
ial, fungal and phytoplasma disease were collected. One hundred
leaves were randomly collected for virus assays and to estimate
virus incidence. Bacteria and fungi were identified from laborato-
ry assays, phytoplasmas from PCR assay and viruses using ELSA
and PCR. None of the Allium crops in Auckland and Marlbor-
ough were infected with phytoplasmas or regulated bacteria. Bac-
terial species detected included Pseudomonas marginalis, Erwinia
carotovora, and Pseudomonas viridiflava. Onion white rot (Scle-
rotium cepivorum) was observed in one Auckland gatlic crop and
an onion crop with incidences of 1-3% and 5% respectively. In
Marlborough, white rot was observed in a shallot and a garlic
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crop (5%) along with Alternaria porri, Penicillium spp., As-
pergillus spp. and Puccina alliz, all at low incidence rates. The sur-
vey confirmed the presence of all Allium viruses previously
recorded in New Zealand, and in some cases on new hosts. In
particular, for the first time in New Zealand we detected the reg-
ulated Grapevine virus A in A. cepa, A. chinense, A. ascalonicum
and A. sativum; Shallot mite-borne latent virus in A. cepa, A.
ascalonicum and A. sativums; and Shallot yellow stripe virus in A.
cepa. Further work is continuing to confirm the suspected obser-
vations of regulated Onion mite-borne latent virus and SJOLV.

17.3 INJURIOUSNESS OF ZARBUS TENEBRIOIDES ELON-
GATUS IN AZERBAIJAN. ]. Guliyev. State Phytosanitary Con-
trol Service, Ministry of Agriculture, Baku, Azerbaijan. Email:
pqasaze@matl.ru

Wheat is the most important crop in Azerbaijan, and of high
priority is protection from plant pests, the most dangerous of
which is Zarbus tenebrioides elongatus Men. Standard methods
and original approaches were used in field studies. An experi-
ment of 8 allotments in 0.25 m? squares in fivefold replicates was
implemented. We studied the injury caused by larvae at the edges
of special barriers like boards for preventing migration of larvae,
placed at a depth of 40-50 cm. The results on injuriousness of lar-
vae and adult beetles were processed statistically. It was shown
that one larva decreases the productivity off seed to 5.3 g, and
one beetle to 2.7 g. The economic threshold of injuriousness of
the pest is defined as the combined damage caused by larva and
beetle. It was 1.6-2.2 of larvae per 1 m? on normal fields, and 0.8-
1 on seed sowings.

17.4* DEMONSTRATING PEST FREEDOM - A QUANTITA-
TIVE APPROACH. N.E.B. Hammond, P.A.J. Martin, D.C.
Hardie, C. Hauser and S. Reid. CRC National Plant Biosecurity &
School of Veterinary and Biomedical Sciences, Murdoch University,
Western Australia, Australia. Email: N.Hammond@crcplantbiose
curity.com.au

Demonstration of pest freedom is an important part of the
phytosanitary processes surrounding global trade, with many
countries requiring declarations of pest free areas before accept-
ing commodities from exporting countries. Claims of pest free-
dom are often not based on physical survey data, but on expert
opinion, together with the fact that the pest has not been record-
ed in the area of interest. These claims, although they may be
based on scientific evidence, are generally not transparent and
are becoming less acceptable to trading partners. Surveillance da-
ta can provide substantial information for supporting claims of
freedom. We have applied a quantitative approach to evaluating
complex surveillance data (derived from both targeted and gen-
eral surveillance activities) for the demonstration of pest freedom.
This approach is based on scenario tree analysis of the surveil-
lance systems and utilises Bayesian methods for incorporating
prior knowledge of pest status in the analysis. It allows quantita-
tive estimates of confidence in freedom to be derived from sur-
veillance that is targeted for the pest in question and which there-
fore does not meet the criteria for a representative survey. This
method provides transparency in the process of demonstrating
pest freedom, providing a clear description of the surveillance
system. The applications and limitations of this approach will be
discussed.
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17.5* CREATION OF A NATIONAL TRAINING PROGRAM
IN CROP BIOSECURITY FOR FIRST DETECTORS IN THE
U.S. G. Holmes, H. Beck and G. Snyder. Dept. Plant Pathology,
NC State University, Box 7616, Raleigh, North Carolina, 27695,
USA. Email: gerald_holmes@ncsu.edu

As part of ongoing efforts to protect US Agriculture from in-
vasive species of pathogens, insects and weeds, USDA’s Coopera-
tive State Research, Education, and Extension Service (CSREES)
supported a project to develop a training program for First De-
tectors (e.g., crop consultants and county agents). The goal of the
training is to equip First Detectors to detect and report new find-
ings of high-risk pests and Select Agents. An instructorless, on-
line training program was developed and launched in Dec 2007.
Advantages of online training over face-to-face training include:
consistency, availability and speed. There are six training mod-
ules, the content for which was collected from existing instructor-
led trainings and from subject matter experts from the National
Plant Diagnostic Network, land grant universities, and from oth-
er field professionals. The six modules are: 1. Mission of the
NPDN; 2. Monitoring for High-risk Pests; 3. Diagnosing Plant
Problems; 4. Submitting Diagnostic Samples; 5. Photography for
Diagnostics; 6. Disease & Pest Scenarios. Each module takes 30-
45 minutes to complete and contains interactive features, practi-
cal examples and a 10-question learning assessment. The training
program uses a content management system (Lyra) and an open
source learning management system (Moodle) as the technologi-
cal backbone. A Flash-based web interface displays the finished
training in a web browser. These three systems manage the learn-
ing content, track and manage the learners, and display the con-
tent on the internet.

17.6* BETTER DIAGNOSTICS AND SAFER TRADE: THE
PLANT DIAGNOSTIC NETWORKS. C. Lapaire Harmon and
T.M. Momol. Department of Plant Pathology, University of Florida,
1453 Fifield Hall, Gainesville, FL 32611 USA. Email: clharmon
@ufl.edu

Trade and tourism support global economies and local mar-
kets. Each also has the potential to be a route for introduction of
new organisms that could devastate crops and cripple agriculture.
Although international trade occurs on a daily basis, a lack of ca-
pacity for in-country diagnostics prior to export is an impediment
to safe trade. The National Plant Diagnostic Network (NPDN)
was developed in 2002 in the United States as a response to crop
biosecurity questions; other countries have since used the NPDN
as a model. The International Plant Diagnostic Network (IPDN)
is one international organization working toward safer agriculture
and trade through accurate, consistent and timely diagnostic ef-
forts. NPDN communication and diagnostic protocols are avail-
able to NPDN diagnosticians and other diagnostic personnel
globally as a step towards safer international trade. Additionally,
training in diagnostic techniques and communication protocols
on a regular basis increase capability and diagnostic capacity and
develop interpersonal connections that form a supportive net-
work of diagnostic personnel across the country. The develop-
ment and use of standard operating procedures (SOPs) for tech-
niques and communication encourages trust between entities and
allows for scientifically-based trade decisions. Knowledge of cur-
rent diseases and new introductions may enable countries to pro-
tect their agricultural industries and encourage early detection,
accurate diagnosis, training, and enhanced communication as a
means of risk management.
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17.7 INTEGRATED MANAGEMENT PRACTICES FOR
TOMATO LEAF CURL DISEASE AND WHITEFLY VECTOR
POPULATIONS IN TOMATO (LYCOPERSICON ESCULEN-
TUM MILL.). M.S. Patil and B. Anjaneya Reddy. Department of
Plant Pathology, University of Agricultural Sciences, Dharwad
580005, Karnatak, India. Email: chinmayi3@rediffmail.com

Tomato suffers severely from whitefly-transmitted disease
caused by Tomato leaf curl virus (ToLCV), a geminivirus in the
genus Begomovirus. The disease is characterized by curling and
twisting of leaves followed by marked reduction in leaf size;
plants look pale and stunted resulting in a bushy appearance. The
incidence of the disease in tomato-growing areas ranged from 17-
100 per cent with yield loss exceeding 90 per cent. Presently
there are no effective viricides available, therefore, the present
study was undertaken to assess integrated management practices
including the use of insecticides, plant extracts and viricides to
manage the whitefly (Bemzisia tabaci Genn) and the disease. Field
experiments were laid out during Summer 2005 with 12 treat-
ments in 3 replications. TOLCV was identified through ELISA,
PCR using ToLCV-specific primers, electron microscopy and
cloning and sequencing of the coat protein gene. The results
showed that among different treatments, a combined treatment
of nylon net covering the tomato nursery beds for 25 days, fol-
lowed by four sprays, viz., imidachloprid (0.005%), triazophos
(0.15%), thiomethaxam (0.05%) and EcoNeem (0.5%) at 15 day
intervals after transplanting to the main plots showed 23.3 % dis-
ease incidence with 0.3 average number of whiteflies per plant
whereas, the control plots recorded 60.3% incidence with 3.2
whiteflies per plant. The data suggested that adopting integrated
approaches along with sprays of insecticides and ecofriendly
plant extracts could be used effectively to manage the vector and
the disease in tomato.

17.8* VIRUSES IN KIWIFRUIT: ARE THEY A PROBLEM?
M.N. Pearson, D. Cohen, R. Chavan and A.G. Bluin. Schoo! of
Biological Sciences, The University of Auckland, Private Bag
92019, Auckland, New Zealand. Email: m.pearson@auckland.ac.nz

In 2003 Apple stem grooving virus was discovered in Actinidia
accessions from China, being held in quarantine in Auckland.
Subsequent examination of kiwifruit germplasm from the same
source has detected two additional viruses, a ~300 nm rigid rod
related to Ribgrass mosaic virus (Tobamovirus) and a 700-750 nm
flexuous virus related to Citrus leaf blotch virus (Flexiviridae).
Currently these viruses have not been reported from commercial
kiwifruit crops in New Zealand or elsewhere. The biological
properties of the viruses from kiwifruit and their phylogenetic re-
lationships with similar viruses from other plants will be de-
scribed, and the possible implications for germplasm importation
and commercial kiwifruit production will be discussed.

17.9 A 5-PLEX REAL-TIME qPCR ASSAY FOR QUARANTINE
DETECTION AND IDENTIFICATION OF TILLETIA INDICA.
M-K. Tan and A. Ghalayini. EMAI, NSW Dept. of Primary Indus-
tries, Private Mail Bag 8, Camden, NSW 2570, Australia. Email:
mui-keng.tan@dpi.nsw.gov.au

A new molecular test has been developed to help in the sur-
veillance of Karnal bunt, a disease which produces bunted grains
with rotting fish smell. Karnal bunt is caused by Tilletia indica
and is the subject of strict quarantine regulations by many wheat
growing countries including Australia. Any incursion would
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cause severe disruption to Australia’s international wheat trade
and consequent huge losses in export markets. The protocol in-
volves the release of DNA from spores, enrichment of DNA from
Tilletia species and a final 5-plex real-time quantitative PCR assay
to detect, identify and distinguish T. izdica and other commonly
occurring Tzlletia species (T. walkeri, T. ehrbartae, T. horrida, and
a Tilletza group comprising T. caries, T. trabutii and T. fusca) in
wheat grains. This fluorescent molecular tool has a detection sen-
sitivity of 5-10 spores and thus bypasses the germination step in
the current quarantine protocol required for confirmation when
only a few spores have been found. The single-tube 5-plex real-
time assay contains five dual-labelled species-specific probes and
associated species-specific primer pairs for the 5 target Tilletia
species. The 5 different amplification products are quantitated
and identified simultaneously by 5 different fluorescence spectra
in a real-time instrument with at least 5 channels (Rotorgene
6000, Corbett Research, Australia). This protocol with its in-
creased level of detection sensitivity and the technology to multi-
plex 5 fluorescent real-time PCR assay in one tube will greatly re-
duce workload and reagent costs and enables the implementation
of an economically sustainable and effective Karnal bunt surveil-
lance program.

17.10 EVALUATION OF BACILLUS THURINGIENSIS
STRAINS AND THEIR MUTANTS. K. Thakur. College of Agri-
culture Nagpur, India. Email: kuldeept2001@yahoo.com

Bacillus thuringiensis Berliner is used worldwide as biological
pest-control product against Lepidopteran insects, especially He-
licoverpa armigera, an important pest on cotton, pigeonpea, green
gram and chickpea in the Vidarbha region of Maharashtra. In the
past, only entomological aspects i.e. insecticidal activities were
studied at length. The present investigation was carried out to
study pathological aspects of newly isolated Bt isolates from this
region with the following objectives: isolation, cultural, physio-
logical, serological, characterization of protein, mutagenic effects,
toxicological studies of mutants, plasmid separation and toxicity
studies of insecticidal crystal protein for industrial standardiza-
tion. Twenty-one Bt isolates were obtained, each from one soil
sample, one from dead larvae of H. armigera and one from the
USA. Using artificial diet at 50:1 and 100:1 concentration, ten Bt
isolates were selected for bioassay. Maximum larval mortality 19
was observed in 5AM; followed by 4D, (14) standard strain at
50:1 concentration.

17.11 SURVEY OF WESTERN AUSTRALIAN WHEAT FOR
TILLETIA INDICA-LIKE USTILOSPORES. D.G. Wright, P.
Goldsmith, D. Caper and S.J. McKirdy. Department of Agricul-
ture and Food, Western Australia, 3 Baron-Hay Court, South
Perth, WA 6151, Australia. Email: dwright@agric.wa.gov.au

Tilletia indica is a pathogen of wheat that causes a partial bunt,
called Karnal bunt, so far not recorded in Australia. It would
cause severe disruption to Australia’s international wheat trade if
it were introduced. Spring weather conditions throughout much
of the Australian grain growing areas are suitable for the develop-
ment of Karnal bunt. There are other species of Tilletza that can
be found in grain samples and are morphologically similar to T. 77-
dica. T walkeri causes a partial bunt of ryegrass and is very closely
related to T indica. T. ehrbartae causes a bunt of veldt grass. Over
the last ten years, the Department of Agriculture and Food West-
ern Australia (DAFWA) has undertaken to survey wheat grain col-
lected by Co-operative Bulk Handling (CBH), after harvest, for
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the presence of Tilletia-like ustilospores. Each year, approximately
200 samples of wheat (500 g each) were collected from 10-20 re-
ceival bins. Samples were tested using the selective sieve wash test.
T indica was not detected in any of the samples but other T7/letia
species were detected, including T walkeri (Geraldton and
Kwinana), T. ebrhartac (Albany, Esperance, Geraldton and
Kwinana), T. caries (Albany, Geraldton and Kwinana) and T. laevis
(Albany and Kwinana). Annual ryegrass and Veldt grass are com-
mon weed species in Western Australia. They appear to be con-
tributing ustilospores in commercial wheat grain samples during
normal wheat production operations. Increased knowledge and
improved identification techniques for T7/letia species provide the
necessary levels of assurance of grain survey results that facilitate
international grain trade.

DISEASE MANAGEMENT IN ORGANIC FARMING

28.1 ORGANIC MANAGEMENT OF DISEASE IN OR-
CHARDS WITH ‘NEWER’ APPLE CULTIVARS. L. Berkett, M.
Garcia, R. Moran, H. Darby, R. Parsons, J. Hayden, T. Brad-
shaw, S. Kingsley-Richards and M. Cromwell. Depz. of Plant &
Sotl Science, University of Vermont, 105 Carrigan Drive, Burling-
ton, VT 05405, USA. Email: lorraine.berkett@uvm.edu

Although there is significant interest in organic apple produc-
tion in the New England region of the USA, there are very few
certified organic orchards, in part, because of disease challenges
associated with the predominant cultivar grown in the region
(i.e., ‘Mclntosh’). However, recent shifts in consumer preference
for ‘newer’ cultivars have led to the planting of different apple
cultivars which have different disease susceptibility. A long-term
research project was initiated in 2006 to examine the opportuni-
ties and challenges of organic apple production within two pro-
duction systems growers are using to change to new cultivars:
planting a new orchard with young trees purchased from a nurs-
ery and/or “top-grafting” an established, older orchard to new
cultivars. Cultivars being studied in replicated plots in each or-
chard system include: ‘Zestar!’, ‘Ginger Gold’, ‘Honeycrisp’,
‘Macoun’, and ‘Liberty’, a scab-resistant cultivar. Both orchard
systems are being managed with approved, organic practices and
materials. Standard foliar and fruit disease assessments for apple
scab, caused by Venturia inaequalis, and other diseases are being
conducted to determine differences in disease incidence and
severity among the cultivars. Based on initial foliar disease assess-
ments, ‘Honeycrisp’ appears more resistant to apple scab than
the other scab-susceptible cultivars “Zestar!’, ‘Ginger Gold’, and
‘Macoun’, but appears more susceptible to cedar apple rust,
caused by Gymmnosporangium juniperi-virginianae, than ‘Liberty’,
‘Macoun’, and “Zestar!’. This research is on-going and will docu-
ment over time the economic costs, returns, and risks associated
with these five cultivars being grown under organic production
practices within the two orchard systems.

28.2 TRANSMISSION OF DRECHSLERA TERES FROM SEED
TO SEEDLINGS IN RELATION TO SOIL ORGANIC CON-
TENT. G. Brodal, K. Drzgni and B. Henriksen. Bioforsk-Norwe-
gian Institute for Agricultural and Environmental Research, Plant
Health and Plant Protection Division, Hogskolevn 7, N-1432 As,
Norway. Email: guro.brodal@bioforsk.no

Healthy seed is important for successful plant production, and
organic cereal production must rely on management of seed-
borne diseases without synthetic seed treatment chemicals. In-
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oculum thresholds, i.e. definitions of the acceptable levels of
seed-borne inocula, are needed for organic cereal production. In
general, significantly lower infection frequencies of seed-borne
diseases are recorded on seedlings than on seed. The aim of the
work presented was to compare transmission of Drechslera teres
from barley seeds to seedlings in soils with different organic con-
tent. Experiments with two seed lots (93% and 94% D. teres, re-
spectively) were carried out in greenhouse with 8 different soils
collected in different cereal-growing regions. 100 seeds with 3
replicates from each seed lot were planted in each soil type and
placed for emergence at 12°C. Percent emergence and percent-
age seedlings with symptoms of net blotch were recorded at
BBCH 10-12. The net blotch frequency as average for the two
seed lots ranged from 11 to 21% in the different soils. Higher
content of organic materials resulted in lower infection frequen-
cies. There was a correlation between the amount of organic ma-
terials in the soil and % net blotch (r = -0.83, P = 0.009). Experi-
ments will be repeated with less infected seed lots.

28.3* EVALUATION AND MANAGEMENT OF PLANT
PATHOGENS ON ORGANIC FARMS. G.K.N. Chhetry and N.
Thingujam. Department of Life Sciences, Manipur university, Can-
chipur 795003, Imphal, India. Email: gknc2004@yahoo.co.in

Tribal farmers in India’s North-East use traditional mixed
cropping exclusively in organic farming. Three systems are
adopted for self sufficiency and efficient management of fungal
disease