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The Chinese Society for Plant Pathology

The Chinese Society for Plant Pathology (CSPP) is an academic organization devoting itself to the
research and extension of the field of plant pathology in China. The society was established to
promote the development of plant pathology in 1929. Over the years, the organization has grown
into a national first-class society, with 14 professional committees, five working committees, 26
local committees and more than 6,500 members from China and abroad. The CSPP became a
member of the International Society for Plant Pathology in 1983, and is one of the fundamental
members of the Asian Association of Societies for Plant Pathology. It’s headquarter is located in

the campus of China Agricultural University.

The CSPP annual meeting and other national symposiums are regularly sponsored by CSPP or its
professional committees. About 1,000 participants including oversea members attend these meet-
ings, present their recent research achievements, learn about the latest advances in related research
areas, and meet with colleagues to promote national and international communication. The CSPP
journal "Acta Phytopathologica Sinica™ was initiated in 1955. The Journal publishes bimonthly in
Chinese or English, covering fundamental and application aspects of plant pathology. As an indi-
cator of the academic level of CSPP, "Acta Phytopathologica Sinica™ is one of the most highly
rated academic journals in China.

CSPP has carried out a great deal of application research related to the prevention of plant diseases.
CSPP maintains a close tie with agricultural producers by offering national and international
trainings in the application of new techniques and providing services through agricultural exten-
sion. All these measures taken have popularized the knowledge of plant pathology, tightened the

connection between theory and practice, and accelerated the development of agriculture in China.

The scientific development of plant pathology is the main concern of CSPP. After successfully
sponsored the First Asian Plant Pathology Conference in Beijing in 2000 and co-organized the
15th International Plant Protection Congress in 2004, CSPP has now totally prepared itself for the
ICPP in 2013.
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FOREWORD

Meeting the demands of growing global population, reducing loss of crop productivity is essential
for long term food security. Plant diseases reduce the production and quality of food, fibre and
biofuel crops. Plant pathology contributes tremendously to plant disease control, at pre- and
post-harvest stages in agricultural production systems.

The Organizing Committee of the 10th International Congress of Plant Pathology (ICPP2013)
strengthened the main theme “Bio-security, Food Safety and plant pathology in a Globalized
Economy” by developing its scientific programme into 2 plenary sessions, 5 keynote sessions and
66 concurrent sessions. I[CPP2013 also emphasized on the ISPP’s initiative on Global Food Secu-
rity with an evening session on “1 Billion Hungry People: What Can We Do?” in addition to the
plenary session on “Can We Improve Global Food Security?” This proceeding contains 1591 ab-
stracts of offered papers that are to be presented at ICPP2013.

The very considerable efforts of people involved in developing the ICPP 2013 programme and the
ICPP 2013 abstract publication are commended and acknowledged. The ICPP2013 Scientific Pro-
gramme Committee planned the programme, and numerous concurrent session organizers, noted in
the ICPP2013 programme, helped identify paper presenters for the plenary, keynote and concur-
rent sessions. Many of my colleagues contributed to editing all the abstracts with incredible pa-
tience and compiling the Abstract publications. A group of teachers and students at the department
of plant pathology, China Agricultural University, have provided substantial assistance for the
preparation for ICPP2013.

ICPP2013 is highly expected to be a successful and worthy successor to previous International
Congresses of Plant Pathology. All contributors of offer papers have played an important part in
this success. | extend my best wishes to all ICPP2013 delegates for a successful and worthwhile
time in China.

You-Liang Peng
Chairperson, ICPP2013 Organising Committee

Vice-President, International Society for Plant Pathology
Professor of Plant Pathology, China Agricultural University
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PROFILES OF PLENARY AND KEY-
NOTE SPEAKERS

Opening Lecture

Qifa Zhang

Qifa Zhang earned his B. S. in agronomy, in 1976 in
Huazhong Agricultural College, China, and Ph.D. in
genetics in 1985 in the University of California at Davis,
USA. He is currently a professor of Huazhong Agricul-
tural University, Dean of the College of Life Science
and Technology, and Director of the National Key La-
boratory of Crop Genetic Improvement. He has focused
his research and provided leadership in genomics and
biotechnology of rice in China. His research achieve-
ments include: (1) genetic analysis, identification, map-
ping and functional characterization of genes for agro-
nomically important traits including yield, grain quality,
male sterility and hybrid fertility, nutrition efficiency,
drought resistance, disease and insect resistances; (2)
elucidating biological mechanisms of heterosis in hybrid
rice; (3) establishment of technological platforms for
functional genomics studies including a large T-DNA
insertional mutant library, global and whole life cycle
expression profile, full-length cDNA libraries; (4) rice
varietal improvement using molecular marker and
transgenic technologies. He has published more than
190 original research and review papers in international
journals. He was elected to the Chinese Academy of
Sciences in 1999, the Third World Academy of Sciences
in 2000, and foreign associate of the National Academy
of Sciences, USA in 2007.

Plenary Session1-The Role of Plant Pathology in a
Globalised Economy

Corrado Clini

Corrado Clini, born in 1947, is General Director of the
Italian Ministry for the Environment, Land and Sea. He
received a Bachelor of Science in medicine from the
University of Parma in 1972. He holds a Ph.D. occupa-
tional health at Padova University in 1975 and another
Ph.D. in hygiene and public health at Ancona University
in 1986.

Clini was the director of the Department of Environ-
mental Protection and Industrial Medicine in Venice-
Porto Marghera in the 1980s. He became the director
general of the lItalian Environment Ministry in the
1990s.

He chaired the Italian expert-level delegation at the Rio
Conference on Environment and Development in 1992,
and the Kyoto Conference on Climate Change in 1997.
From 2000 to 2001 he served as co-chairman of the G8
Task Force on Renewable Energy. He was also
co-chairman of the European Environmental and Health
Committee of the United Nations Economic Commis-

sion for Europe. In 2006, Clini was named as chairman
of the Global Bioenergy Partnership. From 16 Novem-
ber 2011 until 28 April 2013, Clini was appointed Ital-
ian Minister of Environment, Land and Sea in the Monti
Cabinet.

Clini also worked as a visiting professor at the Depart-
ment for Environmental Sciences and Engineering of
Tshingua University (Beijing) and at Harvard’s Kennedy
School of Government.

Jan E. Leach

Jan E. Leach is a University Distinguished Professor at
Colorado State University and an Adjunct Scientist at
the International Rice Research Institute (Philippines).
Her research focuses on understanding the molecular
basis of durable disease resistance, particularly in
rice-pathogen interactions. Leach is a Fellow and a past
President of the American Phytopathological Society
(APS) and she currently chairs the APS Public Policy
Board. She is a Fellow of the American Association for
the Advancement of Science (AAAS) and served as
Chair of the AAAS Section O (Agriculture, Food, and
Renewable Resources) in 2007. Leach is a Fellow of the
American Academy of Microbiology. She was recently
appointed to the National Science Advisory Board for
Biosecurity. Leach is Associate Editor of the Annual
Reviews of Phytopathology, and has served on numerous
other editorial boards.

Xiaobing Yang

Dr. XiaoBing Yang is a professor at lowa State Univer-
sity. He received his B.S. and M.S. degrees from China
Agricultural University and Ph.D. from Louisiana State
University. He has published over 100 journal articles
and 250 non-technical articles. In 1998, he and his col-
leagues studied the impact of climate change on US
Agriculture and twice were invited to present their re-
sults at the US Congress. He has been invited to give
lecture in 15 countries and elected as an APS Fellow in
2005. In 2006, he and his colleagues received Award for
Excellence by USDA Secretary for managing the risk of
soybean rust. He also received Golden Global Award
from Guangxi Government for international collabora-
tion.

Plenary Session 2-Can We Improve Global Food
Security (ISPP Task Force)

Richard Strange

Richard Strange is Editor-in-Chief of Food Security. He
was attracted to Plant Pathology, a subject in which he
has published over 100 papers and two books, by its
relevance to food security. Currently he holds an Hon-
orary Chair at University College London and an Hon-
orary Fellowship at Birkbeck College, University of
London. He has been involved in numerous overseas
projects, several of which were located in different
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African countries and has supervised Ph.D. students
from these and other countries of the Developing World
in topics directly concerned with plant disease problems
affecting their food security.

Zhaohu Li

Dr. Zhaohu Li is the vice president for research of China
Agricultural University and professor of agronomy in
College of Agriculture and Biotechnology. He received
his B.S. and M.S. degree from China Agriculture Uni-
versity, Beijing, China. He received his Ph. D. in weed
science and crop physiology from Auburn University,
Alabama, USA. His research program focuses on plant
growth regulation by plant growth regulators. Dr. Li
received the national award for developing and exten-
sion of chemical regulation technology for cotton. He is
nominated professor of Changliang Scholar Program.
Dr. Li was appointed as the vice president for R&D
since 2011.

Fen Beed

Dr. Fen Beed is an experienced plant pathologist based
at the International Institute of Tropical Agriculture
(IITA), Dar es Salaam, Tanzania (www.iita.org). He
leads research for development activities to mitigate the
impact of diseases of maize, soybean, cowpea, cassava,
banana and vegetables and promotes plant diseases on
problematic weeds. Before joining ITA in 2000, Fen
worked as a research scientist at the University of Not-
tingham, UK and simultaneously served as a consultant
for ADAS (executive arm of UK government’s Ministry
of Agriculture) studying field interactions between crop
physiology and pathogen epidemiology and the influ-
ence of environmental conditions. Prior to Nottingham
he worked and studied at the Universities of Sheffield,
Strathclyde and University College London, UK where
he focused on biochemical interactions between plant
hosts and their fungal pathogens. His first position in
IITA was in Benin where he developed a weed biologi-
cal control programme using fungal pathogens with tar-
gets such as water hyacinth, speargrass and Striga and,
due to demand from across the region then developed a
plant pathogen diagnostic clinic supported by a microbi-
al reference collection. He moved in 2007 to IITA
Kamapla, Uganda and created systems for the surveil-
lance, diagnostics and management of banana disease
across the Great Lakes Region. In 2010 he moved to the
IITA regional hub in Tanzania where he has continued
his research profile and added food safety issues includ-
ing mycotoxins prevalence studies, biological control of
aflatoxins and vegetable IPM to increase grower and
consumer safety.

Ulrike Grote

Ulrike Grote is professor at the School of Economics
and Management of the Leibniz University Hannover
since 2006, where she heads the Institute for Environ-
mental Economics and World Trade. Her research fo-

cuses on international trade, environmental and devel-
opment economics. She has widely published on social
and environmental standards, certification and value
chain analysis in the field of agricultural and trade eco-
nomics, and she is member of the Editorial Board of
Food Security. Her regional focus is Southeast Asia and
Sub Saharan Africa. She received her postgraduate de-
grees in Agricultural Economics from Kiel University in
1994 and Bonn University in 2004, and worked from
1998-2006 at the Centre for Development Research
(ZEF) in Bonn. Prior to that, she worked for several
years at international organizations including the Asian
Development Bank in Manila and the OECD in Paris.

Lise Korsten

Prof. Korsten is a professor in the Department of Micro-
biology and Plant Pathology in the Faculty of Natural
and Agricultural Sciences at the University of Pretoria.
She is the Head of the thematic focus area of Food
Safety, Biosecurity, Public Health and Regulatory Con-
trol within the Institute for Food, Nutrition and
Well-being. Prof. Korsten has trained more than 50
Masters’ and Ph.D. students and has published exten-
sively. Prof. Korsten developed South Africa’s first bio-
logical control agent for fruit and has established a re-
search group in sanitary and phytosanitary aspects of
international trade. She has expanded her research port-
folio to include aspects related to post-harvest pathology
and food safety in the fresh produce supply chain. Prof.
Korsten serves on the boards of the National Laboratory
Association and the Post-harvest Innovation programme
from the Department of Science and Technology and the
Fresh Produce Exporters Forum. She is also a member
of the Specialist Technical Committee of the South
African National Accreditation System (SANAS). Prof.
Korsten has received a number of special awards such as
the University of Pretoria Exceptional Achiever award.

Gebisa Ejeta

Gebisa Ejeta is Distinguished Professor of Plant Breed-
ing and Genetics and International Agriculture at Purdue
University. He currently serves as Executive Director of
the Purdue Center for Global Food Security. His re-
search is focused on the genetic improvement of sor-
ghum for resistance to pests, diseases, and environmen-
tal stress with enhanced productivity and nutritional
quality. He has contributed to the welfare of people in
developing countries through his research as well as
through his human and institutional capacity develop-
ment efforts. Professor Ejeta has served the United
States Government and other agencies in advisory
capacity. He was designated Science Envoy for Africa
for the US State Department, Special Advisor to the
Administrator of USAID, before being appointed by
President Obama to the Board for International Food
and Agricultural Development (BIFAD) in 2011. Pre-
viously, Dr. Ejeta has consulted with the Rockefeller
Foundation, the Gates Foundation, the USAID, the Food
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and Agricultural Organization (FAO) of the United Na-
tions, the CGIAR, as well as a number of national and
regional organizations in Africa. Currently, Dr. Ejeta is
serving on the advisory board of the Sasakawa Africa
Association, the Chicago Council for Global Affairs,
and the Consortium Board of the CGIAR. Dr. Ejeta is
Fellow of the American Association for the Advance-
ment of Sciences, Fellow of the American Society of
Agronomy, Fellow of Crop Science Society of America,
and the 2009 World Food Prize Laureate.

Keynote Session 1-The Role of Plant Pathology in
Bio-security and Food Safety

Robert Zeigler

Dr. Robert Zeigler is an internationally respected plant
pathologist with more than 30 years of experience in
agricultural research in the developing world. Dr. Zeigler
assumed his position as IRRI's director general in 2005.
His professional life spanned Africa, Latin America, US,
and Asia. He has published over 100 scientific works in
these areas and often serves as an expert resource on
rice security in the regional and global media.

Dr. Zeigler is the founding chairman of the board of the
IRRI Fund (Singapore, Hong Kong and India). He is
currently the Chairman of the Board of Directors of the
Association of International Agricultural Research Cen-
ters (AIARC).

Dr. Zeigler earned his Ph.D. in plant pathology from
Cornell University, M.Sc. in botany from Oregon State
University, and his B.Sc. in biological sciences from the
University of Illinois. He has completed corporate gov-
ernance programs from Harvard Business School and
Kellogg School of Management.

Jacqueline Fletcher

Dr. Jacqueline Fletcher, Regents Professor, Department
of Entomology & Plant Pathology, Oklahoma State
University, serves as Director of the National Institute
for Microbial Forensics & Food and Agricultural Bio-
security, a multidisciplinary OSU initiative that addresses
high priority national and global issues in plant patho-
gen forensics, crop biosecurity and food safety related to
human pathogens on plants. Dr. Fletcher served on the
American Phytopathological Society’s Council and as
APS President in 2003-4. Following September 11,
2001, she led APS responses and input to U.S. biosecu-
rity initiatives, and now directs APS’s Working Groups
on Microbial Forensics and Food Safety. She is a mem-
ber of the Institute of Medicine’s Forum on Microbial
Threats at the National Academy of Sciences, and serves
on several federal biosecurity committees. She was
named a Fellow of APS in 2005 and a Fellow of the
American Association for the Advancement of Science
(AAAS) in 2007.

Sophien Kamoun

Sophien Kamoun is a Senior Scientist and Head of The
Sainsbury Laboratory, Norwich Research Park, United
Kingdom. He received his B.S. degree from Pierre and
Marie Curie University, Paris, France, and Ph.D. in Ge-
netics from the University of California at Davis. He
held a faculty position at the Ohio State University, De-
partment of Plant Pathology, Wooster campus, before
joining The Sainsbury Laboratory in 2007. His recent
research focuses on plant pathogenomics, filamentous
pathogen effector biology, and devising new approaches
to breeding disease resistant crops. Dr. Kamoun re-
ceived the APS Syngenta Award, the OSU Pomerene
Teaching Award, the WE. Krauss Award for Excellence
in Graduate Research Mentorship, and the Daiwa Adrian
Prize. In 2011, he was elected to the Academia Euro-
paea and received a European Research Council (ERC)
Advanced Investigator Award. Visit his website at
http://www.KamounLab.net

Keynote Session 2-Genomics, Proteomics and
Plant Pathology

Shouwei Ding

Shouwei Ding is a Professor in the Department of Plant
Pathology & Microbiology and the Institute for Integra-
tive Genome Biology, University of California - River-
side, USA. He received his B.S. degree from Anhui
Agricultural College (Hefei, China), M.S. degree from
Fudan University (Shanghai, China), and Ph.D. from
Australian National University (Canberra, Australia). He
held a faculty position in the Institute of Molecular
Agrobiology, National University of Singapore before
joining UC-Riverside. His recent research focuses on
RNAi-mediated antiviral immunity mechanisms in
plants and animals and on the discovery of viruses and
viroids by next-generation sequencing approaches. Dr.
Ding is an elected fellow of the American Academy of
Microbiology and of the American Association for the
Advancement of Science. He currently is a senior editor
of PLoS Pathogens and serves on the editorial boards of
Virology and Journal of Virology.

Lijun Ma

Dr. Ma studies genome evolution combining theoretical,
computational and experimental approaches. Her lab
focuses on a model system Fusarium oxysporum, a
highly adaptive species complex causing destructive and
intractable wilt diseases across a broad spectrum of plant
hosts. The Fusarium comparative genomics demon-
strates that horizontal transfer of entire chromosomes
conveys pathogenicity and contributes directly to the
niche adaptation. This discovery establishes F. oxysporum
as an effective model to investigate horizontal transfer
in eukaryotes, and the pathogenicity chromosomes pro-
vide a focal point to investigate the genetic mechanisms
that underlie pathogenesis against different plant hosts.
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Yong-Hwan Lee

Dr. Yong-Hwan Lee obtained his B.S. and M.S. degrees
from Seoul National University, Korea, and Ph.D. de-
gree in plant pathology at Louisiana State University in
1991. Currently he is a professor and director in the
Department of Agricultural Biotechnology and Center
for Fungal Genetic Resources at Seoul National Univer-
sity, Korea. He is also a Finland Distinguished Professor
at University of Helsinki, Finland. His group has taken
comprehensive and integrative approaches of forward
and reverse genetics to understand molecular mecha-
nisms of pathogenesis in the rice blast fungus, Mag-
naporthe oryzae. His group also developed a bioinfor-
matics portal system, Comparative Fungal Genomics
Platform (http://cfgp.snu.ac.kr), and several databases
and associated informatics tools for fungal functional
genomics and evolutionary biology.

Keynote Session 3-Host-Pathogen Interactions
and Molecular Plant Pathology

Paul Schulze-Lefert

Paul Schulze-Lefert was trained in biochemistry and
genetics at Marburg, Freiburg, and Cologne Universities,
Germany. After a Ph.D. thesis on cis-and trans-active
factors regulating plant gene expression in response to
light, he became interested in fundamental processes
controlling plant microbe interactions. Major research
areas are the innate immune system of plants, mecha-
nisms of fungal pathogenesis, defense suppression, and
the molecular basis of biotrophic lifestyle. In 1991 he
started his own research group at the RWTH Aaachen
with a focus on plant disease resistance mechanisms 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 Max-Planck-Institut fUr Pfan-
zenzichtungsforschung (MPIPZ), Cologne, and a Hon-
orary Professor at the University of Cologne since 2003.
He is an elected EMBO member since April 2006. In
2010 he was elected as member to the National Acade-
my of Sciences, USA, and to the “Deutsche Akademie
der Naturforscher Leopoldina”, Germany. He was
elected Fellow to the American Academy of Microbio-
logy in 2011. He serves as member of the science
advisory board of the Two Blades Foundation.

Much of his current work is dedicated to bridging tradi-
tional research areas like genetics, biochemistry, and
cell biology in the endeavor of increasing our under-
standing of the molecular mechanisms that control plant
microbe interactions. A major recent activity involves
the development of methods to identify molecular
mechanisms enabling plants to live in intimate associa-
tion with bacterial microbiota in the rhizosphere.

Sheng Yang He

Dr. Sheng Yang He obtained B.S. and M.S. degrees
from Zhejiang Agricultural University and a Ph.D. de-
gree from Cornell University. He is a Professor at
Michigan State University and an Investigator at Howard
Hughes Medical Institute. In the past two decades, Dr.
He and his associates have studied how a model bacterial
pathogen, Pseudomonas syringae, causes disease in
Arabidopsis. Their research shed light on some of the
most fundamental processes underlying bacterial patho-
genesis in plants and illustrates the utility of pathogen
virulence factors as useful probes in understanding plant
biology, including jasmonate signaling, stomatal func-
tion, and immunity.

Pierre J.G.M. de Wit

Pierre de Wit did his MSc in biochemistry, plant physi-
ology and plant pathology at Wageningen University.
For his Ph.D. he studied physiological and biochemical
aspects of the pathosystem Cladosporium fulvum-tomato.
After his Ph.D. he spent a sabbatical year in the USA at
the Department of Phytopathology of KSU, Lexington
Kentucky. In 1982 he became assistant, professor at the
Laboratory of Phytopathology of Wageningen Univer-
sity, associate professor in 1986 and full professor and
head of the Laboratory in 1990. His research is focused
on fungal effectors from C. fulvum and related
Dothideomycete fungi like Mycospaerella fijiensis and
Dothistroma septosporum, and effector-triggered im-
munity responses in tomato and tobacco. He discovered
the biological functions of several fungal effectors. In
2008 he became Royal Netherlands Academy Professor.

Keynote Session 4-Recent Developments in Dis-
ease Management

Erich-Christian Oerke

Erich-Christian Oerke received his Ph.D. in Biology
from the University of Hannover, Germany, and has
joined the Department of Plant Pathology, University of
Bonn, in 1993. He has prepared the basic chapters of a
study on worldwide crop losses published by Elsevier in
1994. Since 2000, crop loss data have been updated and
are implemented into the Economic Impact Module of
the Crop Protection Compendium published by CAB
International. Experimental research focuses on the in-
fection process of leaf pathogens and on sensing of plant
diseases using technical sensors on various scales. He
has been editor of the book ‘Precision Crop Protection’
published by Springer in 2010. He received the Julius
Kuehn Award of the German Phytopathological Society
in 1998.

Abraham Gamliel

Head of the Laboratory for Pest, Management Research,
Agricultural Research Organization, ARO), Volcani
Center, Bet Dagan, Israel, and Professor at the Hebrew
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University, Jerusalem.

Received Ph.D. in 1990, from the Hebrew University of
Jerusalem, Israel. Research activities involve the devel-
opment of various effective crop management strategies
and technologies, while minimizing negative environ-
mental attributes. Co-edited books on Crop Biosecurity,
and Soil solarization. Authored several book chapters
and invited reviews on soil disinfestation and pest man-
agement. Chairman of the Soilborne Pathogen Group,
the International Society for Horticultural Sciences
(ISHS), and the convener of the 2009 7" International
Symposium on Soil Disinfestation. Member of the
United Nations, Environmental Protection Program,
(UNEP), Methyl bromide Technical Option Committee
(MBTOC).

Andy Leadbeater

Andy graduated from Birmingham University (United
Kingdom) in 1979 with a degree in Biological Sciences,
specializing in Plant Pathology. Andy has more than 30
years experience in the global Crop Protection Industry,
joining Ciba-Geigy in 1980 and working through major
reorganisations, culminating in Syngenta. He started his
career in the Company as a field scientist and since has
worked in several technical roles in Syngenta which has
included the successful development and launch of sev-
eral key fungicides important to the Company’s success.
He currently heads Syngenta’s fungicide product devel-
opment activities in biology.

Outside the company he is chairman of the International
FRAC Steering Committee as well as leading the Qol
Fungicides Working Group. He is also an active mem-
ber of the European Crop Protection Association (Euro-
pean Crop Life International) Efficacy Expert Group.
He is also very active in EPPO (European Plant Protec-
tion Organisation) and is the ECPA representative to
their Working Party. Andy has spoken to several con-
ferences and workshops on issues relating to product
development and resistance management.

Andy has a wide range of experience in product Re-
search and Development both from inside industry and
from the point of view of government and non-govern-
ment organisations.

Keynote Session 5-Plant Pathology in Asia

Ryohei Terauchi

Ryotei Terauchi is a plant geneticist interested in evolu-
tion in general, and that of plants and interacting patho-
gens in particular. He obtained Ph.D. from Kyoto Uni-
versity, Japan with a study on yam (Dioscorea) molecu-
lar taxonomy. He experienced post-doc positions in
IITA, Nigeria and University of Frankfurt, Germany.
His current research focus is on the molecular interac-
tions between rice and blast fungus Magnaporthe oryzae.

Xueping Zhou

Xueping Zhou is currently a professor in the College of
Agriculture, Zhejiang University. He received his B.S.
degree, M.S. degree and Ph.D. from Nanjing Agricul-
tural University (Nanjing, China). His research interests
include plant virus aetiology, molecular aspects of virus
pathogenesis, and genetic engineering for virus re-
sistance. Dr. Zhou serves as vice president of Chinese
Society of Plant Pathology. He currently is an Associate
Editor of Molecular Plant-Microbe Interactions and
serves on the editorial boards of Journal of General Vi-
rology and Virology Journal.

M P Srivastava

Born on 5" November 1942, Professor. M P Srivastava
received his Ph.D. in 1967 from the University of Al-
lahabad and subsequently joined Haryana Agricultural
University. Besides teaching and conducting research on
rice, cotton, moongbean and potato, he championed the
cause of Transfer of Technology and Plant Clinic and
created a niche for himself as a leading Extension Plant
Pathologist of India. His real dalliance for Transfer of
Technology and Plant Clinic started when he joined as
Extension Pathologist in 1976. He received ‘Fellowship’
of the National Academy of Sciences in 1988 and ‘Out-
standing Extension Scientist National Award’ in 1996
for excellence in Extension. In recognition of his out-
standing contribution in Transfer of Technology, he was
invited to deliver a Keynote Address in Transfer of Plant
Pathology Knowledge Session at ICPP 2003 at Christ-
church, New Zealand. His passion for Plant Clinic con-
tinued even after taking over as Professor in 1986,
Chairperson of Plant Pathology Department in 1996 and
Director in 2000. To popularise plant clinic worldwide,
he delivered special lectures in India, China, Singapore,
Italy and Germany. He organised and chaired a special
session on ‘Plant Health Clinic’ during 9" ICPP at Turin,
Italy in 2008 and at International Conference in Global-
ized Era at New Delhi in 2010. Presently he offers free
service to growers and scientists on diagnosis and con-
trol of pests, and establishment of plant health clinic
through his web portal www.xsgrowth.com. He is a pro-
lific writer and eloquent speaker. He has guided over
dozen students for Ph.D. and has published around 200
research papers, 250 popular articles, 6 review articles, 6
hand books and released Plant Disease Warning and
Plant Pathology Courier for over one and a half decade.
He has been President of Indian Society of Plant
pathologists, twice Member, House of Delegate of Asian
Society of Plant Pathology and is Chief Editor, Indian
Journal of Plant Pathology, Technical Advisor of
Pestology and Member Pesticide Project of Department
of Science & Technology of Government of India. His
current areas of interest are: Plant Clinic, Transfer of
Technology, Pesticides and Integrated Pest Manage-
ment.
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Opening Lecture

Crop genomics and biotechnology: feeding the bil-
lions

Q.F. Zhang

National Key Laboratory of Crop Genetic Improvement,
Huazhong Agricultural University, Wuhan 430070, China
Email: gifazh@mail.hzau.edu.cn

In the past half century, production of major food crops
has kept pace with the population increase in the world.
The yields of major cereals such as maize, rice and
wheat have been more than doubled in most parts of the
world and even more than tripled in certain countries.
However, food production is facing even greater chal-
lenges in the next half a century because of high de-
mands in both quantity and quality, and ever increasing
pressures on resources and environments. At the same
time, advances in genomics, biotechnology and genetic
studies have brought about unprecedented opportunities
for crop genetic improvement. Rice is a major food crop
feeding approximately half of the world’s population,
and has been a model system for cereal research. In my
presentation, | will describe the demands for increased
production for future needs, address the main issues that
we are facing as challenges, present current progress in
rice functional genomics research, and provide prospect
on how the advance in research can be translated into
technologies and activities for crop genetic improve-
ment.

Plenary Session 1-The Role of Plant Pathology in
a Globalised Economy

Climate change, bioenergy and global trade: which
role for plant pathology?

Corrado Clini

Director General, Italian Ministry for Environment,
Land and Sea, Rome, Italy

Email: clini.corrado@minambiente.it

The present agricultural scenario is strongly affected by
the effects of climate change on crops, by the increasing
importance of bioenergy crops as well as by the influ-
ence of global communication and international trade of
goods on the movement of plant pathogens among
countries. Plant pathology is probably one of the dis-
cipline playing a major role in contributing to mitigate
the negative effects incited by such factors, in the mean
time providing tools and solutions. An overview of in-
ternational activities promoted by the Italian Ministry
for Environment, Land and Sea in the field of plant pa-

thology and crop protection will show the major role
played by this discipline in the current agricultural situa-
tion, with special emphasis on its role played in mitigat-
ing the negative effects of climate change and securing a
safe food and energy supply for a growing global popu-
lation.

Plant pathology in a globalized economy
Jan E. Leach

Department of Bioagricultural Sciences and Pest Man-
agement, Colorado State University, Fort Collins, CO
80523-1177, USA

Email: Jan.Leach@colostate.edu

Plant pathologists must consider the potential of their
research to offer solutions in a changing world where
global warming, environmental degradation, reduced
land available to food production, and diminishing fossil
reserves challenge the agricultural status quo. Added to
these issues is the expected increase in the world’s pop-
ulation, which is predicted to double the demand for
agricultural products by 2050. The UN Millennium
Development Goals include a challenge to eradicate
extreme poverty and hunger, a condition affecting over
1.1 billion people, by the year 2015. Because most of
these people rely on agriculture for their livelihood, the
opportunity for scientific advances that improve crop
productivity to improve their well-being are substantial.
Though the challenges for agriculture are serious and
imminent, advances in plant pathology and collabora-
tions across all science disciplines can lead to their re-
solution and are now available or emerging at a rapid
rate. This discussion will provide a snapshot of opportu-
nities for plant pathologists that have the potential to
improve crops to meet the demands of tomorrow’s
global economy.

Impact of a globalized economy on future roles of
plant pathologists in a country/region

X.B. Yang

Department of Plant Pathology and Microbiology, lowa
State University, Ames, lowa 50014, USA

Email: xbyang@iastate.edu

Economic globalization has been with us for centuries
which can be exemplified by 18™ century trade between
China and Europe or earlier agricultural trade by East
Indian Company. Now economic globalization occurs at
a faster pace, greatly impacting regional agricultural
production. The following trends in a globalized economy
will be addressed in relation to plant pathology. First,
crop production typically fluctuates 25 percent from
year to year in a growing region while less than 3% glob-
ally. The changing climate has increased the frequency
of extreme weather events, leading to more disease epi-
demics and higher uncertainty in production for a region.
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Because modern transportation can move food to other
side of globe in 10% of its value, the essence of food
security would be balanced with environmental quality
in a region. Plant pathologists, who typically work in a
regional level, are challenged to reduce regional uncer-
tainty while protecting environment. These in countries
extensively participating in a globalized economy should
have a greater role in protecting sustainability and envi-
ronment quality than in food security. Secondly, a glob-
alized economy means that local farmers have to com-
pete globally and globalized agricultural companies are
to influence on local farms. Small farms will be replaced
by large farms because of profitability. Large farms
prefer simplified measures/products and are clients of
giant multinational corporations, which are a major
force in a globalized economy. Products or technologies
from multinational corporations are increasingly vital to
our disease management at all levels. This points us to
more collaborative research between plant pathologists
in public and private sectors.

Plenary Session 2-Can We Improve Global Food
Security (ISPP Task Force)

Adequate nutrition for all by 2050

R. N. Strange

Department of Biological Sciences, Birkbeck College,
London University, Malet Street, London WC1E 7HX,
United Kingdom

Email: r.strange@sbc.bbk.ac.uk

“One cannot build peace on empty stomachs™: “It is
time that the tide of the battle against hunger was
changed for the better — but ebb tide could soon set in if
we become complacent.” The authors of these state-
ments are John Boyd Orr and Norman Borlaug, respec-
tively, both Nobel Peace Prize Laureates. Complacency
did indeed set in during the last 3 - 4 decades of the 20th
century. There were stirrings in the early part of this
century but it was the price spikes in food commodities
in 2008 and 2011 which really set the alarm bells ring-
ing. These were largely socio-economic and political
phenomena and, no doubt, will be addressed by the last
speaker in this session. As plant pathologists, our atten-
tion may be more directly concerned with the next two
speakers. There is no doubt that the physical environ-
ment, whether it be soil, water or climate has profound
effects on plant disease. Moreover, we should be pre-
pared for changes in incidence and severity of plant dis-
eases which may be wrought by climate change. Plant
pathogens cause tremendous losses of food crops and
have been major reasons for famine. But how much loss
do they cause? The ISPP has formed a Subject Matter
Committee to find answers to this question. Another
difficult question is, “What is food insecurity?” Esti-
mates of the food required to feed the world’s popula-
tion of over 9 billion in 2050 are around 70% greater

than today’s supply. How are we to achieve this with
relatively little arable land left for expansion? These are
some of the questions which will be examined in this
session and on Wednesday evening.

Physical limitations and challenges for food security:
A story of China

ZH.Li

China Agricultural University, No. 2 Yunimingyuan West
Road, Haidian District, Beijing, 100193, P. R. China
Email: lizhaohu@cau.edu.cn

China's grain output was 590 million tonnes in 2012,
with the ninth consecutive year of growth. It has
achieved the goal in maintaining a high level of
self-sufficiency in grains so far. China has 20 percent of
the global population, with only 8.0 percent of the
world's arable land and 6.5 percent of water reserves.
However, China is going to consume more grains in the
coming years, which means the country has to increase
its annual grain output continuously as China tries to
maintain as much self-sufficiency in grains as possible.
To achieve the goal, the world's most populous nation
and second-largest economy has to find ways to over-
come the physical limitations, such as limited potential
for qualified cropland expansion, heavily dependent on
chemical fertilizer application, water scarcity and uneven
distribution, climate change and environmental stresses.
Sustainable agricultural techniques are essential for
achieving the goal of food security.

Managing the biological environment to promote and
sustain crop productivity and quality

F.D. Beed

International Institute of Tropical Agriculture (lITA,
www.iita.org), East Africa Hub, Plot 25, Mikocheni
Light Industrial Area, Mwenge Coca-Cola Road,
Mikocheni B, PO Box 34441, Dar es Salaam, Tanzania.
International Mailing Address: IITA, Carolyn House, 26
Dingwall Road, Croydon, CR9 3EE, UK

Email: f.beed@cgiar.org

Global crop production needs to double by 2050 to meet
projected demands from rising populations, diet shifts
and biofuel consumption. However, predicted crop
yields are not increasing sufficiently (2.4% p.a.) to meet
this demand. Therefore, production must increase
through more efficient use of current arable land, to
prevent further land from being cleared that otherwise
provides vital services to the earth and its people (in-
cluding biodiversity and carbon emissions). Significant
improvements in crop productivity and crop quality can
be achieved through improved management of critical
diseases of crops that are pivotal to food security and
income generation. The biological environment is a
complex domain characterised by dynamic interactions
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between crops and beneficial and antagonistic organisms.
These interactions are influenced by the physical envi-
ronment and human interventions influence emerging
diseases and their movement, and this must be respected
if diseases are to be sustainably managed. A crop
healthcare system for developing countries will be pre-
sented that encompasses national responsibility, regional
cooperation and harnesses global excellence; in terms of
what is known and which methods are available. The
aim is control crop diseases in a pre-emptive and cost
efficient manner compared to the current scenario of
belatedly combating fully blown epidemics. Components
of the crop healthcare system are risk assessment; in-
cluding predicted impacts on food and feed value chains,
targeted surveillance, fit-for-purpose diagnostics, control
intervention packages, extension mechanisms; that are
endowed with refinement from practical feedback, en-
abling policy environments and application of research
to address knowledge gaps. Specific examples will be
presented for viruses of cassava, viral and bacterial dis-
eases of banana, stem rust of wheat, viral disease com-
plex of maize and potato blight. Finally, the link between
disease control and improved crop quality, consumer
health and safe trade will be demonstrated through bio-
logical control interventions for aflatoxin in Africa.

Can we improve global food security? The economic,
sociological and political environment

U. Grote

Institute for Environmental Economics and World Trade,
Leibniz University Hannover, K&nigsworther Platz 1,
30167 Hannover, Germany

Email: grote@iuw.uni-hannover.de

To ensure global food security for a growing population
remains a major challenge. This is especially true
against the background of increasing food prices partly
due to growing income levels and consequently chang-
ing demand patterns in the developing world. At the
same time, climate change combined with the occur-
rence of more frequent and extreme natural disasters,
and reduced water availability increase the vulnerability
of rural farm households, thus negatively affecting ag-
ricultural production. Given the multifaceted dimensions
of poverty and food insecurity, no simple solution can
be found. Promoting productivity of farming and in-
creasing the efficiency of the food system are effective
measures contributing to rural development in develop-
ing countries. The latter enhances the opportunities of
farmers to participate in domestic staple food and
high-value agricultural export markets. Information and
communication technologies and innovations as well as
an improved access to finance and other inputs are
known to promote this development by reducing trans-
action costs and leading to increased investments in the
farming sector. Policy reforms in agriculture and beyond
help setting price incentives to farmers, promoting good

governance, and changing consumers’ awareness with
respect to food waste and resource use inefficiencies
related to human diets. The reduction of agricultural
taxation which is traditionally given in many developing
countries, and the reduction of distorting subsidies in
many OECD countries remain important. What is new,
in this context, is the increasing links with other sectors.
Thus, on the one hand the linkages between energy and
agricultural policies increase due to the trend towards
green growth and bioenergy. On the other hand, the
monetization of natural resources and speculation link
the agricultural market with financial markets. This calls
for further research since additional pressure is put on
the global food system.

Achieving global food security

L. Korsten

Department of Microbiology and Plant Pathology, Uni-
versity of Pretoria, Private Bag X20, Hatfield, Pretoria,
South Africa, 0028

Email: lise.korsten@up.ac.za

Hunger and malnutrition are not only caused by food
shortage and - scarcity but also by a lack of access to
adequate, safe, nutritious food supplies. Food security is
complex and its drivers are interdependent. Global drivers
in food security link into availability, affordability,
quality and safety of food. Addressing chronic food
shortages through improved agricultural technologies
shift the emphasis from food security to nutritional se-
curity. However, an adequate food supply does not
guarantee nutritional security. Further, food security
diminishes when food systems are stressed. While food
systems reflect the continuum from production to con-
sumption, it also involves a much broader consideration
than productivity and production. The right to food is
also a human right that is recognized under international
law. The right of all human beings to feed themselves in
dignity includes two aspects related to the production
and purchasing of food. To produce own food, resources
are required that include land, seeds, water etc. To “buy
food” money and market access is required. The “right
to food” therefore requires governments to provide an
enabling environment in which people can use their full
potential to produce or procure adequate food for them-
selves and their families. Food sovereignty on the other
hand confronts head-on the notion that food, unlike other
fundamental human rights, should be left purely to
market forces. It brings to the fore issues around the
environment, technology, economies, governance and
human rights. It highlights some of the most controver-
sial and challenging issues of our time: climate change
and biodiversity, biotechnology, biofuel, water supplies,
human migration, population growth and hunger. This
presentation contextualises some of these challenges and
provides some potential solutions.
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One billion hungry people: what can we do?

G. Ejeta
Center for Global Food Security, Purdue University,

915 West State Street, West Lafayette, IN 47907, USA
Email: gejeta@purdue.edu

The population of the world has been growing at an

alarming rate, outpacing gains in global food production.

Of the current 7 billion inhabitants of the world, nearly 1
billion people are hungry. Ironically, many parts of our
world produce huge surpluses regularly, making food
insecurity more a function of poverty and inefficiencies
in distribution. Nevertheless, global food security has
emerged as humanity’s foremost challenge of the 21%
century. Yet, there is a lot that we can do, as people, to
reduce poverty and eradicate hunger from this planet.
Above all, we must develop a collective revulsion
against hunger in our planet. We must advance science,
technology, and innovation in parts of the world that
have not benefitted from these interventions. With in-
creasing global population, there is a growing demand to
produce more food, to increase efficiency in food pro-
duction, to reduce harvest and post-harvest losses, and
to devise better strategies to make food accessible to
those that need it. We must strengthen the nascent public
and private institutions of developing nations to support
the adoption and exploitation of modern technologies to
change poor rural communities from subsistence to
more productive businesses that create jobs and improve
livelihoods. Science and technology will increasingly be
needed to produce more on less land, with less water,
and with judicious use of inputs. With growing concerns
about climate change, increasing energy demands, a
looming global water crisis, complexities around global
trade, and the overall resource inequities around the
world, smarter governance and policy instruments for
global resource use and investments focused on elevat-
ing human welfare broadly are badly needed.

Jakob Eriksson Prize Award Address

Jeffrey B. Jones
University of Florida, Gainesville, FL, USA

Email: jbjones@ufl.edu

Dr. Jones is being recognized for his numerous seminal
research contributions in plant bacteriology that have
substantially increased our understanding of the interac-
tions between bacterial pathogens and their host plants.
He conducted in-depth analyses of a worldwide collection
of xanthomonads associated with tomato and pepper and
identified considerable genetic and phenotypic diversity,
resulting in the description of three new Xanthomonas
species. He sequenced their genomes and compared
them to identify host specificity factors, resulting in the
characterization of several avirulence genes. Dr. Jones
and colleagues worked extensively on host plant re-

sistance and identified the first source of resistance in
tomato to the bacterial spot pathogen, X. euvesicatoria.
He and colleagues also developed several tomato and
pepper genotypes with resistance to bacterial wilt caused
by Ralstonia solanacearum. In addition, Dr. Jones and
coworkers demonstrated that bacteriophages could be
effectively used to control bacterial spot disease on to-
mato. Dr. Jones is considered a leader in phage therapy
for control of plant diseases. His research was instru-
mental in the first-ever EPA Registration for Bacterio-
phage usage on agricultural crops in the United States.
Another important contribution of Dr. Jones and col-
leagues was the development of a novel method to ge-
netically modify citrus trees so that a hypersensitive
reaction (HR)-inducing gene in citrus is activated by
native Transcription Activator Like (TAL) effectors in
Xanthomonas citri, the causal agent of Asiatic Citrus
Canker. He and colleagues demonstrated that multiple
effector binding elements upstream of a bacterial aviru-
lence gene can be engineered to recognize multiple X.
citri TAL effector proteins introduced by the bacterial
pathogen. and in turn activates a reporter avirulence
gene that results in a resistant reaction. The constructs
recognize multiple TAL effectors, thus conferring broad
and durable resistance. Because the modified genes are
locally activated only in the presence of the pathogen,
consumers would likely not be exposed to the trans-gene
products. Thus, Dr. Jones” work on host-pathogen inter-
actions with bacterial pathogens has had wide-reaching
impact, not only in the scientific community but for
plant disease control as well. Professor Jones’ research
has been extremely productive, with over 190
peer-reviewed journal articles, three edited books on
bacterial plant diseases, and numerous reviews, book
chapters and articles for growers and the general public.
Dr. Jones obtained the prestigious University of Florida
Research Foundation Professorship twice, for the periods
2002-2004 and 2008-2010. He was recently honored as
Outstanding Alumnus by Virginia Tech University in
2010-2011. Dr. Jones was elected to become APS Fellow
in 2001 for his outstanding fundamental and applied
research on bacterial plant pathogens and their interac-
tions with their hosts.

Keynote Session 1-The Role of Plant Pathology in
Bio-security and Food Safety

Assuring food security in an uncertain world

R.S. Zeigler

International Rice Research Institute, College, Los Bars,
Laguna 4031, Philippines

Email: r.zeigler@irri.org

After an absence of several decades, food security has
returned to center stage in any serious discussion on
global affairs. The Green Revolutions in Asia help
transform countries glibly dismissed as “basket cases”
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by strategic thinkers in the 1960s. These countries are
now engines of global economic growth. However, fall-
ing food prices from the late 1970s through early in this
century led to a sense of complacency towards food
supplies and agriculture investment declined. The pre-
carious global food supply system is exacerbated by the
stresses that climate change is expected to place on major
food producing areas, especially rice in Asia. The chal-
lenges facing the world to increase food supplies by
more than 50% over the coming decades in the face of
climate change are arguably much greater than faced us
50 years ago. There are also powerful social and eco-
nomic drivers that will transform the nature of agricul-
ture in developing countries. This is particularly the case
for rice, the staple cereal for half the world’s population
and the primary food for over 70% of the world’s poor.
The agricultural science community is in the midst of a
nested set of scientific and technical revolutions that
will help fundamentally transform agriculture especially
in developing countries. Scientific advances in plant
genetics, biology, crop management and the social sci-
ences will directly impact the future of global rice sup-
plies, the sustainability of intensive rice production sys-
tems so characteristic of Asian landscapes, and the lives
of hundreds of millions of farmers and consumers.

Human pathogens on plants: role of plant
pathologists in a multidisciplinary mitigation strategy
J. Fletcher

National Institute for Microbial Forensics & Food and
Agricultural Biosecurity, Oklahoma State University,
Stillwater, OK 74078, U.S.A.

Email: jacqueline.fletcher@okstate.edu

Increasing concerns about microbial contamination of
food plants and resulting foodborne illness have
prompted new collaboration and interactions between
the scientific communities of plant pathology and food
safety. Around the world, repeated outbreaks of human
illness attributed to the contamination of fresh produce,
nuts and seeds, and other plant-derived foods by human
enteric pathogens such as Shiga toxin-producing Esche-
richia coli and Salmonella spp. have led some plant
pathologists to broaden the application of their science,
to address problems of human pathogens on plants
(HPOPs). Recent research has shown that human enteric
pathogens can have complex interactions with plants
and their associated microbial communities. New col-
laborations between members of the plant pathology and
food safety communities facilitate enhanced research
capacity and greater understanding of the issues for
which research is needed. High priority research topics
include HPOP dissemination, plant colonization and
entry into plant interiors, plant responses to HPOP
presence, HPOP-plant pathogen interactions, and the
development of effective mitigation strategies for field
and post-harvest applications. Traditional plant pathology

concepts, such as the disease triangle and the disease
cycle, as well as the application of new technologies to
understand HPOP-plant pathogen-plant-environ-ment
interactions, can help to inform cross-over issues that
pertain to both HPOPs and plant pathogens, and will
facilitate the identification of effective strategies for
minimizing the risk of microbial contamination. Con-
tinued interactions and communication among inter-
disciplinary and multi-national communities is essential.

Plant pathology in the post-genomics era

S. Kamoun

The Sainsbury Laboratory, Norwich Research Park,
Norwich, United Kingdom

Email: sophien.kamoun@tsl.ac.uk

Infectious plant diseases cause havoc to world agricul-
ture and threaten to slow laudable efforts to launch a
second green revolution to meet the food security needs
of a booming world population. Pathogens such as the
rice blast fungus, wheat stripe and stem rust, the Irish
potato famine pathogen, and many others continue to
trigger recurrent epidemics with far reaching conse-
quences. When faced with opponents like these, we
need to know our adversary. The genome sequence of a
plant pathogen is a deep look into its soul. From im-
portant and often unexpected insights into the biology of
the pathogen to the tools needed to develop surveillance
and diagnostic DNA markers, the genome is an invalua-
ble resource that accelerates research and output deliv-
ery. With the cost of genome sequencing decreasing
even faster than Moore’s law, the cost-benefit calcula-
tion is evident. For instance, countless time and money
are spent in developing DNA markers, investigating
population structures, debating the pathogen origin, etc.
— activities that can be greatly hastened by the genome
sequence. In this talk, | will discuss some of ways in
which genome biology impacts plant pathology. In par-
ticular, 1 will address how pathogen genomics can drive
basic and applied plant pathology, and how state of the
art findings on pathogen biology can be exploited to
drive the development of new approaches to breeding
disease resistant crops. Detailed knowledge of the path-
ogen genome coupled with novel methods of targeted
plant genome engineering is ushering the era of next-
generation disease resistance breeding in plants.

Keynote Session 2-Genomics, Proteomics and
Plant Pathology

Induction and suppression of RNAi-mediated antivi-
ral defense by Cucumber mosaic virus

S.W. Ding

Department of Plant Pathology and Microbiology, Uni-
versity of California, Riverside CA 92521, USA

Email: shou-wei.ding@ucr.edu
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Cucumber mosaic virus (CMV) is an important crop
pathogen with perhaps the widest host range of any
known plant virus. We have been using CMV as a model
to understand the mechanism of induction and suppres-
sion of RNAi-mediated antiviral defense in plants. In
antiviral RNA interference (RNAI), a host RNase Il
enzyme Dicer processes viral replicative intermediates
double-stranded RNA into small interfering RNAs
(siRNAs) of 21 to 24 nucleotides in length. Upon in-
corporation into Argonaute (AGO) proteins, these viral
siRNAs then guide specific degradation of complemen-
tary viral RNAs. Our studies have led to the discovery
of the CMV 2b protein as a potent RNAI suppressor,
which explains in part why CMV has a wide host range.
We show that the antiviral RNAI of Arabidopsis thaliana
against CMV requires production and antiviral activities
of viral secondary siRNAs processed from a different
pool of viral dSRNA synthesized by host RNA-dependent
RNA polymerase (RDR). We note that the two members
of each of the Dicer-like (DCL), RDR and AGO fami-
lies exhibit distinct antiviral activities, indicating that
gene duplication is followed by functional diversifica-
tion in A. thaliana. In addition to amplifying viral sSiRNAs,
we found that RDR1 also mediates production of a novel
class of endogenous siRNAs targeting more than a
thousand of A. thaliana genes, suggesting a new mecha-
nism for RDR1-dependent antiviral activity. Strong ge-
netic redundancy in antiviral RNAiI may explain why
forward genetic screens have not been as successful as
in the characterization of the bacteria-induced resistance,
for example. | shall report the identification of new
components in antiviral RNAi by a forward genetic
screen developed in A. thaliana using a recently charac-
terized 2b-deletion mutant of CMV, which is silenced
only by RDR6-dependent antiviral RNAI pathway.

Fusarium pathogenomics: understanding
pathogenicity through genomics

L.J. Ma

Department of Biochemistry and Molecular Biology
University of Massachusetts Amherst, Amherst MA
01003, USA

Email: lijun@biochem.umass.edu

fungal

Since the publication of the first fungal genome, Sac-
charomyces cerevisiae, in 1996, more than a thousand
fungal genomes have been sequenced, which makes the
kingdom of fungi the most sequenced eukaryotic taxon.
Correlating genotypes based on sequence information to
interesting phenotypes, such as pathogenesis, is one of
many challenges associated with all genome projects.
This presentation will use Fusarium comparative ge-
nomics as an example to study genetic mechanisms that
contribute to pathogenicity among a group of important
phytopathogens in Fusarium oxysporum species com-
plex. Members of this species complex are responsible
for destructive and intractable wilt diseases in over 100

diverse plant hosts, including the recent outbreak of
Panama disease of banana that destroyed more than 70%
crop in disease manifested areas. In contrast to the broad
host range, a single pathogenic form within this species
complex usually infects a single plant host, exhibiting
strong host specificity. The Fusarium comparative ge-
nomic study demonstrated that horizontally acquired
pathogenicity chromosomes convey host-specific patho-
genicity. The genome of the pathogen can be divided
into core genomic regions: responsible for essential bio-
logical processes, and adaptive genomic regions: con-
tributing to pathogen virulence and host specialization.
The application of the genome structure compartmen-
talization enabled the identification of candidate effec-
tors among the newly sequenced genomes of pathogenic
isolates. These candidate effectors hold the potential for
monitoring the spread of a particular disease and for the
development of management plans.

The rice blast fungus: genomics and beyond

Y.H. Lee

Department of Agricultural Biotechnology, Center for
Fungal Genetic Resources, and Center for Fungal
Pathogenesis, Seoul National University, Seoul 151-921,
Republic of Korea

Email: yonglee@snu.ac.kr

The research goal of my laboratory is to elucidate the
molecular mechanisms of fungal pathogenesis and in-
teractions between rice blast pathogen, Magnaporthe
oryzae and its host plant, rice at the genomic level. Rice
blast is a compelling model system for studying host—
parasite interactions due to its socioeconomic impact
and the availability of both the rice and fungal genomic
sequences. In an attempt to understand the molecular
mechanisms of rice blast, we have been taking both
forward and reverse genetics approaches. Our researches
using reverse genetics approach focus on identifying and
characterizing the genes involved in signal transduction
pathways leading to appressorium formation, genes
encoding transcription factors, and genes that are re-
quired for post-penetration stages. For forward genetics
studies, we carried out a large-scale insertional muta-
genesis of the M. oryzae strain KJ201 via Agrobacte-
rium tumefaciens-mediated transformation, generating
over 25,000 mutants. We also developed high through-
put phenotype screening system that enables rapid and
robust assay of mutant phenotypes. Those mutants are
stored and maintained in the Center for Fungal Genetic
Resources. In addition to our endeavor to functional and
comparative genomics, we built a cyber-infrastructure
for storage of heterogeneous data and analysis of such
data in multiple contexts. The whole genome sequence
information of M. oryzae as well as most of the results
from experimental biology is housed in our customized
database. Our comprehensive and integrative approaches
coupled with a web-based Laboratory Information
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Management System would provide a novel platform for
systems biology initiatives for fungal pathogenesis.

Keynote Session 3-Host-Pathogen Interactions
and Molecular Plant Pathology

Structure, functions, and evolution of the bacterial
root microbiota

D. Bulgarelli, K. Schl&ppi, P.E. ver Loren van Themaat,
N. Dombrowski, M. Rott, Y. Bai and P. Schulze-L efert
Max Planck Institute for Plant Breeding Research,
D-50829 Cologne, Germany

Email: schlef@mpipz.mpg.de

Plants host distinct bacterial communities on and inside
various plant organs. We show that roots of Arabidopsis
thaliana, grown in different natural soils under con-
trolled environmental conditions, are preferentially col-
onized by Proteobacteria, Bacteroidetes and Actinobac-
teria, and each bacterial phylum is represented by a
dominating class or family. Soil type defines the com-
position of root-inhabiting bacterial communities and
host genotype determines their ribotype profiles to a
limited extent. Plant cell wall features provide a suffi-
cient cue for the assembly of ~40% of the Arabidopsis
bacterial root-inhabiting microbiota, with a bias for Be-
taproteobacteria. This root sub-community may not be
Arabidopsis-specific but saprophytic bacteria that would
naturally be found on any plant root or plant debris in
the tested soils. A comparison of the bacterial root micro-
biota of A. thaliana with the microbiota from selected A.
thaliana relatives grown under controlled environmental
conditions or collected from natural habitats suggests
the existence of an evolutionarily conserved core micro-
biota with species-specific footprints. These findings
also imply that the bacterial root microbiota is surpris-
ingly resilient to environmental changes. We have iso-
lated > 40% of the root microbiota members from A.
thaliana as pure bacterial cultures. This has allowed us
to develop in planta test systems for single or combina-
tions of microbiota members under laboratory condi-
tions and to explore their functions in plant growth
promotion and for plant health. We combine these in
planta assays with whole-genome sequencing of micro-
biota members and assess their metabolic capacity using
metabolic arrays to obtain first insights into the molecular
basis of rhizobacteria interactions with Arabidopsis roots.

Bacterial pathogenesis in microbe-colonized and
microbe-free plants

S.Y. He

Department of Energy Plant Research Laboratory,
Howard Hughes Medical Institute, Gordon-Betty Moore
Foundation, Michigan State University, East Lansing,
MI, USA

Email: hes@msu.edu

We have been using the Arabidopsis thaliana-Pseudo-
monas syringae pv. tomato (Pst) DC3000 pathosystem
to study general principles that underlie plant suscepti-
bility to bacterial pathogens in microbe-colonized plants.
Pst DC3000 is representative of a large number of bac-
terial pathogens that infect the above-ground parts
(phyllosphere) of plants. During infection, this pathogen
produces a battery of virulence factors to engage multiple
host cell types (e.g., stomatal and mesophyll cells) and
diverse host physical and chemical barriers. Its type Ill
secretion system (T3SS) delivers about 30 “effector”
proteins into the plant cell, whereas the phytotoxin cor-
onatine mimics the active form of plant hormone
jasmonate. Study of the molecular action of T3SS ef-
fectors and coronatine demonstrates the great utility of
Pst DC3000 pathogenesis as a probe in the discovery of
components of the plant immune system and the eluci-
dation of the jasmonate signaling mechanism in plants.
Recently, we have initiated studies to understand the
effects of phyllosphere microbiota on bacterial patho-
genesis and plant immune responses by establishing an
experimental set-up for growing microbe-free plants in
soil. This set-up begins to reveal a potentially funda-
mental role of microbiota in training the plant immune
system and plant abiotic stress responses.

Genomics of fungal plant pathogens and adaptation
to their host plants

R.E. Bradshaw" and_P.J.G.M. de Wit

YInstitute of Molecular BioSciences, Massey University,
Palmerston North, New Zealand; “Wageningen Univer-
sity, Laboratory of Phytopathology, Wageningen, The
Netherlands

Email: pierre.dewit@wur.nl

We compared the genomes of the fungal plant pathogens
Cladosporium fulvum and Dothistroma septosporum
belong to the class of Dothideomycetes, are phylogeneti-
cally closely related, but have different lifestyles and
infect different hosts. C. fulvum is a biotroph that infects
tomato, while D. septosporum is a hemibiotroph infect-
ing pine. The genomes of these fungi have a similar set
of genes but differ significantly in size, which is mainly
due to the difference in repeat content. Repeat-rich areas
in C. fulvum, which primarily consist of retrotranspos-
ons, were enriched for species-specific genes including
those encoding secreted effector proteins. Several pre-
viously cloned effector genes from C. fulvum are present
in D. septosporum and some of them (Ecp2 and Avr4)
are recognized by tomato Cf resistance proteins and
cause a Cf-mediated hypersensitive response. Some
gene clusters encoding the dothistromin toxin, well
studied in D. septosporum, are conserved in C. fulvum,
although in this fungus some of the genes are
pseudogenized or not expressed in planta. C. fulvum
produces the species-specific enzyme a-tomatinase, ab-
sent in D. septosporum, that detoxifies a-tomatine present
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in high concentrations in tomato enabling it to colonize
tomato. In the two fungi and other Dothideomycetes
introner-like elements were identified; these are highly
structured near-identical introns present in different
genes that are multiplied by a yet unknown mechanism.
Overall, comparison of the two genomes shows that
closely related plant pathogens have adapted to different
hosts and lifestyles by different mechanisms including
gene innovations, pseudogenization and gene regulation.

Keynote Session 4-Recent Developments in Dis-
ease Management

Contribution of precision crop protection technology
to modern disease management — challenges and
prospects

E.C. Oerke

University of Bonn, INRES — Phytomedicine, Nussallee
9, D-53115 Bonn, Germany

Email: ec-oerke@uni-bonn.de

Spatial distribution of plant diseases within crops often
is heterogeneous — at least in some periods of the growth
period. Within-field heterogeneity of disease implies
that plants at some sites may need disease control while
plants at other sites do not. Automatable detection, iden-
tification and quantification of diseases on a small scale
are the prerequisites for a site-specific application of
fungicides, adequate to disease incidence and precise in
space and time. Innovative sensor technologies in com-
bination with informatics and modern application tech-
nologies may enable disease control where and when
actually needed. Remote sensing covers large areas and
provides an overview on the health status of crops and
its development in time, but spatial resolution and sensi-
tivity to low disease levels are not adequate to detect
early symptoms on individual plants at levels below the
action threshold. Proximal sensor systems are currently
tested for their suitability for precision crop protection
applications. Though optical sensors for imaging spec-
troscopy, thermography and chlorophyll fluorescence
seem to be very promising, other sensor types, ranging
from mechanical to biochemical techniques may be also
suitable. Information from various sensors may be also
used for the definition of management zones, especially
suitable for the management of soil-borne pathogens.
Because of the investment costs this technology is likely
to penetrate high productivity cropping systems and
high-valued crops first. Systems for disease sensing may
be also used in post-harvest applications, fungicide
screening platforms and for plant phenotyping in breed-
ing for disease resistance.

A system approach: integrating crop production,
on-farm practices and pest management measures
for a healthy and sustainable crop

A. Gamliel

Institute of Agricultural Engineering, Agricultural Re-
search Organization (ARO) Volcani Center, Bet Dagan,
50250 Israel

Email:agamliel@agri.gov.il

The current trend in modern intensive agriculture is
characterized by three major directions: pest control,
environmentally safe measures and consumer demand
for, healthy and pesticide-free products. A system ap-
proach in pest management incorporates and assembles
all the agricultural practices which are relevant to the
crop production and which are also of impact with re-
gard to pest onset or suppression. A system approach
includes and considers: (i) Manipulation of agricultural
practices aiming at reducing optimal conditions for pest
eruption and providing better conditions for plant de-
velopment and defense. These also include the use of
resistant cultivars and grafted plants and the appropriate
manipulation of nutrition, water quality and environ-
mental conditions, to further provide plant tolerance to
the relevant pest. (ii) Integrated pesticide application
at all crop stages and interfering with all stages of patho-
gen life cycle. These involve, use of pesticide and bio-
pesticides and other chemically and biologically based
compounds. Special attention is given to application
methods and technology to assure maximum effect on
the targeted past (iii) Minimizing negative attributes to
the crop, environment and the consumer, by the reduced
use of toxic pesticides, the enhanced dissipation of pesti-
cides from the environment and the development and
use of soft pesticides and their optimal application. (iv)
Measures to assure food safety at harvest and following
storage. Pest management is a complicated set of pro-
cedure due to the heterogeneity of the production system,
and pest infestation. Thus, assembly of all components
within a production system may result in effective
management. Examples are shown with specific crops,
pests and management strategies.

New developments in chemical disease management
A.J. Leadbeater

Syngenta Crop Protection AG., Schwarzwaldallee 215,
CH-4058 Basel, Switzerland

Email: andy.leadbeater@syngenta.com

The use of chemical fungicides to control plant diseases
is an integral component of crop management. Although
fungicides have been used to good effect in agriculture
since the 1940s, the introduction of new fungicides is an
essential element to provide sustained control of major
crop diseases. The need for new and innovative fungi-
cides is driven by resistance management, regulatory
hurdles and increasing customer expectations amongst
others. New fungicides can be discovered either within
established mode of action groups, ideally with low re-
sistance risk (robust modes of action), or in areas with
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completely novel modes of action. Compounds having a
novel mode of action are of course of special interest,
since they play a key role in resistance management
strategies, but equally important are new fungicides with
enhanced characteristics such as systemicity, curativity
and longevity of disease control. With the background
of increasing registration hurdles, increasing costs and
increasing market needs, a review is presented on the
current market position of major crop protection fungi-
cides, current and future market needs and new fungi-
cidal compounds in late development or recently intro-
duced to the market. Some key features of the new fun-
gicides will be discussed including biological target
segments, business potential and future impact. New
MoAs are quite rare in some segments (major new fun-
gicides are all SDHIs), but seem to be more frequently
discovered for the control of Oomycetes. Potential rea-
sons for this will be discussed.

Keynote Session 5-Plant Pathology in Asia

Whole genome analysis of rice - Magnaporthe inter-
actions

R. Terauchi

Iwate Biotechnology Research Center, Kitakami, Iwate,
024-0003, Japan

Email: terauchi@ibrc.or.jp

Rice blast caused by the ascomycete fungus Mag-
naporthe oryzae is the most devastating disease of rice
worldwide, therefore understanding of the molecular
mechanisms of Magnaporthe-rice interactions is im-
portant to devise efficient control of the disease. Using
M. oryzae whole genome sequence information and as-
sociation genetics approach, we isolated genes for three
AVRs, AVR-Pia, AVR-Pii and AVR-Pik. Genomics ap-
proaches allowed us to isolate rice Pia and Pii R-genes.
Rice Pik R-gene has been previously reported by other
groups. In this paper, | would like to introduce the
whole genome sequence (WGS)-based gene isolation
methodologies and report our latest findings on the in-
teractions between AVR-Pik and Pik as well as AVR-Pii
and Pii.

Advances in Understanding Begomovirus Satellites
X.P. Zhou

State Key Laboratory for Biology of Plant Diseases and
Insect Pests, Institute of Biotechnology, Zhejiang Uni-
versity, Hangzhou, 310058, P. R. China

Email: zzhou@zju.edu.cn

Begomoviruses are numerous and geographically wide-
spread viruses that cause devastating diseases in many
crops. Monopartite begomoviruses are frequently asso-
ciated with betasatellites or alphasatellites. Both beta-
satellite and alphasatellite DNA genomes are approxi-

mately half the size of begomovirus DNA genomes.
Betasatellites are essential for induction of typical dis-
ease symptoms. The SC1 genes encoded by the betasat-
ellites have important roles in symptom induction, in
suppression of transcriptional, and in posttranscriptional
gene silencing, and they can affect jasmonic acid re-
sponsive genes. Host plants of begomoviruses have
evolved diverse innate defense mechanisms against the
BC1 protein to counter these challenges. Alphasatellites
have been identified mainly in monopartite begomo-
viruses that associate with betasatellites and have no
known contributions to pathogenesis of begomovirus-
betasatellite disease complexes. Applications of current
molecular tools are facilitating viral diagnosis and the
discovery of novel species of geminiviruses and satellite
DNAs and are also advancing our understanding of the
global diversity and evolution of satellite DNAs.

Plant health clinics hold key to food security in Asia
M.P. Srivastava

Haryana Agricultural University, India

Email: mpsrivastava28@gmail.com

Ever-rising population, climate change and huge losses
due to pests and diseases pose serious threat to food
security. Plant health clinics hold key to food security
by monitoring pest-scenario, providing early diagnosis
and management strategy. Plantwise-initiated commu-
nity-based-clinics operate in public places in few Asian
countries, whereas in India, clinics operate physically
under various organizations. To address growing com-
plexity in pest-scenario, more so due to changing climate,
creating more well-organized multispecialty clinics with
independent physical identity, better infrastructure and
resources, redefined role aimed at total plant-health, is
imperative to boost food security. Precisely, clinic
should be farmer-centric, with distinct identity, welcome-
counter with overhead electronic-display of scrolling-
text showing relevant message on plant-health, waiting-
cum-exhibition-hall with exhibits and colored signage/
blow-ups of diseases/pests, cafétoilet, well-equipped
library, agro-pharmacy, laboratories with traditional/
new-age diagnostic tools (microscope with monitor-
attachment, digital-camera, laminar-flow, ELISA, PCR,
LFD etc.), well-experienced pathologist, entomologist,
agronomist/edaphologist providing diagnosis and pre-
scription for various pests/ disorders. Beyond diagnostics,
clinics owe responsibility of strengthening plant-health-
care by educating farmers on pest diagnosis and man-
agement, training/teaching students, producing plant
doctors, keeping vigil on bio- terrorism, promoting inte-
grated management to minimize pesticide use and saving
biodiversity, monitoring pest/diseases distribution/out-
break, issuing pest alerts/ warning, organizing plant
health camps in clinics/ farm-fairs, and strengthening
mobile clinic during pest-outbreak. Other major roles
involve invigorating farmers’ access to 7>12 information
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through toll-free- telephony, mobile/internet, providing
online-advice, enhancing farmers’ knowledge-bank
through innovative training/print/electronic  devices,
maintaining database and networking, conducting im-
pact-assessment, revitalizing farmer-extension-research-
government interface for optimizing techno-resources.
Creating such clinics with difference, modeled on human
clinics, providing wide range of plant health services at
zero cost, shall symbolize quintessential ‘plant clinic/
hospital’, commanding same status/recognition as human
clinic, empowering farmers/stakeholders to improve
food security. Impact of such clinic has been phenomenal
in ushering productivity. Let’s collaborate and embrace
thoughts and technologies to create more such clinics in
Asia, and revolutionize plant healthcare, laying founda-
tions of national plant health services.
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Concurrent Session 1-Airborne Plant Diseases
and Their Control

001.001 Sexual stage of Pucccinia striiformis f. sp.
tritici in China

Z.S. Kang, J. Zhao', Z.Y. Wang?®, W. Chen? and L.L.
Huang®

IState Key Laboratory of Crop Stress Biology in Arid
Areas and College of Plant Protection, Northwest A&F
University, Yanling, Shaanxi 712100, People’s Republic
of China; “College of Plant Protection, Northwest A&F
University, Yanling, Shaanxi 712100, P. R. China.
Email: kangzs@nwsuaf.edu.cn

Wheat stripe rust caused by Puccinia striiformis f. sp.
tritici (Pst) has been considered as one of most serious
wheat diseases in China. Although barberry (Berberris
spp.) serving as alternate host of the rust pathogen,
whether sexual reproduction occurs in China is un-
known. We surveyed barberry plants for infection by
rust fungi in the stripe rust “hotspot” regions in Gansu,
Sichuan, and Shaanxi provinces; and tested Pst isolates
obtained from aecia on naturally infected barberry plants
on the wheat genotypes used to differentiate Chinese Pst
races to determine virulence variations. Different Ber-
beris species were widely distributed and most surveyed
plants had pycnia and aecia of rust fungi throughout the
surveyed regions. A total of 28 Berberis species were
identified during our study. Of 20 Berberis species tested
with teliospores of Pst from wheat plants, 18 species
were susceptible under greenhouse conditions. Among
3,703 aecia sampled from barberry plants of three species,
B. shensiana, B. brachypoda, and B. soulieana, under
natural infections in Gansu and Shaanxi provinces, four
produced Pst uredinia on susceptible wheat cultivar
Mingxian 169. Sequence of the ITS regions of the four
isolates from barberry shared 99% identity with the Pst
sequences in the NCBI database. The four isolates had
virulence patterns different from all previously reported
races collected from wheat plants. Furthermore, 82
single-uredinium isolates obtained from the four bar-
berry isolates had high virulence diversity rates, ranging
from 9.0% to 28.1%, indicating that the diverse isolates
were produced through sexual reproduction on barberry
plants under natural conditions. Our results indicated
that Pst can infect some Berberis spp. under natural
conditions and the sexual cycle of the fungus may con-
tribute to the diversity of Pst in China.

001.002 New developments in identification and
guantification of airborne inoculum
J.S. West, S. Heard, G.G.M. Canning, B.A. Fraaije and

K. Hammond-Kosack
Rothamsted Research, Harpenden, AL5 2JQ, UK
Email: jon.west@rothamsted.ac.uk

Novel diagnostic methods integrated with air sampling
and wireless communications now offer the prospect of
automated inoculum-based crop disease forecasting.
This area of precision agriculture has potential to pro-
vide information on both the location and optimal tim-
ing of crop protection measures. Traditionally spore
trapping has been used to understand the seasonal tim-
ing of spore releases of plant pathogens, their responses
to weather and to identify likely sources of spores.
Application of DNA-based diagnostic methods such as
gPCR over the past 10-15 years in particular, has pro-
vided new information about species that previously
could not be identified accurately by visual microscopy
or culturing. These lab-based methods can indicate the
emergence of new pathogens and also provide valuable
information on changes in genetic traits such as patho-
type or race structure or presence of fungicide resistance
in pathogen populations. Disease forecasting is not
needed for common diseases that occur at well-known
times but for damaging sporadic diseases, especially for
high-value crops. Air sampling can be used for disease
warning if samples can be analysed and results dissemi-
nated quickly — ideally within hours. Hence, field-based
tests are increasingly attractive and new rapid isothermal
DNA-based methods, lateral flow immunological kits
and automated biosensors are now being used. In some
systems, field test results can be sent as text messages
along with local weather data and applied to models to
trigger a disease alert. Complexities of spore dispersal
processes in the atmosphere necessitate further work to
optimise deployment of samplers and interpretation of
their results.

001.003 Epidemiology of soybean rust in North
America

X. Li, A.P. Dias, Z. Pan and X.B. Yang

Department of Plant Pathology & Microbiology, lowa
State University, 351 Bessey Hall, Ames, lowa, 50011,
USA.

Email: linuslee@iastate.edu

Since 2004, occurrences of soybean rust (causal agent
Phakopsora pachyrhizi) have been closely monitored in
North America. The disease had strong annual varia-
tions, especially in its geographic distribution, over-
wintering, and early season movement. During 2005-
2012, the disease caused minor damage in the Soybean
Belt and occasionally had late season epidemics in the
southern U.S. The northern most reports of this disease
were in lowa in the U.S. and Ontario in Canada in 2007.
These observations agree with our previous pre-entry
assessment that the dispersal risk of this disease was less
than southern corn rust with low risks to the Soybean
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Belt though in the coastal regions it may lead to limited
economic losses. To predict soybean rust progress, var-
ious models have been built based on weather variables,
such as rainfall, temperature, leaf wetness, cloudiness,
and solar radiation. Some of these variables, e.g., rain-
fall and solar radiation, have showed good abilities in
soybean rust forecast at a regional scale. Using coupled
disease models and regional weather models that pro-
cesses spore dispersal of P. pachyrhizi, the risks of dis-
ease establishment can be assessed using operational
weather forecast data. This forecasting system has been
used since 2006 and successfully predicted the north-
ward movement of soybean rust to north central region
in 2007. Our latest research showed that the regional
progress of soybean rust in the U.S. had significant spatial
and temporal autocorrelation and was also correlated
with seasonal changes of solar radiation. An improved
soybean forecasting system is being developed based on
the new results.

001.004 Novel understanding of the water cycle as a
link between unsuspected habitats of airborne
pathogens -what consequences for plant disease
management?

C.E. Morris, C.L. Monteil and O. Berge

INRA, Plant Pathology Research Unit 407, Montfavet,
France

Email: cindy.morris@avignon.inra.fr

Recent research on the ecology of the phytopathogenic
bacterium Pseudomonas syringae has revealed that its
life history is intimately linked to the water cycle. As a
consequence, the current vision of its ecology is moving
away from that of a ubiquitous epiphytic plant pathogen
to one of a multifaceted bacterium sans frontiées in
fresh water and other ecosystems linked to the water
cycle. Its life history involves adaptation to ubiquity that
is facilitated by dissemination via the water cycle and
includes an important aspect of atmospheric transport as
well as infiltration through soil. This new vision of its
life history also integrates spatial and temporal scales
spanning billions of years and traversing catchment
basins, continents, and the planet and confronts the
implication of roles that are potentially conflicting for
agriculture (as a plant pathogen and as an actor in pro-
cesses leading to rain and snowfall). Overall, it sets the
stage for the integration of more comprehensive con-
texts of ecology and evolutionary history into compara-
tive genomic analyses to elucidate how P. syringae
subverts attack and defense responses of the cohabitants
of the diverse environments it occupies. In practical
terms this new ecological perspective has also yielded
insight into epidemiological phenomena linked to dis-
ease emergence. This latter point will be explored in
particular in this presentation and its pertinence for other
plant pathogens will be discussed.

001.005 Developing forecasting systems of aerial
pathogens for practical use

X.M. Xu

East Malling Research, East Malling, West Malling,
ME19 6BJ, UK

Email: xiangming.xu@emr.ac.uk

One major issue in sustainable agriculture is how to
reduce pesticide input while maintaining satisfactory
control of pests and diseases. For a given crop, particu-
larly high value vegetable and fruit crops, multiple
applications of fungicides are often necessary to manage
aerial pathogens. Reliable forecast of disease develop-
ment may enable better timing of fungicide application
to ensure maximum efficacy and to avoid unnecessary
applications. Developing disease forecasting models and
implementing them in commercial agriculture have been
an important area of research activities in plant disease
epidemiology over the last two decades. Use of fore-
casting systems in practice is often not constrained by
the accuracy of disease forecasts, but rather by practical
issues related to the delivery of forecasts, control options
available, and other crop hushandry activities. Several
examples of contrasting pathosystems (apple scab, apple
powdery mildew, and strawberry grey mould in open
field and under protection) will be used to illustrate these
practical issues. Potential solutions overcoming these
issues and hence increasing the use of disease forecast-
ing systems will be discussed.

001.006 Monitoring viable airborne inoculum of Bo-
trytis cinerea in the South-East of France over 3
years: relation with climatic parameters and the
origin of air masses

C. Leyronas and P.C. Nicot

INRA, UR407 Pathologie végéale, Domaine Saint
Maurice, CS 60094, F-84143 Montfavet cedex, France
Email: philippe.nicot@avignon.inra.fr

Viable airborne inoculum of Botrytis cinerea was mon-
itored bimonthly during 3 years (September 2007-
December 2010) on a site in the South-East of France
located approximately 5 km away from susceptible
crops. Viable inoculum was observed on 96 % of the
sampling days, including during cold winter periods and
hot and dry summer conditions. The concentration of
airborne inoculum was significantly higher during day-
time than at night. Peaks of concentration were recorded
at different periods each year (September—October in
2008, May in 2010). The abundance of viable inoculum
was positively correlated with average daily relative
humidity and negatively correlated with air temperature
and solar radiation. The analysis of backward trajecto-
ries suggested that air masses originating from the North
or the South brought more viable inoculum than those
from the West. This study showed that susceptible crops
may be at danger from viable inoculum of B. cinerea
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during all seasons of the year, but that risk prediction
models could be developed on the basis of climatic con-
ditions and the origin of air masses.

001.007 Strategies and technologies of integrated
management on wheat stripe rust caused by Puc-
cinia striiformis Westend

W.Q. Chen', Z.S. Kang? Z.H. Ma®, S.C. Xu', S.L. Jin*
and Y.Y. Jiang®

'State Key Laboratory for the Biology of Plant Diseases
and Insect Pests, Institute of Plant Protection, CAAS,
Beijing 100193, P. R. China; “Northwest A & F Univer-
sity, Yangling 712100, P. R. China; *China Agricultural
University, Beijing 100193, P. R. China; “Gansu Acad-
emy of Agricultural Sciences, Lanzhou 7300700, P. R.
China; °National Agro-Tech Extension and Services
Center, Ministry of Agriculture, Beijing 10081, P. R.
China

Email: wgchen@ippcaas.cn

Wheat stripe (yellow) rust caused by Puccinia striiformis
Westend (Ps) is an important disaster on wheat produc-
tion. It has been fully revealed that the over-summering
and over-wintering areas of Ps, inter-regional dispersal of
inoculum, approach of virulence variation, and break-
down causation of wheat cultivar resistance. Based on the
geographical conditions, wheat growth, occurrence and
dispersal of disease, wheat stripe rust in China can be
divided into three major zones, namely the autumn
sources of inoculums, the spring sources of inoculums,
and spring epidemic areas. A major strategy of head-
stream management has been put forward, i.e. “integrated
management of wheat stripe rust in the sources of ino-
culums to protect wheat safety plantation in all over the
country”. A series of effective measures for the forecast
and control of disease has been developed, which include
the early molecular diagnosis of stripe rust, wide forecast,
improving cultivar resistance, changing cultivation crops,
regulating sowing date, seed-dressing with fungicides,
and spraying fungicides in the initial stage of disease etc.
According to the epidemic rules of wheat stripe rust, the
integrated management systems based on the biodiversity
have been set up in the areas of inoculum sources of Ps,
respectively, which have been widely applying in wheat
production resulting in the sustainable control of wheat
stripe rust epidemics and remarkably economic efficiency.
It is also proposed as the priority that variation mechanism
of pathogen virulence, development of early forecast
system and the ecological control measures of disease in
the areas of inoculum sources of wheat stripe rust in the
near future in this paper.

001.008 Attachment of airborne pathogens to their
host: a potential target for disease control

K. Ikeda, H. Kitagawa, S. Shimoi, K. Inoue, Y. Osaki, H.
Nakayashiki, P. Park

Graduate School of Agricultural Science, Kobe Univer-
sity, 1-1 Rokkodai, Nada, Kobe 657-8501, Japan
Email: ikeken@phoenix.kobe-u.ac.jp

The phytopathogenic fungi have been developed various
pathogenic factors, i.e., adhesion molecules, sensor
machineries against host plant, and invasion machineries
into the host cells. The fungal adhesion to the host cell is
a first important step and considers as universal ma-
chinery across the plant pathogenic fungi. We are inter-
ested in the adhesion molecules during spore differenti-
ation in Magnaporthe oryzae. We found that one kind of
lectin, concanabalin A (ConA)-reactive glycoprotein(s)
was important for the establishment of adhesion. We
also found that glycoprotein degrading enzymes such as
collagenase and gelatinase were able to detach the
germlings and inhibit manifestation of disease symptom.
We screened collagenolytic/gelatinolytic bacteria which
degraded the fungal extracellular matrix to establish a
novel biological control measure inhibiting germling
adhesion on the host plant surface against airborne phy-
topathogenic fungi. The selected bacteria were evaluated
for durable disease protection of Magnaporthe oryzae
on barley leaves. We found that highly gelatinolytic
bacteria from the soil were less likely to settle on leaf
surfaces. We supplemented gelatin during bacterial
treatment to facilitate adhesion and provide nutrition for
the bacteria. The gelatin supplementation dramatically
improved the settlement of gelatinolytic bacteria
Chryseobacterium sp. from the soil and the disease pro-
tection effect lasted for more than 2 weeks on barley.
Moreover, exploitation of gelatinolytic bacteria for dis-
ease protection was extended against other airborne
pathogens, Alternaria alternata Japanese pear pathotype
and Colletotrichum orbiculare.

001.009 Changes in the host range and virulence
variation of Pseudoperonospora cubensis popula-
tions in the Czech Republic

A. Lebeda, B. Sedl&ov§ J. Pavelkovaand M. Kitner
Palacky University in Olomouc, Faculty of Science,
Department of Botany, Slechtitelii 11, 783 71, Olo-
mouc-Holice, Czech Republic

Email: ales.lebeda@upol.cz

Pseudoperonospora cubensis, a causal agent of cucurbit
downy mildew, is a highly variable pathogen. During
the 2009 - 2011 growing seasons, disease prevalence
and severity and the host range of P. cubensis were
evaluated at more than 70 locations in the Czech Republic
(CR). Infection by P. cubensis was observed primarily
on Cucumis sativus, medium to high disease severity
prevailed. During the years 2010 and 2011, P. cubensis
infection was also recorded on other cucurbit plants:
Cucumis melo, Citrullus lanatus, Cucurbita spp. (C.
moschata, C. pepo, C. maxima, C. ficifolia) and Lage-
naria siceraria. P. cubensis on C. melo and C. lanatus
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has been formerly reported from the CR, however, in-
fection on C. moschata and some other Cucurbita spp.
was observed for the first time in the CR. Virulence shift
(2009 - 2011) was studied in populations of seventy P.
cubensis isolates. There were found the substantial
changes in the pathogen population virulence structure
(firstly observed in the year 2009) in comparison with
the period 2001 - 2008. These findings have been also
supported by our recent studies of pathogen molecular
polymorphism. This research was supported by the
following grants: MSM 6198959215, QH 71229 and
Internal Grant Agency (Prf-2011-3, PiF 2012-001).

001.010 Infection of intact canola (Brassica napus)
roots by the foliar pathogen Leptosphaeria maculans
S.J. Sprague, A. Main, A. Marquardt and M. Watt
CSIRO, Sustainable Agriculture Flagship, GPO Box
1600, Acton, ACT 2601, Australia

Email: Susan.Sprague@csiro.au

The fungal pathogen Leptosphaeria maculans causes
blackleg, a disease that significantly reduces yield in
Brassica napus (canola, oilseed rape) crops around the
world. Leptosphaeria maculans commonly enters
aboveground tissues directly through stomates or
wounds causing spots on leaves and pods, stem lesions
and crown cankers. The fungus can also enter intact
roots when artificially inoculated but the infection
pathway is unknown. Whole and sectioned intact roots
of susceptible (cv. Q2) and resistant (cv. Columbus) B.
napus cultivars inoculated with a GFP-modified strain
of L. maculans were viewed using confocal and cryo-
genic scanning electron microscopy. Leptosphaeria
maculans colonised non-branch regions foremost and
penetration was not specific to any root region. Hyphae
were often observed in the longitudinal grooves between
epidermal cells and most commonly penetrated roots
between anticlinal cell walls of epidermal cells. There
was no difference in the diameter of penetrating and
non-penetrating hyphae and penetration structures were
not present. A mucilage-like substance was often seen
connecting hyphae to plant cells or other hyphae nearby
and was present on hyphae both on the root surface and
inside the root. It could not be determined if it was se-
creted by the fungus as perhaps a cell wall degrading
enzyme or by the plant in response to the infection.
The resistant cultivar of canola was also found to be
susceptible to root infection.

001.011 Development of models based on weather
and airborne inoculum to describe disease index of
wheat powdery mildew under field conditions

X.R. Cao™? V. Luo®, X.Y. Duan' and Y.L. Zhou'

!State Key Laboratory for Biology of Plant Disease and
Insect Pests, Institute of Plant Protection, Chinese
Academy of Agricultural Sciences, Beijing 100193, P. R.

China; Key Laboratory of Integrated Pest Management
on Tropical Crops, Ministry of Agriculture, Environ-
ment and Plant Protection Institute, Chinese Academy
of Tropical Agricultural Sciences, Haikou 571001, P. R.
China; ®Department of Plant Pathology, China Agri-
cultural University, Beijing 100193, P. R. China

Email: yilinzhou6@yahoo.com.cn

Disease severity of wheat powdery mildew, caused by
Blumeria graminis f. sp. tritici (Bgt), was recorded
weekly in unsprayed field plots in 3 successive seasons,
2009-2010, 2010-2011 and 2011-2012 in Langfang City,
Hebei Province, China. Meteorological data was collected
and conidia of Bgt in the air were trapped using volu-
metric spore samplers. Models were derived to relate
airborne inoculum and weather conditions to the disease
index of wheat powdery mildew using weather variable,
airborne inoculum concentration separately, and both
two kinds of variables. There were no significant dif-
ferences between the fitted disease models using the
variables mentioned above among the 3 seasons. There-
fore, general models were derived based on combined
data from the 3 seasons. The model based on airborne
inoculum concentration gave more accurate predictions
of disease index than did the model using weather vari-
ables. The model based on both weather variables and
airborne inoculum concentration gave the best predic-
tions, but the improvement over the model based on
airborne inoculum concentration was only slightly.

001.012 Risk assessment of Sclerotinia stem rot in
spring oilseed rape using real-time PCR

A.C. Wallenhammar™?, C. Almquist®, and A. Redner?
SLU, Dept of Soil and Environment, Precision Agricul-
ture and Pedometrics, PO Box 234 SE-532 23 Skara,
Rural Economy and Agricultural Society/ HS Konsult
AB, P.O. Box 271, SE-701 45 Orebro, Eurofins Food &
Agro Sweden AB, P.O. Box 887,SE-531 18 Lidk¢&ping,
Sweden

Email: ac.wallenhammar@hush.se

Sclerotinia stem rot, caused by the phytopathogenic
fungus Sclerotinia sclerotiorum, is a major disease of
spring oilseed rape in Sweden. The pathogen survives in
the soil for long periods as sclerotia. To improve disease
risk assessment, a real-time PCR assay was developed to
determine the incidence of S. sclerotiorum DNA on
spring oilseed rape (SOSR). The presence of Sclerotinia
DNA on petals and leaves at different leaf levels of the
plant of two different cultivars was determined regularly
during the flowering period in field experiments 2008-
2010. Air samples were collected using a Burkad 7-day
continuously recording spore sampler starting in late
May 2010 and were analysed using real-time PCR assays.
The results indicate that infection levels were highest at
the lowest leaf level investigated. Analyses of air samples
showed that the spore release occurred prior to early
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bloom, thus analysing the petals do not indicate presence
of the pathogen. A disease support system will be de-
veloped based on predictive tests, field data and local
climate.

001.013 SCORALERT: An online system for mapping,
forecasting and recommendation of sugar cane or-
ange rust control

E.A. Giglioti, M.G. Canteri, J.A. de Fran@, C. Fagundes,
D.P. Rodero, D.C.P. Rodero, W.C. Soares, M. Cardim,
V.A. Belo, C.H. Sumida and K.L. Ara(jo

Londrina State University, Rodovia Celso Garcia Cid.
(PR 445), Km 380, CP 6001, Londrina, Parang CEP
86051-990, Brasil

Email: mcanteri@hotmail.com

Since the first observation of sugar cane orange rust
(Puccinia kuehnii) in Brazil, in the Araraquara-SP re-
gion, the fungus has spread rapidly throughout the major
sugar cane producing regions of the country. Although
susceptible cultivars are being replaced by resistant, in
regions of high favorability for the occurrence of the
disease, there is the need for chemical control in cultivars
with intermediate resistance. To guide the integrated
disease management, it was developed the SCORALERT
— “An online System for mapping, forecasting and reco-
mmendation of sugar cane orange rust control” The sys-
tem uses meteorological microstations to collect data of
temperature and relative humidity, which are automati-
cally sent via — mobile and stored in databases.
SCORALERT calculates the favorability index (FI) for
orange rust occurrence from the microstation data and the
optimal temperature and humidity for P. kuehnii spore
germination. Warning system validation was made corre-
lating the orange rust progress curve with favorability
during 18 months. The results allowed to find a mathe-
matical model that predicts the level of severity, with one
month in advance, with correlation coefficients above r =
0.80. The SCORALERT (www.scoralert.com. br) allows
the construction of spatiotemporal mapping of risk zones
and of progress curves and the definition of favorable
climate windows in order to predict the occurrence of the
disease and to recommend the monitoring and control of
sugar cane orange rust, contributing to sustainability of
the disease integrated management and precision agri-
culture.

001.014 Staying ahead of blackleg; managing the
disease in Australia

S.J. Marcroft, A.P. Van de Wouw and B.J. Howlett
School of Botany, the University of Melbourne, VIC
3010, Australia

Email: steve@grainspathology.com.au

The blackleg fungus evolves rapidly in response to se-
lection pressure from extensive sowing of canola varieties

that have major gene resistance. Accordingly resistance
can be ‘overcome’ within a few years of release of a
variety. For example, in 2003 after two seasons of ex-
tensive sowing, blackleg resistance of particular varieties
broke down in the Eyre Peninsula, South Australia,
causing 90% vyield losses and withdrawal of these varie-
ties from sale. By 2005, virulence of populations to-
wards these varieties declined appreciably. We are de-
veloping management strategies for farmers to control
this devastating disease and to avoid breakdown of re-
sistance. Information provided to Australian canola
growers and agronomists includes (1) National Blackleg
Ratings; (2) Blackleg Management Guide; (3) groupings
of varieties based on their complement of resistance
genes; (4) data from surveys of regional blackleg severity
in a range of varieties. In glasshouse and field trials we
have shown that sowing canola cultivars with different
complements of resistance genes in subsequent years
(rotation of resistance genes) minimises disease pressure.
This is because the frequency of virulence alleles of
avirulence genes corresponding to particular resistance
genes decreases. In 2012 we used this information to
avert a breakdown of disease resistance in the Eyre
Peninsula by advising farmers to change the canola
varieties that they had sown for the previous two years.
By switching varieties, not only have local farmers
saved $18 million in yield losses, but seed companies
have been able to sell these varieties in other canola-
growing regions, where resistance breakdown was not
predicted. This is a ‘win-win’ situation for farmers and
seed companies.

001.015 Effects of host resistance on maturation of
pseudothecia of Leptosphaeria maculans and L.
biglobosa (cause of Phoma stem canker) in Brassica
napus (oilseed rape)

S.N.M. Sidique *?, Y.J. Huang *, AM. Hall* and B.D.L.
Fitt"

'School of Life and Medical Sciences, University of
Hertfordshire, Hatfield AL10 9AB, UK; “Department of
Agrotechnology, Universiti Malaysia Terengganu, Kua-
la Terengganu 21030, Malaysia

Email: s.n.mohamed-sidique@herts.ac.uk

The stem canker epidemics are initiated in autumn by
air-borne ascospores produced in pseudothecia on in-
fected crop debris from previous crops. This study
aimed to investigate the effects of cultivar resistance and
environmental conditions (precipitation and temperature)
on maturation of pseudothecia on stem debris. In autumn
2011 (2011/2012 growing season), there were no dif-
ferences in pseudothecia maturation due to dry weather
in September 2011 with increases rainfall in December
2011 (average of 0.37mm/h), more pseudothecia matured
and more ascospores released was observed. In the third
week of January 2012 after the major released of asco-
spores, the Phoma leaf spots were observed in 6 February
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2012. However in 2012 autumn (2012/2013 growing
season), when there was more rainfall from September
to December (average of 0.28mm/h), there were differ-
ences between different cultivars in pseudothecial mat-
uration with the maturation on the most susceptible cv
Drakkar faster than on the other cultivars. The first
ascospores released in early October 2012 and Phoma
leaf spots were observed in 24 October 2012. The early
appearance of phoma leaf spotting and high severity of
leaf spots in 2012 autumn suggests that there might be
severe Phoma stem canker in 2013 summer. Results of
this study suggest that weather factors (temperature and
rainfall) and host resistance affect the maturation of
pseudothecia and the timing of the first major ascospore
release. The role of host resistance in pseudothecial
maturation requires further investigation.

001.016 The importance of asymptomatic infection in
sustainable crop protection

A.C. Newton, B.D.L. Fitt, P. Werner, D. Harrap, J.
Southgate, M. Ashworth, S.D. Atkins and M. Looseley
The James Hutton Institute, Invergowrie, Dundee DD3
6JL, Scotland, UK

Email: Adrian.newton@hutton.ac.uk

Scald or Rhynchosporium, caused by the fungus Rhyn-
chosporium commune, is difficult to control with fungi-
cides and severe epidemics may appear suddenly. Its
epidemiology is not well understood as it is based on
disease symptoms rather than the presence of the patho-
gen. Quantitative PCR enables detection and quantifica-
tion of pathogen DNA in barley plants in both pre-
symptomatic phases of infection and where they remain
asymptomatic throughout their life cycle. Seed-borne
inoculum was identified as a significant source for early
infection of barley crops, with substantial amounts of R.
commune DNA found in crops from infected seed but
severity of seed infection correlated poorly with
amounts of pathogen DNA (leaves), disease severity
(leaves) and yield loss later in the cropping season. R.
commune can colonise barley crops extensively
throughout the cropping season (from seed to seed) in
the absence of visual symptoms which has implications
for the use of fungicides, breeding programmes and na-
tional variety recommended lists. The genetic basis of
several different components of resistance to R. commune
in barley was investigated in a mapping population
derived from a winter x spring barley cross. Relative
expression of symptoms quantified using the residual
values from a linear regression of amount of R. commune
DNA against visual plot disease score and was generally
highly correlated. A QTL on chromosome 7H was iden-
tified as having a significant effect on the expression of
visual disease symptoms relative to overall amount of R.
commune colonisation.

P01.001 Airborne inoculum of the soilborne pathogen
Fusarium oxysporum f.sp. cucumerinum in green-
house cucumbers

K. Scarlett, R. Daniel, D. Maffi, F. Faoro, L. Tesoriero
and D.I. Guest

Faculty of Agriculture and Environment, University of
Sydney, NSW, 2006, Australia

Email: kelly.scarlett@sydney.edu.au

Fusarium oxysporum f. sp. cucumerinum is the fungal
pathogen responsible for Fusarium vascular wilt of
cucumber. While the pathogen is soilborne there is some
evidence that the disease cycle in glasshouses also in-
volves airborne inoculum. Relationships between levels
of airborne conidia with changes in temperature and
relative humidity were determined by 24 hour sampling
within a commercial cucumber greenhouse, using a
Burkard mini-cyclone air sampler. The development of
a highly specific and sensitive quantitative real-time
PCR assay detected as few as 100 Fusarium oxysporum
f. sp. cucumerinum conidia in air samples. High fluctua-
tions in airborne conidia density were observed, however
no distinct patterns of conidial release associated with
relative humidity or temperature were present. We also
investigated the ability of airborne conidia to germinate
and infect wound sites on the plant stem. Germination of
conidia on the stem wound site was evident, however
hyphae were not observed to penetrate into the cortical
or vascular tissue. While these results indicate that the
pathogen is aerially disseminated, they suggest that
spores are deposited on the soil surface, where they infect
through the root zone. Germination and hyphal deve-
lopment on wound sites may provide an extra source of
inoculum and assist in the infection of healthy plants.

P01.002 Pathogenicity and identification of Botry-
osphaeriacae spp. causing gummosis and dieback in
macadamia

O.A. Akinsanmi and A. Drenth

The University of Queensland, Queensland Alliance for
Agriculture and Food Innovation, Centre of Plant Sci-
ence, Ecosciences Precinct, GPO Box 267 QLD 4001,
Australia

Email: ugoakins@ug.edu.au

Branch canker and dieback occur sporadically in maca-
damia trees. The disease is thought to be stress related
and only important in young trees, but the severity and
distribution of the disease is increasing in mature maca-
damia orchards in Australia. Very little is known about
which pathogen species are responsible for branch can-
ker and dieback in macadamia. Isolations from charac-
teristic dieback symptoms were made from symptomatic
and asymtomatic macadamia trees. The symtomatic
trees showed dieback, dried or dead branches with dried
leaves still attached, extending upward from the point of
gummosis at the base of the branch and/or main trunk of
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affected trees. The cross-sections through the affected
branch showed dark discoloration of the wood. Over 60%
of the fungal isolates obtained from symtomatic samples
were identified, using morphological identification and
molecular analysis, as belonging to the Botryosphaeria-
ceae species complex; Lasiodiplodia/Diplodia and
Botryosphaeria. Pathogenicity tests using wound inocu-
lation technique with mycelial plugs of the isolates, on
macadamia trees in a greenhouse, showed that the iso-
lates identified as within the Lasiodiplodia/Diplodia
clade induced dieback symptoms in the glasshouse three
months after inoculation. This provides evidence that
Botryosphaeriaceous species are present in symptomatic
trees in the field and are able to induce typical disease
symptoms in the trunks of macadamia trees in the
greenhouse. The increasing development and distribu-
tion of severe dieback caused by this pathogen warrants

further research into the cause and control of this disease.

Further study on detailed understanding of the aetiology
of the disease in macadamias will underpin the deve-
lopment of management strategies.

P01.003 Considerable differences of spore concen-
tration and the composition of Fusarium species in
air samples from Poland

P. Serbiak, W. Irzykowski, J. Kaczmarek and M. Jedryczka
Institute of Plant Genetics, Polish Academy of Sciences,
Strzeszynska 34, 60-479 Poznan, Poland

Email: mjed@igr.poznan.pl

Numerous species of the genus Fusarium pose consid-
erable threat to agricultural and horticultural crops as
well as forest plants. Several species cause Fusarium
head blight — a damaging disease of cereals, including
wheat. The problem is worldwide and it is constantly
increasing, in spite of availability of genetic sources of
resistance. Crop damage is not only quantitative but also
qualitative, due to persistent mycotoxins, hazardous to
animal and human health. The aim of this work was to
study spore concentration and composition of Fusarium
species in air samples at four sites located across differ-
ent geographical and climatic regions of Poland. Each
experiment site was equipped with a Hirst type seven
day volumetric spore sampler (Burkard Manufacturing,
UK or Lanzoni, Italy) and MicroBio MB1 volumetric
spore sampler (Cantium Scientific, UK). The studies
lasted a month and covered the period from ear emer-
gence, through flowering to milk development stage.
Fungal propagules captured by MicroBio MB1 sampler
were cultivated on PDA, SNA and PCNB media. For
two study periods (2011 and 2012) over 2000 Fusarium
isolates were obtained and identified using molecular
method based on comparison of subsequent patterns of
restriction fragments obtained after the treatment of ITS
region with selected endonucleases. The studies re-
vealed considerable differences between the composi-
tion of Fusarium species in air samples from different

experiment sites and periods of detection. In flowering
time, the concentration of Fusarium spores was high.
The most prevailing species was F. tricinctum, followed
by F. avenaceum.

P01.004 Phytosanitary measures prevented epidemics
of sugar cane orange rust in Brazil

C.H. Sumida, M.G. Canteri, E.A. Giglioti, C. Fagundes,
D.P. Rodero, D.C.P. Rodero, V.A.B. de Oliveira and
K.L. Aragjo

Londrina State University, Rodovia Celso Garcia Cid.
(PR 445), Km 380, CP 6001, Londrina, Parangd CEP
86051-990, Brasil

Email: cirosumida@hotmail.com

In Brazil, first report of orange rust in sugar cane culture
occurred in December 2009. The disease has spread and
established by the major sugarcane producing regions of
the country. Before the arrival of the disease, it has
started the planning of strategies to be implemented in
order to manage the disease and, consequently, to pre-
vent yield losses in the country. Since then, research
projects were developed involving the mapping of risk
zones and times of higher favorability for the disease
occurrence, identification of susceptible and tolerant
cultivars, and tests and selection of efficient fungicides
against the pathogen. According to maps were observed
favorable conditions for the orange rust in the main sug-
arcane producing regions of Brazil, concentrated in the
states of S& Paulo, Minas Gerais, Goi&, Paranaand
Mato Grosso do Sul, and the period of higher favorability
in September-October to March-April. The cultivars
SP84-2025 and CV14 were the most susceptible to the
disease and fungicides mixtures of strobilurin and tria-
zole proved to be excellent tools for disease emergency
control. In general, strategies development and imple-
mentation are assisting the sugar cane orange rust moni-
toring in Brazil to avoid epidemics.

P01.005 Population dynamics of aeromycoflora from
vegetable growing areas of Rawalpindi by evaluating
two sampling methods

G. Irshad, F. Naz and C. A. Rauf

Department of Plant Pathology, PMAS, Arid Agricul-
ture University Rawalpindi, 46300, Pakistan

Email: gulshanirshadpp@gmail.com

Air-borne mycoflora of three vegetable growing areas
(Adyalla, Sohan and Pir Mehr Ali Shah Arid Agriculture
University Rawalpindi) of Rawalpindi region were
monitored for three consecutive years with main em-
phasis on its occurrence, diversity. Two air sampling
methods namely All Glass Impinger (AGI) and Gravi-
metric plate culture plate technique on four fungal media.
A total of 20,409 fungal spores belonging to fifteen
genera namely Alternaria, Aspergillus, Cladosporium,
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Curvularia, Drechslera, Epicocum, Fusarium, Geotri-
chum, Helminthosporium, Mucor, Penicillium, Rhizopus,
Stemphylium, Stachybotrys and Trichoderma species
were recovered. Out of fifteen genera the highest rela-
tive contribution was attributed to genus Aspergillus
with 16.73% of total fungal spore count followed by
Alternaria, Cladosporium, Mucor and Penicillium with
15.83, 13.79, 10.71 and 9.39 percent share, respectively.
Fuasrium with 0.33% contribution in the total fungal
spore count was established as the lowest in occurrence
followed by Stachybotrys (0.62%), Helminthosporium
(0.85%) and Geotrichum (0.85%). Gravimetric plate
method was outrival and statistically significant than
AGI in capturing airborne fungal spores as regards
selected area. As regards selected sites, the highest mean
count of mycoflora was found at Sohan followed by
Adyalla and PMAS-AAUR. This paper reports that a
variation in kind of species and their contribution in the
ambient air vary significantly and depends mainly upon
the extent and type of vegetation and the available de-
caying substrate.

P01.006 Identification and biological characteristics
of pathogen of cowpea ring spot

J.B. Li, X. An, C. Zheng, S.S. Tang and Z.H. Liu

College of Plant Protection, Shenyang Agricultural
University, Shenyang, 110161, P.R. China

Email: lijianbingxingfu@163.com

The newly occurred cowpea disease, cowpea ring spot,
discovered in Liaoning province was studied. The dam-
age and symptoms of this disease were reported. The
ITS sequence analysis results show that the homology is
up to 99% between the pathogen isolate and
Corynespora cassiicola (Berk and Curt) in GenBank.
Therefore, the pathogen of cowpea ring spot is
Corynespora cassiicola (Berk and Curt). The biological
characteristics of the results showed that best mycelia
growth was obtained at 28°C and pH 9 to 10. The effect
of light on the mycelia growth was not evident. The
cowpea leaf medium was the most favorable for myce-
lium growth in the 9 tested media, mannitol and peptone
were the most favorable for mycelia growth on all 8
carbon sources and the 8 nitrogen sources. Sporulation
temperature ranged from 10°C to 35°C, the optimum
one was 28°C. The optimal pH for spore production was
9. The beneficial medium for the sporulation was cow-
pea seed medium. In the texted 8 carbon sources and 8
nitrogen sources, spore production is more in sucrose as
carbon source and in beef extract as nitrogen source than
others. The optimum temperature of conidia germination
was 28°C and the optimal pH was 9. The results
showed that the lethal temperature was 60°C for 10
minutes for the spores, and 60°C for 10 minutes for the
mycelia.

P01.007 Identification of a tobacco powdery mildew
strain highly virulent to multiple families of vegetables
L.L. Zhang, X.F. Ma, Y.Y. Huang, J.L. Sun, T.T. Wang
and W.M. Wang

Rice Research Institute, Sichuan Agricultural University,
Chengdu 611130, P.R.China

Email: linglizhang2012@yahoo.cn

Powdery mildews, caused by obligate biotrophic Asco-
mycetes of the order Erysiphales, are widespread air-
borne diseases of many dicotyledonous and monocoty-
ledonous plants. Because of the economic and agricul-
tural importance, powdery mildews have gained in-
creasing attention. To better understand the pathogenesis
of powdery mildew pathogens on different plants, we
isolated a strain from tobacco (Nicotiana tabacum L. cv.
Wisconsin-38) leaves designated as SICAUL that was
also able to severely infect Arabidopsis, raising our in-
terest to investigate its host range. By artificial inocula-
tion in green house, we found that SICAU1could also be
highly virulent to varieties of plants from different fami-
lies of vegetables, including Brassicaceae (Brassica
napus L.), Cucurbitaceae (Cucumis sativus L.), Sola-
naceae (Lycopersicon esculentum Mill.) and Asteraceae
(Lactuca sativa L.). Analysis on DNA sequences for the
5.8S ribosomal RNA and two flanking internal tran-
scribed spacer sequences revealed that SICAUL belongs
to Golovinomyces cichoracearum (Gc). Microscopic
examination by environmental scanning electron mi-
croscopy was used to identify the morphological fea-
tures of the asexual state that could be used to differen-
tiate the SICAU1l from the other powdery mildew
strains. Compared with Gc UCSC1, the strain widely
exploited in investigation of the mechanism of plant-
powdery mildew interaction, Gc¢ SICAUL1 had wider
range of hosts, including some important vegetables
such as cucumber, squash, lettuce and tomato. Thus, the
isolation of Gc SICAUL provides us a tool to search for
resistant resources and investigate the resistant mecha-
nisms in multiple vegetable species.

P01.008 Quantification of airborne spores of Blumeria
graminis f. sp. triciti in wheat fields using real-time
PCR

X.R. Cao"? Y. Luo®, X.Y. Duan! and Y.L. Zhou!

!State Key Laboratory for Biology of Plant Disease and
Insect Pests, Institute of Plant Protection, Chinese
Academy of Agricultural Sciences, Beijing 100193, P. R.
China; ?Key Laboratory of Integrated Pest Management
on Tropical Crops, Ministry of Agriculture, Environ-
ment and Plant Protection Institute, Chinese Academy
of Tropical Agricultural Sciences, Haikou 571001, P. R.
China; *Department of Plant Pathology, China Agri-
cultural University, Beijing 100193, P. R. China

Email: yilinzhou6@yahoo.com.cn

In this study, conidia of Blumeria graminis f. sp. triciti
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in the air were trapped in 2009-2010 and 2010-2011
season using volumetric spore samplers in Langfang city,
Hebei province, China. A real-time PCR assay was de-
veloped to efficiently quantify the dynamics of spore
concentration in the field during the growing season. A
significant linear relationship between conidial concen-
trations counted with a compound microscope and those
determined with the real-time PCR assay was obtained,
using the same samples of spore traps. Real-time PCR
was specific, accurate and more efficiency when com-
pared with compound microscope. The results demon-
strated a potential method to quantitatively determine
spore inoculum potential in fields by using a real-time
PCR assay.
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002.001 Beneficial plant pathogens for biological
control of weeds

W.L. Bruckart, 111

USDA, ARS, Foreign Disease-Weed Science Research
Unit; Ft. Detrick, MD 21702, USA

Email: William.bruckart@ars.usda.gov

In the late 1970s, a new paradigm emerged in the field
of plant pathology, and that is the beneficial use of plant
disease for biological control of weeds. Weeds are the
most important pests of agriculture and ecosystems in-
ternationally, and as a result of modern international
trade and commerce, many new, invasive species have
emerged around the world that cause major damage to
agriculture and ecology. The problems that occur are
often intractable and present unique challenges to weed
management, including the extreme size of infestations,
the physically remote or sensitive locations of plants,
and the low return on agricultural investment (econom-
ics) or presence in non-profit, public, and natural areas,
either of which precludes use of conventional weed con-
trol approaches. More recently, resistance to modern
herbicides has resulted in additional difficulties in man-
agement of weeds. There are two traditional strategies
for implementation of weed pathogens, i.e., the inocula-
tive (classical) approach and the inundative (bioherbi-
cidal) approach. Biological control by the deliberate use
of plant pathogens has resulted in safe and successful
weed management in several countries, culminating in
benefit to both agriculture and ecology. Despite progress
and successes in the weed biological control arena, this
is an underutilized international application of plant
pathology and weed science that has importance in the
realization of global agricultural and ecological bio-
security.

002.002 Successful use of plant pathogens for the
classical biological control of weeds

L. Morin

CSIRO Ecosystem Sciences, GPO Box 1700, Canberra,
Australian Capital Territory, 2601, Australia

Email: louise.morin@csiro.au

Plant pathogens are playing an increasing role in classical
biological control of weeds worldwide. This approach
involves the deliberate introduction of host-specific nat-
ural enemies of the target weed from its native range
into the region where the plant has become a problem.
Its aim is to re-establish an ecological balance that will
suppress populations of the weed. Foliar pathogens,
especially rust fungi, are preferentially selected as bio-
logical control agents because they are generally more
host-specific, can inflict severe damage on the weed and

are more readily dispersed by natural means. Australia
has had some major successes with weed biological
control using pathogens and most recent examples will
be presented (bridal creeper, Asparagus asparagoides;
mistflower, Ageratina riparia). The use of pathogens
well adapted to the new environment into which they are
introduced, compatible with the genotype(s) of the weed
present and capable of causing major, recurrent epidemics
was crucial to these successes. Some of the challenges
encountered in the development of new pathogens for
classical weed biological control in Australia will be
illustrated using current programs on crofton weed
(Ageratina adenophora), boneseed (Chrysanthemoides
monilifera subsp. monilifera) and Cape tulips (Moraea
spp.). While pathogens may not always be the easiest
and most effective solutions to pursue for biological
control of weeds, there is no doubt that they offer excit-
ing opportunities that should be more widely explored.

002.003 Successful biological control of Canada
thistle (Cirsium arvense) with the rust fungus Puc-
cinia punctiformis

D. Berner, E. Smallwood, C. Cavin, A. Lagopodi, J.
Kashefi, T. Kolomiets, L. Pankratova, Z. Mukhina, M.
Cripp' and G. Bourd&

AgResearch, Private Bag 4749, Christchurch 8140, New
Zealand

Email: graeme.bourdot@agresearch.co.nz

Canada thistle (Cirsium arvense, CT) is one of the worst
weeds in temperate areas of the world. In the U.S., CT is
present in 38 states and noxious in 25. The rust fungus
Puccinia punctiformis was first proposed as a biological
control agent for CT in 1893. The rust causes systemic
disease, is specific to CT, and is in all states where CT is
found. Systemic infections result in permanent infection
of thistle roots, and all of the shoots on infected root
systems eventually die. Despite a 120-year lapse, estab-
lishment of epiphytotics of the rust, and concomitant
biological control of CT, have previously been unsuc-
cessful, due to incomplete understanding of the disease
cycle. We now understand the disease cycle, and the
objectives of our studies were to use this knowledge to
routinely establish epiphytotics of systemic rust disease,
in 13 fields in four countries, and demonstrate effective
biological control. In each field we inoculated newly
emerged rosettes of CT in the fall with leaves bearing
telia of the rust that were collected in mid-summer in
each country. Rosettes were inoculated 2, 4, 6, or 8
times each with about 1 g of telia-bearing leaves. In the
spring following inoculation systemically diseased
shoots emerged in all inoculated fields. Proportions of
systemically diseased shoots generally increased with
increasing number of inoculations. Thistle density de-
clines of 50-100% were observed, demonstrating suc-
cessful biological control of CT with this rust.
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002.004 The commercial use of plant pathogens as
bioherbicides: Risks and rewards

K.L. Bailey’, R.K. Hynes", S. Falk?, J. Chia’? and L. Morin®

'Agriculture and Agri-Food Canada, 107 Science Place,
Saskatoon, SK, S7TNOX2, Canada; “The Scotts Company,
14111 Scotslawn Road, Marysville, OH 43041, USA;
*CSIRO Ecosystem Sciences, GPO Box 1700, Canberra,
Australian Capital Territory, 2601, Australia

Email: russell.nynes@agr.gc.ca; karen.bailey@agr.gc.ca;

stuart.falk@scotts.com; james.chia@scotts.com

A white and dying Canada thistle (Cirsium arvense (L.)
Scop.) in a Saskatchewan, Canada agricultural field led
to an important discovery and a bioherbicide for broad-
leaf weed control. Phoma macrostoma Montagne was
registered in Canada (2011) and the United States (2012)
for biological weed control in turf grass. Knowledge of
the mode of action, macrocidin toxins that induce pho-
to-bleaching, interaction with the target weeds and
non-target plants, benign mammalian and aquatic spe-
cies interactions and low environmental impact aided its
passage through the registration process. The bioherbi-
cide development model that lead to commercialization
followed the biopesticide innovation chain which con-
sists of stages/gates that include discovery and screening,
proof-of-concept for field efficacy, development of fer-
mentation, formulation, and application platform tech-
nologies, and implementation. An open tender process
identified The Scotts Company as the industrial partner
and through close collaboration with Agriculture &
Agri-Food scientists over 10 years, commercialization
of this discovery was pursued. A granular formulation
has been developed for control and/or suppression of
weeds such as dandelion, scentless chamomile, English
daisy, white clover, black medic, Canada thistle, chick-
weed, broadleaf plantain, and ragweed. The bioherbicide
may be used safely on a variety of turf types such as
Kentucky bluegrass, bent grass, perennial or annual
ryegrasses, fescues, bromegrasses, timothy, and Ber-
muda grass. Optimum product performance occurs above
20<C (15-30<T range) and in soil that is relatively moist.
The product will be applied as a broadcast or spot
treatment to either established or newly-seeded turf to
control weeds as they germinate or ones that are already
established.

002.005 Use of genomics to enhance biopesticide
research

G.J. Ash, B.J. Stodart, J.A. Pattemore, B.A. Wilson and
A. Wang

EH Graham Centre for Agricultural Innovations (an
alliance between Charles Sturt University and NSW
DPI), Charles Sturt University, Locked Bag 588, Wagga
Wagga 2678, NSW, Australia

Email: gash@csu.edu.au

Biopesticides offer an innovative approach to the man-

agement of pests in farming systems using formulated
microbial agents as the active ingredient. Microbes that
have been used in this approach include fungi, bacteria,
viruses and nematodes. There are a large number of
commercial products now available in most regions of
the world, where they are being incorporated into farm-
ing systems. The approach is gaining favour in the wider
community as the markets for organic produce continue
to grow. However, the cost of production, efficacy and
selection of the isolates remain a limiting factor for the
successful commercialisation of the products. With the
availibility of high throughput, low cost DNA sequenc-
ing systems the application of genomics (the study of
genes and their interactions) to both the target and the
biological control agent offer exciting opportunities to
improve the efficacy and reliability of biopesticides.
Many microbial genomes have been sequenced yielding
enormous quantities of data. For example we have se-
quenced the complete genome of Bacillus thuringiensis
DAR 81934 (a Bt strain with molluscicidal activity)
which revealed six Bt toxin genes in both plasmid and
chromosome sequences. This information will give us a
better understanding of the genetic basis of its mollusci-
cidal activity as well as being useful in the selection,
improvement and environmental tracking of this bi-
opesticidal agent. In this review, the application of ge-
nomics to the study of microbial host interactions will
be given using specific other examples from biological
control of insects, nematodes and weeds.

002.006 Puccinia xanthii sp. Ambrosiae-trifidae, a
potential biocontrol agent of giant ragweed (Ambrosia
trifida) in north of China

X.Q. Wang, J.Y. Ding, D.C. Yang, J.D. Chen and B. Qu
Beijing Plant Protection Station, No0.9 Beisanhuan
Zhonglu Road, Xicheng District, Beijing, 100029, P. R.
China

Email: xiaogqingwang08@163.com

Puccinia xanthii sp. Ambrosiae-trifidae was observed in
Liaoning that it could cause rust on giant ragweed
(Ambrosia trifida), one of the invasive weeds in north
China. To access its weed control effect, thirty giant
ragweeds inoculated with P. xanthii sp. Ambrosiae-
trifidae per acre were transplanted along with the
healthy individuals in July, 2010. In the next 2 years,
from mid June to mid October, rust can be observed on
95% of giant ragweeds. The death rate from rust was
46.67% (2011) and 27.85% (2012). The average plant
weight and seeds yielding per plant of infected individ-
uals were significantly decreased, which was 81.97%,
88.49% in 2011, and 62.75%, 48.13% in 2012. The den-
sity of giant weed per square meter was 11.91 in 2012,
which was decreased by 19.63% compared to 2011. But
for seed germination rate, which collected from infected
plants and healthy plants, no significant difference was
observed at level of p < 0.05. It is thus concluded that P.



Concurrent Session 2-Beneficial Plant Pathogens for Biological Control of Weeds 27

xanthii sp. Ambrosiae-trifidae could be used as a poten-
tial agent in giant ragweed biocontrol.

002.007 Sprout control with a decay fungus Chon-
drostereum purpureum (Pers. ex Fr.) Pouzar) in Fin-
land

L. Hamberg and J. Hantula

Finnish Forest Research Institute, Vantaa Research
Unit, P.O. Box 18, FI-01301, Vantaa, Finland

Email: leena.hamberg@metla.fi

Excessive sprouting of broadleaved trees is a problem in
regeneration areas, under electric power lines and next
to roads and railways. Chemicals are not anymore used
widely due to their harmful effects on the environment,
and therefore new alternatives are needed to control
sprouting as mechanical cutting only is not cost effec-
tive. In Finland, we are developing a new biological
control agent for sprout control based on a decay fungus
Chondrostereum purpureum (Pers. Ex Fr.) Pouzar
which is able to decay cut stumps and thus prevent
sprouting. Several C. purpureum strains collected from
the field have been tested to find an efficient strain for
the commercial biocontrol product. Furthermore, the
ability of C. purpureum to produce spores and conse-
quently new progenies has been utilized in our project.
We have paired C. purpureum strains tested for efficient
sprout control in the field, and tested the efficacy of the
progenies in spout control efficiency experiments. This
procedure has resulted in isolates with higher efficacy
than that of the parent strains. Two growing seasons
after the treatment the mortality of birch (Betula pendula
Roth. and B. pubescens Ehrh.) stumps 1 cm in diameter
was 74%, 51% and 3% for the best progeny, the parent
strain and the control (cutting and blank inoculum), re-
spectively.

P02.001 Using biological components combined with
reduced doses of herbicide to control broad leaf
weeds in wheat fields of Moscow, Russia

M. Zargar, P. Vadim and E. Pakina

Faculty of Agriculture, People’s Friendship University
of Russia, Moscow, Russia

Email: meisam.za_ir84@yahoo.com

Reducing herbicide application in integration with bio-
logical components without compromising yields can
lead to less environmental pollution, field trial was laid
out to investigate the effect of biological agents in com-
bination with reduced rates of new generation post-
emergence herbicide Verdict in four levels including: 0,
0.2, 0.3 and 0.5 kg ha™ to control weeds in winter wheat
(Triticum aestivum L.), experiment was studied in a
randomized, complete block design with four replica-
tions in Moscow research institute of agriculture, Nem-
chinovka, Odintsovskiy region, Russia. Labeled-dose as

0.5 kg ha* + biological components was desirably effec-
tive in controlling of Viola arvensis and stelaria media
population, and also dry weight of mentioned weeds
were diminished by the using labeled-dose + biological
agents, total weeds biomass was quite reduced by labeled
dose of verdict + biological agents. Additionally, weeds
population also was reduced by the applying of interme-
diate Verdict dose as 0.3 kg ha™. Treatments had not
significant effect on 1000-grain weight and stem per m?,
but grain yield, gluten content, plant height and grain
per spike were significantly affected by the using treat-
ments, so that these traits increased when both doses of
verdict 0.5 and 0.3 kg ha™ + biological agent were ap-
plied.

P02.002 Changes of ROS and antioxidative enzymes
during the infection of Nimbya alternantherae in leaf
of Alternanthera philoxeroides

Y.F. Nig, Z.Y. Chen, Y.F. Liuand Y.Z. Liu

Institute of Plant Protection, Jiangsu Academy of Agri-
cultural Sciences, No0.50, Zhongling Street, Xuanwu
District, Nanjing, 210014, P. R. China

Email: nieyafeng@jaas.ac.cn

Alternanthera philoxeroides Griseb is an invasive plant
which originated from South America and is currently
spreading in many area of China. Nimbya alternan-
therae is considered as a beneficial plant pathogen
causing foliar and stem necrosis of A. philoxeroides.
The equilibrium between the production and the scav-
enging of reactive oxygen species (ROS) may be per-
turbed by pathogen attack, and lead to sudden increase
in intracellular levels of ROS which can cause signifi-
cant damage to plant cell. In order to elucidate the effect
of N. alternantherae strain SF-193 infection on metabo-
lism of ROS in the leaf of A. philoxeroides, the dynamic
changes of superoxide radical (O, ), hydrogen peroxide
(H,0,), antioxidative enzymes activity and malondial-
dehyde (MDA) content were detected in diseased leaves
by using nitroblue tetrazolium (NBT), 3,3-diaminoben-
zidine (DAB) and spectrophotometric method. The
accumulation of ROS in infected leaves significantly
increased with the time after inoculation. The change in
rate of O, production corresponded with that of H,0,
content rose sharply at 24 hours after inoculation and
maximized at 48 hours. The peak values of them were
about 2.1 and 2.5 times than that of control respectively.
The activity of superoxide dismutase (SOD), catalase
(CAT) and peroxidase (POD) reached the highest level
at 8 hours after inoculation, and then declined gradually.
MDA content increased gradually all the time in the
infected leaves, and the peak appeared at 72 hours after
inoculation. Their results suggested that the sudden in-
crease in intracellular levels of ROS caused by N. alter-
nantherae attack may significantly damage to leaf cell.
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003.001 Induced gene expression by beneficial mi-
crobes to enhance plant performance and health

G. E. Harman

Advanced Biological Marketing (retired Cornell Uni-
versity) Geneva, NY 14456 USA

Email: geh3@cornell.edu

Some strains of fungi in the genus Trichoderma are now
recognized as endophytic plant symbionts. They can be
provided to plant roots as seed treatments, in-furrow
applications, root dips, granular soil applications, pot-
ting soils, or even coated onto fertilizers. Once the fungi
come into contact with roots, they colonize the outer
layers of the roots and establish chemical communica-
tion with the plant. The best strains grow with the root
system and provide season-long benefits. This chemical
communication induced systemic changes in plant gene,
protein and metabolite expression. The fungi only colo-
nize roots, but the changes in gene and protein expres-
sion are greater in shoots than in roots. The best of these
strains induce a number of beneficial changes to plants
including increased resistance to plant diseases, in-
creased resistance to abiotic stresses such as drought,
salt, and pollutants, increased nitrogen use efficiency,
enhanced photosynthetic efficiency and enhanced root
development. These capabilities are the basis of multi-
strain mixtures that are being used worldwide to en-
hance plant agriculture; they result in reliable and con-
sistent increases in plant yields, and return to farmers
are in the range of 8- to 12:1. One reason for the high
return is that very small amounts of the strains are re-
quired to cause the benefits, with only about 1 g of
highly active product required for seed treatments per
hectare. Since the strains colonize roots and not soil,
they are effective in diverse crops and climates. They
were highly beneficial in alleviating effects of drought
in the American Midwest in 2012.

003.002 Polymorphism of Ralstonia solanacearum
and it’s plant vaccin development

B. Liu, J.M. Che, X.F. Zheng and R.F. Xiao

Agricultural Bioresources Research Institute, Fujian
Academy of Agricultural Sciences, Wusi Road 247, Fu-
zhou 350003, P.R. China

Email: fzliubo@163.com

The new idea was put forward to develop plant vaccine
with the construction of R. solanacearum avirulent
strain. The study enclosed the six parts. In the first part,
bacterial wilt disease and its pathogen forms were tested
with pathogenicity index [PI] in TTC medium. In the
second part, polymorphism of R. solanacearum was
conducted to display the polymorphism in RAMS-PCR,

BOX-PCR, PLFAs and RS whole genome. In the third
part, the characteristics of RS were to indicate differ-
ences of reproductive rate, EPS and protain, HPLC
chromatogram between virulent and avirulent RS. In the
four part, construction of avirulent R. solanacearum was
carried out to show insertion of Tn5 transposon to R.
solanacearum resulted in the attenuation. In the five part,
new idea of plant vaccin development with the avirulent
was put forward with GFP transformation to show the
infect mechanism. In the six part, the titer index of plant
vaccine was formed to distingush disease control ef-
feciency. R. solanacearum was characterized by high-
performance liquid chromatography (HPLC). The
chromatography titer index (CTI) was calculated as
CTI=S1/(S1+S2+S3)><100%, in which, S1+S2+S3 was
the total amount of the strains related to avirulent, in-
terim, and virulent, S1 related to content of an avirulent
strain, when S2 and S3 is 0, CTI is 100, when S1 is 0,
CTl is 0, then the CTI between 0-100, the greater the
CTI value, the better the plant vaccine control the dis-
ease. The plant vaccine AVIRULENT got 100% control
effeciency against the bacterial wilt disease in 20-30
days.

003.003 Functional genomics of the fungal biocon-
trol agent Clonostachys rosea

M. Karlsson, C. Kosawang, G.S. Tzelepis, H. V&, K.
Nygren, M.K. Dubey, M. Brandstr&m-Durling and D.
Funck Jensen

Uppsala Biocenter, Department of Forest Mycology and
Plant Pathology, Swedish University of Agricultural
Sciences, Uppsala, Sweden

Email: magnus.karlsson@slu.se

The mycoparasitic fungus Clonostachys rosea is an effi-
cient biological control agent (BCA) under field condi-
tions for a variety of plant diseases on agricultural crops.
C. rosea belong to the same order (Hypocreales), but a
different family (Bionectriaceae), from the more studied
Trichoderma spp. BCAs. Comparative studies between
C. rosea and Trichoderma spp. BCAs may thus improve
our understanding of critical components of the myco-
parasitic lifestyle. We sequenced the genome of C.
rosea strain 1K726 using lllumina/SOLID technology,
and transcriptomes from C. rosea interacting with B.
cinerea and F. graminearum. Comparative genomics
revealed a significant (P=0.001) increase in the number
of ABC-transporters (85 genes) compared with other
filamentous ascomycetes, including T. atroviride and T.
virens. Interestingly, the increase of ABC-transporter
gene number in C. rosea was associated with phyloge-
netic subgroup G (pleiotropic drug resistance transport-
ers), while ABC-transporter gene number changes in
Trichoderma spp. involved subgroup C that is putatively
involved in secondary metabolite export. Gene expres-
sion data indicated that certain C. rosea subgroup G
ABC-transporter genes were induced by exposure to the
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Fusarium mycotoxin zearalenone, and deletion of a single
ABC-transporter resulted in reduced growth rate
(P=0.001) on zearalenone-containing media. In addition,
deletion of the zearalenone lactonohydrolase gene
zhd101, previously shown to encode an enzyme that
detoxifies zearalenone, resulted in mutants that failed to
protect wheat seedlings against F. graminearum Foot
Rot disease in growth chamber tests. In summary, our
data suggest that mycotoxin tolerance/detoxification is
an important component of the biocontrol ability of C.
rosea.

003.004 A biocontrol agent among plant pathogens:
the unique case of the “smut fungus” Pseudozyma
flocculosa

F. Lefebvre!, D.L. Joly?, C. Labbé, F. Belzile', G. Bakkeren®
and R.R. Bdanger*

'Déoartement de phytologie, Centre de recherche en
horticulture, Université Laval, Québec, Qc, Canada,
G1V0AG; °Agriculture et Agroalimentaire Canada,
Summerville, BC, Canada, VOH 120

Email: richard.belanger@fsaa.ulaval.ca

The anamorph species Pseudozyma flocculosa is de-
scribed as a non-pathogenic Ustilaginale with the rare
property of being an effective biocontrol agent of pow-
dery mildews. It is also closely related to Ustilago
maydis, a maize-infecting model organism in fungal
genetics. Recently, their phylogenetic link was supported
by the discovery of conserved cellobiose lipid biosyn-
thetic gene clusters in both species. However, in spite of
this relatedness, P. flocculosa does not appear to share
many traits with smut fungi. With the recently available
genomic data for U. maydis, Sporisorium reilianum and
U. hordei, we exploited the opportunity to sequence and
annotate the genome of P. flocculosa in order to unravel
the features that could account for such distinct life-
styles among related organisms. Through comparative
analyses, genomic features of P. flocculosa were found
to be very similar to those reported for U. maydis, S.
reilianum and U. hordei although the genome of
P. flocculosa appeared to be mesosyntenic in compari-
son to the others. In spite of being a non plant-pathogen,
P. flocculosa contains many genetic traits associated to
mating and pathogenicity (mating- type and meiosis loci,
cell wall degrading enzymes, secondary metabolite bio-
synthesis). Striking differences between P. flocculosa
and phytopathogenic species included the absence of
homologs to secreted effector proteins proven to influ-
ence virulence in U. maydis. In addition, genetic ele-
ments unique to P. flocculosa including proteins linked
to biocontrol properties were identified as putative de-
terminants of its antagonistic activity against powdery
mildews.

003.005 Insect toxin producing plant-associated
pseudomonads: Can they be used for joint biocontrol
of plant diseases and insect pests?

M. Maurhofer', B. Ruffner’, P. Flury*, M. Pé&hy-Tarr?,
P. Kupferschmied ? and C. Keel*

YInstitute of Plant Sciences, Swiss Federal Institute of
Technology, 8092 Zirich, Switzerland; Department of
Fundamental Microbiology, University of Lausanne,
1015 Lausanne, Switzerland

Email: monika.maurhofer@usys.ethz.ch

Root colonizing fluorescent pseudomonas is known for
their ability to suppress fungal plant diseases due to their
ability to release antimicrobial compounds and to induce
systemic resistance in plants. Some years ago we de-
tected that a specific phylogenetic subgroup of the
Pseudomonas fluorescens species complex is capable to
produce a protein insect toxin (Fit) and to colonize and
kill insects when injected into haemocoel of Galleria
mellonella larvae. We currently explore the potential of
Fit producing strains for the biocontrol of insect pests
and the mechanisms of insecticidal activity. When applied
to leaves Fit producing but not Fit-negative Pseudomo-
nas biocontrol strains display potent oral activity against
larvae of important lepidopteran pests feeding on the
treated leaves. Mutant-based studies with model strains
P. protegens CHAO and P. chlororaphis PCL1391 ex-
cellent biocontrol agents against soilborne diseases
showed that the Fit toxin contributes to oral activity.
Strain CHAQ can establish high populations in larvae of
the root weevil Otiorhynchus sulcatus and of the Euro-
pean cockchafer (Melolontha melolonth)a and change
the composition of the larvae’s own bacterial flora.
CHAO further displays oral activity against the aphid
Acyrthosiphon pisum, but is not toxic to the large earth
bumblebee Bombus terrestris an important pollinator.
Additional experiments showed that CHAO is compatible
with the biocontrol fungus Metarhizium anisopliae.
Taken together our results suggest that a biocontrol
product based on insect toxin producing plant-associated
pseudomonads could not only be effective against fungal
diseases but also contribute to the protection of crops
against insect pests.

003.006 The enhancement in plants resistance
against biotic and abiotic stresses mediated by
PGPRs

J.H. Guo

Department of Plant Pathology, College of Plant Pro-
tection, Nanjing Agricultural University, Key Laboratory
of Integrated Management of Crop Diseases and Pests,
Ministry of Education, Nanjing 210095, P.R. China
Email: jhguo@njau.edu.cn

The consortium of three plant growth-promoting rhizo-
bacterium (PGPR) strains (Rhizobacteria Bacillus cereus
AR156, Bacillus subtilis SM21, and Serratia sp. XY21)
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termed as BBS for short was a promising biocontrol
agent. BBS was shown to be a promising biocontrol
agent against a broad spectrum of diseases, such as bac-
terial wilt caused by Ralstonia solanacearum, blight
disease caused by Phytophthora capsici, and root-knot
disease caused by Meloidogyne incognita in tomato,
cucumber, and some other vegetables. In the study of
biocontrol mechanisms, we found that strain AR156
triggered induced systemic resistance (ISR) to Pseudo-
monas syringae pv. tomato DC3000 in Arabidopsis by
simultaneously activating the SA- and JA/ET-signaling
pathways in an NPR1-dependent manner. Compared
with mock-treated plants, AR156-treated ones showed
an increase of biomass and reduction of disease severity
and pathogen density in the leaves. We provided evi-
dence suggesting that biofilm production is critical for
bacterial colonization on plant root surfaces by using
model system for studies of B. subtilis—tomato plant
interactions. We also prove that the establishment of
XY21 and its effects on the bacterial community in the
tomato rhizosphere by denaturing gradient gel electro-
phoresis of 16S rRNA gene fragments PCR-amplified
from total community DNA. Besides, we carried some
research on stress resistance, and BBS conferred in-
duced systemic tolerance to drought stress in cucumber
(Cucumis sativus), by protecting plant cells, maintaining
photosynthetic efficiency and root vigor and increasing
some of antioxidase activities, without involving the
action of ACC deaminase to lower plant ethylene levels.
After withholding watering for 13 days, BBS-treated
cucumber plants had much darker green leaves and sub-
stantially lighter wilt symptoms than control plants.

003.007 Functional genomic approaches for under-
standing the mode of action of Bacillus sp. biocon-
trol strains

C. A. Dunlap, M.J. Bowman and D.A. Schisler

Crop Bioprotection Research Unit, National Center for
Agricultural Utilization Research, Agricultural Research
Service, United States Department of Agriculture, 1815
North University Street, Peoria, Illinois 61604, USA
Email: Christopher.dunlap@ars.usda.gov

Complete genome sequencing of several Bacillus sp.
strains has shed new light on the mode of action of these
antagonists of plant pathogens. The use of genomic data
mining tools provided the ability to quickly determine
the potential of these strains to produce bioactive sec-
ondary metabolites. Our Bacillus sp. strains were iso-
lated from wheat anthers and shown to be efficacious in
managing Fusarium head blight in field trials. Results
from data mining indicate the arsenal of antimicrobial
compounds produced by Bacillus sp. antagonists goes
beyond lipopeptides and includes a variety of antibacte-
rial metabolites and siderophores. The rapidly increasing
number of completed genomes of Bacillus sp. biocontrol
strains offers additional opportunities to increase our

understanding of the genetic determinants of biocontrol
activity. Comparative genomics was used to identify the
core-genome and pan-genome of these Bacillus sp.
strains. These investigations demonstrate the growing
importance of applying genomic-based studies to puta-
tive antagonists of plant pathogens to enable the rapid
identification of bioactive metabolites produced by the
strains. In addition, this work provides a foundation for
a mechanistic understanding of the Bacillus sp. /Fusa-
rium head blight biocontrol interactions.

003.008 Exploitation of microbial resources for bio-
logical control of root diseases and crop improve-
ment

B. Chakraborty, U. Chakraborty, P. Dey, and K. Sunar
Immuno-Phytopathology Laboratory, Department of
Botany, University of North Bengal, Siliguri - 734 013,
West Bengal, India

Email: bncnbu@gmail.com

Microorganisms isolated from forests, river basins and
agricultural field soil were identified by rDNA technol-
ogy, screened for their beneficial traits and utilized for
developing strategies of biological control of root dis-
eases of cereal (Oryza sativa), pulses (Glycine max,
Cicer arietinum and Vigna radiata), horticultural plant
(Citrus reticulata) and plantation crop (Camellia
sinensis). In vitro antagonistic activities of selected fungi
(Talaromyces flavus, Trichoderma harzianum, T.
asperellum, T. erinaceum) and bacteria (Bacillus pumilus,
B. altitudinis, B. megaterium, Pseudomonas fulva,
Streptomyces griseolus and S. griseus) against phyto-
pathogens (Thanatephorus cucumeris, Sclerotium rolfsii,
Rhizoctonia solani, Macrophomina phaseolina, Ustulina
zonata, Fusarium oxysporum, F. solani and F. gra-
minearum) were confirmed prior to their application in
nursery and field grown plants. Suppression of sclerotial
blight of green gram and tea, root rot of chickpea, soy-
bean and mandarin, charcoal rot of soybean, sheath
blight of rice and charcoal stump rot of tea were evident
either by single or joint inoculation by biological control
agents and plant growth promoting rhizobacteria. In all
cases, disease suppression was associated with enhanced
activity of defense enzymes like chitinase, p-1,3 glu-
canase, phenylalanine ammonia lyase and peroxidase.
Induction of PR-2 and PR-3 and their cellular localiza-
tion in leaf tissues were further confirmed by indirect
immunofluorescence using PAbs of chitinase and -1,3
glucanase. Enhanced accumulation of phytoalexins fol-
lowing induction of resistance in plants (rice, soybean
and tea) were noticed. Disease suppression and health
improvement in these plants can lead to development of
bioformulations using such potential microbial resources.

003.009 Screening of microbial antagonists for the
development of commercial biocontrol products
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against plant pathogens

J. Kénl', B. Blum?, P.C. Nicot® and M. Ruocco*

'WUR, Plant Research International, Droevendaalses-
teeg 1, 6708 PB Wageningen, The Netherlands; 2IBMA,
Basel, Switzerland; *INRA, Avignon, France; “CNR-IPP,
Portici, Italy

Email: jurgen.kohl@wur.nl

Screening programs of antagonists for control of plant
pathogens often focus on the testing of antagonistic
properties in vitro, in bioassays and subsequently in
crops. However, antagonists must fulfill many more
criteria if a commercial application is considered. Within
the EU-project ENDURE, various selection criteria have
been ranked in a stepwise approach to exclude unwanted
candidates in early screening steps using inexpensive
tests (K&l et al., 2011. Biological Control 57: 1-12).
Consequently, fewer candidates have to be tested in later
screening steps when more expensive assessments have
to be done. Targeted crops and diseases and the result-
ing market size are evaluated during the first step. To
obtain candidates with the relevant ecological character-
istics, the origin of antagonists and isolation techniques
are carefully chosen. Candidate antagonists are assessed
in rapid tests to exclude those which, for example, pro-
duce not sufficient inoculum or show no cold-tolerance.
After this first high throughput screening, the remaining
isolates are identified and information is collected in
relevant data bases. Species with unwanted toxicological
or ecological profiles are excluded, but also patent and
marketing aspects are reviewed. The antagonistic poten-
tial of the pre-selected candidates is subsequently tested
on pathogen-inoculated plants. Mass production proper-
ties are evaluated in small fermenters in parallel. Tests
in crops follow only for a small set of selected antago-
nists. Feasibility of mass production, formulation and
shelf life are tested again in parallel. Consequently, only
antagonists which fulfill the major criteria for commer-
cial use will be assessed in field experiments using
already suitable pilot-formulation.

003.010 Use of plant extracts in plant disease man-
agement: the example of Regalia® biopesticide

H. Su, T. Johnson, R. Blair, P. Himmel and P.G. Marrone
Marrone Bio Innovations, Inc., Davis, CA 95618, USA
Email: hsu@marronebio.com

Regalia® is formulated from the extract of giant knot-
weed (Reynoutria sachalinensis) and was launched in
the United States in 2009 by Marrone Bio Innovations,
Inc. Regalia® has a broad spectrum of disease control.
The mode of action of Regalia® is to stimulate the activity
of chalcone synthase and chalcone isomerase in the
phenylpropanoid pathway and increase the production
of phytoalexins. Accumulation of other simple fungi-
toxic phenolics was also detected. Regalia® induces pa-
pillae formation at pathogen penetration sites and ligni-

fication of plant cell walls. It also increases activity of
pathogenesis-related proteins such as chitinase, glu-
canase, and peroxidase. In our extensive tests in the
laboratory, greenhouse and field, Regalia as a foliar
spray shows efficacy in controlling a wide range of
fungal and bacterial diseases, such as powdery mildew
of cucurbits, downy mildew of lettuce (Bremia lactucae),
Botrytis of grapes and strawberries, bacterial spot of
tomatoes and peppers (Xanthomonas campestris pv.
vesicatoria), and bacterial canker in citrus (Xanthomonas
axonopodis pv. citri), among others. Both laboratory
and field tests show that Regalia® is synergistic with
commonly used fungicides, such as triazoles, strobilurins,
sulfur , copper, mefenoxam, and fertilizers such as cal-
cium. In addition, seed treatment, soil drenches, and
dipping seedlings prior to transplanting, can be used to
enhance soilborne disease control and increase emer-
gence.

003.011 Biological control of Sclerotinia sclerotiorum
H.R. Dillard, K. Waldron and J. Strauss

Cornell University New York State Agricultural Exper-
iment Station, Department of Plant Pathology and
Plant-Microbe Biology, 630 West North Street Geneva,
NY 14456, USA

Email: HRD1@cornell.edu

Sclerotinia sclerotiorum is a destructive cosmopolitan
pathogen with over 400 species of hosts. The fungus
may survive for several years in soil as hardened myce-
lial structures called sclerotia. When weather conditions
are favorable, the sclerotia germinate to produce apo-
thecia, which then produce ascospores that can infect
susceptible plant tissues. Biological control offers a po-
tential long term management strategy aimed at reduc-
ing populations of the sclerotia in the soil. Coniothyrium
minitans is a known hyperparasite of the sclerotia of S.
sclerotiorum. It is now available in the US as a com-
mercial product for use on a wide range of crops. In a
preliminary trial conducted in New York State in snap
beans, fewer sclerotia of S. sclerotiorum were recovered
from plots treated with C. minitans compared to the un-
treated control plots. Further studies were conducted in a
commercial field of soybeans where over 50% disease
incidence was recorded in 2009. Replicate plots were
established and treated with the product containing C.
minitans. Sclerotia populations of S. sclerotiorum were
determined pre- and post-treatment using a wet sieving
technique. A second trial was established in 2011 with a
different farmer in a different region. During the grow-
ing season, the soybean crops at both locations were
scouted for presence of apothecia, disease incidence and
severity were recorded, and sclerotia populations were
determined pre- and post- treatment. Overall, there was
a reduction in the number of sclerotia recovered. Varia-
bility in weather had a significant influence on disease
incidence and severity.
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003.012 Pichia anomala and Candida oleophila in
biocontrol of post-harvest diseases of fruits: 20
years of fundamental and practical research’s

M.H. Jijakli

Laboratory of Phytopathology, Gembloux Agro-bio tech,
University of Liege, Passage des Déporté&s 2, Gembloux
5030, Belgium

Email: MH.Jijakli@ulg.ac.be

Fungal pathogens such as Botrytis cinerea, Penicillium
expansum and Gloeosporides group are mainly respon-
sible of important economical losses of post-harvest
apples and pears. Application of biological control
agents (BCA’s) is an emerging alternative to synthetic
fungicides. However, before becoming an economically
feasible alternative to chemical control, BCA’s have to
satisfy different requirements related to biological,
technological and toxicological properties. The different
steps for a successful strategy of disease control (selec-
tion, production and formulation, study of mechanisms
of action, ecological characterization, molecular moni-
toring, pilot efficacy trials, registration) will be reviewed
considering the 2 antagonistic yeasts: (1) Pichia
anomala strain K as scientific model and (2) Candida
oleophila strain O. Two decades ago, both strains were
selected for their high and reliable antagonistic activity
against B. cinerea and P. expansum on apples and pears.
The lack of efficient and reliable BCA’s constitutes until
now the major drawback to commercialise biopesticides
based on these BAC’s. In that context, the studies of
mode of action and ecological fitness are important be-
cause they can lead to a better efficacy of antagonistic
yeast strains. Recent advanced molecular techniques
have contributed to improve knowledge on the modes of
action. Thanks to the identification of genes involved in
biocontrol properties, the genetic basis of action mecha-
nisms can be understood. That approach was adopted for
P. anomala (strain K) and lead to the identification of
genes coding for exo-p-1,3-glucanases implicated in the
efficacy. Based on that identification, a formulation in-
volving B-1,3-glucans was developed and applied with
higher efficacy in controlled conditions. The importance
of ecological characterisation is also crucial in the con-
text of pre-harvest application for both antagonistic
strains of yeast. UV light, temperature and humidity
were identified as major factors influencing strain K and
strain O populations. Models taking into consideration
temperature and humidity were developed and could be
useful in deciding whether pre-harvest treatment is suf-
ficient to allow fast colonization of wounds prior to the
arrival of wound pathogens, or whether it is wise to apply
further post-harvest treatment to increase the yeast pop-
ulation density.

Furthermore, the scientific background obtained for
Candida oleophila strain O lead to the development of a
formulated biopesticide called Nexy® and registrated in
US and some European countries. Practical applications
of Nexy® was carried out against postharvest diseases

of apples, pears, citrus and bananas. The presentation
will concentrate also on these practical applications tak-
ing into account the necessity to integrate Nexy® with
other methods of post-harvest disease control. Such in-
tegration must lead to decrease the global level of
chemical residues on fruit surface while keeping a suffi-
cient level of efficacy. Finally, the presentation of 20
years of work will be also the opportunity to highlight
the difficulties and challenges to transfer results from
scientific laboratory to industrial level, keeping in mind
the satisfaction of fruit growers and consumers.

003.013 Temperature and incubation period affect
Trichoderma atroviride conidium production, germi-
nation and bioactivity

A. Daryaei, R.E. Falloon, K.L. McLean, T.R. Glare and
A. Stewart

Bio-Protection Research Centre, Lincoln University, P
O Box 85084, Lincoln 7647, New Zealand

Email: Amir.Daryaei@lincolnuni.ac.nz

Trichoderma atroviride LU132 has been commercialised
in New Zealand as Tenet® and Sentinel®for the control,
respectively, of Sclerotium cepivorum and Botrytis ci-
nerea. This study examined the influence of incubation
temperature (20, 25, or 30<C) on the production of co-
nidia under constant light over a 25 d period. Two
measures of quality of the resulting conidia were also
assessed-germination and subsequent bioactivity against
Rhizoctonia solani. Maximum conidium production
occurred at 25<C after 20 d. Production of conidia de-
clined at 25 d. Conidia produced at 30<C germinated
more rapidly than those produced at 20 or 25<C. Incuba-
tion at 30 <C gave greatest bioactivity against R. solani in
comparison with incubation at 20 or 25<C. An incubation
period of 25 d increased bioactivity compared with
shorter incubation periods. The experiment was repeated
at 25<C for 50 d. Extending the incubation period re-
sulted in a second peak of conidial production at 45-50 d.
These conidia had an optimum germination after 20 and
25 d incubation, and the optimum bioactivity for the
colonies was achieved with conidia harvested after 15 d.
This study suggests that T. atroviride formulations based
on optimised production of conidia may not result in
optimal bioactivity.

003.014 Control of Botrytis cinerea secondary inoc-
ulum within grape bunches by applications of bio-
logical control agents and natural products

C. Calvo, J. Usall, 1. Viras, P.A.G. Elmer and N. Teixid®
IRTA, XaRTA-Postharvest, 191 Rovira Roure, 25198-
Lleida, Catalonia, Spain

Email: neus.teixido@irta.cat

Infected necrotic tissues inside the grape bunch repre-
sent an important secondary inoculum source for Botrytis
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cinerea in vineyards. Fungicide use in viticulture is be-
coming restrictive and natural products and biological
control agents are promising alternatives to control Bo-
trytis bunch rot. However there is a lack of studies
evaluating efficacy of alternative treatments to synthetic
fungicides controlling B. cinerea secondary inoculum in
developing bunches. Applications of Candida sake and
Fungicover®, Ulocladium oudemansii and chitosan
were carried out in an organic vineyard in 2009 and
2010. At veraison, samples from aborted flowers,
aborted fruits and calyptras were collected from wine
grape bunches (cv. Macabeu) and incubated in high hu-
midity chambers to evaluate B. cinerea incidence.
Aborted fruits presented significantly higher incidence
of natural infections compared to other tissue types. All
evaluated treatments except chitosan significantly re-
duced incidence in aborted flowers and calyptrae by
46.1% to 84.6% compared to control and sporulation
was also reduced by 48.0% to 55.4%. Treatments did
not reduce incidence in aborted fruits, which were iden-
tified as an important secondary inoculum source of B.
cinerea. Overall, the tested treatments with biological
control agents and natural products demonstrated to be
effective controlling pathogen’s mycelial growth and
sporulation on necrotic tissues within grape bunches.

003.015 Cloning and functional analysis of two oxa-
late decarboxylase genes in the mycoparasite Coni-
othyrium minitans

L.M. Zeng, J. Zhang, L. Yang, D.H. Jiang and G.Q. Li
State Key Laboratory of Agricultural Microbiology and
Key Laboratory of Plant Pathology of Hubei Province,
Huazhong Agricultural University, Wuhan 430070, P.R.
China

Email: guogingli@mail.hzau.edu.cn

Coniothyrium minitans is a mycoparasite and a promis-
ing biocontrol agent of Sclerotinia sclerotiorum, the
causal agent of Sclerotinia stem rot of oilseed rape.
Production of oxalic acid (OA) has long been consid-
ered to be an important mechanism in pathogenesis of S.
sclerotiorum. OA is not only toxic to plants, but also
toxic to microorganisms including C. minitans. Our pre-
vious studies showed that C. minitans can nullify the
toxic effect of OA on C. minitans by degradation of OA.
However, genes responsible for OA degradation remain
unknown. In this study, two genes putatively encoding
oxalate decarboxylase, designated as Cmoxdcl and
Cmoxdc2, were cloned from the wild type strain Chy-1
of C. minitans. The two genes contain conserved
bicupin domains. However, they have different expres-
sion patterns, Cmoxdcl expressed under pH 3 to 5 and
in the presence of OA, whereas Cmoxdc2 expressed
under pH>5 and OA could not trigger expression of this
gene. Compared to the strain Chy-1, the ACmoxdcl
mutants were suppressed to degrade OA and to infect S.
sclerotiorum mycelia, whereas the ACmoxdc2 mutants

did not differ from the strain Chy-1 in both OA degrada-
tion and infection of S. sclerotiorum. The function of
Cmoxdcl in OA degradation and in infection of S. scle-
rotiorum was confirmed through gene complementation.
This study suggests that Cmoxdcl plays an important
role in OA degradation. It also provides direct genetic
evidence for importance of OA degradation in myco-
parasitism of C. minitans.

003.016 Iturins play an important role in biological
control of apple ring rot by Bacillus amyloliquefa-
ciens 9121

X.Y. Chen, Y. Li and Q. Wang

Department of Plant Pathology, China Agricultural
University, No. 2 Yuanmingyuan West Road, Haidian
District, Beijing, 100193, P. R. China

Email: wanggi@cau.edu.cn

Apple ring rot disease, caused by Botryosphaeria
dothidea, was one of the most important diseases on
apple fruits in China. Biological control with microbial
antagonists has emerged as a promising alternative that
can reduce fungicide usage along with safety production
of fruit and a lower environmental impact. Bacillus
strain 9121 has shown dramatically inhibitory effect on
the infection of B. dothidea YL1 in vitro and in vivo.
Bacillus 9121 was identified as B. amyloliquefaciens
through physiological biochemical characters and nu-
cleotide sequence analysis based on 16S rRNA and par-
tial gyrA genea. Cell-free supernatants and lipopeptides
crude methanol extract of B. amyloliquefaciens 9121
showed comparable inhibitory activities on fungal
growth, which indicated that lipopeptides were the crucial
compounds responsible for its antifungal activity. PCR
detection and nucleotide BLAST analysis showed that
the genome of B. amyloliquefaciens 9121 contains
lipopeptides biosynthesis related genes such as
bamD/bam, bacAB/bacD, ituD/ituC and fenB which
encode iturins and fengycins. Lipopeptides in the crude
methanol extract from cell-free supernatants were iso-
lated by thin layer chromatography (TLC) and re-
versed-phase high performance liquid chromatography
(RP-HPLC). Iturins was identified as an active compo-
nent against B. dothidea YL1 by electrospray ionization
quadrupole-time of flight mass spectrome-try/mass
spectrometry (ESI-Q-TOF MS/MS) along with an in
vitro dual culture assay.

P03.001 Soil solarization for the management of saoil
borne pathogen in nursery

K.D. Thakur and A.K. Meena

Department of Plant Pathology, College of Agriculture
Nagpur, Dr. Panjabrao Deshmukh Krishi Vidaypeeth,
Akola, Maharashatra, India

Email: Kdthakur60@gmail.com
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Study of solarization of soil, by covering it with trans-
parent polythene sheets of 100 um during the October
month was examined, for effectiveness in controlling
soil borne pathogens. Chilli was selected as nursery crop
and the wilt causing pathogen was isolated and identi-
fied as Fusarium oxysporum f. sp. capsici.The experi-
ment was carried out in Randomized Block Design, with
7 treatments and 3 Replication. Each bed was inoculated
with Fusarium oxysporum f. sp. capsici culture at 1g/kg
of soil. Weekly data of temperature variation at 5 cm, 10
cm and 15 cm were recorded. Soil was ploughed and
then irrigated, polythene sheet wear covered then the
recorded maximum rise in temperature at 5 cm varied
from 47.6 to 51.0°C, at 10 cm 46.8°C to 49.1°C, and at
15 cm 45.9°C to 47.6°C. Soil population of Fusarium
oxysporum f. sp. capsici was reduced up to 90 per cent
in irrigated ploughed, 88.3 per cent in irrigated without
plough, against 40 per cent in control. Fusarium ox-
ysporum f. sp. capsici colonies were reduced to non-
detectable levels at 5 cm, 10 cm and 15 cm. Among all
tested depths maximum reduction was found in irrigated
plough 90 per cent, 86.30 per cent and 76.60 per cent
followed by irrigated without plough 88.3, 83.6 and 63
per cent against 39.3, 36.6 and 34.6 per cent respectively
in control. Seed treatment with Carbendazim (0.1%) has
recorded maximum germination percentage 84.33, fol-
lowed by 82 per cent in irrigated plough solarized
treatment, against 43.0 per cent in control. Mortality per
cent was found lowest in Irrigated plough 13.66 and
15.6 percent in Carbendazim (0.1%) against 52.3 per
cent in control. Plant height after 30 days of germination
was found most significant 22.0 cm in Carbendazim
(0.1%) which was at par with Irrigated without plough
21.1 cm, against 11 cm in control.

P03.002 PGPR for the management of major seed-
borne diseases of tomato, chilli cabbage and cauli-
flower and enhancement of production for food
security in NE region of India

P. Raja’, P. Nallathambi?, S.R. Niranjana® and A.K. Singh'
'Department of Plant Pathology, College of Horticul-
ture and Forestry, Pasighat, Arunachal Pradesh;
“Division of Plant pathology, Indian Agricultural Re-
search Institute, Regional Station, Wellington, Tamil
Nadu; *Department of Studies in Biotechnology, Uni-
versity of Mysore, Mysore-570 006

Email: prajachf@gmail.com

Tomato, chilli, brinjal, cabbage and cauliflower are im-
portant vegetable crops grown by tribal people of Aru-
nachal Pradesh, India for their food security. Cumulative
analysis of date from recurrent surveys demonstrated
that damping off and bacterial wilt of tomato, chili and
brinjal were the major disease with disease severity up
to 80% and 25% respectively. Similarly, in cabbage and
cauliflower damping off is recorded up to 18%.
Seed-borne pathogens viz., Alternaria brassicicola,

Alternaria alternata and Rhizoctonia solani were iso-
lated from different samples. Soil samples were collect-
ed from more than 40 locations, PGPR bacteria were
isolated and identified. Four effective isolates of fluo-
rescent Pseudomonads are identified after a sequence of
evaluation both under laboratory and field trials.
Bio-priming with effective strains (0.5%) were also
evaluated to assess the seed germination and seed borne
infection in the nursery. PGPR isolate CHF-2011 32a
was promising followed by CHF-2011 43 in tomato,
chilli, brinjal cabbage and cauliflower and reduced the
diseases incidence ranging from 10-25 per cent. Soil
application (5%) also reduced the disease incidence and
increased the yield from 6 to 21 percent.

P03.003 Assessing potentiality of rhizosphere bacteria
and fungi from soil in antagonism against sclerotia
forming pathogens and growth promotion of cu-
cumber seedlings

M.K.A. Bhuiyan and M.A. Khondaker

Department of Plant Pathology, Bangabandhu Sheikh
Mujibur Rahman Agricultural University, Gazipur
-1706, Bangladesh

Email: kabhuiyan55@yahoo.com

An attempt was taken to control pre and post emergence
seedling mortality of cucumber by bacterial and fungal
antagonists. A total of 47 bacterial strains and 50 fungal
isolates were collected from different rhizosphere soils
of Bangladesh and were screened against the selected
virulent isolates of Rhizoctonia solani and Sclerotium
rolfsii in dual culture. Among the screened bacterial
strains and fungal isolates in dual plate technique, Ba-
cillus sp. AB4 and Trichoderma isolate TH-26 were
appeared as the most effective antagonist in inhibiting
the radial growth of the selected isolates of S. rolfsii and
R. solani. Four other bacterial strains and 12 fungal iso-
lates were also found as effective antagonists. The an-
tagonist bacteria growing on Casein agar glucose me-
dium were identified as gram positive Bacillus by ob-
serving several morphological and biochemical charac-
ters and the fungal isolates were identified as Tricho-
derma harzianum. Thermo stable antifungal components
were produced by Bacillus strains completely inhibited
the radial growth of the test pathogens. Bacillus sp. and
Bacillus sp. strain AB4 and AB1 showed the nitrogenase
activity 1.46 and 0.89 nmolC,H,h™ culture™, respectively.
In the pot culture experiment, Bacillus sp. strain AB4
and Trichoderma isolate TH-26 showed significantly the
highest reduction of pre and post emergence seedling
mortality of cucumber over control treatment of S.
rolfsii and R. solani inoculated pots. Growth promotion
potentialities of Bacillus strains were significantly higher
than T. harzianum isolates. Increased chlorophyll con-
tent was also observed in the Bacillus sp. strain AB1 and
AB4 treated plants.
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P03.004 Beneficial and deleterious effects of
Trichoderma harzianum and T. longibrachiatum on
growth of cotton seedlings and their bioconrol ca-
pacity against seedling damping-off

AA. Aly*, E.M. Hussein', AA. El-Awamri?, M.M. Habeb"
and K.A. Abd -Elsalam’

'Plant Pathology Research Institute, Agricultural Re-
search Center, Giza, Egypt; “Botany Department, Fac-
ulty of Science, Ain Shams University, Cairo, Egypt
Email: abd-elsalam.k.a.@post.com

Trichoderma spp. were isolated from roots of cotton
plants showing the typical symptoms of seedling damp-
ing-off of root rot of adult plants. Identification of 15
randomly selected isolates of Trichoderma to species
level revealed that eight isolates (53.3%) were belong-
ing to T. longibrachiatum, while seven isolates (46.7%)
were belonging to T. harzianum. Geographic origins of
T. harzianum in the sample were restricted to the Nile
Delta (Dagahliya and Gharbiya), while isolates of T.
longibrachiatum were isolated from widely separated
geographic origins in the Nile Delta (Minufiya), Middle
Egypt (Giza), and Upper Egypt (Assiut). The beneficial
and deleterious effects of Trichoderma isolates on
growth of cotton seedlings were evaluated by planting
cotton seeds in autoclaved soil infested with Tricho-
derma isolates. Each of T. longibrachiatum and T. har-
zianum included both beneficial and deleterious isolates.
Thus, of the nine isolates, which were pathogenic during
the postemeregence stage, five were belonging to T.
longibrachiatum and four were belonging to T. harzi-
anum. Similarly, of the 12 isolates that significantly
promoted seedling height, seven were belonging to T.
longibrachiatum and five were belonging to T. harzi-
anum. Moreover, the same isolate may exhibit both the
beneficial and deleterious effects depending on the var-
iable under consideration. Biocontrol capacity of
Trichoderma spp. against soilborne fungi involved in
cotton seedling damping-off was evaluated by planting
cotton seeds in autoclaved soil infested with a mixture
of the soil-borne fungi commonly involved in the dis-
ease. Before planting, seeds were treated with a fine
powder consisted of a mixture of sorghum and Tricho-
derma spp. The tested isolates of Trichoderma spp.
could be classified into 3 distinct groups based on their
biocontrol capacity. The first group included T3, T4, T6,
T10, T27, and T42, which were effective biocontrol
agents. Isolates of this group significantly increased the
percentage of the surviving seedlings. Moreover, iso-
lates T4 and T6 significantly increased dry weight of the
surviving seedlings. The second group included T23,
T38, and T39, which significantly reduced seedling
height. Isolates T23 and T38 also reduced the percent-
age of the surviving seedlings. The third group included
T9, T14, T18, T29, and T31, which were neither bio-
control agents nor pathogens. Each of these groups in-
cluded isolates of both T. longibrachiatum and T. har-
zianum. Isolate T5 showed both pathological effects

(increase in preemergence damping-off and reduction in
seedling height) and biocontrol activity (reduction in
postemergence damping-off).

P03.005 Pathogenic variation among Fusarium iso-
lates and biological control of Fusarium wilt of Chilli
(Capsicum annumm L.) by non pathogenic Fusarium
solani isolate

M.J. Patil, B.T. Raut, S.M. Ghawade, E. Bagde and P.P.
Gawande

Chilli and Vegetable Research Unit, Dr. Panjabrao
Deshmukh Krishi Vidhapeeth, Akola, 444104 Maha-
rashtra, India

Email: mohanpatil.1082@rediffmail.com

Variability among the fifty two isolates collected from
different regions of vidarbha of Maharashtra, India was
studied in respect of cultural, morphological characteris-
tic and pathogenic ability. Mycelial growth of isolate
varied from isolate to isolate. Maximum growth (84.44
mm) was observed in FS-11 followed by FS-9 and
FS-13 recording 87.50 and 87.33 mm respectively. The
lowest growth was noticed in FS-1and FS-6 (41.66 mm)
followed by FS-41 and FS-8 exhibiting 43.33 and 45.66
mm radial growth respectively. The pigmentation also
reflects the variation among the isolates. Three milky
white, eight dull white to whitish, four reddish brown,
seven yellowish, three purple, eleven light red and ten
brownish to dark brown. Out of fifty two isolates, 7, 10,
14, 12 and 9 isolates showed non pathogenic, weakly
pathogenic, moderately pathogenic, strongly pathogenic
and highly pathogenic reactions in pot culture study
respectively against X-235 variety of Chilli. The effi-
ciency of non pathogenic Fusarium solani isolates viz.
FS-38 and FS-4 for biological control through cross
protection of Fusarium wilt of chilli (Capsicum annumm
L.) was examined in the pot culture. The considerable
reduction in wilting was achieved in all inoculum pro-
portion due to pre inoculation of non pathogenic isolates
of Fusarium solani as compared to control (highly
pathogenic isolates). The minimum wilting was record-
ed in 100 g inoculum by pre inoculation of non patho-
genic isolates namelyFS-38 and FS-4 recorded 26.66 per
cent where as maximum wilting of 80 per cent was ob-
served in same dose of pathogenic inoculum namely
FS-18 and FS-28 per kg of soil.

P03.006 Investigating antagonistic effect of Tricho-
derma viride on Rosellinia necatrix Prill isolation
from white root rot apple

E. Payghami, S. Nematollahi, A. Zahedifar and M.
Jafakesh

Department of Plant Pathology, Tabriz Branch, Islamic
Azad University, Tbriz, Iran

Email: Payghami2011@yahoo.com
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White root rot is an important disease in apple orchards
in Iran, particularly in the West and East Azarbaijan
provinces. Rosellinia necatrix, the causal agent of white
root rot and Trichoderma viride were isolated for the
first time from white root rot of apple trees. The antago-
nistic effect of T. viride on R. necatrix in vitro (using
dual culture method in the PDA culture) showed that 1)
T. viride was able to colonise and prevent the growth
rate of R. necatrix, 2) there was a nutritional competition
between the T. viride and R. necatrix in the PDA culture,
3) plasmolization and vacuolization of the R. necatrix
hyphae occurred in the presence of T. viridae, 4) coiling
of the R. necatrix hyphae was observed by the effect of
T. viride hyphae in the PDA culture, 5) T. viride hyphae
penetrated in to the R. necatrix hyphae, and 6) T. viride
spores stuck to Dematophora necatrix spores (asexual
form of R. necatrix).

P03.007 Trichoderma in valleys of Arica: Salinity and
boron tolerance, biocontrol against Fusarium oxy-
sporum

R. Salvatierra-Mart mez and G.F. SepUveda-Chavera
Universidad de Tarapac& Av. General Vel&quez 1775,
Casilla 6 — D, Arica, Chile

Email: gsepulve@uta.cl

In the coastal valleys of Arica-Chile (Azapa and Lluta)
are developed intensive agricultural systems, closely
related to soil salinity (> 3 dSm™) and high levels of
boron in water and soil (> 13 ppm). 10 stains native, and
an exogenous strain of Trichoderma spp. obtained from
the comercial product Trichonativa® were used. In “in
Vitro” tests, the strains were submitted to 3 doses of
NaCl (8, 15 and 20 g £ ™) and the same three doses of
NaCl + 15 ppm of boron. Native strains were tolerant to
NaCl of 20 g L. The exogenous strain showed less tol-
erance being inhibited their growth at 20 g £* of NaCl.
The saline tolerance was associated with the capacity to
absorb Na?* as a measure of osmotic adjustment, on the
other hand saline solutions with boron have an effect
marked in growth and sporulation of Trichoderma. The
antagonism against F. oxysporum is not significantly
affected by NaCl 8 g £ in the native strains. F. oxyspo-
rum improve their competitiveness in saline environ-
ments. In vivo tests using plants inoculated with F. oxy-
sporum and saline irrigation the protected plants with
native Trichoderma had higher survival rate, corrobo-
rating the “in vitro” results and demonstrate the need for
salt-tolerant strains in protecting crops in saline and arid
areas.

P03.008 Biological agents of Erwinia amylovora
which cause a fire blight of fruit crops in Kyrgyzstan
T.D. Doolotkeldieva, S.T. Bobusheva and A. Aytbaeva
Kyrgyz-Turkish Manas University, Plant Protection
Department, Bishkek city, Kyrgyzstan

Email: tdoolotkeldieva@gmail.com

In Kyrgyzstan, Erwinia amylovora is presently a quar-
antine object. Fire blight of fruit crops was found in
proximity to borders and there was a threat of its wide
spread across the territory of the country. Exudates from
diseased apple blossoms were used for isolation of
Erwinia amylovora pure cultures. Culture-morphological
and biochemical properties, immunobiochemical and
PCR analyses were conducted for identification of this
pathogen. We performed in vitro and in vivo tests using
an antibiotic-producing Streptomyces and Bacillus
strains in order to develop environmentally friendly
means to control the fire blight. Primary and secondary
screening have showed that Bacillus sp. strain P-1002
has a high antibacterial activity in 72 hours and zone of
lyses was 8+1.25 mm. Streptomyces bambergiensis and
Streptomyces diastochromogenes strains have showed a
hiperparasitism action to Erwinia amylovora. After five
days of the experiment, the growth of Erwinia amylovora
culture was completely inhibited by these antagonists.
These biocontrol related strains were screened by
polyketide synthetase primers.The diseased branches
and flowers of apple trees were sprayed with 1.0%
(3x10° spore/ml) Streptomyces diastochromogenes bio
product suspension in the field conditions. The inhibition
of growth and development of the disease in the treated
branches occurred after 10 days.These results provide
promising hope to develop biological agents for control
of this dangerous quarantine pathogen in Kyrgyzstan.

P03.009 Biological control of aggressive races of
Erwinia carotovora subsp. carotovora causing soft
rot in potatoes by Streptomyces fumanus

T.D. Doolotkeldieva, S.T. Bobusheva and A. Sulayman
kyzy

Kyrgyz-Turkish Manas University, Plant Protection
Department, Bishkek city, Kyrgyzstan

Email: tdoolotkeldieva@gmail.com

In Kyrgyzstan, potato is a staple product for the popula-
tion. Erwinia carotovora subsp. carotovora bacterium is
one of the most important factors which cause a soft rot
of stem and tubers before and after harvest and greatly
reduces a yield. We have isolated Erwinia carotovora
subsp. carotovora races from different regions and ana-
lyzed by target primers: MseF GACGATGAGTCCT
GAG and MseR TACTCAGGACTCAT. The 50 isolates
were tested for pathogencity in vitro and in vivo tests, as
a result of the 10 isolates were pathogenic. We have
conducted in vitro and in vivo tests against Erwinia
carotovora bacterium using antibiotic-producing Strep-
tomyces strains that were isolated from agro-ecosystems
in Kyrgyzstan. The 16S rRNA genes were PCR ampli-
fied with 27f and 1522r primers, and PKS genes were
screened by polyketide synthetase primers. Streptomyces
graminearus, sk-2, and Streptomyces fumanus gn-2 have
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shown a high antagonistic effect to all races of Erwinia
carotovora bacterium. Isolates in this category have
formed an inhibition zone between 9 and 1140.97 mm.
Potato tubers were treated in suspension of Streptomyces
fumanus gn-2 bioproduct before planting into the soil. It
has provided the germination of potato seedlings up to
94.0+1.25% and the resistance of crops to pathogen,
Erwinia carotovora in field conditions. In the storage
the potato tubers were treated by powder formulation of
Streptomyces fumanus gn-2 containing 3x10° spore/g.
Percentage of tuber soft rot decreased by 47.8% com-
pared to the control. These results provide promising
hope to develop biological agents for control of this
pathogen.

P03.010 Integration of biointensive approaches for
management of wilt and rhizome rot of Ginger (Zin-
giber officinale) in Assam

L.C. Bora, D. Deuri and G. Goswami

Department of Plant Pathology, Assam Agricultural
University Jorhat-785 013, India

Email: boralohitc@gmail.com

In Assam, bacterial wilt and rhizome rot caused by Ral-
stonia solanacearum is considered as the major limiting
factor for ginger production causing about 92 per cent
crop loss. The present study was made to explore the
potential of environmentally safe ‘biointensive approa-
ches’ for management of wilt and rhizome rot of ginger
using host resistance and Pseudomonas fluorescens and
Trichoderma viride based bioformulation ‘Biofor-Pf’
developed in Assam Agricultural University, Jorhat.
Twenty seven ginger cultivars and germplasms were
collected from various locations of North East Indian
states and screened against bacteria wilt and rhizome rot
pathogen R. solanacearum. The existing variation
among these 27 promising cultivars were observed
through differential tolerance disease (6.7% to 76.6%)
and was found to have a genetic basis using genetic
marker, random amplified polymorphic DNA (RAPD).
RAPD analysis revealed differential polymorphism of
DNA showing a number of polymorphic bands ranging
from 26 to 70 among 27 cultivars. Cultivar Mango ginger
(Curcuma amada Roxb.) showed highest degree of tol-
erance (80.67%) against wilt and rhizome rot followed
by cultivars Kakopathar (76.13) and Vairabkunda
(74.45%). UPGMA (Unweighted Pair Group Method
with Arithmetic Mean) dendrograms constructed based
on similarity coefficients, and Simple Matching using
the RAPD placed the cultivars in four similar clusters in
all the three dendrograms revealing the congruence of
clustering patterns among the similarity coefficients and
a rather less genetic distance among the cultivars. The
wilt and rhizome rot incidence in ginger decreased and
corresponding yield increased significantly when plants
(local cultivar-Bhola) were treated with ‘Biofor-Pf’.
Lowest disease incidence (5.25%) and corresponding

highest yield (39 tonnes/ha) was recorded in the treat-
ment comprising of vermicompost + MOC + P. fluo-
rescens + T. viride along applied as rhizome treatment +
soil application 90 days after planting.

P03.011 Genomic characterisation of microbial an-
tagonists, their interactive effects and utility in
management of bacterial wilt of Bhut Jolokia (Cap-
sicum chinense Jacq.)

L.C. Bora, R. Sarkar and L. Kataky

Department of Plant Pathology, Assam Agricultural
University,Jorhat-785 013

Email: Ichora_06@yahoo.co.in

The Bhut jolokia (Capsicum chinense Jacg,) is an inter-
specific hybrid cultivated in Assam and other North East
Region of India. Bacterial wilt disease (Ralstonia sola-
nacearum), causes complete wilting of the crop and
lower its productivity significantly. Different manage-
ment practices presently available have limitations and
do not give results to the desirable level. In the present
study two bacterial bioagents, viz., Bacillus cereus,
Citrobacter freundii, and two fungal bioagents, viz.,
Aspergillus flavus, and Trichoderma viride has been
tried individually as well as in consortia for manage-
ment of the crop disease. Genomic analysis of the bio-
agents was done following standard protocol using
RAPD and ITS-PCR and identification was done based
on nucleotide homology. Phylogenetic analyses were
conducted in Molecular Evolutionary Genetics Analysis
(MEGA4) and the bioagents were identified as Bacillus
cereus CF19 (GenBank Accession Number: JX438690.1),
Citrobacter farmeri, strain 17.7 KSS (GenBank Acces-
sion Number: HE575920.1), Aspergillus flavus, strain:
IFM 54306 (GenBank Accession Number: AB363745.1)
and Trichoderma viride strain KSAP113 (GenBank Ac-
cession Number: EF639724.1). In vitro evaluation of the
bioagents and their consortia for suppression of R. sol-
anacearum, done by dual culture assay revealed that B.
cereus alone (22mm) and consortium of B. cereus and T.
viride (28mm) could show highest inhibition of the
pathogen. Different bioagents and their consortia evalu-
ated for their ability to suppress bacterial wilt of bhut
jolokia under green house grown plants revealed that
consortium of B. cereus and T. viride could cause max-
imum reduction (91.65%) of wilt incidence in Bhut jo-
lokia. Our analysis, coupled with the genome sequence
data, provides a roadmap for commercial production and
application of antagonist consortia based biopesticides.

P03.012 Antagonism of Trichoderma harzianum and
Trichoderma atroviride on onion pathogens and their
effect in the growth promotion and phenolic and fla-
vonoid compounds production of onion bulbs

S.G. Ortega Garchk, G. SepUveda-Jimé&ez and R.
Montes Belmont
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Centro de Desarrollo de Productos Bidicos, Instituto
Polité&nico Nacional, Apartado postal 24, Yautepec,
Morelos 62731, Mexico

Email: rbelmont@ipn.mx

Trichoderma spp. are common soil fungi used as bio-
control agents due to their capacity to produce antibiot-
ics, induce systemic resistance in plants and parasitize
phytopathogenic fungi of major agricultural importance.
Some strains of this fungus are able to produce metabo-
lites that enhance plant growth. In the present study, it
was evaluated the antagonist effect of Trichoderma spe-
cies on the onion pathogens fungi: Sclerotium rolfsii and
Alternaria porri, and whether colonization of onion
seedlings by Trichoderma harzianum and T. atroviride
influenced plant growth and produces changes in phe-
nolic and flavonoid compounds. Six isolates and two
commercial products of Trichoderma were tested for
their antagonism effect and mycelial growth inhibition
of S. rolfsii and A. porri strains. Here it is shown that
only T. harzianum and T. atroviride inhibited from 40 to

62.5% the mycelia growth of the two onion pathogens. T.

atroviride promotes growth of onion bulbs from Red
Satan and Crystal White varieties. Phenolic compounds
content was increased in bulbs of Red Satan and Crystal

White varieties by the application of T. harzianum and T.

atroviride, respectively; whereas, only the T. atroviride
inoculation increased the flavonoid content in bulbs of
Red Satan cultivar. This is the first report of the Tricho-
derma influence on the biosynthesis of phenolic com-
pounds and flavonoids. Additionally, it is important to
evaluate the effect of T. harzianum and T. atroviride for
the biological control of. S. rolfsii and A. porri under
greenhouse conditions.

P03.013 Enzyme activity of rhizobacterial introduced
tomato’s seedlings, which the ability to induce the
resistance of tomatoes toward bacterial spot (Xan-
thomonas axonopodis pv. vesicatoria)

T. Habazar, Z. Resti and Y. Yanti

Agriculture Faculty, Andalas University, Kampus Limau
Manih, Padang 25163 West Sumatera Province, Indo-
nesia

Email: trimurtihabazar@yahoo mail.com

Bacterial spot cause by Xanthomonas axonopodis pv.
vesicatoria is a major constraint in tomatoes cultivation.
To control this disease we have found three rhizobacte-
rial isolates, which have the ability to induce systemic
resistance (ISR) on tomatoes. One of mechanism of ISR
on plant are changes of phenylalaninelyase enzymes
activity. The aim of this experiment was to study the
activity of phenylalanine ammonia lyase enzyme in rhi-
zobacterial introduced tomatoes which have ISR against
Xanthomonas axonopodis pv. vesicatoria. The experi-
ment has been done in triplicate. Three rhizobacterial
isolates were introduced on tomato’s seeds and two

weeks old seedling. Phenylalaninelyase enzymes activity
was assayed on tomato’s seedlings (0, 2, 4, and 6 days
after rhizobacterial introduction). The results showed
that on the rhizobacterial introduced tomato’s seedlings
(root, stem and leaf) increased the activity of phenylala-
nine ammonia lyase enzyme compare with control.

P03.014 Characterization of the Cryphonectria para-
sitica population in Azerbaijan

D.N. Aghayeva®, J. Wall?, S. Prospero® and D. Rigling®
YInstitute of Botany, Azerbaijan National Academy of
Sciences, Badamdar 40, Baku AZ1073, Azerbaijan;
“Cornell University Department of Natural Resources,
Ithaca, New York; *WSL Swiss Federal Research Insti-
tute, CH-8903 Birmensdorf, Switzerland

Email: adilzara@hotmail.com

The chestnut blight fungus Cryphonectria parasitica
originates in eastern Asia and was accidentally intro-
duced into North America and Europe. In both conti-
nents, the tree pathogen caused a severe disease epidemic
on the endogenous Castanea species. Chestnut blight
was first recorded in Azerbaijan on the native European
chestnut (C. sativa) in 2003 (Aghayeva, Harrington
2008). The aim of this study was to assess the diversity
of the C. parasitica population in Azerbaijan and to de-
termine whether Cryphonectria hypoviruses (CHV) occur
in this population. CHV are mycoviruses that infect C.
parasitica and can be used for biological control of the
disease. Chestnut blight cankers were sampled in four
districts along the Great Caucasus region of Azerbaijan
in 2011. In total 157 isolates were obtained of which
149 isolates were C. parasitica and seven were putative
C. radicalis. Among the 149 C. parasitica isolates, 142
belonged to the same vegetative compatibility (vc) type.
Four additional vc types were identified among the seven
other isolates. The dominant vc type did not match with
any of the known European vc types. One of the C.
parasitica isolates revealed specific characteristics
(whitish debilitated culture morphology on PDA) for an
infection by the hypovirus CHV-1. Sequence analysis
indicated that the hypovirus was different from the
CHV-1 subtypes that occur in Europe. Our results indi-
cate that the C. parasitica population in Azerbaijan is
not related to the populations in Europe. Overall, the
population has a very low vc type diversity, which will
favour biological control of chestnut blight.

P03.015 Biological recycling
M. Abdel-Sattar and H. EI-Marzoky
Agriculture Botany, FAC Agriculture; Suez Canal Univ.,

Egypt
Email: h_marzoki@yahoo.com

In spite of the fact that the strawberry Festival and Susana
are highly susceptible cultivars to crown rot, root rot,
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wilt and anthracnose diseases, it's still required for ex-
portation to Europe countries. Planting fresh strawberry
seedling of highly susceptible cultivars on biological
decomposed rice straw bags and naturally infested soil
carried out in two locations, Abo-Swear at Ismailia and
El-Nobaria at EI-Behera Governorates revealed that the
occurrence of infected strawberry plants grown in de-
composed rice straw bags reached 0.7 and 1.6% in EI-
Behera and Ismailia, respectively. However, the corre-
sponding figures for strawberry plants grown in natural
soil under the same conditions were 8.5 and 76.6%, re-
spectively, 120 days after sowing. Strawberry plants
grown on rice straw bags under greenhouse or open field
conditions showed better growth and an increase in
shoot and root systems. Strawberry fruits of good quality
and quantity were harvested from plants cultivated on
decomposed rice straw bags in comparison with the con-
trol plots under natural soil conditions. The pH around
the roots in decomposed rice straw bags ranged from 5.5
to 6.5, slightly acidic, while values obtained around the
root system in natural soil ranged from 7.5 to 8.5 (alka-
line). So, growing strawberry on decomposed rice straw
bags avoids and overcome the problem of alkalinity and
salinity in the rhizosphere. This is very important, as
strawberries are very sensitive to salinity. Cultivating
strawberry on rice straw bags keeps the fruits away from
contacting the soil and thus limits the possibility to in-
fect by soil borne fungi. Symptoms of crown rots and
black root rots yielded several fungi identified as Phy-
tophthora cactorum, Colletotrichum acutatum, Pythium
ultimum, Rhizoctonia solani, Sclerotium bataticola,
Fusarium oxysporum and F. solani. The wilt symptoms
observed on a few strawberry plants on rice straw bags
might be attributed to transmission of some pathogens
through irrigation water or through the highly suscepti-
ble strawberry seedling. Based on the above result, it
could be recommended that using decomposed rice
straw bags as a growing media in replacing natural soil,
can improve the production of strawberry under open
field conditions in Egypt. Also, avoid the importation of
the very expensive grow bags (soil less culture i.e. BVB,
Green lIsle, Kekkila , Grodan Master and Rock Wool) as
compared with the local, cheaper and effective decom-
posed rice straw bags.

P03.016 Paenibacillus sp. - potential biocontrol agent
for black rot of Brassica?

H. Ghazali-Biglar, J. Hampton, E.van Zijll de Jong, A.
Holyoake and A. Stewart

Bio-Protection Research Centre, Lincoln University,
Lincoln 7647, New Zealand

Email: hoda.ghazalibiglar@lincolnuni.ac.nz

Black rot caused by the seed-borne pathogen Xan-
thomonas campestris pv. campestris (Xcc) is a wide-
spread disease of brassicas. The aim of this research was
to investigate the use of Paenibacillus as a seed treat-

ment for biological control of black rot on cabbage.
Twenty-four isolates of Paenibacillus were categorized
for their interactions with Xcc in a dual culture assay.
Nine of these isolates were then screened for their ca-
pacity to reduce black rot symptoms on cabbage in pot
trial assays. From this work one Paenibacillus isolates
(P16) was selected as a potential biocontrol agent
(BCA). To determine whether this BCA is rhizosphere
competent and/or endophytic, cabbage seedlings grown
from BCA-treated (1.5x10" CFU/seed) seeds were tested
for the presence of BCA by real-time PCR using a spe-
cific primer pair which targeted the gyrB region. Stand-
ard curves were generated for soil and plant samples,
and the detection limit (1x10° CFU/g) determined. In
rhizosphere soil, BCA density decreased from 9.9x10°
to 1.1x10° CFU/g by 11 days after sowing (DAS), and
thereafter it was below the limit of detection. BCA pop-
ulation in the bulk soil was only detected up to 6 DAS,
and was not recorded in plant samples, indicating either
that it is not endophytic or its density in the plant was
below the detection limit. This BCA is therefore rhizo-
sphere competent only during early cabbage seedling
growth, and is most probably not endophytic.

P03.017 Microbial biocontrol of Sclerotinia stem rot
of canola

M.M. Kamal, G.J. Ash, K. Lindbeck and S. Savocchia
E.H Graham Centre for Agricultural Innovation (an
alliance between Charles Sturt University and NSW DPI)
School of Agricultural and Wine Sciences, Charles Sturt
University, Boorooma Street, Locked Bag 588, Wagga
Wagga, NSW- 2678, Australia

Email: mkamal@csu.edu.au

Sclerotinia sclerotiorum (Lib.) de Bary is a polyphagous,
necrotropic fungal pathogen that infects more than 400
plant species belonging to almost 60 families and causes
significant economic losses in various crops including
canola in Australia. Five hundred bacterial isolates from
sclerotia of S. Sclerotorium and the rhizosphere and
endosphere of wheat and canola were evaluated.
Burkholderia cepacia (KM-4), Bacillus cereus (W-67)
and Bacillus amyloliquefaciens (SC-1) demonstrated
strong antagonistic activity against the canola stem rot
pathogen Sclerotinia sclerotiorum in vitro. A phyloge-
netic study revealed that the Burkholderia strain (KM-4)
does not belong to the potential clinical or plant patho-
genic group of B. cepacia. These bacteria apparently
produced antifungal metabolites that diffuse through the
agar and inhibit fungal growth by causing abnormal
hyphal swelling. They also demonstrated antifungal
activity through production of inhibitory volatile com-
pounds. In addition, sclerotial germination was restricted
upon pre-inoculation with every strain. These results
demonstrate that the aforementioned promising strains
could pave the way for sustainable management of S.
sclerotiorum in Australia.
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P03.018 Parasitic capacity of native Trichoderma on
soil-borne pathogens

P. Millas, A. France and C. Santelices

INIA-Quilamapu, casilla 426, Chill&n, Chile

Email: pmillas@inia.cl

Root and crown rot, wilt, and damping-off are the main
symptoms produced by soil-borne pathogens which are
causing economic loss in crops. The control is based in
chemical fungicides and soil fumigant, however, the use
of pesticides is increasingly restricted due to the nega-
tive impact on the environment and on human health.
Alternative methods to manage soil-borne diseases are
therefore needed. The Centre for Biological Control of
the Agricultural National Research Institute (INIA) of
Chile has been collecting in the last year Trichoderma
isolates from different ecosystem along the country be-
tween parallel 182and 54°South. The variability and
adaptation of these isolates allows to select those that
are antagonist on several pathogens. This study was
made to determinate the parasitic capacity of 50 isolates
of Trichoderma spp. against Phytophthora cryptogea,
Rhizoctonia solani and Phoma exigua. Parasitic capacity
was determined by detecting coiling around and/ or hy-
phae penetration into the pathogen by Trichoderma.
This was observed under a light microscope from the
area of hyphae intermingled in dual cultures on 50%
PDA. 56%, 92% and 50% of the evaluated isolates
showed parasitism against P. cryptogea, R. solani and P.
exigua, respectively. Furthermore, 13 isolates had para-
sitic capacity against the three pathogens, of which 46%
and 23% correspond to T. harzianum and T. asperellum,
respectively. This study shows the potential of several
Trichoderma spp. isolates of the INIA’s collection to
simultaneously control of the three soil-borne pathogens.

P03.019 Iron competition and release of hydrolases
are two key tools used by yeast biocontrol agents
against fungal pathogens

D. Spadaro, D. Zhang, H. Banani, A. Garibaldi and M.L.
Gullino

AGROINNOVA, University of Torino, Via L. da Vinci 44,
10095 Grugliasco (TO), Italy

Email: davide.spadaro@unito.it

Iron competition and production of cell wall degrading
enzymes by the antagonists Metschnikowia pulcherrima
MACH1 and Aureobasidium pullulans PL5 against Bo-
trytis cinerea, Monilinia laxa and Penicillium expansum
were studied. In presence of low concentration of Fe®",
MACH1 showed higher biocontrol activity against
postharvest pathogens on apple. In absence of Fe**,
MACHL1 exhibited the highest antimicrobial activity, but
sufficient Fe®* enabled the disappearance of the activity,
suggesting that competition for iron play a key role in
the biocontrol activity of MACH1 against the pathogens.
In Lilly-Barnett minimal salt medium with the fungal

cell walls of the pathogens as sole carbon source, PL5
produced exo-chitinase, endo-chitinase, and -1,3-glu-
canase. The extracted crude enzymes produced by the
antagonists showed a high activity in inhibiting the
growth of the pathogens in vitro. An alkaline protease
gene was amplified from genomic DNA and cDNA of A.
pullulans PL5. Expression of ALP5 in Escherichia coli
and in Pichia pastoris, followed by analysis of enzy-
matic activity, yielded a homogeneous recombinant
ALP5 which hydrolysed the substrate casein, inhibited
the mycelial growth of the pathogens and the develop-
ment of postharvest rots on apples. Our results show that
competition for iron is the main mode of action of
MACHL1 and that production of chitinase, glucanase and
protease are involved in the biocontrol activities of PL5.

P03.020 Mechanism of biological control by rhizo-
bacteria against citrus melanose on Unshu mandarin
Y.C. Jeun, Y.J. Go, M.H. Oh and K.N. Kim

Faculty of Bioscience and Industry, College of Applied
Life Sciences, the Research Institute for Subtropical
Agriculture and Biotechnology, Jeju National University,
Ara-dong, Jeju-si, Jeju 690-756, Republic of Korea
Email: ycjeun@jejunu ac.kr

Melanose in citrus plants caused by Diaporthe citri is
one of the most important diseases in citrus cultivation.
Recently, the interest of environment friendly plant pro-
tection is continuously increased. In this study, the pos-
sibility of disease control using rhizobacteria against
citrus melanose was investigated. Over 100 rhizobacteria
were isolated from the rhizosphere of annual plants in
Halla Mountain. Some of them such as TRH 415-2,
THJ609-3, MRL 408-3 and TRH423-3 showed suppres-
sion of disease severity in the leaves of Unshu mandarin
after inoculation with the melanose pathogen not only in
the green house test but also in the field test. By analysis
of internal transcript spaces (ITS) in rDNA sequencing,
MRL 408-3 and TRH423-3 were identified as
Burkholderia gladioli, TRH 415-2 was identified as
Pseudomons fluorescens and THJ609-3 was identified
as P. pudia. The microscopical observation using a flu-
orescence microscope showed that number of conidia
was decreased on the leaves of Unshu mandarin pre-
treated with rhizobacteria. Furthermore, scanning electron
microscopical observations revealed some hyphae of
melanose pathogen were attached by the rhizobacteria
on the leaves of Unshu mandarin. These results suggest
that the growth of hyphae was suppressed directly by the
rhizobaterial cells.

P03.021 Isolation and characterization of antifugal
metabolite from Paenibacillus kribbensis T-9 isolated
from soil

S.J. Xu and B.S. Kim

Department of Plant Science, Gangneung-Wonju National
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University, 7 Jukhen-gil, Gangneung, Gangwon-do,
210702, Republic of Korea
Email: bskim@gwnu.ac.kr

This study was conducted to select potential soil micro-
organisms that can be applied to environment friendly
control against phytopathogenic fungi. Bacterial strain
T-9 was isolated from soil of Samcheok  city in Korea
and identified as Paenibacillus kribbensis on the basis
of morphological and biological characteristics and 16S
rRNA gene sequence analysis. This bacterium exhibited
broad-spectrum antagonistic activity against phytopath-
ogenic fungi in vitro. The strain produced cellulase, pec-
tinases, protease, HCN, phosphatase and siderophore.
Also this strain had disease control effects against a
variety of plant diseases in vivo. A bioactive metabolite
was isolated from P. kribbensis T-9 and also showed
potent antagonistic activity towards a range of phyto-
pathogenic fungi. The above-described results indicate
that P. kribbensis T-9 has the potential ability to be used
as an antagonist against various phytopatho- genic fun-

gi.

P03.022 The effect of Pseudomonad fluorescens and
AM fungi indigenous isolated from healthy banana
rizospheres at endemic Fusarium wilt areas as the
potensial biocontrol agents to Fusarium wilt

S. Eri, H. Trimurti, F.H. Eti, D. Abdi and N. Nazril
Agroekotek, Agriculture Faculty, Andalas University,
Indonesia, Padang

Email: erisulyanti@yahoo.com

In this study, to combinate of some biocontrol agents
with different mechanisms is alternative to improve the
effectiveness of the biological control agents. Single and
combined applications of Pseudomonad fluorescens and
Arbuscular Mychorrhizae Fungi (AM Fungi) indigenous
isolates were tested to induce resistance in susceptible
Cavendish banana against F. oxysporum f. sp. cubense
race 4 under greenhouse conditions. These isolates
originally isolated from healthy banana rhizosphere at
endemic Fusarium wilt areas in the centre of production
banana in West Sumatra. These researches were con-
ducted with Block Randomized Design with 16 treat-
ments and 10 replications. The treatments were Three
isolates of Pseudomonad fluorescens indigenous
(Par1-Cv, Par4-Rj,, Par2-Jt;) and 3 isolates of AM Fungi
(Gl,BuA,, Gl,BuAg, and Gl;KeP3). The biocontrol
agents were applied as single agents and combination
two of them. This study demonstrated that the combined
application of biocontrol organisms Pseudomonas fluo-
rescens and AM Fungi can provide an effective control
option for banana growers dealing with Fusarium wilt
where the combination of Parl-Cv + GIl;BuA, isolates
are the most effective to control Fusarium wilt followed
by the combination of Parl-Cv + Gl,BuAs and Par2-Jt;
+ Gl;KeP; isolates, reduced Fusarium wilt incidence by

87.4 and 75.0%, respectively.

P03.023 The potential of endophytic fungus Colleto-
trichum sp. CKLOO5 from Cinnamomum kanehirai on
controlling anthracnose of Brassica rapa

S.Y. Wu', W.C. Chung®and W.H Chung*

'Department of Plant Pathology, National Chung Hsing
University, No. 250, Kuo Kuang Rd., Taichung, 402
Taiwan, China; *Taiwan Seed Improvement and Prop-
agation Station, No.46, Xingzhong St., Xinshe Dist.,
Taichung, 426, Taiwan, China

Email: wenchung@nchu.edu.tw

An endophytic fungus, Colletotrichum sp. CKLOO05 iso-
late, from Cinnamomum kanehirai could inhibit growth
of several phytopathogens, including Alternaria bras-
sicicola, Botrytis cinerea, C. gloeosporioides, C. hig-
ginsianum, Fusarium oxysporum f. sp. lilii, F. ox-
ysporum f. sp. lycopersici, F. oxysporum f. sp. tra-
cheiphilum, Rhizoctornia solani and Phytophthora cap-
sici. Furthermore, the mycelial extract showed higher
activity than culture filtrate on growth inhibition of
phytopthogens. For examining the efficacy on control-
ling anthracnose of Brassica rapa, the mycelial mass
was grinded and extracted by ethyl acetate. Results
showed that the disease severity of anthracnose on B.
rapa could be reduced by 41.7 or 33.4% after the appli-
cation of 10 or 100 mg/L respectively of mycelial ex-
tract. On the contrary, spraying of 10 or 100 mg/L be-
fore C. higginsianum PAO1 inoculation also decreased
the disease severity by 27.8% as compared with no
treatment. For the identification of the efficacious com-
pounds, the mycelial extract was analyzed by HPLC and
GC-MS. Results indicated that the mycelial extract of
CKL005 contained [included] p-carotene, glycerol
1-palmitate, prednisolone acetate, ergosterol, gammabu-
fotalin, hydrocortilsoreacetate, digitoxin and gibberellic
acid. In addition, the CKLOOS5 is the volatile-producing
fungus and can inhibit the mycelial growth of C. hig-
ginsianum. The GC-MS analysis indicated that several
compounds might be associated with the growth inhibi-
tion to C. higginsianum PAO1, including [2,5- Cy-
clo-hexadiene-1,4-dione,2,6-bis  (1,1-dimethylethy)-],
[2,6-Bis(1,1-dimethylethyl)-4-methyl-phenol(BHT)] and
[(3H)-one, 3,6,7-thimethoxy-isobenzofuran-1]. Based on
the molecular phylogenetic analysis, the Colletotrichum
sp. CKLOO5 isolate might be a new species which has
the potential to act as a bioagent on disease control.

P03.024 Role of cell wall degrading enzymes and
antimicrobial substances in biological control of
plant pathogens of sorghum and chickpea

S. Gopalakrishnan, V. Srinivas, B. Prakash, A. Shravya,
T. Naresh, G. Anusree, R. Vijayabharathi, R.K.
Bhimineni and R. Sharma

International Crops Research Institute for the Semi-Arid
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Tropics (ICRISAT), Patancheru 502 324, Andhra
Pradesh, India
Email: s.gopalakrishnan@cgiar.org

Biological control of plant pathogens occurs in several
ways, the most common mechanisms being parasitism
and predation, competition for nutrients (carbon,
nitrogen, oxygen, iron and other nutrients) or space,
production of antimicrobial substances and induced
resistance. A total of eight (CAI-21, CAI-26, MMA-32,
CAI-17, CAI-68, CAI-78, KAI-26 and KAI-27) and five
(CAI-24, CAI-121, CAI-127, KAI-32 and KAI-90)
strains of Streptomyces were earlier reported by us as
having potential for the biocontrol of charcoal rot of
sorghum, caused by Macrophomina phaseolina (Tassi)
Goid., and wilt of chickpea, caused by Fusarium
oxysporum f. sp. ciceri (FOC), respectively and plant
growth promotion (PGP) of the plant. In the present
investigation, all thirteen strains of Streptomyces were
further evaluated for their production of cell wall
degrading enzymes such as B-glucanase, chitinase,
cellulase, lipase, protease, siderophore, hydrocyanic acid
and indole acetic acid. Further, all the strains were
evaluated for their production of secondary metabolite(s)
and volatiles. This study confirms that the selected
Streptomyces strains have broad-spectrum biocontrol and
PGP properties.

P03.025 Biological control of stem blight disease in
Asparagus

N. Khositchareonkul, A. Somrith, T. Passabuth and T.
Tassakorn

Plant Protection Research and Development Office,
Department of Agriculture, Chatuchak, Bangkok, 10900,
Thailand

Email: tadsakorn@yahoo.com

Isolation and efficacy testing of Bacillus subtilis and
Trichoderma harzianum in controlling the stem blight
fungal pathogen Phomopsis asparagi in asparagus were
performed. Ten out of thirty isolates of effective antag-
onistic bacteria that exhibited mycelia growth inhibition
of P. asparagi (AS2, AS5, AS8, AS9, AS15, AS1S,
AS21, AS23 and AS24) on PDA agar were preliminary
screened and observed. Spraying method was used to
select four Bacillus subtilis (AS2, AS5, AS8 and AS9)
under greenhouse condition and the results indicated
that at 7 days post inoculation, the lesion sizes were
reduced to 1.06, 1.58, 1.72 and 1.65 centimeter, respec-
tively. Further study of a hundred of Trichoderma har-
zianum isolated from mushroom materials and mush-
room composts in inhibiting the fungal mycelia growth
revealed that eighteen species among them exhibiting 90
to 100 percent mycelia growth inhibition. Then, five of
Trichoderma harzianum, TS15, TS29, TS31, TS33 and
TS38 were further selected to test the efficacy control-
ling of stem blight disease under greenhouse condition

by applying Trichoderma harzianum on the soil surface
before inoculation. The results showed that at 10 days
post inoculation, TS29 and TS31 had percent disease
incidence at 10.07 and 15.72 percent respectively and
revealed significant statistically difference with control
treatment at 42.54 percent.

P03.026 Production and biological evaluation of bi-

opolymers from isolated Rhodotorula glutinins
against Botrytis blight disease
W.M. Haggag

Department of Plant Pathology, National Research
Centre, Egypt
Email: wafaa_haggag@yahoo.com

Yeasts have been receiving great attention in science
and industry for over one hundred years because they
can produce many kinds of bioactive substances. In re-
cent years, it has been found that Rhodotorula glutinis
yeast have wide applications as biocontrol and other
fields. One of the main characteristics shared among
Rhodotorula strains is the ability to produce biopolymers
as antifungal compounds active against fungi. Rhodoto-
rula glutinins is isolated from garden soil and identified
according to morphological and biochemical keys. It has
the ability to produce biopolymers as an exopolysaccha-
ride (EPS), siderophore, rhodotorulic acid carotenoids
and glucane and showed inhibitory effect against Botrytis
cinerea causing grey mould disease. In order to stand-
ardize the mass and metabolite production some cultural
conditions like different incubation time in hours, pH,
carbon sources and concentrations and nitrogen source
were determined. During fermentation, growth, pH and
exopolysaccharide, siderophore, rhodotorulic acid ca-
rotenoids and glucane production were monitored. Under
artificial and natural condition, Rhodotorula formulation
was effective in reducing B. cinerea disease in straw-
berry, grape and bean fruits. Pre-harvest treatment pro-
tected fruits from Botrytis post-harvest disease in com-
paring of fungicide. In addition, the obtained results
showed that Rhodotorula treatment significantly in-
creased the growth parameters as well as dry weights
and yield. Rhodotorula glutinis have proved safe and
non-toxic in experimental rat animal.

P03.027 A high-throughput metabolomics approach
for the study of the mycoparasitic interaction be-
tween Stachybotrys elegans and Rhizoctonia solani

R. Chamoun, S. Jabaji and K.A. Aliferis

McGill University, Department of Plant Science, 21111
Lakeshore Rd., Sainte-Anne-de-Bellevue, QC H9X 3V9,
Canada

Email: suha.jabaji@mcgill.ca

The study presents the first proof-of-principle of metab-
olite profiles of the fungal mycoparasite Stachybotrys
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elegans and the soilborne plant pathogen Rhizoctonia
solani as the two fungi interact. Both fungi were grown
on solid media for 72 hours alone or together in dual
confrontation in order to study how this interaction
changes their metabolomics profiles. Profiles of direct-
infusion Orbitrap mass spectrometry (DIMS) were in-
formation rich with a total of 47 identified metabolites.
The analysis discriminated between the metabolic pro-
files of interacting fungal partners from those detected in
monocultures of S. elegans and R. solani. In confronta-
tion, where S. elegans hyphae parasitized those of R.
solani, secondary metabolites belonging to several
pathways including, alkaloid biosysnthesis, selenocom-
pound metabolism, fluorobenzoate degrada- tion (patho-
gen-derived) and furaneol biosysnthesis (myoparasite-
derived) were highlighted in the interaction zone com-
pared to monocultures of both fungi. The metabolite,
1-methylxanthine (an inducer of chitinases) known to be
implicated in microbial metabolism in diverse environ-
ments was highlighted in S. elegans indicating higher
metabolic activity during mycoparasitic interaction. On
the other hand, R. solani bioactive secondary com-
pounds, 6-pentyl-2-pyrone, melatonin and rhizoctonic
acid were not detected during mycoparasitism and could
be connected to the potential suppressive role of the
mycoparasite. These results present a global view on the
different metabolic pathways involved in mycoparasitic
process and can be considered the basis for implement-
ing an efficient biological control strategy against the
plant pathogen R. solani.

P03.028 Biological control strategies to reduce
Fusarium head blight in Argentina

JM. Palazzini®, J. K%, P. Kastelein?, L. Groenenboom-de
Haas’, A. Torres' and S. Chulze

'National University of RD Cuarto, Rutas 8 Km 601
(5800) Rio Cuarto-Cérdoba, Argentina; 2WUR, Plant
Research International, Droevendaalsesteeg 1, 6708 PB
Wageningen, The Netherlands

Email: jurgen.kohl@wur.nl

Fusarium spp. cause Fusarium head blight (FHB) in
small grain crops. The devastating disease reduces yield
and grain quality and can produce mycotoxins such as
deoxynivalenol (DON). Two biological control strategies
were evaluated to control FHB under field conditions in
Argentina. Clonostachys rosea strains 016 and 1457
were applied on wheat stubble after harvest to reduce
survival of pathogen inoculum. Bacterial formulations
(Bacillus subtilis RC218 and Brevibacillus sp. RC263)
were applied on wheat crops during the anthesis to pre-

vent ear infection. F. graminearum, F. avenaceum and F.

verticillioides, quantified by species-specific gPCR,
occurred naturally in wheat stubble after harvest. Patho-
gen concentrations, especially of F. graminearum, de-
creased during the following 6 months. Applications of
C. rosea further reduced pathogen colonization by up to

98.0%. However, effects were not consistent in the three
trials carried out at two locations in two years. The
application of the two bacterial formulations during an-
thesis on ears artificially inoculated with F. gramine-
arum significantly reduced disease incidence and severity
in two trails below 20% in comparison to control treat-
ments (Fg alone, 22 and 35%, respectively). DON con-
centrations were >1000 pg/kg in grain harvested from
control plots, but below the detection level after biocon-
trol treatments in both trials.

P03.029 Leaf microbiota as affected by biological
control agents

J. Sylla, B.W. Alsanius, E. Kriger, A. Reineke and W.
Wohanka

Geisenheim University, Institute of Phytomedicine,
Von-Lade-Str.1, 65366 Geisenheim, Germany

Email: Justine.Sylla@hs-gm.de

There is an increasing demand for the use of biological
control agents (BCAs) against Botrytis cinerea in
strawberries. However, there is little knowledge of po-
tential effects of foliar applications of BCAs on the in-
digenous microbiota in the phyllosphere of strawberries.
Therefore, the aim of the present study was to investi-
gate this particular issue in a field study performed at
Geisenheim University. Strawberry plants were sprayed
with three BCAs, namely Bacillus amyloliquefaciens
FZB42, Trichoderma harzianum T22 and Beauveria
bassiana ATCC 74040 to suppress B. cinerea infections.
Fungal and bacterial communities of treated leaves were
analyzed by means of plate counts and pyrosequencing
and compared with those of untreated leave samples.
According to plate counts the applied Bacillus and
Trichoderma species survived in the strawberry phyllo-
sphere and no significant effects on the phyllosphere
microorganisms could be detected by this technique.
However, pyrosequencing of ITS rRNA and 16S rRNA
sequences revealed that the fungal composition changed
at class level after introducing Trichoderma harzianum
T22 to the phyllosphere, whereas the bacterial composi-
tion was neither affected by T.harzianum nor by
B. amyloliquefaciens and B. bassiana. The results from
the present study indicate at least temporary effects of
Trichoderma applications on the indigenous leaf micro-
biota.

P03.030 Trichoderma gamsii 6085: a new beneficial
isolate for the control of FHB of wheat

S. Sarrocco and G. Vannacci

Department of Agriculture, Food and Environment,
University of Pisa, Via del Borghetto, 80 - 56124 - Pisa,
Italy

Email: sarrocco@agr.unipi.it

Management of Fusarium Head Blight (FHB) through
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the use of beneficial fungi represents an environmentally
friendly disease control approach alternative to the clas-
sical defence strategies. FHB impairs grain yield and
quality but the most serious consequence is the contam-
ination of grain and cereal products with Fusarium my-
cotoxins such as deoxynivalenol (DON) and its acetyl-
derivates. In the present work results concerning mech-
anisms involved in direct interaction between Tricho-
derma gamsii 6085 and F. graminearum and F. cul-
morum mycotoxigenic isolates are reported, coupled
with promising evidences of the ability of this antago-
nist to control FHB under field conditions. T. gamsii
6085 was able to grow in presence of DON (50 ppm),
without degrading or detoxifying the mycotoxins and
showed mycoparasitic behaviour against F. gramine-
arum and F. culmorum mycotoxigenic isolates, with the
involvement of chitinase genes. The beneficial isolate
showed a strong competitive ability for natural sub-
strates against the two pathogens, whose DON produc-
tion resulted significantly reduced. All these results
made this T. gamsii isolate deserving to be tested under
field conditions. During two following wheat cropping
seasons (2010/2011 and 2011/2012) T. gamsii 6085 was
used as inoculant of soil before sowing and of spikes at
anthesis and reduced naturally occurring FHB in terms
of disease severity and disease incidence. The antagonist
was able to endophytically colonize spike and spikelet
portions with a preference for the basal parts. A third
field experiment is in progress (2012/2013) with differ-
ent spike application procedures.

P03.031 Beneficial effects of Trichoderma harzianum
6776 on tomato

S. Sarrocco’, L. Moncini?, G. Pachetti®, A. Pascale® and
G. Vannacci'

'Department of Agriculture, Food and Environment,
University of Pisa, 56124 - Pisa, Italy; “Centro Ricerche
Strumenti Biotecnici nel Settore Agricolo-forestale
(CRISBA), c/o ISIS "Leopoldo Il di Lorena™ Cittadella
dello Studente, 58100 — Grosseto, Ital; *Department of
Agriculture, University of Naples, 80055 — Naples, Italy
Email: sarrocco@agr.unipi.it

Several registered Trichoderma-based products are
available on the market as biopesticides. In addition to
biocontrol activity these fungi can stimulate plant
growth, an interesting feature that can be commercially
exploited to improve plants production. In the present
work, the effects of Trichoderma harzianum 6776 on
tomato are reported, in order to present a new potential
beneficial isolate to be employed as active ingredients in
new biofertilizers and/or biopesticides. The ability to
significantly stimulate tomato plant development was
confirmed by several experiments performed under
greenhouse conditions according to the standard proce-
dure for production of plantlets to be transplanted. Dif-
ferent tomato cultivars and tomato rootstocks were

evaluated. T. harzianum 6776 was obtained by fermen-
tation of organic matter derived from food industry and
was added as fresh biomass to the peat based tomato
growth substrate at the final concentration of 10%. The
biostimulating activity resulted in higher stem height
and diameter, and increased fresh and dry weight com-
pared with controls on all the tested cultivars. To explain
the biostimulating activity of our Trichoderma, im-
provement of nutrient uptake by the plant and secondary
metabolites profile of our isolate are under evaluation.
Preliminary biocontrol experiments showed that T. har-
zianum 6776 was able to reduce plant mortality due to
Fusarium oxysporum f. sp. radicis-lycopersici and Rhi-
zoctonia solani and gave promising results against
Fusarium oxysporum f. sp. lycopersici.

P03.032 Phenotypic characterization of Trichoderma
isolates from different Chilean ecosystems

R.A. France, P. Millas, V. Cisternas and D. Grinbergs
Plant Protection, Instituto de Investigaciones Agropec-
uarias, Chill&n, Chile; INIA Quilamapu, Av. Vicente
Méndez 515, Chill&n, Chile

Email: afrance@inia.cl

Trichoderma is a well-known fungus and thoroughly
studied due to its properties as biological control agent.
On the other hand, Chile is a very long country with
vastly differing ecosystems, allowing significant adapta-
tions of the inhabitant species. Thus, the Centre for Bio-
logical Control of the Agricultural National Research
Institute (INIA) of Chile has been collecting in the last
years Trichoderma samples along the country, covering
from 18<to 54<South parallels. The main objective of
this research was to characterize phenotypicaly 70 iso-
lates of Trichoderma, out of the 180 total collections
present at INIA. The isolates were cultured on SNA and
PDA media at 30, 35 and 40<C and the growth rate was
measured over time. Besides, the smell of the colony
was characterized as well. Morphology was determined
by presence, characteris- tics, and measures of conidio-
phores, phialides and conidia. These phenotypic traits
allow to identify the presence of T. asperellum (33%), T.
harzianum (27%), T. longibrachiatum (13%), Tricho-
derma virens (9%), T. atroviride (6%), T. viridecens
(4%), T. viride (3%), T. aureoviridae (3%), T. koniingii
(1%), and T. hamatum (1%), according with the system-
atic Trichoderma online (Samuels et al., 2013). All spe-
cies were distributed along the country except T. aureo-
viride, that was only found from parallel 18 to 20<South.
This germplasm is currently used for biological evalua-
tions against plant pathogens.

P03.033 Purification and characterization of novel
antifungal compound, pyrrolnitrin, from the
Burkholderoa pyrrocinia strain CAB08106-4

K.S. Han', B.R. Kim', S.S. Hahm!, C.K. Chung? Y.G.
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Nam' B.S. Yun® and J.E. Choi*

'Chungcheongnam-do Agricultural Research and Ex-
tension Services, Yesan 340-861, Republic of Korea;
*Production Department, Hankook Samgong Co. Ltd.,
Suwon 443-803, Republic of Korea; College of Envi-
ronmental & Bioresource Science, Chonbuk National
University, lksan 570-752, Republic of Korea; “College
of Agriculture and Life Sciences, Chungnam National
University, Daejeon 305-764, Republic of Korea

Email: hksO81@korea.kr

We were prepared organic solvent fraction for the iden-
tification of the antifungal substance producing
Burkholderoa pyrrocinia strain CAB08106-4 against
white rot disease of garlic by adding ethyl acetate and
chloroform to the culture medium. With silica gel column
chromatography in chloroform layers showing the anti-
microbial activity, the antimicrobial activity was detected
in chloroform-methanol fraction. This antifungal sub-
stance was found to be aromatic compound composed of
six proton and ten carbon by *H and **C NMR spectrum.
From the 'H-'H COSY spectrum, HMBC spectrum and
HMQC spectrum, this aromatic compound consists of a
1, 2, 3-trisubsti- tuted benzene and pyrrole. As a result
of a database and literature search on the basis of results,
the compound was found to be in good agreement with
pyrrolnitrin which separates as a substance antimicrobial
activity from a microorganism of the genus Burkholderia,
have been reported. In NMR spectroscopy, pyrrolnitrin
confirmed the 265 molecular weight, the molecular
formula CyoHeCI,N,0O,. Among the different culture
media and incubation times, the best condition of pyr-
rolnitrin production was confirmed when cultured for 48
hours in medium potato sucrose broth. These results
were carried out for the purpose of manufacturing a high
quality biopesticide formulation process by utilizing B.
pyrrocinia strain CAB08106-4.

P03.035 Identification of phospho-rhizobacterium
from the cassava rhizospere in Thailand

J. Nikaji*, M. Sompong®, T. Phiwthong®, C.seangchan®, K.

Vechklang?, S. Prathuangwong®, D. Athinuwat® and N.
Buensanteai'

'School of Crop Production Technology, Institute of
Agriculture Technology, Suranaree University of Tech-
nology, NakhonRatchasima, 30000 Thailand; “Depart-
ment Applied Biology, Faculty of Sciences and Liberal
Arts, Rajamangala University of Technology Isan, Na-
khonRatchasima, 30000 Thailand; ®Department of Plant
Pathology, Faculty of Agriculture, Kasetsart University,
Bangkok 10900 Thailand; *Major of Organic Farming
Management, Faculty of Science and Technology,
Thammasat University, Pathumthani, 12121 Thailand
Email: Saranghayo_jn@hotmail.com

A phospho-rhizobaterium was screened and isolated
from cassava field in northeast of Thailand. The samples

were identified as Bacillus subtilis based on morphology,
physiology, biochemical and genetic characterization.
The strain was gram positive, aerobic, oxidase positive,
rod shape, endospore forming bacteria and produced
extracellular protein as phytase that play the mineral
phosphate solubilization role. Bacillus subtilis strain
CaSUTO007 selected as representative strain, its growth
was optimal at pH 5.5 and temperature at 55 C. The
sequencing analysis of 16S rDNA was closely related to
the Bacillus species. The identification of CaSUTO007 that
produced phytase was also determined by PCR analysis
of phyC gene and phytase activity. The results confirmed
that CaSUTO07 is a phospho-rhizobacterium, which
carried phyC gene encoding phytase enzyme.

P03.036 Identification and bioassay of disease sup-
pressive soils in Western Australia

S. Miyan, D. Huberli, M. Connor and W. MacLeod
Department of Agriculture and Food, Western Australia,
3 Baron-Hay Court, South Perth, WA, 6151, Australia
Email: daniel.huberli@agric.wa.gov.au

Previous surveys of cereal root disease incidence and
severity in Western Australia conducted in the early
1980’s and 2006-2008 showed that there has not been a
reduction in the incidence or severity of root diseases
during the past 25 years. This study was carried out to
identify sites which are suppressive for one or more
wheat root diseases. Cereal roots were collected from
this region and assessed for Rhizoctonia solanai (AG8),
Fusarium pseudograminearum (fusarium crown rot),
Gaumanomyces graminis var. tritici (take-all) and
Pratylenchus neglectus (root lesion nematodes; RLN) at
anthesis in 2010, 2011 and 2012. We identified 16 pad-
docks for Rhizoctonia, nine for take-all, 22 for crown rot
and six for RLN as potentially suppressive in these years.
Soil from each potentially suppressive site was amended
with different rates of carbohydrate and inoculated with
the pathogen being bio assayed (Rhizoctonia or take-all)
along with a positive control from Esperance, WA and
placed in a growth cabinet for two weeks at 10 C with a
12 h light/dark regime. Pots were sown with wheat
seeds and harvested after four weeks of growth and
roots were assessed for disease incidence and severity.
Only the positive control was recorded to be highly
suppressive with disease incidence being significantly
reduced when 0.5 g of carbohydrate was added in 2010
soils. An additional two paddocks were identified as
highly suppressive in the 2012 bioassay. No sites have
been identified through bioassays as being suppressive
for take-all in 2012.

P03.037 Traceability and persistence of the posthar-
vest biological control agent Pantoea agglomerans
CPA-2 applied on apples

L. Soto-Mufbz, N. Teixid§ J. Usall, 1. Vifas, N. Lamarca
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25198 Lleida, Spain

Email: neus.teixido@irta.cat

Pantoea agglomerans CPA-2 is an effective biocontrol
agent for postharvest diseases of citrus and pome fruit.
However, for its implementation as a commercial strategy
it is necessary comply with regulatory requirements. For
that, the development of an effective monitoring system
to detect and quantify the agent in the environment is
needed. The main objective of this work was to evaluate
the traceability and quantification of a formulated product
based on P. agglomerans CPA-2, applied on apple under
semi-commercial conditions. Traceability of CPA-2 was
evaluated sampling surfaces that had contact with
CPA-2 and confirmed for conventional PCR using
strain-specific molecular markers. The population dy-
namics on apple surfaces of strain CPA-2 in semi-
commercial trials was determined using both, the classi-
cal plating technique and quantitative PCR (qPCR). For
gPCR development, two sets of primer pairs for use in
gPCR and two TagMan MGB probes were designed
from one differential nucleotide sequence of CPA-2.
The principal results showed that environmental distri-
bution and persistence of P. agglomerans CPA-2 has a
low impact since it did not grow and disperse in the en-
vironment. Maximum persistence of CPA-2 was three
days in the plastic boxes stored at 0. Concerning popu-
lation dynamics levels of CPA-2, significant differences
were observed between population obtained by gPCR
and dilution plating. These differences may indicate the
presence of non-degraded DNA from nonviable cells. In
conclusion, qPCR represents a novel potential tool to
quicky and specifically monitor strain CPA-2 on apple
surface in large-scale experiments just after its applica-
tion.

P03.038 Hypovirulent isolates of Rhizoctonia spp.
from orchid mycorrhizae and their potential for con-
trol Rhizoctonia damping-off in Chinese mustard

J.H. Jiang, S.L. Tam and L.C. Chen

Department of Plant Pathology, National Chung Hsing
University, 250 Kuokuang Road, Taichung, Taiwan, China
Email:lcchen@dragon.nchu.edu.tw

Damping-off of vegetable seedlings caused by Rhi-
zoctonia solani will be seriously occurred in plug plants,
if the surviving inoculum can get into contact with the
emerging plants. Using hypovirulent Rhizoctonia iso-
lates to protect host against the damping-off disease is a
healthy and eco-friendly strategy. It has been reported
that some Rhizoctonia spp. form mycorrhizae with
orchids and promote plant growth and development.
Orchid mycorrhizal fungi were isolated according to
existence of fungal pelotons within cortical cells of the
root or rhizome in wild orchids. 3 multinucleate Rhi-

zoctonia (MNR) isolates (AG 6 GV), 8 binucleate Rhi-
zoctonia (BNR) isolates (AG-A, AB-B (0), AG-G,
AG-P, AG-R) and 2 BNR isolates (anamorphic Tu-
lasnella spp.) were further selected by analysis of anas-
tomosis groups (AGs) and ITS sequences. The results of
virulence determination showed that 12 isolates did not
cause the death of seedlings with disease severity index
ranging from 0.9-1.6 on radish and 0.2-1.4 on cucumber,
except for one AG-R isolate produced moderate disease
symptoms similar to those caused by R. solani AG 4
which caused collapsed hypocotyl with wilted leaves.
These 12 isolates hereafter are referred to as hypoviru-
lent BNR and MNR. After inoculating hypovirulent
Rhizoctonia isolates against soil-challenge inoculation
with R. solani AG 4, there was a significant reduction in
damping-off of seedlings in Chinese mustard compared
with those that were challenge inoculated alone. The
most effective plant protection occurred with two
HBNR isolates from the terrestrial orchid Cheirostylis
hungyehensis (isolate Cno10-3) and Calanthe sylvatica
(isolate CalS1-2). This two isolates were AG-P that had
lowest disease severity (6.9%-16.7%) and highest plant
protection (91.1% -100.0%) in Chinese mustard grown
in soil. The present study makes a contribution to orchid
mycorrhizal relationships about virulence determination
and plant protection of multi- and binucleate Rhi-
zoctonia from orchids on other plants based on AGs,
and demonstrated that AG-P isolates were effective in
controlling damping-off of seedlings in Chinese mustard.

P03.039 Quorum sensing affects Pseudomonas sp.
DF41 biocontrol through the regulator RfiA

M. Nandi’, P.C. Loewen!, W.G. Dilantha Fernando?
and T.R. de Kievit*

'Department of Microbiology University of Manitoba,
Winnipeg, MB R3T 2N2. Canada; “Department of Plant
Science, University of Manitoba, Winnipeg, MB R3T
2N2, Canada

Email: Dilantha.fernando@ad.umanitoba.ca

Pseudomonas species DF41 is a biocontrol agent that is
able to protect canola from the devastating effects of
stem rot caused by the fungal pathogen Sclerotinia
sclerotiorum. We have discovered that a lipopeptide (LP)
called sclerosin is essential for Pseudomonas sp. DF41
fungal inhibition both in vitro and in planta. Production
of sclerosin is under control of a complex regulatory
cascade that includes a cell-to-cell communication sys-
tem known as quorum sensing (QS). Quorum sensing
enables bacteria to control gene expression in a popula-
tion density-dependent fashion through production of
self-generated signalling molecules. The DF41 QS locus
is comprised of two genes, pdfR and pdfl, encoding a
transcriptional activator and an autoinducer synthase,
respectively. A third downstream gene, called rfiA, is
co-transcribed with pdfl. In related pseudomonads, RfiA
is an activator of an efflux pump and in DF41 genes



Concurrent Session 3-Biological Control of Plant Diseases

47

encoding an efflux pump lie downstream of rfiA. Char-
acterization of a QS-deficient strain no longer synthe-
sizing autoinducer molecules revealed no change in an-
tifungal activity, sclerosin production or protease activ-
ity. Conversely an rfiA mutant showed a lack of scle-
rosin production and not surprisingly, was devoid of
antifungal activity. Since RfiA is a putative activator of
an efflux pump, we hypothesize that this pump is in-
volved in sclerosin export. Interesting, the rfiA mutant
produced increased levels of alginate and more robust
biofilms on an abiotic surface, compared to the DF41
wild type. Collectively, our results indicate that in DF41,
QS control of antifungal activity is mediated indirectly
through RfiA.

P03.040 The role of PtrA in Pseudomonas chlorora-
phis strain PA23 biocontrol

N. Klaponski', K. Duke', W.G. Dilantha Fernando? and
T.R. de Kievit'

'Department of Microbiology University of Manitoba,
Winnipeg, MB R3T 2N2; 2Department of Plant Science,
University of Manitoba, Winnipeg, MB R3T 2N2

Email: Dilantha.fernando@ad.umanitoba.ca

Pseudomonas chlororaphis strain PA23 inhibits several
root pathogens in both the greenhouse and field.
We’ve discovered that a LysR-type transcriptional reg-
ulator called PtrA (Pseudomonas transcriptional regula-
tor A) is essential for Sclerotinia sclerotiorum antifungal
activity. P. chlororaphis PA23 produces the antibiotics
phenazine 1-carboxylic acid, 2-hydroxyphenazine and
pyrrolnitrin, and several additional products that con-
tribute to biocontrol, all of which are markedly reduced
in a ptrA mutant. In greenhouse studies with S. scleroti-
orum-challenged canola, the incidence of stem rot and
leaf infection was significantly increased in plants inoc-
ulated with the ptrA-mutant compared to PA23. Thus
this LysR-type transcriptional regulator plays an im-
portant role in the ability of PA23 to protect canola from
the pathogenic effects of S. sclerotiorum. Most LTTRs
regulate genes that are upstream of and divergently
transcribed from the LTTR locus. A short chain dehy-
drogenase (scd) gene lies immediately upstream of ptrA
in the opposite orientation. We are currently investigat-
ing whether scd is under PtrA control. In our efforts to
understand how ptrA itself is regulated, the activity of a
ptrA-lacZ fusion was measured in a gacS™ background.
We discovered that expression was markedly reduced
compared to the PA23 wild type. Moreover, addition of
gacsS in trans restored the ptrA mutant phenotype to that
of the wild type; thus this transcriptional activator is
tightly linked to the Gac regulatory system. Collectively
these findings indicate that PtrA is an essential regulator
of PA23 biocontrol and is connected to other regulators
involved in fungal antagonism.

P03.041 Management Rigidoporus lignosus on Hevea
brasiliensis with Trichoderma spp. in Indonesia
Mulawarman

Plant Pest and Diseases Department, Agriculture Fac-
ulty, University of Sriwijaya, JI. Raya Palembang- unsri
KM 32 Inderalaya, Ogan llir, Sumatera Selatan, Indo-
nesia

Email: Mulaunsri@gmail.com

Management white root fungus diseases (Rigidoporus
lignosus) on rubber tree (Hevea brasiliensis Muell Arg)
with local bio control agents (Trichoderma spp.) in
South Sumatra Indonesia. Diseases loss due to the fungus
diseases caused root and stem decay and death of rubber
trees. The dry rubber production decreased an average
of 2.7kg/tree or 54 kg/tree/20 years and the fungus has
infested on rubber area around 80,000 ha and financial
fund losses due to plant mortality estimated to US$ 200
million per year with disease severity over 5%. Disease
control measures taken by using fungicide especially
active ingredient Triadimefon reported cause diseases
resistance, pollutes to environment and expensive to
farmer. The result showed that the Trichoderma spp.
could reduce diseases around 24.4% to 33% on the
green house and on the field of rubber plantation, they
could cure the infected tree from diseases and to stimu-
late the young leaf on stem. The Trichoderma spp. in-
hibited the hypa of fungal colonization on rubber stem
and in the root rezhosphere.

P03.042 Control of sheath blight caused by Rhi-
zoctonia solani on rice leaf by volatile substances
from Streptomyces philanthi RM-1-138

S. Boukaew and P. Prasertsan

Department of Industrial Biotechnology, Faculty of
Agro-Industry, Prince of Songkla University, Songkhla
90112, Thailand

Email: Topic_47@hotmail.com

Streptomyces philanthi RM-1-138 grown on autoclaved
wheat seeds for 7 or 14 days could generate volatile
compounds to suppress the growth of four plant patho-
genic fungi, (Rhizoctonia solani PTRRC-9, Pyricularia
grisea PTRRC-18, Bipolaris oryzae PTRRC-36 and
Fusarium fujikuroi PTRRC-16) using antifungal assay
technique. R. solani PTRRC-9 was the most affected
strain. The 14 day old culture possessed stronger inhibi-
tory effect on the four fungal strains than the 7 day old
culture. Inoculum size and spore concentration of S.
philanthi RM-1-138 wheat seed inoculum were found to
have influence on the suppression of R. solani PTRRC-9.
Total growth inhibition (100%) was achieved using an
inoculum size of > 15 g 1™ and a spore concentration of
110" spore ml™. The incidence and/or the severity of
sheath blight on rice leaf (caused by R. solani PTRRC-9)
could be reduced by fumigation of volatile substances
from S. philanthi RM-1-138. Ultrastructure of R. solani
PTRRC-9 illustrated by SEM and TEM indicated that
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the cell-wall structure of R. solani PTRRC-9 was dam-
aged and caused the loss of cytoplasm material. This
confirmed the effectiveness of the volatile compounds
from S. philanthi RM-1-138 could effectively control
the rice sheath blight disease caused by R. solani
PTRRC-9.

P03.043 Elicitor epll secreted by several Trichoderma
species inducing plant defense response to phyto-
pathogen

C.T. Lo% J.B. Chou*? R.C. Chang'and K.C. Peng?
'Department of Biotechnology, National Formosa Uni-
versity, 64 Wenhua Rd., Huwei, Yunlin, 63208, China;
’Institute of Biotechnology, National Dong Hwa Uni-
versity, Hualian, 97401, Taiwan, China

Email: Taiwan. ctlo@nfu.edu.tw

Trichoderma spp. have attracted attention for the bio-
control agents. The accepted biocontrol mechanisms
may share in various Trichoderma spp. but newly re-
ported host plant-acquired-resistant elicitors were rarely
investigated. The ability of Trichoderma spp. to induce
local and systemic acquired resistance in agricultural
crops could be very important character for plant disease
management and for understanding the role of Tricho-
derma in natural ecosystems. Small proteins such as
Sm1 andEpll of T. virens, and T. atroviride have been
reported to produce elicitors to assist plant acquired
resistance against phytopathogens. However, it is still
unknown whether Sm 1 and Epl1 commonly present in
Trichoderma isolates and in acquired resistance of
Trichoderma treated host plant. In this study, The
RAPD technology was used to detect the collective
Trichoderma strains. The primers were designed by fol-
lowing Seidl, et al. for epll and by following Djonovic
et al. for sm1 and then were separately used to detect 30
isolates in 9 species of Trichoderma. The results showed
that gene of epl1 could be detected and be presented in T.
konigii, and T. atroviride when the epl1 primer was used,
however, the gene of smlwas only of T. virens as the
sml primer was used to detect. The small protein of
Epl1/Sm1 was also found only in 10 stains of 6 Tricho-
derma species. The species included T. virens, T. atro-
viride, T. harzianum, T. konigii, T. koningiopsis, and T.
erinace. Pretreatment of chinese cabbage with purify
Epl1 showed high level of protection to the anthracnose
disease caused by Colletotrichum higginsianum.

P03.044 Isolation of Flavobacterium from rhizo-
spheres of resistant or susceptible plants against
bacterial wilt

E.J. Jung®, H.J. Lee?, H.J. Joo? and S.W. Lee *?
'Department of Medical Bioscience, Dong-A University,
Busan 604-714, Republic of Korea; “Department of Ap-
plied Biology, Dong-A University, Busan 604-714, Re-
public of Korea

Email: ampangjoo@naver.com

Resistant mechanisms of tomato plants against bacterial
wilt caused by Ralstonia solanacearum have been un-
covered, although several resistant tomato lines have
been reported. Microbial communities of plants may
contribute to specific function of plants such as disease
resistance. We investigated the bacterial communities of
different rhizospheres soil from crops, such as resistant
tomato cultivar Hawaii 7996, susceptible tomato cultivar
Moneymaker and a non-host Korean cabbage. Microbial
communities were analyzed using RDP Pyrosequencing
Pipeline and MOTHUR. The result revealed that phylum
Bacteroidetes increased in rhizospheres compared to
bulk soil using pyrosequencing approach of 16S rRNA
gene. Therefore, we conducted bacterial isolation from
plant rhizosphere to obtain isolates from phylum Bac-
teroidetes. We randomly selected colonies in the R2A or
TSA medium spreaded with suspension of the rhizo-
spheres soil. Large number of bacteria isolates of Fla-
vobacterium belonging to the phylum Bacteroidetes
were identified using the 16S rRNA gene analysis. A
total of 28 isolates of Flavobacterium was finally selected
and further characterized. Some of them were tolerant to
kanamycin and formed biofilm on culture plate by pro-
ducing exopolysaccharides. Several Flavobacterium iso-
lates inhibited mycelial growth by colonizing hyphae of
Rhizoctonia solani and Phytophthora infestans. Interac-
tion of the isolates with tomato and arabidopsis plants is
being investigated.

P03.045 Effect of Chlorella fusca on the improving of
the yield of soybean sprouts

M.J. Kim, C.K. Shim, Y.K. Kim, H.J. Jee, J.H. Park, S.J.
Hong and E.J. Han

Organic agriculture Division, National Academic of
Agricultural Science, Rural Development of Administra-
tion, Republic of Korea

Email: kjs0308@korea.kr

Fresh water algae, Chlorella species was known as a
functional nutrient food for human rather than a bio-
fertilizer for agriculture. This study was carried out to
estimate the effect of Chlorella fusca as a biofertilizer
on the growth of soybean sprout. Five cultivars of do-
mestic breed soybean sprout, Pungsan, Shinhwa, Pung-
won, Nokchae, and Wonheuk are treated with two con-
centrations of C. fusca solution, 0.1% and 0.2% for
seven days. In the two treatments, the yield of soybean
sprout treated with 0.1% of C. fusca was higher than the
yield of soybean sprout treated with 0.2% of C. fusca.
Two of five soybeans sprout cultivars, Pungwon and
Wonheuk soaking with 0.1% C. fusca significantly in-
creased the yield of soybean sprout by 26.2% and 28.2%
compared to control treatment, respectively.
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P03.046 The efficacy of biocontrol against Botrytis
cinerea on tomato depends on the strain of the
pathogen

M. Bardin, C. Troulet and P.C. Nicot

INRA, UR407 Pathologie véyéale, Domaine Saint
Maurice, BP94, F-84143 Montfavet Cedex, France
Email: marc.bardin@avignon.inra.fr

The objective of the study was to estimate the risk of
loss of biocontrol efficacy towards plant pathogens. To
this end, the protective efficacy of both biocontrol
agents Microdochium dimerum and Bacillus subtilis
(Serenade Max®) was evaluated on tomato against 41
strains of Botrytis cinerea differing in their geographic
origin, host of isolation and level of aggressiveness. The
protective efficacy of M. dimerum was evaluated on
whole tomato plants after co-inoculation of pruning
wounds with B. cinerea and M. dimerum at the desired
dose. Lesion expansion was measured on the stem from
the 3 to the 7" day after inoculation. A very high level
of efficacy against all strains was obtained when the
biocontrol agent was used at the recommended dose. At
a 10-fold reduced application dose, a wide range of sen-
sitivity was observed and a significant correlation was
observed between the level of aggressiveness of a strain
to tomato and its sensitivity to the biocontrol agent. For
B. subtilis, tomato leaves were first treated with the bi-
ocontrol agent at the desired dose, two days before in-
oculation with a mycelial agar plug of B. cinerea. The
resulting lesions were assessed from the 2™ to the 4"
day after inoculation. The efficiency of this product was
also significantly influenced by the strain of B. cinerea
but no correlation was observed between the aggres-
siveness of B. cinerea and the protection provided by
the biocontrol agent. This study reveals the importance
of considering several strains of the pathogen when
evaluating the efficacy of biocontrol agents, to obtain a
good representation of the pathogen population.

P03.047 Effect of Chlorella fusca on the enhancing of
rot control of soybean sprouts

C.K. Shim, M.J. Kim, Y.K. Kim, H.J. Jee, J.H. Park, S.J.
Hong and E.J. Han

Organic agriculture Division, National Academic of
Agricultural Science, Rural Development of Administra-
tion, Republic of Korea

Email: ckshim@korea.kr

Chlorella is a one cell type of freshwater green algae.
The practicality of utilizing Chlorella fusca as a natural
material to enhance growth and reduce soybean sprout
rot was tested. Five soybean sprout seeds, Pungsan,
Pungwon, Nokchae, Wonheuk and Shinhwa were
soaked for 6 h in solutions containing two levels, 0.1%
and 0.2% of C. fusca and cultivated at 20T for 7 days.
Soaking soybean sprout seeds with two levels of C. fusca
increased germination percentage and fresh weight of

five domestic soybean sprout cultivars. Compared to
control treatment, 0.1% of C. fusca significantly reduced
sprout rot percentage to over 67.4% in five cultivars,
and consequently enhanced the marketable sprout yield
by over 4.6%. In conclusion, soaking soybean sprout
seed with 0.1% C. fusca solution seems to be a practical
method to enhance the efficiency of soybean sprout
production.

P03.048 Biological control of ginseng diseases using
an antagonistic bacterium in Korea

H.J. Lee, S.S. Hong, S.H. Won, S.J. Kim, and H.D. Kim
Gyeonggi-do Agricultural Research and Extension
Service, Hwa-Seong, 445-300, Republic of Korea
Email: fungus72@gg.go.kr

To develop multifunctional microbial inoculant, micro-
organisms with antagonistic activity and biofertilizing
activity were screened. Several antifungal bacteria were
selected from cultivated soil in Korea. Among them
Bacillus spp. YJH-051, B. amiloliquefaciens CC178,
Pseudomonas stutzeri NIST-1 and Bacillus sp. GM112
were selected against Anthrocnose (Colletotrichum spp.),
Gray mold (Botrytis cinerea), Sclerotinia rot (Sclero-
tinia sclerotiorum) and Alternaria leaf blight (Alternaria
panax). Specially, Bacillus GM112 had a good antifungal
activity against Alternaria leaf blight caused by A. panax
and Gray mold caused by B. cinerea on ginseng. This
was identified as B. subtilis by morphological, bio-
chemical test of Vitek compact as well as sequence
alignment of 16s rRNA. Greenhouse experiment was
conducted in a planted ginseng to test effectiveness of B.
subtilis GM112 to control ginseng fungal pathogens.
Spraying application of Bacillus GM112 with 1x10’
cfu/ml density 4times 7-10 day interval on ginseng, Ba-
cillus GM112 suppressed 76.4% disease incidences of
Alternaria leaf blight and it showed 60.9% control effect
against Gray mold on ginseng. And also, Bacillus
GM112 showed a good plant growth promoting results
in a several vegetable seedling test. So, B. subtillis
GM112 would be a promising biocontrol agent for the
control of several plant fungal pathogens.

P03.049 Use of Trichoderma in the biological control
of wood decay fungi in tree wound exposed by
pruning

J.Y. Wong', D.C. Burcham?, M.1. Mohd Ali', M.L. Yap',
N.V. Abarrientos?, Y.K. Fong®, F.W.M.R. Schwarze® and
F.Y. Tham*

!Animal & Plant Health Centre, Agri-Food and Veteri-
nary Authority, 6 Perahu Road, Singapore 718827,
Singapore; “Centre for Urban Greenery & Ecology,
Singapore Botanic Gardens, House 1, 1 Cluny Road,
Singapore 259569, Singapore; *Empa, Swiss Federal
Laboratories for Materials Science and Technology,
Wood Laboratory, Group of Wood Protection and Bio-
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technology, Lerchenfeldstrasse 5, CH-9014 St. Gallen,
Switzerland.; *Natural Sciences and Science Education,
National Institute of Education, Nanyang Technological
University, 1, Nanyang Walk, Singapore 637616, Sin-
gapore

Email: Wong_Jia_Yih@ava.gov.sg

As a City in a Garden, tropical Singapore has numerous
trees shading our parks, gardens and roads that require a
regular maintenance regime. This includes pruning,
which improves the canopy structure and the aesthetics
of the trees. However, pruning of the various branches
exposes the woody tissue to fungal infections, and the
subsequent rot may weaken the trees enough for them to
become a danger to both property and passers-bys. Our
previous work in on the pruned branches of Khaya sen-
egalensis and Samanea saman, two common roadside
trees of Singapore, has revealed the potential of Phel-
linus noxius as an agent of such wood decay. We are
thus using these two trees to help develop a Trichoder-
ma sp. based sealant with the potential for the biological
control of such wood decay fungi through the action of
mycoparatism, antagonism and competition. Tricho-
derma isolates, previously recovered from local soils,
tree branches and infected Ganoderma fruiting bodies,
were selected on the basis its in vitro growth rate, co-
nidial germination, chlamydospore formation, volatile
organic compound production, and antagonism against
wood decay fungi when grown on agar culture and on
wood blocks. Conidia of the chosen Trichoderma iso-
lates were used in the sealant on the freshly cut branches
of field grown Khaya senegalensis and Samanea saman
trees, and their persistence, and efficacy in preventing
wood decay and improving wound occlusion, are cur-
rently being evaluated.

P03.050 The effect of biochar on the barley pathogen
Rhynchosporium commune

M.T. Borlinghaus™? 0.G.G. Knox', J.M. Fountaine’ and
S.P. Sohi?

Scotland’s Rural College, Crop and Soil Systems, EHO
3JG, Edinburgh, Scotland; “University of Edinburgh,
UK Biochar Research Center, EH9 3JN, Edinburgh,
Scotland

Email: Maria.Borlinghaus@sruc.ac.uk

Barley leaf blotch is caused by the hemi-biotrophic fungal
pathogen Rhynchosporium commune. It can cause severe
crop losses of up to 40% worldwide, especially in cold
and wet regions despite the use of fungicides. Biochar is
a solid, carbon-rich product obtained by pyrolysis of
organic waste material that can sequester CO,-C in soils
and also act as a soil conditioner. Improved crop re-
sistance to foliar and soil-borne fungal pathogens fol-
lowing biochar applications to soil or growth media
have been previously demonstrated, including recent
evidence that biochar can mediate systemic induced

resistance. However, the knowledge of specific mecha-
nisms underlying enhanced resistance remains limited,
but it is likely to be the result of multiple, direct and
indirect mechanisms influencing plant and/or pathogen
signalling pathways. The work presented examines the
effects of soft wood pellet and Miscanthus straw bio-
chars produced under a range of different pyrolysis
temperatures on spring barley and pathogen infection
from R. commune. Comparative in-vivo and in-vitro
studies showed significant reduction in leaf blotch
symptoms following the addition of biochar to soil, and
restricted mycelial growth of R. commune on defined
media containing biochar was also observed. Our results
suggest that reduced disease levels may be partly at-
tributed to volatile organic compounds derived from
individual biochars. Research is now underway to elu-
cidate possible mechanisms of disease reduction by the
direct effect of biochar specific volatiles and/or changes
in plant defence genes.

P03.051 Biological control against post-harvest dis-
eases on potato tubers

N. Samils, M. Karlsson and D. Funck Jensen
Department of Forest Mycology and Plant Pathology,
Uppsala Biocenter, Swedish University of Agricultural
Sciences SE-75007, Uppsala, Sweden

Email: nicklas.samils@slu.se

Post-harvest disease on crops is a serious worldwide
problem causing losses of up to one third of the har-
vested fruits, vegetables and tubers. Potato makes up the
fourth biggest crop in the world and is commonly in-
fected with potato dry rot fungi (Fusarium solani, F.
roseum and F. avenaceum) during storage. We have
developed a standardized infection system where
Fusarium sp. is allowed to infect potato tubers under a
controlled environmental regime. The infection system
is developed to mimic the post-harvest environment that
tubers undergo (i.e. physical damage during harvest,
wound-healing, cold storage followed by room temper-
ature). By using this infection system, we tested the
critical wound-healing phase where tubers are most sen-
sitive to Fusarium sp. infection. This early stage of
wound healing is the phase where biological control
would be applied and therefore we tested the efficacy of
the potential fungal control agent Clonostachys rosea
against Fusarium infections. Furthermore, we also em-
ployed another infection system for studies of pathogen:
host-interactions in form of transcriptome responses
during Fusarium avenaceum infections of potato tubers.
The acquired results will provide important information
on the basis of pathogen aggressiveness vs. host re-
sponses and give more insight into control of post-harvest
disease on potato tubers. In order to further study patho-
genicity factors in F. solani and F. roseum, we also used
Illumina/Solexa technology to perform whole-genome
sequencing.
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P03.052 Transcriptome analysis in the mycelium of
Colletotrichum acutatum exposed to culture extract
from a Streptomyces sp.

Y. H. Yun', C. W. Choi?, J. K. Hong?, Y. S. Kim* and S.
H. Kim*

'Dept. of Microbiology, Dankook University, Cheonan
330-714,Republic of Korea; “Dept. of Biology and Me-
dicinal Science, Paichai University, Daejeon 302-735,
Republic of Korea; °Dept. of Horticultural Sciences,
Gyeongnam National University of Science and Tech-
nology, Gyeongnam 660-758, Republic of Korea; “Dept.
of Plant Science and Technology, Sangmyung University,
Cheonan 330-720, Republic of Korea

Email: gkghdi0096@naver.com

Tomato (Solanum lycopersicum) is one of popular veg-
etable crops worldwide. Anthracnose fungi have been
known to affect the quality and storage of fresh tomato
fruits. In this study, we evaluated antifungal activity of
the isolate Streptomyces sp. DUCC501 against Colleto-
trichum spp. On co-cultivation on PDA, the bacterium
inhibited the mycelia growth of C. acutatum, C. coc-
codes and C. gloeosporioides at the level of 78.4%, 99%
and 82.1%, respectively. While ethyl acetate extract
from the culture broth of DUCC501 inhibited the mycelia
growth of C. acutatum, C. coccodes and C. gleospori-
oides at the level of 61.5%, 62.5% and 60.4%, respec-
tively. To understand the inhibition mechanism of fungal
mycelia by the bacterium at molecular level, we analyzed
transcriptomes using lllumina high-throughput sequenc-
ing from the mycelia of C. acutatum with and without
exposure to the ethyl acetate extract. Since there is no
information of full genome sequence in C. acutatum, we
did de novo assembly using Trinity method of
27,249,312 sequence reads from two RNA-Seq libraries
from the mycelia of C. acutatum with and without ex-
posure to the ethyl acetate extract. About 5600 genes
were obtained from both acetate extract treated and
non-treated samples. 745 genes were up-regulated and
1368 genes were down-regulated by 2-fold in the acetate
extract treated C. acutatum mycelium. Up-regulated
genes included ABC transporters and genes involved in
ion pump. Down-regulated genes involved in glycolysis,
TCA cycle and ergosterol synthesis. These results sug-
gest that the bacterial metabolite affects on the cell
growth and cell wall synthesis of C. acutatum.

P03.053 Crude extract in filtrate of Bacillus amylo-
liquafaciens KPS46 exhibites a strong biocontrol
activity toward Acidovorax avenae subsp. avenae
caused corn bacterial leaf streak

H. Hirata®, S. Tsuyumu, S. Prathuangwong® and S. Kasem *
'Department of Plant Pathology, Faculty of Agriculture,
Kasetsart University, Bangkok 10900, Thailand; ®Plant
Pathology Laboratory, Faculty of Agriculture, Shizuoka
University, Shizuoka, Japan

Email: agrsupot@ku.ac.th

Previous report revealed that antagonistic Bacillus amy-
loliquafaciens KPS46 was highly effective to suppress
bacterial leaf streak of sweet corn caused by Acidovorax
avenae subsp. avenae (Aaa) via antimicrobial com-
pounds in filtrate. The study was undertaken to evaluate
the enhanced 2™ metabolites production by KPS46 in
different media and conditions. YP-broth + 1% glucose
cultured at 30 °C and /or 50-55 °C, and incubated for 72
h was the most effective for cell growth and 2™ metabo-
lites secretion. Crude extract (CE) from cell-free filtrate
was prepared using ammonium sulphate precipitation.
CE harvested was more effective to increase control
efficacy against Aaa than direct KPS46 cell contact.
These CE as well as KPS46 cells could induce plant cell
death; and HR symptom after cocultured with tobacco
cell suspension shown by Evans blue assay; and infiltra-
tion onto leaves (N. tabacum cv. Bright Yellow), sug-
gesting the possibly plant resistance induction occurred.
Seed treatment (corn cv. Insee2) and foliar spray (at 7-
day-old seedlings) with 4-CE concentrations (CE:dH,0
from 1:1 to 1:4) and KPS46 cell suspension (1x10°
cfu/ml) followed by a pathogenic Aaa inoculation (at
14-day-old seedlings) were conducted under greenhouse
conditions. The results revealed that CE diluted at 1:2
was significantly effective on seed germination, en-
hanced plant growth, and reduced disease severity (P<
0.05). The CE at 1:2 was as high effective as 1:1 on
disease reduction that correlated with increase of phenol
activity level and PAL accumulation in seedlings. The
results indicate that B. amyloliquefaciens KPS46 is the
most effective biological control agent toward antimi-
crobial activity with also induced plant resistance. The
certain biochemical compounds and useful function for
biological control activity will be further characterized.

P03.054 Bacterial mixture increased control efficacy
against diseases and insect pests of kale

A. Sulaiman, C. U-napamnuk, T. Pothiluk, M. Choorin,
W. Chuaboon, S. Prathuangwong and L. Kladsuwan
Department of Plant Pathology, Kasetsart University,
Bangkok, Thailand

Email: Kladsuwan191@hotmail.com

Recently, a collection of bacterial antagonists including
Bacillus amyloliquefaciens KPS46, Paenibacillus pabuli
SWO01/4, and Pseudomonas fluorescens SP007s have
shown individually to suppress diseases and insect pests
of kale in that the strain SP007s always provides the
best result. To improve their effectiveness, a possible
mixture of the two and three strains in ratio of 1:1 for-
mulated in kaolin-based product was tested against var-
ious kale pests. In field experiment under natural infec-
tion, nine treatments were applied as seed and foliar
inoculation with these single and combined-strain prod-
ucts of 6-month-old storage. Two-successful pairs,
KPS46+SW01/4 and KPS46+SP007s gave a better con-
trol of multiple diseases and insect pests, where three-
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strain mixture (KPS46+SP007s+SW01/4) demonstrated
less efficacy compared to each of single strain product.
Two products, a mixture between 2 strains above exhi-

bited the best protection against 4 diseases (damping off:

caused by Pythium aphanidermatum, Alternaria leaf
spot: A. brassicicola, black rot: Xanthomonas cam-
pestris pv. campestris and soft rot : Erwinia carotovora
subsp. carotovora) with an average 74% of disease re-
duction (P<0.05) and 3— insect pests (diamondback
moth: Plutella xylostella, common cutworm: Spodoptera
mauritia, leaf eating bettle: Phyllotreta sinuate) with 81%
decrease in population (P<0.05), resulting highest yield
increased with 47% (P<0.05). In the case of P. fluo-
rescens SP007s that consistently showes the best result
when applied alone but not for strain combination in this
study, the possible action of enzymes or antibiotics in-
volved will be discussed.

P03.055 Loss of CPSase activity in Pseudomonas
fluorescens SP007s contributes to control efficacy
against soybean bacterial pustule disease

D. Athinuwat®, J. Thowthampitak?®, S. Kasem®, S.
Prathuangwong™* and M. Choorin'*

! Dept. of Plant Pathology, Kasetsart University (KU);
“Dept. of Entomology, KU; *Major of Organic Farming
Management, Thammasat University; “Center for Ad-
vanced Studies for Agriculture and Food, 50 Ngam-
wongwan Rd, Bangkok, Thailand

Email: jeabmalida@yahoo.com

Xanthomonas axonopodis pv. glycines (Xag) is the
causal agent of soybean bacterial pustule, a common
disease under warm and humid climates in Thailand and
many other production areas worldwide. The disease
can cause Yyield loss up to 40% in some susceptible cul-
tivars. Biological control with update strategy focusing
on benefit enzymes produced by a control agent is es-
sential as an alternative practice and decreased pressure
of producer and consumer. Pseudomonas fluorescens
SP007s is a PGPR strain that exhibits different mecha-
nisms on disease suppression. We demonstrated that
carbamoylphosphate synthetase (CPSase) activity en-
coded by carA and carB (control expression by arginine
and pyrimidines) of strain SP007s played a crucial role
in the inhibition of Xag. Mutants of the car genes family
resulting lost ability to degrade DSF (diffusible signal
factor) produced by Xag and to reduce the disease se-
verity, were observed. All car’ mutants produced a lesser
extent of EPS, flagelin, and biofilm formation suggest-
ing car genes likely intercept other genes during tran-
scription. In the greenhouse experiments found that all
mutants including SP007scarA’, SP007scarB’, and
SP007scarAB™ coinoculated with pathogenic Xag re-
duced disease severity by 6, 22, and 25% respectively,
where SPO07sWT exhibited 31% compared to non-
treated control. The carB function alone seemed to be
sufficient for disease control where carA expressed

lesser-remarkable change of all phenotype measurement.
The results indicate the expression of carB potently di-
minished carA-synthesized arginine in SP007s that we
also point out a target for fast plant defense response
with delayed disease symptoms.

P03.056 Biological analysis of Pseudomonas fluo-
rescensinduced systemic resistance in para rubber
seedling against climate change

D. Athinuwat!, W. Chuaboon?, N. Buensanteai® S.
Prathuangwong? and A. Wongchindakhun®

Major of Organic Farming Management, Faculty of
Science and Technology, Thammasat University, 12121,
Thailand; *Department of Plant Pathology, Faculty of
Agriculture, Kasetsart University, Bangkok, 10900,
Thailand; School of Crop Production Technology, In-
stitute of Agriculture Technology, Suranaree Univer-
sity of Technology, NakhonRatchasima, 30000, Thailand
Email: adusit@tu.ac.th; athinovaé@hotmail.com

The para rubber seed treated and foliar spray with the
extrapolysaccharide (EPS) of Pseudomonas fluorescens
triggered slightly increase expression of defense-related
enzymes including peroxidase (POX) and superoxide
dismutase (SOD) on 30-day-old under abiotic stress
(temperature 50 C) condition. The activity of POX and
SOD were increased immediately after para rubber foli-
ar spray with the EPSreaching peak levels at 3 and 4
days at3.14and 16.72 min™ mg™ protein, respectively
compared to control treatments (P=0.05). Induction of
systemic resistance by EPS of P. fluorescens against
abiotic stress of para rubber seedling through the bio-
chemical changes brings about accumulation of de-
fense-related enzymes that relates to biosynthesis of
phytoalexins (POX) and antioxidance(SOD). These de-
fensive compounds are playing a marked role in stress
response and immunity of plants. The application of
EPS of P. fluorescens as an elicitor against abiotic stress
conditions will be compatible and alternative with its
use for plant health.

P03.057 Enhanced biocontrol efficacy by bacterial
antagonist mixtures against bacterial soft disease
and flea beetle of Chinese kale

D. Athinuwat!, W. Chuaboon?, N. Buensanteai®, S.
Prathuangwong? and J. Sottiwilaiphong*

'Major of Organic Farming Management, Faculty of
Science and Technology, Thammasat University, 12121,
Thailand; ?Department of Plant Pathology, Faculty of
Agriculture, Kasetsart University, Bangkok,10900,
Thailand; School of Crop Production Technology, In-
stitute of Agriculture Technology, Suranaree University
of Technology, Nakhon Ratchasima, 30000, Thailand
Email: adusit@tu.ac.th; athinovaé@hotmail.com

The mixtures of 2-microbial antagonists including
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Pseudomonas fluorescens and Beauveria bassiana utili-
zation demonstrated in organic Chinese kale production
under field conditions. The couple strains most signifi-
cantly enhanced plant growth and reduced 74% and 65%
the incidences of bacterial soft rot caused by Erwinia
carotovora subsp. carotovora and flea beetle of Chinese
kale, respectively (P=0.05). The community population
of P. fluorescens in soil was also greatest compared to
other treatments. Results suggested that the couple
strains had the potential for alternative pests control to
replaced synthesis pesticides in organic commercial
field application.

P03.058 Functional analysis of yutl gene in nitrogen
fixing bacterium, Bacillus subtilis TU-Orgal

D. Athinuwat®, W. Chuaboon? and N. Doungkaew®
Major of Organic Farming Management, Faculty of
Science and Technology, Thammasat University, 12121,
Thailand; 2 Department of Plant Pathology, Faculty of
Agriculture, Kasetsart University, Bangkok, 10900,
Thailand

Email: adusit@tu.ac.th; athinova6@hotmail.com

A plant growth promoting rhizosphere, Bacillus subtilis
TU-Orgal had the potential for nitrogen fixation against
Xanthomonas oryzae pv. oryzicola (Xoc), the causal
agent of bacterial leaf streak of rice. A yutl targeted
mutant was generated with an EZ::TN transposome sys-
tem. Mutation in yutl resulted in lacked nitrogen fixation
and antagonism phenotype. Greenhouse experiment
using seed treatment (10° cfu/ml) 1 ml/ 1 kg seeds and
foliar sprayed (10® cfu/ml) 3 ml/ 1 L of water were
conducted to test the effectiveness of the yutl mutant for
nitrogen fixation and protecting rice (cv. Kohdokma-
1i105) against Xoc compared with the wildtype. The
result showed the yutl mutant altered the efficiency of
nitrogen fixation and bacterial leaf streak disease control
under greenhouse conditions. Where TU-Orgal showed
the best decrease disease severity by 89.6 percent and
related increased the total nitrogen fixation activity 37.1
percent (P=0.05). Results suggested that TU-Orgal carry
the yutl gene had the potential for nitrogen fixation
against bacterial leaf streak and used as alternative con-
trol to replaced synthesis fertilizer and pesticides in or-
ganic commercial field application.

P03.059 Characterization of Bacillus subtilis
TU-Orgal to control Xanthomonas oryzae pv. oryzae
causing bacterial leaf blight of rice

D. Athinuwat!, W. Chuaboon? and P. Sathitthampana *
Major of Organic Farming Management, Faculty of
Science and Technology, Thammasat University, 12121,
Thailand; 2Department of Plant Pathology, Faculty of
Agriculture, Kasetsart University, Bangkok, 10900,
Thailand

Email: adusit@tu.ac.th; athinova6@hotmail.com

A benefit bacterium strain TU-Orgal was isolated from
rhizosphere soil of rice. Its potentials on suppressed
Xanthomonas oryzae pv. oryzae (Xo00) caused bacterial
leaf blight compared with bacteriocide, bacbicure (Ca-
noron)were characterized. TU-Orgal was significantly
greater in Xoo with 11.3 mm inhibition diameter where
bacbicureshowed Xoo suppression with 8.2 mm inhibi-
tion diameter. Greenhouse and field experiments using
seed treatment (10°cfu/ml) and foliar sprayed (10%cfu/ml)
were conducted to test the effectiveness of TU-Orgal
for protecting rice (cv. Suphanburi 1) against X. oryzae
pv. oryzae compared with bacbicure. The result showed
the best decrease in disease severity by 76.8 and 73.4
percent respectively that better than chemical bacterio-
cide (P=0.05). The identification of these bacteria using
classical diagnosis and 16S rDNA was investigated. The
result revealed that strain TU-Orgal was equivalent to
Bacillus subtilis. Results suggested that B. subtilis
TU-Orgal has the potential for use in organic commer-
cial field application as alternative control or reduced
pesticide use.

P03.060 Impact of LED light on the microbial bioge-
ography of greenhouse grown ornamentals

S. Gharaie, K.J. Bergstrand®, S. Windstam™?, S. Khalil*,
C.0. Ottosen®, W. Wohanka* and B.W. Alsanius®
'Swedish University of Agricultural Sciences, SLU, Dept
of Biosystems and Technology, Microbial Horticulture
Laboratory, PO Box 103, SE-23053 Alnarp, Sweden;
“State University of New York, SUNY, Dept of Biologi-
cal Sciences, 222A Snygg Hall, Oswego, NY 13126,
USA; ®Department of Food Science, Faculty of Science
and Technology, Aarhus University, Kirstinebjergvej 10,
DK-5792 Arslev, Denmark; “Geisenheim University,
Dept of Phytomedicine, von- Lade Str. 1, DE-65322
Geisenheim, Germany

Email: Samareh.gharaie@slu.se

To reduce the use of energy in greenhouse production,
alternative methods for heating and artificial lightning
have been suggested. In this context, light emitting di-
odes (LED) have been proposed as alternatives to high
pressure sodium lamps which traditionally are used for
assimilation lighting in greenhouse production. LED
light differs to conventional lighting by high pressure
sodium lamps with regard to spectral distribution, light
distribution as well as heat emission. Due to the interre-
lationship between air temperature and humidity, also
the water availability on the leaf surface is affected. The
use of LED consequently causes changes in the micro-
climate within the greenhouse and around the crop with
a decrease in both air and leaf temperature and larger
fluctuations in relative humidity consequently affecting
the microbial community structure on the crop and in
the cropping system.The objective of the present study
was to evaluate the utilization of organic nutrients in the
presence of different LED sources (red: 664 nm;
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blue/red: 454 nm / 664 nm, white: 444 nm; 556 nm).
Bacteria were isolated on King Agar B and 0.1 TSA
from the phyllosphere of greenhouse grown Euphorbia
pulcherima and Kalanchoé&blossfeldiana and transferred
to cryo-culture. All isolates were screened with respect
to enzyme activities (protease and chitinase) and pro-
duction of 2, 4-diacetyl phloroglucinol (phl). Four iso-
lates either overproducing phl or with high enzyme ac-
tivities as well as the Botrytis cinerea and Trichoderma
sp. were selected for further tests. These test included
growth as well as the utilization of different precursor
compounds and formation of phl or enzyme activities
when exposed to different wavelengths. The results will
be presented on a poster. The project was funded by the
EU-Interreg project “GreenGrowing” and is facilitated
within the framework of the postgraduate school,
PHORT, funded by the Swedish research council Formas.

P03.061 Potential new biopesticides against Bremia
lactucae

N. Van Hese®, I. Van Bogaert?, J. Deravel®, F. Coutte®,
G.H. Tran? F. Krier®, P. Jacques® and M. H&te?

! Laboratory of Phytopathology, Departement of Crop
Protection, Faculty of Bioscience Engineering, Ghent
University, Belgium; “Department of Biochemical and
Microbial Technology, Faculty of Bioscience Engineer-
ing, Ghent University, Belgium; 3Laboratory ProBi-
0GEM, Polytech-Lille, University Lille 1, Sciences and
Technologies, Avenue Paul Langevin, F-59 655 Ville-
neuve d’Ascq, France

Email: Nathalie.VanHese@Ugent.be

Downy mildew in lettuce (Lactuca sativa), caused by
the oomycete Bremia lactucae, results in high yield
losses. The pathogen is usually controlled by growing
resistant lettuce varieties combined with the application
of fungicides. However, new races of Bremia emerge
very rapidly, and the pathogen easily develops re-
sistance to chemicals. The aim of this work is to obtain a
more sustainable control strategy. Therefore, we study
the potential use of biopesticides, such as cellobiose
lipids and cyclic lipopeptides. Ustilagic acid is a cello-
biose lipid, produced and secreted in relatively large
amounts by the basidiomycetous fungus Ustilago
maydis. This compound is used as biosurfactant, and is
also known to have a broad antibacterial and antifungal
spectrum. We tested the effect of ustilagic acid and de-
rivatives as biopesticides against B. lactucae. Although
the application of ustilagic acid seemed to increase the
susceptibility for downy mildew, an enzymatic derived
cellobiose lipid and a related glucolipid reduced the
disease incidence significantly. Bacillus spp. is known
to produce biosurfactant lipopeptides which are in-
volved in biocontrol activitiy. Iturins have antifungal
effects. Surfactins are able to elicit defense mechanisms
in some plants, while fengycin is known for fungitox-
icity. We tested the effect of mycosubtilin, belonging to

the group of iturins, surfactin and fengycin against B.
lactucae. All three components reduced the disease in-
cidence significantly, depending on the moment of ap-
plication. With microscopical studies, we try to under-
stand the mode of action of these components.

P03.062 The effects of three mitoviruses on the viru-
lence of the phytopathogenic fungus Sclerotinia
sclerotiorum

M.E. Khalifa and M.N. Pearson

Microbiology Department, School of Biological Sciences,
The University of Auckland, PO Box 92019, Auckland
1010, New Zealand

Email: mkha201@aucklanduni.ac.nz

Three double-stranded RNAs (dsRNAs) of 2438 nts (A),
2588 nts (B), and 2744 nts (C), from a single isolate of
Sclerotinia sclerotiorum were sequenced. All three se-
quences showed similarity to known mitoviruses, con-
sisting of a single open reading frame (ORF) with the
characteristic conserved motifs of RNA-dependent RNA
polymerase (RdRp). Mitochondrial malformations and
reduced virulence and growth were associated with the
presence of the dSRNAs. The terminal sequences of the
(+) strand of the three dsRNAs could be folded into
stem-loop structures and the inverted terminal compli-
mentary sequences of dsRNA-A potentially form a
panhandle structure. Sequence A showed 91.6% aa sim-
ilarity to the previously described Sclerotinia sclerotiorum
mitovirus 2 and was tentatively assigned the acronym
SsMV2/NZ1. Sequences B and C showed only 16.4%
aa similarity to each other and 15-48% aa similarity to
previously described mitoviruses. Consequently they
appear to be new mitoviruses tentatively assigned the
names Sclerotinia sclerotiorum mitovirus 3 (SsMV3/
NZ1) and Sclerotinia sclerotiorum mitovirus 4 (SsSMV4/
NZ1), respectively. Absence of SSMV3/NZ1 in single-
ascospore progeny of the parental isolate showed the
wildtype phenotype of S. sclerotiorum. This finding
suggests that SSMV3/NZ1 could be the hypovirulence
determinant in S. sclerotiorum. However, it is not clear
whether there is an interaction between the three mito-
viruses to express the reduced virulence.

P03.063 Pseudomonas fluorescens SP007s produces
multiple antibiotics to control bacterial pustule dis-
ease of soybean

L. Kladsuwan®, D. Athinuwat®, S. Kasem®, S. Tsuyumu?,
S. Marach'and S. Prathuangwong®

'Department of Plant Pathology, Kasetsart University,
Bangkok, Thailand; “Faculty of Agriculture, Shizuoka
University, 836 Ohya, Suruga-ku, Shizuoka, Japan;
*Major of Organic Farming Management, Faculty of
Science and Technology, Thammasat University, Bang-
kok, Thailand

Email: agrsdp@ku.ac.th
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Bacterial pustule is a disease caused by Xanthomonas
axonopodis pv. glycines (Xag) that commonly observed
in greensoybean field grown in Thailand. Chemical ap-
plication is not recommended at 15-20 days before har-
vest (65-day-old plant) due to concerns about exported
produces, where plant at a young-pod forming is the
susceptible growth stage for infection by the pathogen
indicating an alternative control is required. Pseudomonas
fluorescens SPOO07s is a biocontrol agent of different
pathogens (bacteria and fungi) on various crops of several
diseases with exhibiting a strong antimicrobial activity in
successful biological control. This was shown by appli-
cation of SP0Q7s filtrates inhibited disease on soybean
plants that the suppression was due to antimicrobial
compounds in filtrate. We partially purified antibiotic
synthesis using ammonium sulfate precipitation, TLC,
and HPLC analyses; and also identified some genes in-
volved. The 5 inhibitory-selected fractions revealed they
were 2,4- diacetylphloroglucinol (DAPG), pyoluteorin,
phenazine, pyluteorin, and agrocin434. We explored the
role of three genes: Phl, PIt, and Phz encoded the 2,4-
diacetylphloroglucinol (DAPG), pyoluteorin, and phen-
azine respctively, that might be a major factor in the
biological control of Xag. A site-directed mutation re-
sulted in 5-mutant strains obtained from single-and mul-
tiple gene deletion. As expected, plate and greenhouse
assays demonstrated that these 5-gene mutants including
SP007sPhz’, SPO07sPIt °, SPO07sPhl’, ASP007sPhz' &
PIt -, ASP007s Phz &PIt "&Phl ~ estimably accounted
for performance of a reduction to suppress disease by 20,
34, 40, 54, and 96% respectively. The production of
antimicrobial compounds and disease suppression was
however, correlated with antimicrobial activity against
pathogenic Xag. It is interesting to note that among anti-
biotics produced by SP007s, DAPG plays a key role for
disease suppression. We hypothesize that at least, these 3
genes regulate antibiotic biosynthesis in SP007s for es-
sential biocontrol activity in this study.

P03.064 Disease and insect pest management of kale
with mixture of antagonistic microbes and plant ex-
tracts

V. Pitiyont!, W. Chongrattanameeteekul®, J.
Thowthampitak?, B. Pitiyont®, S. U-raichen®, D. Athinuwat’,
S. Kasem® and S. Prathuangwong®

Central Laboratory Co., Ltd.; “Dept. of Entomology,
Kasetsart University (KU); *Dept. of Environmental
Science, KU; “Dept. of Entomology, KPS campus, KU;
*Major of Organic Farming Management, Thammasat
University; °Dept. of Plant Pathology, KU , Thailand
Email: agrsdp@ku.ac.th

Pest control agents, Bacillus amyloliquefaciens KPS46,
B. licheniformis P38, Paenibacillus pabuli SW01/4,
Pseudomonas fluorescens SP007s, Trichoderma viride
TC42; and B. thuringensis KU52; and plant extracts
from Tacca chantrieri (TE) and Stemona tuberose (SE)

have been reported individually to control diseases and
insect pests of kale under experimental conditions.
However, such practices have not been routinely per-
formed in commercial production. This study was then
aimed to determine the potential integration of these
agents for practical use. The total of 8 formulations in-
cluding single control agent and combinations of agents
were mixed with carriers and tested in this experiment.
Seed treatment and foliar applications of these products
under field experiment significantly decreased pest
problems and increased vegetable yields as compared to
those from plots applied with single agent, routine
chemicals (fungicides and insecticides), and nontreated
control (P<0.05). Two- mixture products, (KPS46+
SWO01/4+SE) and (KU52+ SP007s) were the most effec-
tive for decreasing disease incidence (damping off,
Alternaria leaf spot, black rot and soft rot) at 37-80%.
The landing rate of insect pests onto the treated plants
(diamondback moth, common cutworm, and leaf eating
beetle) was also reduced at 60-95%, while yield was
increased at 20-35%. The population dynamics of natural
enemies (lady beetle and assassin bugs) however, was
not affected. Other effective products were also recorded.
All agents work most effectively in a mixture that the
level of bacteria declined from 1x10® cfu/ml to 1x10°
cfu/ml after 12- month-storage at room temperature.
This study demonstrates the possibility of utilizing
compatible pest control agents for the management of
several concurrent pests. The observed effectiveness
may be due to the specific mechanisms and effects of
these mixed agents against the pests.

P03.065 Utilizing TU-bioformula to enhance plant
growth and soil improvement in organic paddy field
D. Athinuwat, W. Chuaboon? and C. Boonnadakul*
'Major of Organic Farming Management, Faculty of
Science and Technology, Thammasat University, 12121,
Thailand; *Department of Plant Pathology, Faculty of
Agriculture, Kasetsart University, Bangkok, 10900,
Thailand

Email: adusit@tu.ac.th; athinovaé@hotmail.com

TU-bioformula evaluated for enhancing growth of rice
cultivar Phitsanulok2 compared to bioextract applied by
farmers under organic agriculture conditions. The inves-
tigation was carried out at Phayao province during Jan-
uary-May, 2012 using RCBD with 3 treatments (soil
treated and 3-foliar sprays at 40, 60 and 90-day old
plants with TU-bioformula, bioextract and non-treated
treatments). The result revealed the treatment of
TU-bioformula promoted seedling growth (14-day old)
with increased root and shoot length and fresh weight by
8.7 and 5.2 cm and 28.3 g, respectively and increased
percentages of rice yield 16.2%. Moreover, the soil
property of paddy field as organic matter (3.2%), pH
(5.8) and electric conductivity (2.4p/cm) tended to be
higher than the control treatment. Especially, total
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nitrogen and phosphorus in soil significantly increases
to 33% and 65.3%, respectively after TU-bioformula
was used. It would be the positive impacts of
TU-bioformula in producing soil nutrients and organic
matter from rice stubble for sustainable enhancing
growth and yield of rice (P=0.05).

P03.067 The activity of plant extracts and biocontrol
agents against infection of groundnut by Aspergillus
flavus

A. Alamene and S. Rossall

Plant and Crop Sciences, School of Biosciences, Not-
tingham University, Sutton Bonington Campus, Lough-
borough, Leicestershire, LE12 5RD, UK

Email: stxaa@exmail.nottingham.ac.uk

Aspergillus flavus infection can result in contamination
of groundnut seed with aflatoxin, which poses a potent
threat to health of consumers. In preliminary experi-

ments twelve plant oils were screened for inhibition of A.

flavus on amended PDA plates. Only four extracts
(clove, camphor, garlic, and galangal) showed high in-
hibitory effects in vitro. Clove oil and camphor oil also
significantly suppressed infection of groundnuts by A.
flavus in amended compost, when applied as seed treat-
ments, and reduced infection when applied to pods
post-harvest. Trichoderma spp., three isolates of Bacil-
lus amyloliquifaciens and Pseudomonas chlorophis was
also evaluated. In vitro assays on agar plates showed the
Trichoderma spp. and Bacillus isolates 62P and 66P
were the most active. These same organisms were also
effective in improving emergence when applied as a
seed amendment, using Aspergillus-inoculated compost.
When applied as a preventative treatment to groundnut
pods, Trichoderma spp., both singly and in combination
with plant active oils, were also effective in suppressing
infection following inoculation with A. flavus. A strategy
may be therefore be possible which provides control of
A. flavus on groundnut, using BCAs and plant extracts,
applied alone or in combination. Future work will com-
pare this activity with conventional fungicides. Efficacy
as a post-harvest pod treatment will also be evaluated by
ELISA determination of aflatoxin accumulation in seed
and by quantification of Aspergillus infection using
qPCR.

P03.068 Chitosan induced resistance in sugarcane
against Fusarium moniliforme the causal of sugar-
cane wilt

D.G. Patil*, B.H. Pawar? D.B. Gawade?, V.C. Vasekar?
and S.G. Dalvi®

'Kolhapur Institute of Technology, Kolhapur, Maha-
rashtra, India; “Plant Pathology Section, * Tissue Culture
Section, Vasantdada Sugar Institute, Pune, Maharashtra,
India

Email: bh.pawar@vsisugar.org.in

World over, sugarcane is being exploited as renewable
energy source. High cane, sugar and fiber yielding vari-
eties of sugarcane are needed for meeting the ever in-
creasing demand of sugar and related byproducts.
However, such varieties are generally susceptible to
many plant parasitic organisms. Many physical, chemical
and biological means of diseases management are
evolved or identified; however, these methods are some-
times either uneconomical or non-persistent. Therefore,
developing the disease resistant varieties is the only way
out. Again, sugarcane varietal improvement with ref-
erence to disease resistance through present screening
methods is a tedious and time consuming process. And
hence, inducing disease resistance in present commercial
varieties with alternatives is a need of hour. Now days,
Chitosan-oligosaccharide is upcoming as potential elic-
itor for induction of systemic acquired resistance to abi-
otic and biotic stresses in many crops. Present in vitro
study was carried out for antagonistic effect of chitosan
on the Fusarium moniliforme and Trichoderma isolates.
Results revealed that chitosan @ 1.5 mg/ml of water
showed complete inhibition of Fusarium mycelium,
whereas, Trichoderma spp. showed rapid colony growth
with chitosan. The defense enzyme study with chitosan
treated sugarcane leaf discs showed the enhanced level of
enzymes like peroxidase and phenylalanine ammonia
lyase. Thus, this study highlights intriguing insight that
chitosan can be used along with Trichoderma as a
promising bio-control agent and an elicitor to induce
biotic and abiotic tolerance in sugarcane.

P03.069 Biological control of Orobanche cumana in
tobacco by Fusarium spp.

Y.H. Wu, B. Xia, F.H. Ning and J.C. Tang

Shenyang Agricultural University, Shenyang, 110866,
P.R. China

Email:wuyh09@vip.sina.com; xiabo0522@163.com

Tobacco in northwest Liaoning province was damaged
severely by broomrape (Orobanche cumana) in recent
years. Fusarium spp. was isolated from diseased
broomrape and cultured in our lab, which can control O.
cumana infection on tobacco. The suspension of
Fusarium spp. were sprayed with five methods, (1)
sprayed on soil hole during planting (treatment 1); (2)
sprayed on soil surface during the first stage of O. cu-
mana for three times every seven days (treatment 2); (3)
combined the first and the second method (treatment 3);
(4) mixed the soil with sulfur, and then treated as the
third method (treatment 4); (5) the field infected by O.
cumana without treatment as control (CK). The results
showed that the treatment 4 was the best method for
controlling broomrape. In field treated by method 4,
emergence time of O. cumana was 3 days later than the
control, and there were 31.20% of O. cumana infected
successfully by Fusarium spp., and the death rate of O.
cumana was 62.44%. The yield of flue-cured tobacco
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leaf in treatment 4 was 4895 kg/hm?, and the proportion
of super and medium flue-cured tobacco leaf was
89.89%, which was 33.59% higher than the control.

P03.070 The effects of Orobanche cumana infection
on tobacco morphology and physiology

Y.H. Wu, B. Xia, X.H. Liu and J.C. Tang

Shenyang Agricultural University, Shenyang, 110866,
P.R. China

Email:wuyh09@vip.sina.com; xiabo0522@163.com

Broomrape (Orobanche cumana) is a holoparasitic
phanerogam which causes severe damage to tobacco in
Liaoning province. Broomrape germinates at the end of
June, flowers and seeds in mid-August, and withers after
mid-September. In our study, the effects of O. cumana
infection on tobacco were evaluated by examining leaf
and stem morphology, physiological and biochemical
properties of tobacco. Broomrape infection had negative
effects on the height, length and width of lumbar leaf,
and width of stem of tobacco, while little influence on
the number of tobacco leaves. The statistic results
showed that broomrape parasitism had remarkable effect
on tobacco yield and quality. The output of tobacco was
1471.14 kg/hm? in infected field and 2170.11 kg/hm? in
uninfected field. Broomrape infection increased content
of tobacco soluble protein and nicotinamide, decreased
the activity of POD, PPO and the content of nitrogen,
kalium, soluble sugar, ash and iron, with no obvious
effect on the content of phosphorus, organic acid and
chlorine.

P03.071 Isolation and identification of antifungal
bacterial strain QD-10 against plant wilt disease

C.G. Lu, W.C. Liu, D.P. Zhang, H.L. Wu, D. Dong, T.T.
Zhang and T. Liu

Institute of Plant and Environment Protection, Beijing
Academy of Agriculture and Forestry Sciences, Beijing,
100097, P. R. China

Email: lcgf88@sina.com

The antifungal bacterial of plant wilt disease was
screened and identified to provide foundation for the
study on bio-control preparation of plant wilt disease.
Confrontation culture method was used to primarily
screen the bio-control bacteria with good antifungal
effect against plant wilt disease. 26 bacterial strains
were isolated from the seawater collected from Qingdao
sea area. Among those strains, 8 isolates showed anti-
fungal activity against Fusarium oxysporum f. sp. con-
glutinans (on cabbage), F. oxysporum f. sp. niveum (on
watermelon) and F. moniliforme (on asparagus), and
antifungal activities of strain QD-10 was the most
prominent The inhibition rate of QD-10 strain against
three target strains of pathogen reached 80.92%, 72.03%
and 79.98% respectively. QD-10 strain was identified of

Bacillus amyloliquefaciens by the morphological, phys-
iological, biochemical characteristics and the partial
sequence of 16S rDNA sequence analysis method. Trials
carried out in green house by root-irrigation method, the
results demonstrated that the inhibition efficacy of the
strain Bacillus amyloliquefaciens QD-10 against F. oxy-
sporum f. sp. conglutinans on cabbages was 80% which
was significantly higher than that (61%) of Carbendazol.
Our study suggested that strain Bacillus amyloliquefa-
ciens QD-10 has a good potential to be the bio-control
strain with research and development.

P03.072 Application of Bacillus amyloliquefaciens
CGMCC 6978 to control wilt diseases of cabbages
C.G. Lu, D.P. Zhang, H.L. Wu, D. Dong, T.T. Zhang
and W.C. Liu

Institute of Plant and Environment Protection, Beijing
Academy of Agriculture and Forestry Sciences, Beijing,
100097, P. R. China

Email: lcgf88@sina.com

A bacterium, designated strain Bacillus amyloliquefaciens
CGMCC 6978, was isolated from the permafrost soil
collected from Mo-he River in Heilongjiang province of
China, was identified by the morphological, physiologi-
cal, biochemical characteristics and the partial sequence
of 16S rDNA (GenBank KC417346). Tests in vitro
showed that the strain had strong growth-inhibiting ac-
tivities against a large number of plant pathogens such
as Fusarium sp., Botrytis cinerea, Monilinia fructicola,
Colletotrichum capsici, Pseudomonas syringae pv.
lachrymans and Xanthomonas. campestris pv. camp-
setris, etc.. This strain secreted a great deal of sidero-
phore, protease and cellulose on the detection agar plate.
The lipopeptide-like antifungal substance synthesis genes
(itur, mycB, fenB and sfp) and the B-1,3-1,4-glucanase
gene (glu)were cloned from the genome of strain CGM
A bacterium, designated strain Bacillus amyloliquefa-
ciens CGMCC 6978, was isolated from the permafrost
soil collected from Mo-he River in Heilongjiang prov-
ince of China, was identified by the morphological,
physiological, biochemical characteristics and the partial
sequence of 16S rDNA (GenBank KC417346). Tests in
vitro showed that the strain had strong growth-inhibiting
activities against a large number of plant pathogens such
as Fusarium sp., Botrytis cinerea, Monilinia fructicola,
Colletotrichum capsici, Pseudomonas syringae pv.
lachrymans and Xanthomonas. campestris pv. camp-
setris, etc.. This strain secreted a great deal of sidero-
phore, protease and cellulose on the detection agar plate.
The lipopeptide-like antifungal substance synthesis
genes CC 6978. Trials carried out in green house
demonstrated that the inhibition efficacy of the strain
CGMCC 6978 against F. oxysporum f. sp. conglutinans
on cabbages was 85% which was significantly higher
than that (61%) of Carbendazol. To further evaluate the
efficacy of strain CGMCC 6978 to control the cabbage
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wilt disease, field experiments were consecutively con-
ducted for 2 years. The results showed that the cabbages
treated with strain CGMCC 6978 by root-irrigation pre-
sented better growth than those of control treatments
and the efficacy of strain CGMCC 6978 in controlling
the disease was 70%, being higher than that (50%) of
Carbendazol. Our study suggested that strain CGMCC
6978 has a good potential to be an alternative for Car-
bendazol in controlling F. oxysporum f. sp. conglutinans
on cabbages.

P03.073 In vitro effect of plant extract on mycelial
growth of leaf spot pathogen( F. culmorum) of sweet
potato (Ipomoea batatas(L.) Lam)

C.A. Amienyo® and A.E. Ataga®

'Department of Plant Science and Technology, Univer-
sity of Jos, Plateau State, Nigeria; 2Department of Plant
Science and Biotechnology, University of Port Harcourt,
Rivers State. Nigeria

Email: amienyoc@unijos.edu.ng

Studies on the efficacy of plant extract on the mycelial
growth of the leaf spot pathogen were carried out. Five
concentrations of aqueous extract of ten plants were
incorporated into potato dextrose broth as growth me-
dium. Discs of 7- day old culture of F. culmorum were
removed, inoculated into each flask and incubated at
28+2°C. Fungal mycelium was obtained, dried and
weighed. The mycelial weight of the fungus grown in
the broth containing extract of text plants were signifi-
cantly (p=0.05) different from the mycelial weight of the
control. The broth containing extract of Alchornea cor-
difolia, Azardiracha indica, Annona muricata and
Carica papaya indicated no significant (p=0.05) differ-
ence in the five concentrations of 5, 10, 15, 20 and 25%
in their effect on the mycelial weight. The inhibitory
effect of growth medium supplemented with Rhizophora
racemosa, Zingiber officinale, Garcinia cola and Allium
sativum increased with increasing concentration of ex-
tract. The mycelial weight of F.culmorum in extract
supplemented medium showed no significant (p=0.05)
difference between 25% aqueous extract of Vernonia
amygalina, Garcinia cola, Ocimum gratissimum and a
fungicide.

P03.074 Effects of plant extract on leaf spot disease
of Sweet potato (Ipomoea batatas (L.) Lam.) in a
green house

C.A. Amienyo® and A.E. Ataga’

'Department of Plant Science & Technology, Faculty of
Natural Sciences,University of Jos, P.M.B 2084, Jos,
Plateau State, Nigeria; “Department of Plant Science &
Biotechnology, Faculty of Science, University of Port
Harcourt, Rivers State, Nigeria
Email:amienyoc@unijos.edu.ng

A Green house evaluation of the potency of plant extract
on leaf spot disease of sweet potato (Ipomoea batatas
(L.). Lam.) was carried out. At the 2-5 leaf stage, spores
of suspension of Leaf spot pathogen (Fusarium cul-
morum) was sprayed to run off one hour after spraying
the plants with extract solution as preventive experiment.
After six weeks of inoculating another batch of potted
plants with spore suspension of the fungus, extract solu-
tion were sprayed to run off on diseased leaves as cura-
tive experiment. Application of 10% extract of Zingiber
officinale before spraying with spore suspension of the
fungus indicated 98.11% inhibition in disease develop-
ment. In the curative application.10% aqueous extract of
Vernonia amygdalina showed 64.14% inhibition on
disease development. The biomass and tuber yields from
extract treated plants were significantly (p=0.05) differ-
ent from untreated plants.

P03.075 Candida sp.-Quan, controlling postharvest
grey mould on apples by nutrition competition and
secreting anti-fungus volatiles

D.P. Zhang, W.C. Liu, D. Dong, C.G. Lu, H.L. Wu, T.T.
Zhang and J.Y. Qiu

Institute of Plant and Environment Protection, Beijing
Academy of Agriculture and Forestry Sciences, Haidian
District, Beijing, 100097, P. R. China.

Email: dreamstar26@126.com

Grey mould caused by Botrytis cinerea is an important
postharvest disease and caused huge economic losses of
apple fruits. A yeast strain isolated from apples (cv.
Golden Delicious) in organic orchard was demonstrated
to be a new member of the genus Candida by sequence
comparisons of 26S rDNA D1/D2 domains. Genbank
accession number of 26S sequences of Candida sp.
-Quan was JQ917720. Candida sp.-Quan is closely re-
lated to C. musae on the basis of the phylogenetic trees
based on the D1/D2 regions, but has a low identification
(95%). The yeast showed a strong activity against grey
mould on apples. In apple juice media, the yeast at con-
centration of 10°, 10" and 10° cells mI™* inhibited the
spore germination of B. cinerea by 100%, and on
wound-inoculated apples, controlled the grey mould
decay also by 100%. Co-culturing B. cinerea in vitro or
in vivo, neither the inactivated cells nor the culture fil-
trate of the yeast had any significant effect on spore
germination or germ tube elongation of the pathogens,
excluding the production of secreted toxic metabolic
compounds. However, in high nutrition media, the yeast
showed less antagonistic activity against B. cinerea than
that in low nutrition media, and the volatile compounds
secreted by the yeast significantly inhibited the pathogen
growth in vitro, suggesting that Candida sp.-Quan con-
trolled grey mould on apples by nutrition competition
and secreting anti-fungus volatiles.
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P03.076 Enhancing seedling emergence and plant
growth of forage brassicas with a Trichoderma
bio-inoculant

D.R.W. Kandula, A. Stewart and A. Shah

Bio-Protection Research Centre, PO Box 84, Lincoln
University, Lincoln 7647, Canterbury, New Zealand
Email: diwakar.kandula@lincoln.ac.nz

Forage brassicas occupy the largest area (250,000 ha) of
cultivated crops in New Zealand (NZ) to supplement
pastures both in the dairy and dryland farming systems.
Forage yields are affected by poor crop establishment
due to the increased susceptibility of brassica crops to
Rhizoctonia solani, a soil-borne fungal pathogen causing
damping-off and root rot. The effectiveness of a
Trichoderma bio-inoculant (TBI) was evaluated in
glasshouse experiments using potting-mix and field soils
artificially inoculated with R. solani inoculum with kale
variety “Gruner”, forage rape variety “Interval” and
turnip variety “Dynamo” as test crops. TBI treatment
significantly increased seedling emergence of all the test
crops. Regular monitoring of plant growth revealed that
plants were healthier in the TBI treatment with lower
incidence of wire-stem disease symptoms compared to
controls. Increased seedling emergence resulted in sig-
nificantly more shoot dry matter in the TBI treatment
with kale and turnip plants, whereas the root dry matter
was significantly higher in all the three forage brassicas
tested. In the TBI treatment, visual observation of roots
showed a marked increase in fine root growth in kale
and forage rape plants, while in turnip, bulb growth was
enhanced. On-going work is developing an appropriate
seed-coating formulation that will allow TBI to be inte-
grated into sustainable forage crop management prac-
tices in NZ.

P03.077 Screening of rhizobium against soybean
cyst nematode (Heterodera glycines) from soybean
nodules

Y.X. Duan and F. Tian

Nematology Institute of Northern P.R. China, Shenyang
Agricultural University, Shenyang, Liaoning, 110866,
P.R. China

Email: tiantian19860713@126.com

The soybean cyst nematode (SCN), Heterodera glycines,
is a plant-parasitic nematode and a devastating pest of
the soybean (Glycine max) worldwide. Chemical control
with nematicides is not normally used because the eco-
nomic and environmental costs are prohibitive, so bio-
logical control is a new method to control the disease.
Rhizobia are well known for their ability to fix nitrogen
and promote the soybean growth. In our research, we
found a strain of rhizobium which could also control the
SCN. 496 soil samples had been collected from 81 re-
gions of China. Soybean root nodules had been obtained
from the soil samples by using trap method. The 518

strains of endophytic bacteria had been isolated from
soybean root nodules. The biocontrol rhizobium antago-
nistic against soybean cyst nematode had been screen
from them. The strain which is effective to the soybean
cyst nematode was got through bacteria suspension pre-
liminary screening and fermentation further screening.
The strain dealt with J2 for 72h was able to inhibit in-
cubation of soybean cyst nematode, which prevention
rate could reach to 82.99%, numbered as Sneb183.
Sneb183 was identified as Sinorhizobium fredii through
physiology and biochemistry and molecular biology
method. The major nutrient substance of the culture
medium was optimized toxicity to nematode. The best
nutritional combination was choused in this research as
follows: Mannitol 1.5%, yeast powder0.05%, MgSO4
0.005%, NaCl 0.01% and CaCl, 0.005%.Among the
relationship of Sneb183, soybean and soybean cyst
nematode, the rhizobium had the dominate position in
the space competition, which could induce the soybean
resistant system. Above all, Sneb183 was identified as a
biocontrol rhizobium against soybean cyst nematode.

P03.078 Antifungal mechanism of Bacillus amylolig-
uefaciens dIt3 against sugar beet root rot

H. Sun®, Q. Wang? X.Q. Wang®, Y.L. Li*, B. Hu*, J.Q.
Zheng* and Y. Li?

YInstitution of Beijing Plant Protection, No.9 North
Third Ring Middle Road, Xicheng District, Beijing,
100029, P.R. China; “Department of Plant Pathology,
College of Agronomy and Biotechnology, P.R.China
Agricultural University, Beijing, 100193,P.R. China
Email: sunhai_1987@163.com

Bacillus amyloliquefaciens dIt3 was isolated from the
rhizosphere of sugar beet. It showed 50% inhibition of
mycelia growth of Fusarium oxysporum in vitro. The
biocontrol effect to the sugar beet root rot reached 67.8%
in the field condition. The biocontrol mechanisms of
strain dIt3 against sugar beet root rot were studied. The
colonization of strain dIt3 maintained up to 10° CFU/g
in the sugar beet rhizosphere soil one month postinocu-
lation. PCR-DGGE profile showed B. amyloliquefaciens
dIt3 could increase the diversity of bacterial community
in the rhizosphere of sugar beet. Both supernatant and
crude protein extract of B. amyloliquefaciens dIt3 inhib-
ited mycelia growth of F. oxysporum and the inhibition
percentage reached 52.9% and 46.2%, respectively. The
supernatant of B. amyloliquefaciens dIt3 inhibited the
spore germination of F. oxysporum. The compounds in
the resin extract of supernatant was found the same
molecular weight as Iturin, Fengycin, Bacillomycin by
HPLC-MS. PCR detection also showed that dIt3 con-
tained genes involved in biosynthesis of antibiotics:
bamC, fenB and ituD. Additionally, dit3 strain was
capable of producing cellulose, amylase, protease, side-
rophores as well as forming biofilm. In conclusion, we
supposed B. amyloliquefaciens dIt3 increase the diversity
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of bacterial community and secrete antibiotics to sup-
press sugar beet root rot by colonized in the rhizosphere
of sugar beet.

P03.079 Elucidation of the mechanism of plant pro-
tection against Ralstonia solanacearum and plant
growth promotion by Bacillus cereus Wenshan1-18
H.X. Liu, J.Q. Li, C. Wang and J.H. Guo

Department of Plant Pathology, College of Plant Pro-
tection, Nanjing Agricultural University, Key Laborato-
ry of Integrated Management of Crop Diseases and
Pests (Nanjing Agricultural University), Ministry of
Education, Nanjing 210095, P.R. China

Email: hxliu@njau.edu.cn

The biocontrol efficacy of Bacillus cereus Wenshan1-18
against bacterial wilt caused by Ralstonia solanacearum
was 53.8% on tomato at 21 d post inoculation when
Wenshanl-18 remained spatially separated from R. sol-
anacearum HB10, and the increase in shoot fresh weight
of tomato without pathogen inoculation reached 19.6%.
There was no inhibition zone between B. cereus
Wenshanl-18 and R. solanacearum HB10 in an in vitro
antibiosis test. The activities of four defense-related
enzymes (polyphenol oxidase, phenylalanine ammoni-
alyase, superoxide dismutase and peroxidase) and the
expression of the defense-related genes PR1a and ETR2,
which are regulated by the Salicylic Acid (SA) pathway
and the ethylene (ET) pathway respectively, increased
when plants were treated with Wenshan1-18. Next, we
found B. cereus Wenshan1-18 can produce indoleacetic
acid (IAA) and utilize phosphate, and accordingly the
genes associated with plant growth ARF10 expressed
stronger in plants treated with B. cereus Wenshanl-18
than that in control. In general, B. cereus Wenshanl-18
is a potential biocontrol agent that can decrease the dis-
ease severity of bacterial wilt on tomato by induced
systemic resistance (ISR) through SA and ET signal
pathway, and stimulate plant growth by production of
IAA and utilization of phosphate.

P03.080 Clone and sequence analysis of fusaricidin
biosynthetic gene cluster in Paenibacillus polymyxa
T99

H.L. Wu, D. Dong, C.G. Lu, T.T. Zhang, J.J. Li and W.C.

Liu

Institute of Plant and Environment Protection, Beijing
Academy of Agriculture and Forestry Sciences, Beijing,
100097, P.R. China

Email: wuhuiling925@126.com

Biological control using microorganisms or its metabo-
lites to suppress soil-borne plant pathogens has been
widely used in agricultural fields. Antibiotics produced
by microorganisms play an important role in the sup-
pression of the pathogens. Fusaricidins are a group of

lipopeptide antibiotics produced by Paenibacillus poly-
myxa that strongly inhibits the growth of many plant
pathogenic fungi such as Fusarium oxysporum and
gram-positive bacteria or actinomycetes. P. polymyxa
T99 isolated from a vegetable field in suburb of Beijing
has a significantly inhibition against Fusarium oxy-
sporum and other plant pathogenic fungi. In this study, a
pair of degenerate primers designed according to the
fusC of P. polymyxa PKB1 and SC2 were used to gen-
erate a 450bp DNA segment. BLAST analysis revealed
the sequence has a high sequence identity (99%) to fusC
of P. polymyxa SC2 but only 88% identity to fusC of P.
polymyxa PKB1. Then, a series of primers were de-
signed according the fusaricidin gene cluster of P. pol-
ymyxa SC2 to amplify the genes for fusaricidin biosyn-
thesis in P. polymyxa T99. About 32-kb DNA fragments
including eight ORFs were obtained. Similarity of the
eight ORFs in the fusaricidin biosynthetic gene cluster
of P. polymyxa T99 to the corresponding gene fusA-TE
of the P. polymyxa PKBI is 90%, 93%, 91%, 85%, 83%,
89%, 88%, 82%, respectively. Then, we will identify the
fusaricidins production and analysis the biosynthesis of
fusaricidins in T99.

P03.081 Fluorescent protein as the reporter for de-
tecting the activity of erythromycin promoter in
Streptomyces lydicus A01

H.L. Wu, T. Liu, D.P. Zhang, Z.F. Tian and W.C. Liu
Institute of Plant and Environment Protection, Beijing
Academy of Agriculture and Forestry Sciences, Beijing,
100097, P.R. China

Email: wuhuiling925@126.com

Streptomyces lydicus AO01, which was isolated from the
soil of suburban vegetable field in Beijing (China), was
capable of producing natamycin and proved to be a
potential biocontrol agent to several plant fungal diseases.
In order to establish transformation system for molecular
modification and improvement of strain A01, the activity
of erythromycin promoter (ermE*) was detected by la-
beling strain with fluorescent protein. The egfp 720bp
and rfp 678bp segments were inserted into the expres-
sion vector pIB139 individually, the recombinant vector
pIB139-EGFP and pIB139-RFP were successfully ob-
tained. The recombinant vector were transfomaed into S.
lydicus AO1 strain by intergeneric conjugation and the
transformants were confirmed by PCR analysis with the
specific primers of egfp and rfp gene. Fluorescence ob-
servation with microscope showed that the two trans-
formants exhibited strong fluorescence activity. This
results showed heterologous or homologous gene ex-
pression could be achieved by placing the activator gene
with control of ermEp*, and this provided an effective
genetic transformation tool for S. lydicus A01.
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P03.082 High plant-growth-promoting and biocontrol
activity of rhizobacteria from Chinese contaminated
soils

L.F. Ke', X.F. Wang", D.V. Mavrodi®, N. Zheng", L.S.
Thomashow?, D.M. Weller® and J.B. Zhang*

IState Key Laboratory of Agricultural Microbiology,
College of Life Science and Technology, Huazhong Agri-
cultural University, Wuhan, 430070, P.R. China;
Department of Plant Pathology, Washington State
University, Pullman, WA 99164-6430.USA; >United
States Department of Agriculture, Agricultural Research
Service, Root Disease and Biological Control Research
Unit, Pullman, WA 99164-6430, USA

Email: zhangjb@mail.hzau.edu.cn

By using a combination of baiting and rhizosphere colo-
nization cycling assays with oil rape seed as host, 110,
139, 141 and 228 bacteria colonies were isolated from
heavy metal polluted, recalcitrant organic contaminated
and petroleum semeary and saline zone of plant rhizo-
sphere in China, respectively, and 15.5%, 15.1%, 36.2%,
24.6% of isolates inhibited Sclerotinia sclerotiorum
accordingly. Randomly selected 304 colonies were
conducted 1-aminocyclopropane-1-carboxylic acid (ACC)
Deaminase-containing rhizobacteria screening, 18.75%
of selected colonies showed positive activity. We inves-
tigated 12 rhizobacterial isolates representing 3 domi-
nant morphotypes, Pseudomonas sp., Bacillus sp., and
Micobacterium hydrocarbonoxydans. Phylogenetic anal-
ysis of phID, prnD, pltC, phzF and acdS genes sequenc-
es in Pseudomonas showed tight clustering to some
known Pseudomonas strains Pf-5, 30-84 and Q8r1-96.
All 12 strains were tested for their abilities to promote
the root elongation of oil rape seed under gnotobiotic
condition. All P. brassicacearum strains containing
ACC deaminase and P. protegens strains increase the
length of root significantly and consistently, in compar-
ison with the negative control. Based on biocontrol as-
says and heavy metal test, ACC Deaminase-containing
isolates showed more highly effective suppression of S.
sclerotiorum and resisted higher concentration heavy
metal. ACC Deaminase-containing PGPR P. brassica-
cearum KY5404 indicated stable inhibition of S. sclero-
tiorum in greenhouse treatment and increased oil rape
seed growth significantly.

P03.083 Characterization of a novel dsRNA myco-
virus in the phytopathogenic fungus Collectotrichum
acutatum

J. Zhong, X.H. Lei and B.D. Gao

Hunan Provincial Key Laboratory for Biology and
Control of Plant Diseases and Insect Pests, Hunan Agri-
cultural University, Nongda Road 1, Furong District,
Changsha 410128, P.R. China

Email: bdgao@yahoo.com.cn

A novel virus contained two segments of dsSRNA was

detected from HNZJO01 strain of Collectotrichum
acutatum, a phytopathogenic fungus causing anthrac-
nose diseases in immature fruit of pepper. The complete
nucleotide sequences were determined. Spherical virus-
like particles in the size about 40 nm in diameter was
observed from the mycelial tissue preparation. Sequence
analysis showed that dsRNA-1 and dsRNA-2, which
had genomes of 1760 and 1377 nucleotides, respectively,
each contain a single ORF encoding proteins of 62KD
and 40KD.The proteins encoded by the open reading
frame in dSRNAL was similar to RNA-dependent RNA
polymerase (RdRp) of partitiviruses while the amino
acid encoded by dsRNA2 has no significant similarity to
any published protein in GeneBank database. Genome
comparison and phylogenetic analysis indicated that the
virus was found to be closely related to mycovirus in the
family Partitiviridae. A RT-PCR, using the primers de-
signed from the RDRP of the dsRNA1 segment, was
proceed in the infected mycelium and 40 single spores
of the progeny derivatives.The result showed that about
100% of the subcultures contain the virus and the trans-
mission efficiency of the virus to the progeny deriva-
tives was very high, which had been indirect confirmed
by the experiment of failed to completely eliminated the
virus from the host fungus.

P03.084 Detection and sequence analysis of novel
viral double strand RNAs (dsRNAs) in Ustilaginoidea
virens

J. Zhong and B.D. Gao

Hunan Provincial Key Laboratory for Biology and
Control of Plant Diseases and Insect Pests, Hunan Ag-
ricultural University, Nongda Road 1, Furong District,
Changsha 410128, P.R. China

Email: bdgao@yahoo.com.cn

Ustilaginoidea virens is the causal agent of false smut
disease of rice. We tested 7 isolates of U. virens for the
presence of dSRNAs. Electrophoresis of dSRNA extracts
showed that all the 7 isolates contained dsRNAs with
sizes from 0.7 to 5 kb. We found 4 dsRNA bands,
dsRNA 1 (5124 bp), dsRNA 2 (1711 bp), dsRNA 3
(1423 bp) and dsRNA 4 (855 bp) on agarose plate from
isolate HNHS-1. Sequence analysis showed that the
dsRNA1 (designated as HvRV1) contains two ORFs
potentially encoding 82 KDa coat protein and a 91kDa
RNA dependent RNA Polymerase (RdRp), and that
dsRNAZ2 contains one ORF coding for another RDRP. It
is noteworthy that the ORF in dsRNA 3 that encodes a
41 kDa protein showed no similarity with any other
amino acid sequence in databases, and that the dSRNA4
rather surprisingly lacks any ORF. Isomeric viral parti-
cles of about 40 nm in diameter were observed under
transmissive electron microscope from the mycelium
tissue of isolate HNHS-1. Those 4 dsRNAs in U. virens
HNHS-1 might belong to at least 2 mycoviruses in dif-
ferent families. According to the results above, HYRV1
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reported here should be new mycoviruses. This is the
first report on mycovirus in U. virens.

P03.085 Inhibition of Pseudoperonospora cubensis
Rostov and promotion of cucumber growth and
broad-spectrum resistance by Rhodopseudomonas
sp. S-1

J. Peng, D.Y. Zhang, S.B. Zhang, Y. Gao, Z. Zhang and
Y. Liu

Key Laboratory of Pest Management of Horticultural
Crop of Hunan Province, Hunan Plant Protection Insti-
tute, No 726 Second Yuanda Road, Furong District,
Changsha 410125, P. R. China

Email: haoasliu@163.com

The diseases caused by Pseudoperonospora cubensis, is
destructive to many economic crops, for example, cu-
cumber. And biological control is an increasing concern
for plant diseases preventing. To this end, a bacte-
rium,isolated from activated sludge and named strain
S-1,was identified as Rhodopseudomonas sp. based on
Morphological features, physiological and chemotaxo-
nomic characteristics, and phylogenetic analysis of 16S
rRNA. The optimal culture conditions of strain S-1 were
at 30C and pH 7. Strain S-1 could effectively inhibit
Pseudoperonospora cubensis Rostov, as inhibition ratio
up to 78.33% at 5-fold dilution of the cell-free extrac-
tions of strain S-1 and ICs, (half inhibition concentration)
was at 23.48-fold dilution by the floating leaf disc test
(FAO, 1982). Moreover, the cell-free extraction of strain
S-1 could increase root-length and biomass increment,
and raise producing of indoleacetic acid, amino acids
and chlorophyll, and enhance activity of peroxidase of
cucumber, all of this suggested it is potential for pro-
moting the growth and enhancing broad-spectrum re-
sistance of cucumber.

P03.086 A novel mycovirus isolated from the
hypovirulent strain BerBc-1 of Botrytis cinerea

L. Yu, J. Zhang, L. Yang and G.Q. Li

State Key Laboratory of Agricultural Microbiology and
Key Laboratory of Plant Pathology of Hubei Province,
Huazhong Agricultural University, Wuhan 430070, P.R.
China

Email: guogingli@mail.hzau.edu.cn

Botrytis cinerea (Teleomorph: Botryotinia fuckeliana) is
the causal agent for grey mould disease on many eco-
nomically important crops. A mycovirus designated as
Botrytis cinerea RNA virus 1 (BcRV1) in a hypoviru-
lent strain BerBc-1 of B. cinerea was characterized in
the present study. The genome of BcRV1 is 8952 bp in
length. It was deduced to contain two overlapping open
reading frames (ORFs), ORF1 and ORF2. ORF1 and
ORF2 are connected by a -1-frameshift sequence, in-
cluding a shifty heptamer (GAAAAACg14.4820), a

7-nucleotides spacer and an H-type pseudoknot structure.
ORF1 putatively encodes a 1314-amino acid (aa) poly-
peptide with the predicted molecular mass of 145 kDa.
The function of that polypeptide remains unknown.
ORF2 putatively encodes a 1338-aa polypeptide with
the predicted molecular mass of 146 kDa. This polypep-
tide contains the RNA-dependent RNA polymerase
(RdRp) domain with eight conserved motifs, which are
closely related to seven unclassified dSRNA mycoviruses,
including SsNsV-L, FgV3, FvV1, FvW2, PgV2, DsRV1
and PiRV3. A predicted Phytoreo_S7 domain homolo-
gous to several S7 proteins in phytoreoviruses was de-
tected in BcRV1. Phylogenetic analysis based on the aa
sequences of the RdRp domain indicated that BcRV1
and the viruses mentioned above formed a clade, com-
pared the mycoviruses in Totiviridae and Chrysoviridae.
This study suggests that BcRV1 is a novel mycovirus in
B. cinerea. The relationship between the BcRV1 infec-
tion and hypovirulence in B. cinerea is under investiga-
tion.

P03.087 Antifungal activity and compounds of essen-
tial oil of Pelargonium graveolens

J.T. Wu, Y.L. Zhang, B. Zhang, L.Z. Zhao, C.S. Li and
J.S. Qi

Institute of Plant Protection, SAAS, No0.202 North Indus-
trial Road, Licheng District, Jinan, Shandong, 250100,
P.R. China

Email: qi999@163.com

The increasing concern over environmental effects and
food safety caused by organic synthetic pesticides has
highlighted the need for alternative products. Pesticidal
activity screening from plants could lead to the discov-
ery of new pest control agents. The present thesis was
focused on the study of antifungal constituents of essen-
tial oil of Pelargonium graveolens against plant patho-
genic fungi. Oil was tested for its antifungal activities
against 6 plant pathogenic fungi by mycelia growth
methods to screen more effective plant protective agents.
The result indicates that the oil exerted high antifungal
activity against 6 fungi, providing complete growth in-
hibition at the concentration of 2 g/L. Oil was used for
further purification, and one antifungal ingredient was
purified with column chromatography of silica gel by
activity direction and identified as citronellol according
to 1H-NMR. The ECs, of citronellol aganist Botrytis
cinerea and Fusarium graminearum was 52.12 pg/ml
and 83.30 pg/ml. Microscopic observations revealed that
the mycelia of B. cinerea and F. graminearum appeared
distortion, with protoplasm agglomerated and leaking of
cell contents on the effect of citronellol. Results support
that essential oils or some of their constituents could
become natural alternatives to synthetic fungicides to
control certain important plant fungal diseases.
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P03.088 Screening of medicinal plants for antifungal
activity against plant pathogenic fungi

G.W. Zhao, B. Zhang, Y.L. Zhang, L.Z. Zhao, C.S. Li
and J.S. Qi

Institute of Plant Protection, SAAS, No.202 North In-
dustrial Road, Licheng District, Jinan, Shandong,
250100, P. R. China

Email: qi999@163.com

Botanical fungicides have many advantages such as
bounding in resources, low toxicity, environment-
friendly, low cost, and low pathogen resistance, etc. So,
it has already become an important route for new fungi-
cides development. And screening of antifungal plant
and structure elucidating of antifungal ingredients were
the foundation of Botanical fungicides development. In
this study, 37 traditional medicinal plants were used to
screen fungicidal activity. Six kinds of plant pathogenic
fungi, Pythium aphanidermatum, Phytophthora capsic,
Fusarium oxysporium, Fusarium solani, Botrytis cinerea
and Fusarium graminearum were used as target strains
to determine the antifungal activities of acetone extracts
from 37 species of medicinal plants by mycelial growth
method. There are 18 medicinal plants having more than
70% fungal inhibition rate against at least one kind of
the pathogenic fungi. Eugenia caryophyllata had 100%
antifungal activity against the six kinds of plant patho-
genic fungi; Fructus mume, Radix stemonae and Radix
aucklandiae had a high fugal inhibition rate against five
kinds of pathogenic fungi. Ramulus cinnamomi had a
considerable fungal inhibition rate against Pythium
aphanidermatum, Phytophthora capsici, Botrytis cinerea,
and Fusarium graminearum. Spore germination method
was also used to test the inhibition rates of those highly
active medicinal plants against Botrytis cinerea conidia,
and the antifungal activities of those plants tested were
all above 95%. Eugenia caryophyllata, Fructus mume,
Radix stemonae, Radix aucklandiae, and Ramulus cin-
namomi had a broad antifungal spectrum with high inhi-
bition rates, indicating that those medicinal plants con-
tain active substances with broad-spectrum antifungal
activity, which is worth of further study.

P03.089 Antifungal potential of Chenopodium album
against Ascochyta rabiei

A.Z. Sherazi, K. Jabeen and S. Igbal

Department of Botany, Lahore College for Women Uni-
versity, Lahore, 54000, Pakistan

Email: khajista_l@hotmail.com

Chenopodium album L. (bathu) leaves and roots were
selected to evaluate their antifungal potential against the
Ascochyta rabiei responsible for chickpea blight that
causes destructive yield looses. Extracts of C. album
leaves and roots were prepared and their various applied
concentrations viz. 1%, 2%, 3%, 4%, 5% were tested
against A. rabiei. Leaf extracts were found more effective

and showed significant antifungal activity over the root
extracts. Methanolic extract C. album leaf was found
effective in screening bioassays, so this was subjected
for fractional guided bioassays. Different various organic
fractions of leaf extract were isolated viz. n-hexane,
chloroform, ethyl acetate and n-butanol by using sepa-
rating funnel in increasing order of polarity. These iso-
lated fractions were further serially diluted to check
their Minimum Inhibitory Concentration along with a
synthetic fungicide (Puslan, 72 WP) and two controls;
Dimethyl sulphoxide (DMSO) and distilled water. The
MIC of various concentrations from (500 mg—1.953124
mg) was recorded for each fraction in interval of 24 and
48 hours. The tested fractions showed variable antifun-
gal activity when compared with control sets (Water and
DMSO). Ethyl acetate and synthetic fungicides were
found most effectual in retarding conidial germination
with MIC of 1.953142 mg after 48 hrs incubation period.
Chloroform fraction also inhibited the fungal growth
whereas n-hexane and ethyl acetate fraction was found
to be ineffective.

P03.090 Detection of antiviral activity of protein
components produced by Streptomyces parvus
Yn168

Z.F. Tian, W.C. Liu, T.T. Zhang and L.Y. Hou

Institute of Plant & Environment Protection,Beijing
Academy of Agriculture & Forestry Sciences, Beijing
100097, P.R. China

Email: zhaofengtian2000@yahoo.com

Antiviral activity of protein components ligg and lgg
from Streptomyces parvus strain Yn168 was identified
by protoplast inoculation system and leaf-discs inocula-
tion. In protoplast inoculation system, RANs of Tobacco
mosaic virus(TMV) was inoculated into the protoplast
of tobacco by electric shock and the antiviral substances
of protein components ligg and g5 extracted from
Streptomyces parvus Ynl68 fermentation broth were
added to the protoplast culture system 6h later. The test
was carried out using sterile distilled water and anti-
viral antibiotics Ningnanmycin as control. The virus
proliferation level was assayed by ELISA after TMV
was inoculated 30h later. The results showed that the
inhibition rates to TMV were 74.5% and 63.4% for active
protein components l;ggand 146 respectively. Also, the
antiviral activity of the protein components was detected
by leaf-disc ELISA method using 2cm diameter discs of
tobacco leaf. And the inhibition rates were 65.2% and
56.5% to TMV proliferating in the following detection.
Therefore, although the leaf-disc method was easy to
operate, antiviral active substance was more to be ab-
sorbed into the cell interior in protoplast cultures system
than on the surface of the leaf-discs so that the antiviral
activity could exert the antiviral effects better.
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P03.091 Transcriptional and posttranscriptional regu-
lation of 2,4-diacetylphloroglucinol production in

biocontrol bacterium Pseudomonas fluorescens
2P24
W. Zhang, X.G. Wu, J.C. Liu, Z. Zhao, T. Tian and L.Q.
Zhang

Department of Plant Pathology, China Agricultural
University, Yuanmingyuan West Road No.2, Haidian
District, Beijing, 100193, P.R. China

Email: zhanglg@cau.edu.cn

Pseudomonas fluorescens 2P24 is a rhizospheric bacte-
rium that aggressively colonizes the plant roots. It pro-
duces the antibiotic 2, 4-diacetylphoroglucinol (2, 4-
DAPG), which plays a major role to the protection of
crop plants against soil borne diseases caused by bacte-
rial and fungal pathogens. Similar as other antagonistic
Pseudomonads, the biosynthesis of 2, 4-DAPG in strain
2P24 is regulated at the transcriptional level in the ex-
pression of the phIACBD operon as well as at the post-
transcriptional level by the Gac/Rsm signal transduction
pathway. Our recent study revealed several new factors
involved in the regulation of 2, 4-DAPG production. A
resistance-nodulation-division (RND) efflux system
EmhABC, which determines the resistance to toxic
compounds in P. fluorescens 2P24, negatively regulates
the production of antibiotic 2,4-DAPG by altering the
intracellular concentration of 2, 4-DAPG and then en-
hancing the transcriptional feedback of phIACBD operon.
The sigma regulator PsrA directly binds to the phlA
promoter region and negatively regulates phlA transcrip-
tion. At the same time, PsrA activates the expression of
the sigma factor RpoS, which negatively regulates 2,
4-DAPG production by inducing the expression of the
RNA-binding protein RsmA. RetS is a hybrid sensor
kinase/response protein located on bacterial membrane,
and modulates the phosphorylation state of another kinase
GacS via a direct interaction. In P. fluorescens 2P24,
RetS was proved to negatively regulate 2, 4- DAPG
production through the Gac/Rsm pathway. Increasing
number of regulatory elements reported in recent publi-
cations revealed a more complex and fine regulatory
network for antibiotic 2, 4-DAPG production, and fur-
ther study is needed to understand how this system
works.

P03.092 Pathogenic variation of Ralstonia sola-
nacearum and it’s avirulent mutants construction

B. Liu, X.F. Zheng, Y.J. Zhu and J.M.Che

Agricultural bio-resources research institute, Fujian
academy of agricultural sciences, Wusi Road 247, Fu-
zhou 350003, P.R. China

Email: fzliubo@163.com

In order to provide the development of plant vaccine
with high disease reduced efficiency and stable biological
characteristics strain, we constructed avirulent mutants

of Ralstonia solanacearum through spontaneous muta-
genesis, ®Co-radiated mutagenesis and EZ-Tn5
transponson. Attenuation Index (Pl) was constructed to
measure the pathogenicity of mutants. Results showed
that three different pathogenic types (virulent, interim
and avirulent) of mutants were obtained. Based on colony
morphology on TTC medium, the colony of virulent
strain showed irregular shape, strong mobility, humid,
pink spot in the middle of colony, and big white edge.
Interim strain showed immobility, humid with the sur-
face, dark red spot in the middle of colony, narrow
white edge. Avirulent strain showed round, immobility,
dry, dark red spot in the middle of colony, narrow or no
white edge. Based on bacterial morphological observed
by transmission electron microcopy, the shape of viru-
lent R. solanacearum was long oval or short rod with the
ratio of cell width and length from 0.50 to 0.60, the
shape of avirulent R. solanacearum was short oval or
nearly round with the ratio of cell width and length from
0.70 to 0.80. The results of pathogenicity test showed
that virulent R. solanacearum had high infected mortality
with P1<0.41, interim R. solanacearum had middle high
infected mortaliy with Pl 0.52-0.68, avirulent R. sola-
nacearum had no infected mortality with P1>0.80. High
performance ion exchange chromatogramphy (HPLC)
was used to analyze different virulent R. solanacearum
strains, the results showed that three characteristic frac-
tions of different virulences were separated, strong viru-
lent strains formed only one characteristic peak at the
retention time more than 20 min, avirulent strains also
formed one characteristic peak, but the retention time
was short (less than 10min), interim strains possessed
with three characteristic peaks.

P03.093 Constructe evaluation model of Ralstonia
solanacearum avirulent mutants against tomato
bacterial wilt disease

B. Liu, X.F. Zheng, Y.J. Zhu and J.M. Che

Agricultural Bio-resources Research Institute, Fujian
Academy of Agricultural Sciences, Wusi Road 247, Fu-
zhou 350003, P. R. China

Email: fzliubo@163.com

In this paper, 55 avirulent mutants of Ralstonia Solana-
cearum were used to control tomato bacterial wilt and
the control efficiencies were compared. The results
showed that strain FJAT1458 isolated from tomato plant
was the most effective with control effect reached to
100%. It was also found that strain FJAT1458 could
colonize in rhizospheric soil, root and stem of tomato
plant. The colonizing density of FJAT1458 showed a
tendency of ‘increasing at beginning and decreasing
afterward’ during 1-25d after inoculation. Meanwhile,
higher inoculated concentration and younger seedling
age resulted in more colony amount of FJAT1458 in
plant. A regression model of control efficiency of the
biocontrol agent against tomato bacterial wilt was
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constructed. When the inoculated concentration of
FJAT1458 was bigger, the value of R was less. There-
fore, the avirulent mutant FJAT1458 had good control
effect on tomato bacterial wilt.

P03.094 Beneficial effect of some yeast and
bio-fungicides on peanut seeds mold fungi during
storage

M.A. Abd-AllA and R.S. EI-Mohamady

Department of Plant Pathology, National Research
Centre — Giza- Egypt

Email: mohmednrc@yahoo.com

Aspergillus flavus was a common fungus with more
frequency isolated from peanut seeds during storage,
followed by Aspergillus niger and Aspergillus ochroe-
cuse. Saccharomyces servisieae yeast caused a highly
inhibitor effect for the linear growth of A. flavus and A.
ochroecuse by 62.6 and 55.0%, respectively. The
bio-fungicide Rhizo-IN with recommended dose (2.5g/l)
caused highly inhibitor effect against A. niger linear
growth followed by S. cerevisiea by 78.3 and 63.2%,
respectively. Candida tennis yeast and bio-fungicide
Plant guard showed mediate effect against all tested
mold fungi. Coating peanut seeds before storage by
yeast S. cerevisea and C. tennis ( 1X108 c.f.u./ml) re-
sulting more protective effect of peanut seeds against

mold fungi incidence during storage period (45 days) , S.

cerevisea cussed more effect than other tested treatment,
it caused 71.0% , 80.0% and 87.8% protective effect
against A. flavus, A. niger and A. ochroecuse, respec-
tively. The results of this study showed that yeast S.
cerevisea was a alternative safe coating method for pre-
vent peanut seeds against mold fungi incidence which
causes economic losses during transportation, marketing
and storage.

P03.095 Role of the glyoxylate cycle in growth, an-
tagonism, root colonization and induction of sys-
temic plant defence responses in the fungal biocon-
trol agent Trichoderma atroviride

M.K. Dubey!, A. Broberg?, D. Funck Jensen and M.
Karlsson®

'Uppsala BioCenter, Department of Forest Mycology
and Plant Pathology, Swedish University of Agricultural
Sciences, Box 7026, 75007 Uppsala, Sweden; “Uppsala
BioCenter, Department of Chemistry, Swedish Univer-
sity of Agricultural Sciences, Box 7026, 75007 Uppsala,
Sweden

Email: mukesh.dubey@slu.se

Isocitrate lyase (ICL), a signature enzyme of glyoxylate
cycle, is required for metabolism of two-carbon com-
pounds like acetate or ethanol, and for virulence in bac-
teria and fungi. In the present study, we demonstrated
the role of the glyoxylate cycle in the fungal biocontrol

agent Trichoderma atroviride by generating ICL dele-
tion (Aicl) and complementation (Aicl+) strains. Gene
expression analysis shows that icl is induced in dual
cultures confronting the Botrytis cinerea or Rhizoctonia
solani. Phenotypic analysis of Aicl and Aicl+ suggested
the requirement of ICL in growth, conidiation, conidia
pigmentation and germination, and abiotic stress toler-
ance. The Aicl strain displayed reduced antagonism to-
wards B. cinerea. LC-MS analysis revealed that the Aicl
strain has reduced ability to produce the antifungal me-
tabolite 6-pentyl-2H-pyran-2-one (6-PP) on acetate me-
dium in comparison to the WT. Secretion and sandwich
assays on acetate or PDA medium reflect the partial role
of 6-PP in B. cinerea antagonism. Furthermore, in-vitro
root colonization assay shows that the Aicl strain re-
tained the ability to internally colonize the Arabidopsis
thaliana roots. However, A. thaliana plants with roots
colonized by the Aicl strain shows abolished ability for
the induction of defence response gene PADS3 in the
leaves in compare to WT colonized A. thaliana leaves.
Interestingly, root colonization by Aicl strain signifi-
cantly induced the expression of salicylic acid and
jasmonic acid-related defence response genes in leaves
of A. thaliana in comparison to leaves of WT colonized
A. thaliana. These data show that the glyoxylate cycle is
important for biocontrol traits in T. atroviride.

P03.096 Biological control of soil-borne fungal
pathogens of strawberry by Bacillus and Trichoderma
strains

A.M. Pastrana, A. Aguado, M.C. S&nchez, K. Akdi, M.D.
Gomis, S. Kamah, D. Salgado and N. Capote

IFAPA Las Torres-Tomejil. Carretera Sevilla-Cazalla
km 12.2, CP 41200 Alcal&del R b, Sevilla (Spain)
Email: marian.capote@juntadeandalucia.es

The antagonistic effect of two Bacillus strains (B. later-
osporus and B. megaterium) (FUSBACT®) and Tricho-
derma asperellum T18 strain (PRODIGY®) was assessed
on two soil-borne fungal pathogens of strawberry
(Macrophomina phaseolina and Fusarium oxysporum)
under in vitro and in vivo greenhouse conditions. Dual
plate confrontation of M. phaseolina and Bacillus
showed high levels of colony growth inhibition (CGI)
(49.81% by B. laterosporus, and 30.20% by B. mega-
terium). CGI for F. oxysporum was 46.81% and 35.78%,
respectively. In dual cultures assays of T. asperellum
and the strawberry pathogens, the percentage of radial
growth inhibition (%RGI) for M. phaseolina was 54.94%
and for F. oxysporum 41.41%. High sporulation and
overgrowth or competitive growth of T18 strain over the
pathogens was observed. In greenhouse conditions,
strawberry plants cv. Fortuna were inoculated with sus-
pensions of Bacillus strains or T. asperellum, or both (i)
5 days before inoculation with the pathogens, as preven-
tive treatments and (ii) 5 days after inoculation, as cura-
tive treatments. Two preventive methods of application
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were also tested: pre-plant root-dip, and pre-plant wa-
tering of the pot soil with suspensions of the antagonists.
Results showed that the two combined Bacillus species
and the T18 T. asperellum strain were able to reduce
significantly the incidence of charcoal rot caused by M.
phaseolina and Fusarium wilt caused by F. oxysporum
in strawberry plants. A synergistic effect between Ba-
cillus species and T. asperellum was not observed. Pre-
ventive treatments were more effective than curative
ones for the control of the fungal diseases. The pre-plant
root-dip application of B. laterosporus and B. mega-
terium was the best treatment for the control of M.
phaseolina and F. oxysporum. The use of these biocon-
trol agents as alternative to chemical fungicides for the
control of soil-borne pathogens could be an applicable
practise in integrated and ecological production of
strawberries.

P03.097 The pleiotropic regulatory gene degQ regu-
lates the fengycins production and biofilm formation
of Bacillus subtilis NCD-2

P.P. Wang, Q.G. Guo, S.Z. Li, X.Y. Lu, X.Y. Zhang and
P. Ma

Plant Protection Institute, Hebei Academy of Agricul-
tural and Forestry Sciences, IPM Centre of Hebei
Province, Key Laboratory of IPM on Crops in Northern
Region of North P.R. China, Ministry of Agriculture,
Baoding, Hebei 071000, P. R. China

Email: w.peipei2009@gmail.com

The Bacillus subtilis NCD-2 is the key component of the
biocontrol agent against plant soil-borne diseases, such
as cotton verticillium wilt and cotton damping off. For-
mer research revealed that fengycin is the major anti-
fungal compound produced by strain NCD-2. To clarify
the genes regulatory network for fengycin production,
the degQ, a pleiotropic regulatory gene, was deleted.
Dual culture testing showed that the degQ deletion mu-
tant decreased the inhibition ability against the growth
of Botrytis cinerea. However, the inhibition ability
could be restored after complementary the intact degQ
to the mutant. The lipopeptides were extracted and ana-
lyzed by Fast Protein Liquid Chromatography (FPLC),
compared to that of strain NCD-2 wild type, the degQ
deletion mutant significantly decreased the fengycins
production. Bioassay indicated that the lipopeptides
extracted from the degQ deletion mutant not only de-
creased the antifungal activity against the growth of B.
cinerea in vitro, but also significantly decreased the
control effect against tomato grey mold on detached
tomato leaves. The same results could be observed by
using bacterial suspensions instead of lipopeptides from
strain NCD-2 wild type and the degQ deletion mutant.
We also compared the biofilm formation between the
wild type and the degQ deletion mutant of strain NCD-2
by using crystal violet staining in 2 mL tube. The degQ
deletion mutant significantly decreased the biofilm for-

mation ability. In general, the pleiotropic regulatory
gene degQ greatly affected the fengycin production and
the biofilm formation of B. subtilis NCD-2.

P03.098 Control efficiency of VOCs produced by
Ceratocystis fimbriata on citrus green mold disease
Q.Li"% J.J. Hao®, LX. Luo"?and J.Q. Li"*"
'Department of Plant Pathology, China Agricultural
University / Key laboratory of Plant Pathology, Ministry
of Agriculture, Beijing 100193, P. R. China; 2Beijing
Engineering Research Center of Seed and Plant Health
(BERC-SPH) / Beijing Key Laboratory of Seed Disease
Testing and Control (BKL-SDTC), Beijing 100193, P. R.
China; *Department of Plant, Soil, and Microbial Sci-
ences, Michigan State University, East Lansing, Ml
48824, USA

Email: lig@cau.edu.cn; lijg231@cau.edu.cn

Ceratocystis fimbriata is a globally distributed fungal
pathogen that infects more than 30 species of woody and
herbaceous plants. This fungus also produces a variety
of volatile organic compounds (VOCs), which have
strong bio-activities on some other plant pathogens. In-
hibitory effect of the VOCs on the growth of Penicillium
digitatum, a plant pathogen, was determined using ver-
tical dual-culture test in a Petri plate without having
physical contact. The results showed that mycelial
growth and spore germination of P. digitatum were
strongly inhibited by the VOCs. The inhibition of myce-
lial growth and spore germination was 80.95% and
73.62%, respectively. Penicillium digitatum did not
produce any conidia when treated with VOCs. Morpho-
logical changes of mycelia and spores of treated P. dig-
itatum were observed under scanning electronic micro-
scope. The mycelial tip appeared intumescent and dis-
torted, with remarkably increased branches and seg-
mentations. To determine the effect of disease control,
either 0, 3, 5, 7, or 9 plates of C. fimbriata cultures
growing on potato dextrose agar were placed in a plastic
box, where 10 oranges wound-inoculated with P. digi-
tatum conidia suspension (10° canidia/mL, 10 pl) were
placed. The boxes were sealed with Parafilm, and repli-
cated three times. Disease symptom was observed at 4
days post incubation (DPI). Lesion size on orange fruit
was significantly reduced; the level of reduction was
positively correlated with the amount of VOCs, and the
highest reduction was 97.26%. In conclusion, Cerato-
cystis fimbriata has potential to control postharvest dis-
eases.

P03.099 Screening, identification and development of
biocontrol agent against cotton boll blight

X.Y. Lu, H.M. Zhou, B.Q. Li, Q.G. Guo, S.Z. Li and P. Ma
Institute of Plant Protection, Hebei Academy of Agri-
cultural and Forestry Sciences, IPM Center of Hebei
Province, Key Laboratory of IPM on Crops in Northern
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Region of North P.R. China, Ministry of Agriculture,
No.437 Dongguan District, Baoding, 071000, P.R. China
Email:pingma88@126.com

Cotton boll rot occurred widely in the cotton production
areas of China and caused significant loses on both cot-
ton yield and quality in recent years. Cotton boll blight,
caused by Phytophthora boehmeriae, was one of major
diseases in cotton boll stage. Cotton boll rot survey was
conducted in the Yellow River and the Yangtze River
cotton production areas of China in 2011 and 2012. The
result showed that over 95% cotton boll rot was cotton
boll blight in these areas while the other diseases of cot-
ton boll rot were cotton boll anthracnose, and cotton boll
rot caused by Trichothecium roseum et al. Biological

control of cotton boll blight was carried out in this study.

1250 strains of rhizosphere bacteria were screened and
399 strains showed antagonism against P. boehmeriae
by the dual culture method. Among the antagonists,
Strain HMB22922 showed the most significant potential
control of cotton boll blight. The control efficiency
against cotton boll blight was 81.34% in growing
chamber and 39.39%-58.64% in the field trials, respec-
tively. Strain HMB22922 was identified as Bacillus
atrophaeus based on the gyrB sequence determination
and Biolog physiological and biochemical test. Optimal
wetting agent was selected according to the wetting time
test, wetting agent “885A” was the best one for strain
HMB22922. Fermentation liquid of strain HMB22922
was processed into suspending preparation by adding
wetting agent “885A”. Properties of the processed sus-
pending preparation were accorded with the Inspection
Standard. The control efficiency of the processed sus-
pending preparation was significantly higher than that of
bacteria fermentation liquid of strain HMB22922.

P03.100 Mechanism on Ustilago scitaminea sexual
mating inhibited by Pseudomonas fluorescens strain
HN58

P.G. Xi, X. Sun, Y.Q. Zhou, H. Deng, W.K. Shen, S.Y.
Liu, M.H. Li, Z.D. Jiang and L.H. Zhang

College of Natural Resources and Environment, South

China Agricultural University, Guangzhou 510642, P. R.

China
Email: xpg@scau.edu.cn

Ustilago scitaminea Syd. is one of the most serious
pathogens on sugarcane, with its life cycle consisting of
saprophytic and pathgenic phases. In soil, the organism
proliferates in a unicellular budding mode and the hap-
loid cells are non-infectious on sugarcane. After mating
with opposite sexual haploid, the pathogen grows as
diploid filamentous cells and gains the ability to infect
sugarcane. Therefore, it would be interesting to test the
feasibility to control the occurrence of this fungal sug-
arcane disease on sugarcane by blocking the fungal
sexual mating. Pseudomonas fluorescens strain HN58

showed high inhibitory activity on sexual mating with
weakly affecting haploid growth of U. scitaminea. Fur-
ther characterization found that the active substance
from strain HN58 was susceptible to protease digestion,
suggesting that it is likely a peptide. Tn5 transposon
insertion mutagenesis was conducted to identify the
relative functional genes of strain HN58 implicated in
fungal mating inhibition. From over 3100 transposon
mutants, 14 mutants that lost inhibitory activity on sexual
mating of U. scitaminea were obtained. Complementa-
tion analysis will be conducted to characterize the bio-
control mechanism of P. fluorescens strain HN58
against the smut sexual mating.

P03.101 Chitinolytic enzyme from Trichoderma har-
zianum: purification, characterization and antifungal
bioassay

P. Sharma, M. Sharma, K. Sarvanan and M. Srivastava
Division of Plant Pathology, Indian Agricultural Re-
search Institute (IARI), New Delhi, 110012 India

Email: psharma032003@yahoo.co.in

Endochitinase (ech42) gene (JN798187) which is in-
volved in mycoparasitism, was isolated from taken from
Trichoderma harzianum (Th3) cloned, sequenced and its
expression profiling was carried by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) technique.
Endochitinase gene expression was then observed for
different Trichoderma isolates viz., T. harzianum (Th3
and Tv12) and T. atroviride (Ta5). Among the three,
higher expression of endochitinase was observed in
Th3and Tv12, whereas Ta5 showed lesser expression
with respect to other strains. ech-42 was purified using
Ni-NTA protein coloumn.The molecular mass of the
purified chitinase was estimated to be 32kDa by SDS
gel electrophoresis and assayed with 1% (w/v) colloidal
chitin as substrate for activity. Chitinase was optimally
active at pH 5.0 and at 25<C. The enzyme was stable
from pH 1-5 and upto 40<C.The in vitro assay was con-
ducted with purified chitinase  concentration ranging
from 50 g mlI™ -200 pg ml™ which showed antifungal
actively against the hyphal growth of all major fungal
pathogens viz., Sclerotinia sclerotiorum , Sclerotium
rolffsii, Fusarium oxysporum f. sp. lycopersici, Alternaria
brassicae, Alternaria brassicicola, Magnaportha grisea,
Fusarium fujikori etc. The zone of inhibition was visual
at the outer line of the colony at 150g ml™. and above.
The enzyme caused loss of cellular components, necrotic
lesions, hyphal cell lysis at the concentration of 200 g
mi™ also analysed microscopically.

P03.102 Field performance of Trichoderma harzi-
anum (Th3) against major diseases and growth pro-
motion in different crops in Rajasthan, India

P. Sharma, P. Jambulkar, O. P. Gangwa, V. Prakasham
and K. Sarvanan
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Division of Plant Pathology, Indian Agricultural Re-
search Institute, New Delhi-110012
Email: psharma032003@yahoo.co.in

Trichoderma Technology developed at Biocontrol La-
boratory, Division of Plant Pathology, IARI, New Delhi
was successfully demonstrated in different districts of
Rajasthan viz., Jaipur Kota and Banswara against major
fungal pathogens viz., Sclerotinia sclerotiorum, Sclero-
tium rolffsii, Fusarium oxysporum f. sp. lycopersici,
Aspergillus niger, Alternaria brassicae, Alternaria
brassicicola, Alternaria porri, Pythium spp., Rhi-
zoctonia spp. The objective of the study was to evaluate
and understand the colonization of Trichoderma harzi-
anum (Th3) in the root zone of different crops grown in
different season (Rabi and Kharif) and its survival. Th3
was used in field through soil, seed, seedling and foliar
application. Keeping this in view field performance of
Trichoderma harzianum (Th3), was evaluated in terms
of its rhizosphere colonization and competence, surviv-
ability (root colonization behaviour) in different crops
including cereals (Rice, Wheat, Maize, Pearl millet,
Barley), Legume (Chickpea), oilseed crops (Groundnut,
Soybean, Mustard, Linseed), Vegetables (Cauliflower,
Brinjal, Okra, Pea, Potato, Tomato, Chilli, Garlic, Onion,
Coriander, Fenugreek) Ornamental crops (Rose, Mari-
gold) and fruit (Watermelon) of both winter and summer
season. Field trials on seed treatment with powdered
bioformulation of Trichoderma harzianum (Th3) @ 4-5
g/kg seed, followed by spray of liquid bioformulation
(Th3) @ 4-5 ml/l were conducted. Populations of
Trichoderma harzianum (Th3) were isolated on Tricho-
derma Selective Medium (TSM), was not only found
antagonistic to pathogen but also showed colonizing
behavior in rhizosphere. The association of Trichoderma
harzianum (Th3) with rhizosphere were measured by
periodic observation of rhizosphere competance and
survivability at three different stages of crops (seedling,
flowering and pre-harvesting stage).

P03.103 Phosphate starvation response regulator
phoP regulates the fengycins production in Bacillus
subtilis NCD-2

Q.G. Guo, W.X. Dong, SH.Z. Li, X.Y. Lu, X.Y. Zhang
and P. Ma

Plant Protection Institute, Hebei Academy of Agricul-
tural and Forestry Sciences, IPM Center of Hebei
Province, Key Laboratory of IPM on Crops in Northern
Region of North P.R. China, Ministry of Agriculture,
Baoding, Hebei, 071000, P. R. China

Email: gqg77@163.com

phoR/phoP two-component systems, a signal transduc-
tion system that controls the phosphate starvation re-
sponse in Bacillus subtilis, can induce or repress Pho
regulation genes transcription under the phosphate star-
vation conditions. PhoR is a histidine kinase and PhoP is

a response regulator. In this study, the phoP was deleted
in B. subtilis NCD-2, a key component of the biocontrol
agent against plant soil-borne diseases. Degradation of
organic phosphorus assay showed that the phoP deletion
mutant was deprived of the degradation ability for or-
ganic phosphorus and significantly decreased the growth
ability in organic phosphorus medium compared to
strain NCD-2 wild type. However, capabilities of the
organic phosphorus degradation and the growth could be
restored after complementing the intact phoP to the mu-
tant. The phoP deletion mutant significantly decreased
the inhibition ability against the growth of Botrytis
cinerea by dual culture assay. The lipopeptides were
extracted and analyzed by Fast Protein Liquid Chroma-
tography (FPLC), compared to that of strain NCD-2
wild type, the phoP deletion mutant almost lost the
fengycins producing ability. Bioassay indicated that the
lipopeptides extracted from the phoP deletion mutant
not only decreased the antifungal activity against the
growth of B. cinerea in vitro, but also significantly de-
creased the suppression ability against tomato grey mold
on detached tomato leaves. Taken together, results indi-
cated that the phosphate starvation response regulator
PhoP greatly regulated the fengycin production in B.
subtilis NCD-2.

P03.104 gacS regulation of antifungal metabolite
production in plant disease suppressive Pseudo-
monas fluorescens FD6

Q.X. Zhang"? L. Chang', P.R. Harvey?* and L.Q. Zhang*
'College of Horticulture and Plant Protection, Yangzhou
University, Yangzhou, 225009, Jiangsu, P.R. China;
%CSIRO Ecosystem Sciences and Sustainable Agriculture
Research Flagship, Waite Campus, PMB2, Glen Osmond,
5064, SA; °Biology Research Institute of Shandong
Academy of Sciences, Jinan, Shandong, 250014, P.R.
China; “College of Agriculture and Biotechnology, China
Agricultural University, Beijing 100193, P.R. China.
Email: zqx817@126.com

Pseudomonas fluorescens FD6 was isolated from a can-
ola rhizosphere in Fujian Province (China) and showed
significant in vitro growth inhibition of the plant patho-
genic fungi Botrytis cinerea and Monilinia spp. We
demonstrated that strain FD6 produces the antifungal
secondary metabolites pyrrolnitrin (prn), pyoluteorin
(plt), 2,4-diacetylphloroglucinol (phl) and hydrogen
cyanide. It was reported that the two-component regula-
tory system comprised of the sensor kinase, GacS, and
its response regulator, GacA, is involved in regulation of
secondary metabolism. In order to investigate regulation
of metabolite production by the gacS gene, we con-
structed a gacS insertion mutant FD6-MS by homolo-
gous recombination. Production of prn, plt, HCN, pro-
teinase and siderophores were all decreased by disrup-
tion of gacS function in FD6-MS. Disease suppressive
efficacies of FD6-MS against Monilinia spp. and B.
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cinerea in respective detached peach and tomato fruit
bio-assays were also significantly less than those of wild
type FD6. Complementation of FD6-MS with functional
gacS to form strain FD6-S, resulted in metabolite pro-
duction and disease suppressive efficacies being re-
stored to levels comparable to those of the wild type
strain. These results indicated that gacS regulates the
production of metabolites involved in pathogen antibiosis
and disease suppression by FD6. In order to isolate spe-
cific regulatory genes for prn, a promoterless lacZ gene
was fused to the prnA gene to form FD6-lacZ: prnA,
capable of expressing lacZ upon induction of prnA. Tn5
random mutagenesis was used to identify the prnA ex-
pression mutant FD6-AA, characterized by reduced
production of siderophores and inability to produce prn
and proteinase. Recovery of Tn5 mutated sequences
from FD6-AA and complementation to form strain
FD6-A restored production of these metabolites. Wild
type FDG6, the prn expression mutant FD6-AA and its
complement FD6-A all displayed similar growth rates
and in vitro inhibition of B. cinerea and Rhizoctonia
solani. Therefore, secondary metabolites other than prn
and proteinase may also feature in pathogen antibiosis
by Ps. fluorescens FD6.

P03.105 Development of gq-PCR marker for Tricho-
derma spp. Tr905, Tr904 and LTR-2

Q.X. Zhang"?, B.E. Stummer?, R.A. Warren?, H.T. Yang®
and P.R. Harvey??

'College of Horticulture and Plant Protection, Yang-
zhou University, Yangzhou, 225009, Jiangsu, P.R. Chi-
na; “CSIRO Ecosystem Sciences and Sustainable Agri-
culture Research Flagship, Waite Campus, PMB2, Glen
Osmond, 5064, South Australia, Australia; >Biology
Research Institute of Shandong Academy of Sciences,
Jinan, 250014, Shandong, P.R. China

Email: zqx817@126.com

Trichoderma spp. are known to suppress a range of dis-
ease caused by plant pathogenic fungi. Here we report
on the development of quantitative strain-specific ge-
netic markers for T. harzianum Tr904 and LTR2 and T.
pseudokoningii Tr905, strains previously shown to sup-
press the development of cereal root diseases caused by
the soil-borne pathogens Rhizoctonia solani and Pythium
irregulare. Inter- and intra- specific amplified frag-
ment length polymorphism (AFLP) analysis of Tricho-
derma genotypes was used to identify potential strain-
specific fragments for LTR-2, Tr904 and Tr905. Se-
quences of isolated fragments were used to design pri-
mers to develop quantitative PCR (qPCR) assays for
each strain. Using DNA extracted from known amounts
of conidia, the in vitro detection limits of the optimized
gPCR assays for each strain were calculated to be be-
tween 10-20 conidia. Detection limits in soil were de-
termined via individual inoculation in alkaline sand
(Warramboo, pH 8.9) and acidic loam (Temora, pH 6.0)

cereal cropping soils. Inoculant survival was monitored
over an 8-week period via gPCR and microbiological
assessments. The lower detection limits of the qPCR
assays varied between 1 X10* (Tr904, Temora) — 6x10°
(Tr905, Temora) conidia per gram of soil (c g™ soil).
Inoculant soil colonisation and persistence over the 8
week incubation period varied slightly among the 3
strains. In both soils, inoculum of LTR-2 and Tr904
increased 10 fold to around 4x10° ¢ g™ soil at 4 weeks.
After 8 weeks Tr904 inoculum remained unchanged,
whilst that of LTR-2 had decreased to 1<10° ¢ g™ soil.
Tr905 inoculum increased around 100 fold (4<10° ¢ g™
soil) by 4 weeks in both soil types, maintained this level
in Warramboo soil and doubled (8<10° ¢ g™ soil) in
Temora soil after 8 weeks.

P03.106 Impact of interaction of Cercospora beticola
and Pyrenophora teres on their potential for survival
R.T. Lartey", T.C. TonThat, A.O. Salami?, S.L. Hanson®,
E. Balogh® and S. Ghoshroy®

'USDA/ARS, Northern Plains Agricultural Laboratory,
1500 North Central Ave. Sidney, MT 59270, USA; *Dept
Crop Production and Protection, Faculty of Agriculture,
Obafemi Awolowo University, lle-Ife, Nigeria; *The
Electron Microscopy Center, Dept. of Biological Sci-
ences. Uni. of South Carolina. Columbia, SC 29208
Email: robert.lartey@ars.usda.gov

Sugar beet and barley are two commonly rotated major
crops in the Northern Great Plains (NGP) of the US.
Cercospora leaf spot (CLS) caused by Cercospora
beticola and net blotch caused by Pyrenophora teres are
major foliar diseases of sugar beet and barley, respec-
tively, and also occur very frequently in the region. Both
disease pathogens survive in infested host tissues in the
soil. Rotation is highly recommended to manage both
diseases by reducing inoculum potential. Experiments
were conducted to study interaction of the two patho-
gens and their potential impact on each other’s survival.
In petri dish experiments, growth of C. beticola was
significantly inhibited when it was paired against isolate
of P. teres under dark conditions. However, P. teres
failed to establish contact with C. beticola when the
cultures were exposed to light. Microscopic investiga-
tion has revealed cercosporin in Cercospora hyphal
strands prior to contacts. Hyphal strands of both fungi
were without noticeable damage under darkness. How-
ever under light, significant hyphal damages were ob-
served on P. teres indicating C. beticola -induced struc-
tural damage of P. teres hyphal cells prior to actual
physical contact. These observations indicate that the
two pathogens were able to successfully antagonize each
other under specific abiotic condition (P. teres under
darkness and C. beticola under light). Our results sug-
gest that potential manipulation of abiotic condition may
lead to successful management of primary inoculum of
both pathogens.
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P03.107 Investigation of Peniophora nuda for bio-
logical control of Cercospora beticola and Pyre-
nophora teres

R.T. Lartey’, A.O. Salami?, T.C. TonThat!, E. Balogh,
S.L. Hanson' and S. Ghoshroy®

'USDA/ARS, Northern Plains Agricultural Laboratory,
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Crop Production and Protection, Faculty of Agriculture,
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Electron Microscopy Center, Dept. of Biological Sci-
ences. Uni. of South Carolina, Columbia, SC 29208
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Peniophora nuda (Fr.) Bres. belongs to the class
Agaricomycetes under the phylum Basidiomycota and
has been isolated in Europe, Great Britain, North America,
Hawaii (US in Oceania) and New Zealand. Net blotch
caused by Pyrenophora teres and Cercospora leaf spot
(CLS) caused by Cercospora beticola are major foliar
diseases of barley and sugar beet. The two diseases also
occur in the Northern Great Plains (NGP) of the US and
are frequently controlled by resistance selection and
fungicides applications. We present first studies on po-
tential of P. nuda to control C. beticola and P. teres. To
investigate potential for biological control of C. beticola
and P. teres by P. nuda, studies on standard inhibition
were first conducted. In petri dish experiments, growth
of C. beticola and P. teres were significantly inhibited
when they were paired against isolate of P. nuda. Cer-
cosporin, a broad spectrum toxin that is produced by
Cercospora species and that is toxic to several fungi,
was not able to protect C. beticola from being over-
whelmed by P. nuda. In follow up studies on the basis
for inhibition of the two pathogens by the potential bio-
logical control agent, electron microscopic investiga-
tions revealed structural damages of hyphae of the two
pathogens after initial physical contact with P. nuda.
Our results identified P. teres as a potential biological
control agent to manage CLS of sugar beet and net
blotch of barley.

P03.108 Streptomyces lydicus JZB117: a novel nata-
mycin-producing strain for control of plant fungal
diseases

W.C. Liu, D. Dong, H.L. Wu, C.G. Lu, D.P. Zhang and
T. Liu

Institute of Plant and Environment Protection, Beijing
Academy of Agriculture and Forestry Sciences, Haidian
District, Beijing 100097, P.R. China.

Email: liuwich@163.com

Natamycin is a polyene macrolide antibiotic with a
strong inhibitive activity against plant pathogenic fungi.
Total 4 species of Streptomyces, S. chattanovgensis, S.
natalensis, S. gilvosporeus and S. lydicus, were reported
as natamycin producers to date. JZB117 was a high
yield mutant bred by the complex mutation with UV ray

and LiCl,, and then the genome shuffling using S. lydicus
AO01 and A02 as original strains. The fermentation in
flask and 30L fermentation tank with fed batch method
showed that the natamycin yields of strain G117 were
increased by 38.86%-55.78% and 26.59%-30.74% over
that of strain AO1 and AOQ2 respectively, and the fer-
mentation time was shortened 48 hours. Thus the total
productivities of G117 were increased by 131.48%-
159.62% in flask and 90.13%-110.95% in fermentation
tank by comparison with the original strains. There were
some changes in cultural, physiological and biochemical
characteristics for G117, such as not being able of pro-
ducing yellow pigment on Gause’s synthetic agar me-
dium, increasing the abilities to hydrolyze starch and use
rhamnose, and reducing the abilities to use sucrose,
mannitol, sorbitol and mannose. In RAPD experiment,
some specific amplification bands were obtained from
G117 but not form A01, A02 and other 3 natamycin-
producing strains. In 16S rDNA analysis, G117 pre-
sented the high genetic similarity of 99% comparing
with A01, A02 and CGMCC4.1412, the type strain of S.
lydicus, and the relative low similarity with other 3 na-
tamycin-producing strains. The above researches sug-
gested that G117 was a novel natamycin-producing
strain.

P03.109 Bacillus subtilis SWS-11 antibacterial activity
against fungi and bacteria

H.Z. Zhou, K. Guo, Q. Chen, Y.L. Wei, J.D. Hu, J.S. Li,
X.Q. Wu and H.T. Yang

Biotechnology Center, Shandong Academy of Science,
Shandong Provincial Key Laboratory for Applied Micro-
organism, No. 19 Keyuan Road, Lixia District, Jinan,
250014, P. R. China

Email: xg_wu2008@163.com

Bacillus subtilis strain SWS-11 was isolated from soil
and showed strong inhibitory effect of pathogenic micro-
organism. The data showed that SWS-11 strongly inhib-
ited Thielaviopsis basicola, Aspergillus niger, Bacillus
cereus, Eschechia coli and Salmonella enterica at the
concentration of 10’, 10, 108, 10°and 10°, respectively.
The inhibition zone diameter was ranging from 14.5 to
22.1 mm on PDA or LB plates. The similar observation
was noted using the lipopeptides isolated from the cul-
tural supernatant of SWS-11 by the methods of hydro-
chloric acid precipitation and methanol extraction. The
extraction effectively inhibited mycelial growth and
conidia germination of a wide range of phytopathogenic
fungi. The lipopeptides were stable to high temperature,
wide range pH, proteinases and organic solvents.
ESI-MS analysis of the lipopeptides included iturin,
surfaction and fengycin. Surfactin is not only a highly
active surfactant, but also exhibits anti-viral and anti-
mycoplasma activity. Iturin and fengycin can obviously
inhibits a broad wide of fungal pathogens. In addition,
surfactin enhanced the antibiotic activity of fengycin.
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This indicated the synergistic effect of surfactin on the
biological properties of fengycin. The optimal composi-
tion applied by Uniform Design was 40 g L™ corn pow-
der, 10 gL ™ soybean cake powder, 5 g™ urea, 45
mmol L PO,¥, 0.5 mmol £ Mn**, 0.2mmol L Mg?,
1 pmol-L™* Fe?*, 0.5 umol-L™* Ca®*, 33 €. The produc-
tion of the lipopeptides increased from 2.1 g™ to 3.2
gt In all Bacillus subtilis SWS-11 is a biocontrol
agent for commercial applications.

P03.110 cDNA-AFLP analysis of differentially ex-
pressed genes related to mycoparasitism in Tricho-
derma harzianum LTR-2

X.J. Zhang®, P.R. Harvey*? R.A. Warren? B.E. Stummer?
and H.T. Yang'

YInstitute of Biology, Shandong Academy of Sciences,
No.19 Keyuan Road, Jinan, 250014, P. R. China;
’CSIRO Sustainable Agriculture National Research
Flagship, CSIRO Ecosystem Sciences, PMB 2 Glen
Osmond, South Australia, 5064, Australia

Email: yanght@sdas.org

In the present study, cDNA-amplified fragment length
polymorphism (cDNA-AFLP) analysis was used to
identify differentially-expressed genes of Trichoderma
harzianum LTR-2 during in vitro mycoparasitic interac-
tions with the plant-pathogenic fungus Rhizoctonia
solani. Changes in LTR2 gene expression were analysed
by comparing expression profiles in the challenged
(LTR2-R. solani interaction) and unchallenged (LTR2
only) control. LTR2 cDNA-AFLP experiments were
optimized in silico using the program AFLPinSilico.
Double-stranded cDNAs were digested with restriction
enzymes Pstl and Haelll. Selective amplifications were
performed with combinations of Pstl and Haelll primers
with 1 and 2 additional bases at the 3' ends, respectively.
Sixty four primer pair combinations were used in
cDNA-AFLP and resolved 2,560 fragments derived
from the mRNA of LTR-2 challenged with R. solani. A
total of 255 transcription-derived fragments (TDFs)
were differentially expressed (145 up-regulated and 110
down-regulated) in LTR2. To date, DNA sequence data

have been obtained for 21 differentially expressed TDFs.

Sequence similarities to known genes or sequences in
the NCBI was found for 15 LTR2 TDFs. These differ-
ently-expressed cDNA fragments showed homologies to
fungal translational repressor, kinase-activating protein,
vesicle fusion factor, dipeptidyl aminopeptidase, phos-
phopantetheine binding protein and heavy metal export-
er genes. Sequences of the remaining TDFs could not be
assigned to genes with known functions. Sequence
analysis of TDFs is on-going and is being used to iden-
tify genes related to mycoparasitic properties of LTR2.

P03.111 The biocontrol characteristics of nonpatho-
genic Fusarium oxysporum strain FJAT-9290

B. Liu, R.F. Xiao, Y.Y. Yang, Y.J. Zhu and X.F. Zheng
Agricultural Bio-resources Research Institute, Fujian
Academy of Agricultural Sciences, Wusi Road 247, Fu-
zhou 350003, P.R. China

Email: fzZliubo@163.com

Fusarium oxysporum, the pathogen of Fusarium wilt
diseases, can cause the plant wilt and induce serious
economic losses on the crops. The nonpathogenic F.
oxysporum strain FJAT-9290, isolated from tomato root,
was showed to effectively inhibit activity of pathogenic
F. oxysporum. The host range tests showed that all
plants including five families (Solanaceae, Cucurbitacea,
Musaceae, grass and lily) grow normally and didn’t
appeared wilt symptoms within 120 days when were
inoculated by strain FJAT-9290. However, there were
obvious differences on the colonization tests. By identi-
fying the isolates from different plants using specific
primers P12-R1/P12-F2, the nonpathogenic strain
FJAT-9290 could colonized in the stem of tomato and
sweet pepper, banana, melon after 5 days and 10 days
inoculation, respectively. The growth rate of strain
FJAT-9290 had no significant difference compared with
pathogenic strains. Growing on the culture used citrus
pectin or carboxymethyl-methyl cellulose sodium
(CMCQC)as the carbon source, strain FJAT-9290 could
produce five types of cell wall degradation enzyme
(CWDEs): poly-galacturonic acid enzyme (PG), pectin
methyl galacturonic enzyme (PMG), cellulase (Cx),
poly galacturonic acid trans-eliminating enzyme (PGTE),
pectin methyl-trans-elimination of the enzyme (PMTE).
However, the CWDESs appeared higher activity cultured
used citrus pectin as the carbon source. The activity of
peroxidase (POD), polyphenol oxidase (PPO) and beta-1,
3-glucanase enzymes of the tomato plants could increase
significantly after inoculating the strain FJAT-9290.
Bioassay experiments revealed the growth of the potted
tomato seedlings treated by the strain FJAT-9290 were
promoted with higher plant height and more leaves than
the seedlings in control. The control efficiency treated
by strain FJAT-9290 was 76 %.

P03.112 Biocontrol of Cucumber powdery mildew
(Sphaerotheca fuliginea) with Verticillium lecanii

Y. Zhou!, T.T. Zhang*, H. Yan*and X.X. Li*?

YInstitute of Plant & Environment Protection, BAAFS,
No.9 Shuguanghuayuanzhonglu, Haidian District, Bei-
jing, 10097, P.R. China; “Hebei University of Science
and Technology, Shijiazhuang, 050018, P.R. China.
Email: yanhong0219@yahoo.com.cn

Cucumber powdery mildew is one of the most important
diseases in the cucumber grown region. The indoor artifi-
cial inoculation tests as well as the field tests of Cucum-
ber powdery mildew were fulfilled, using several solu-
tions cultured by Verticillium lecanii in PD liquid in-
cluding spore suspension, centrifugal supernatant liquid
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and crude toxin. On the conditions of the indoor artifi-
cial inoculation test, control effects on cucumber pow-
dery mildew of the spore suspension’s concentration 10/
ml, 5x10%/ml, supernatant liquid diluted 50, 100 times,
the crude toxin solution diluted 50, 100, 200 times appro-
ximate to 57.6% and 60.0% (p>0.01), 71.3% and 45.3%
(p<0.01), 65.8%, 59.3%, and 83.3 % (p<0.01) respec-
tively. The control effect of crude toxic solution diluted
200 times excel remarkably those of pharmaceutical Ba-
cillus (62.0%), supernatant liquid and the spore suspen-
sion (p<0.01). Based on the data from field experi- ment,
toxin and Bacillus control effect on cucumber powdery
mildew are 85.35% and 91.54%(p>0.01), both has a
significant advantage over the spore suspension (52.82%)
(p<0.01). Comparing with the control group, the results
were different significantly statistically (p<0.01).

P03.113 Potential of Trichoderma atroviride and T.
viride to control Botrytis cinerea, the cause of tomato
grey mold

Y. Wang, W.L. Wang, W. Gao, C.X. Zhang, C.Y. Liu, Y.J.

Hao and J.F. Huo

Tianjin Plant Protection Institute, Tianjin, 300381, P. R.
China

Email:wangyongwb@126.com

Trichoderma atroviride Tr1208 and Trichoderma viride
Tr9701 were tested for their efficacy in controlling to-
mato grey mold (caused by Botrytis cinerea) in vitro and
in the field. Isolates of Tr1208 and Tr9701 produced
both volatile and non-volatile antibiotics that suppressed
mycelial growth of the pathogen. Light micro-exami-
nation showed that micro-parasitism by Trichoderma
spp. of Botrytis cinerea resulted in penetration and dis-
ruption of hyphal cells, and disturbing of cytoplasm of
the pathogen. The cultures and filtrates of Tr1208 and
Tr9701 in wheat powder liquid medium, Gause’s syn-
thetic liquid medium, soybean powder liquid medium,
corn extract liquid medium, Richard’s liquid medium,
Czapek's liquid medium, Martin’s liquid medium, soil
extract liquid and corn powder liquid medium sup-
pressed conidial germination of the pathogen, and the
germination level was negatively correlated with the
duration of culture of Trichoderma sp.. The effect of
suppressing B. cinerea is the best which was cultivated
by wheat powder liquid medium 4 days, after the anta-
gonists were inoculated. Re-isolation from inoculated
tomato shoots demonstrated that the pathogen had been
suppressed by Trichoderma. The ability to re-isolate the
pathogen from fruits of tomato after co-inoculation and
pre-inoculation with Trichoderma spp. was reduced by
15.5-42.3% and 22.2-47.1%, respectively. The biocon-
trol field trial suggested that the B. cinerea on tomato
fruits and leaves had been efficiently controlled by the
application of spore suspensions of T. atroviride Tr1208
and T. viride Tr9701. The efficacy of control by Tricho-
derma is similar to that of routine chemical control.

P03.114 The effect of soil environment on the clubroot
Y.L. Luo™? Y.P. Ying', D.W. Dong? X.Y. Wang?, H.
Jiang®, Y.F. Yan? and Z.K. Wang"*

'Bioengineering College of Chongging University,
Chonggqing, 40030, P. R. China; *Fuling Agricultural
Science Institute of Chongging, 40030, P. R. China
Email: luoyuanlil63@163.com

Brassica juncea var. tumida Tsen (Cruciferae), known
as Green mustard, which is special vegetable in China.
Green mustard is the raw material for one of the pickles
(Fuling pickle) in the world. The picked mustard is very
popular for their special flavor and nutritional value.
Fuling pickle is the largest production scale, the most
powerful traditional pillar industries and competitive
industries in Fuling District rural economy. But in recent
years, the yield of Green mustard has been seriously
affected by clubroot disease caused by Plasmodiophora
brassicae, which has caused vyield losses. Although
chemical measures make some progress in control of
clubroot, but it cannot eliminate clubroot and cause en-
vironmental pollution to some extent. Breeding of
clubroot resistance cultivars (CR) is the top priority for
the disease control. But the CR is very scarce and the
resistance is multigenic and may be overcome by new
virulent P. brassicae strains. In recent years, many re-
searchers focus on the effect of soil environment on the
clubroot. We find that there is huge difference in N, P,
K, organic matter content in various soil of different
degree of the disease. We also construct bacterial 16S
rRNA library and fungus 18S rRNA library to find dif-
ference in microbial distribution in various soil of dif-
ferent degree of clubroot. At present, the study is under
progress. We hope to find a comprehensive control
measure to reduce the yield loss caused by P. brassicae.

P03.115 Identification and utilization of AM fungi in
biological control

T.T. Wang, K. Li, Y.P. Wang and J.H. Guo

Department of Plant Pathology, College of Plant Pro-
tection, Nanjing Agricultural University; Key Labora-
tory of Integrated Management of Crop Diseases and
Pests, Ministry of Education; Nanjing 210095, P.R.
China

Email: ypwang@njau.edu.cn

Arbuscular mycorrhizal fungi (AMF) symbiosis confers
numerous benefits to host plants, and they are affirmed
to promote plant growth and improve yield and quality,
control or alleviate impact of plant diseases in various
plant hosts particularly diseases caused by various
soil-borne pathogens. In this study, we investigated the
diversity and structure AMF in the tobacco rhizosphere
soil sampled from Guizhou province in southwest China.
Wet-sieving and centrifugation method was combined
with nested PCR and denaturing gradient gel electro-
phoresis (DGGE) for the diversity analysis. And four
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genera and twenty AMF species were identified using
the wet-sieving and centrifugation method and the most
species encountered were Glomus species. In the fol-
lowing greenhouse experiments, ten AMF strains were
selected to evaluate the effects of AMF on tobacco
plants. The results indicated that most of the AMF
strains could inoculate on the tobacco roots very well,
and could form mycorrhizal symbiosis to improve to-
bacco growth performance. Three strains were found to
control tobacco wilt disease caused by Ralstonia sola-
nacearum effectively. These results indicated that AMF
may be used to promote plant growth and health.

P03.116 Production and formulation of Trichoderma
harzianum T6C to control soilborne plant pathogens
J.M. Zapiola, R.A. Rojo, V. Barrera and L. Gasoni
Instituto de Microbiolog &y Zoolog & Agr Tola, Instituto
Nacional de Tecnolog® Agropecuaria, Los Reseros y
Las cabaf®s, (1712) Castelar, Argentina

Email: gasoni@cnia.inta.gov.ar

Large scale biocontrol agent utilization is influenced by
the production process (cost, productivity, etc) and the
ability to maintain a large numbers of viable and active
propagules during the bioproduction cycle, from pro-
duction to commercialization and utilization. The objec-
tives where: 1) To obtain an optimized culture media for
conidia production, 2) To assess the influence of addi-
tives on conidial viability up to six months, 3) To select
the proper packaging to maintain conidial viability dur-
ing the storage period. Media used to cultivated T. har-
zianum strain T6C was not optimized for conidial pro-
duction. As a first approach, we selected four different
media with variable carbon source (FC), nitrogen source
(FN) and C/N ratio (CN). The best performer was se-
lected for further analysis.. Total FC concentration
without maintaining the CN ratio and trace element
concentration were further optimized. Isolates of fungal
strain were produced in shake flasks and then formulated
by adding different compounds. Formulations were as-
sessed up to six month of storage period at 25<€. Four
different packages were utilized to store the formula-
tions in proper conditions. As a result we have obtained
the productive media, more economic and also a
pre-selected package type to maintain the conidial via-
bility up to six months.

P03.117 Soil type affects efficacy of a microbial bio-
control agents in the control of cotton root rot

E. Dilfuza

Department of Microbiology and Biotechnology, Faculty
of Biology and Soil Sciences, National University of
Uzbekistan, Uzbekistan

Email: egamberdieva@yahoo.com

Many strains of Pseudomonas and Bacillus have been

shown to be potential biocontrol agents against fungal
pathogens. Soil types are found to affect on biological
control abilities of bacterial strains. In our experiments
soil types effect on bacterial abilities to control cotton
root rot caused by F. oxysporum. Infestation of the soil
with F. oxysporum resulted in an increase of the per-
centage of diseased plants from 69 to 76 in two different
soils. Priming of seedlings with the four selected bacte-
rial strains P. alcaligenes PsA15, B. amyloliquefaciens
BcA12, B. polymyxa BcP26 and M. phlei MbP18, pre-
viously isolated from salinated soil reduced this propor-
tion to as low as 26 % in sierozem soil and 39% in cam-
bisol soil in comparison to the non-inoculated control.
However, the bacterial strains were more effective in
sierozem soil than in cambisol soil. Probably the physi-
ological adaptation of bacterial strains supported their
beneficial activity much better in soil from where they
have isolated. Thus our results suggest that for obtaining
effective bacterial strains, they must be screened and
isolated from the pool of indigenous soil bacteria, which
supposedly are adapted to the particular climatic condi-
tions of the site conditions of practical applications.

P03.118 Biological control of damping-off of cotton
caused by Rhizoctonia solani with rhizobacteria in
saline soil

E. Dilfuza

Department of Microbiology and Biotechnology, Faculty
of Biology and Soil Sciences, National University of
Uzbekistan

Email: egamberdieva@yahoo.com

High salinity of soils in arid and semi arid regions results
in desertification and decreased crop yield. In such con-
ditions plants become more vulnerable to diseases caused
by pathogenic fungi. Under these conditions one possible
solution is to use bacterial inoculants which can control
diseases (biological control agents), increase plant
growth, speed up seed germination, improve seedling
emergence and protect plants from the deleterious effects
of some environmental stresses including drought and
salt. The aim of the present work was to test selected root
colonising bacteria for their ability to promote cotton
plant growth and control damping-off of cotton caused
by Rhizoctonia solani in salinated soil. The bacterial
strains Pseudomonas alcaligenes, P. mendocina, P.
putida, P. chlororaphis, P. extremorientalis, fungal strain
Rhizoctonia solani and cotton where used in this study.
Soil was sampled from irrigated agricultural site of
Syrdarya province, north-east of Uzbekistan. Electrical
conductivity (EC) values of saline soil were 6.2 dS/m.
Infestation of the soil with R. solani resulted in an in-
crease of the percentage of diseased plants from 53 to 75.
Selected bacterial strains, reduced this proportion to as
low as 17 % and also stimulated cotton growth. The
rifampicin-resistant mutants of effective strains were able
to survive in the rhizosphere of cotton due to their per-
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sistence in saline soil condition. These results are prom-
ising for the application of selected environmentally save
microbes in protecting plants against soil-borne patho-
gens in saline agricultural soils.

P03.119 Evaluation of two newly isolated Bacillus
strains from Pakistan for their broad-spectrum an-
tagonistic activity against multiple plant pathogens
and analysis for their lipopeptide compounds

F.U. Rajer, Y.L. Xie, H.J. Wu and X.W. Gao

Department of Plant Pathology, College of Plant Pro-
tection, Nanjing Agricultural University, Key Laborato-
ry of Monitoring and Management of Crop Diseases
and Pest Insects, Ministry of Agriculture, Nanjing,
210095, P. R. China

Email: faheemrajer@gmail.com

Biological control of plant diseases using potential an-
tagonistic microorganisms is an eco-friendly alternative
in plant protection. However, selection of effective bio-
logical control agents (BCAs) is the initial step and need
to be focused particularly. The aim of this study was to
identify new BCAs with broad-spectrum antagonistic
activity against multiple plant pathogens. A total of 44
Bacillus spp., were isolated from rhizosphere of tomato
(Solanum lycopersicum Mill.) grown in Pakistan. Their
antifungal and antibacterial activities and production of
their lipopeptide compounds were evaluated in vitro.
Screening of Bacillus spp. was carried out using dual
culture and agar diffusion techniques. TM10 and TM26
out of ten isolates showed greater antagonistic activity
towards Sclerotinia sclerotiorum and Xanthomonas
oryzae pv. oryzae (Xoo), respectively. Strain TM10
suppressed both the pathogens, while TM26 antagonized
Xoo only. Furthermore, MALDI TOF Mass Spectrome-
try analysis of TM10 resulted in the detection of bacil-
lomycin L. We aim to apply these potential isolates as
bio-pesticides in future.

P03.121 The potency of some indigenous bacteria to
inhibit the growth of Xanthomonas oryzae pv. oryzae
causing rice bacterial leaf blight

N.R. Mubarik®, Zuraidah? and Y. Suryadi®

'Departement of Biology, Faculty of Mathematics and
Natural Science, Jalan Agatis, IPB Dermaga, Bogor
16680, Indonesia; “Department of Biology, Tarbiyah
Faculty, 1AIN Ar-Raniry, Ring Road Complex of 1AIN
Ar-Raniry, 23111 Darussalam, Banda Aceh, Indonesia;
*Biotechnology Center for Agriculture and Genetic Re-
sources, Tentara Pelajar 3A, Bogor 16111, Indonesia
Email: nrachmania@ipb.ac.id

Bacterial leaf blight disease (BLB) caused by plant
pathogenic bacteria Xanthomonas oryzae pv. oryzae
(Xo0) can lead to death of rice plants. Control of plant
pathogenic bacteria can be performed using biological

control agents. The aim of this research was to study the
inhibitory ability of eight isolates indigenous bacteria
against plant pathogenic bacteria Xoo in greenhouse
conditions. Isolates of biological agents that are consist-
ing of: Pseudomonas aeruginosa (C32a and C32b), P.
fluorescens (Pf), Serratia marcescens (E31), Bacillus sp.
(1.5), Bacillus cereus (1.21 and 11.14), and B. firmus
(E65). The research method consists of hypersensitivity
test, antagonistic to Xoo, and in vivo application of bio-
logical agents in the greenhouse. Hypersensitivity test
on tobacco plants using inoculum C32a and C32b
showed characteristics of slightly leaf yellowing but did
not cause necrosis. Injection using Xoo inoculum
showed necrosis on tobacco leaves. Antagonist isolates
i.e. C32a, C32b, and 1.5 showed inhibitory activity
against Xoo, whereas other isolates did not show inhib-
itory activity. In greenhouse experiments by using IR 64
rice plants grown in plastic pots and sprayed with bio-
logical control agents (107cfu/ml) at 7 days, 14 days, 28
days, and 42 days after planting showed that application
of C32a, Pf, C32b, and 1.21 isolates could suppress the
lesion length of BLB better than chemical control
(Nordox).

P03.122 Biocontrol of cantaloupe damping-off dis-
ease using formulations of antagonistic fungi

N.M. Sallam}, S.N. Riad?>, M.S. Mohamed*and A.S. El
eslam?

'Plant Pathology Research Institute, Agric. Res. Center,
Giza, Egypt; *Plant Pathology Dept., Fac. of Agric.,
Assiut Univ., Assiut, Egypt

Email: nashwasallam@yahoo.com (Sallam, Nashwa)

Antagonistic capability of 19 isolates of fungi isolated
from rhizosphere of cantaloupe plants were tested in
vitro against growth of Fusarium semitectum isolate the
causal pathogen of damping-off of cantaloupe. Tricho-
derma viride (isolate no.17), T. harzianum (isolate no.
19) and Fusarium concolar (isolate no. 4) showed the
greatest percentage of inhibition against F. semitectum.
The effect of carrier formulations of antagonistic fungi
(talc based powder and rice bran) on damping-off of
cantaloupe were tested under greenhouse and field
conditions. In greenhouse experiment, application of
antagonistic fungi two weeks before planting with rice
bran formulation showed the highest percentage of sur-
vival plants in pre and post damping-off (83.33 and 75,
respectively), whereas application of talc based powder
formulation significantly increased percentage of sur-
vival plants at the time of planting in pre and post
damping-off (91.67 and 75, respectively). In field experi-
ments, application of tested formulations of antagonistic
fungi to infested soil with F. semitectum at time of plant-
ing caused a higher percentage of survival plants in pre
and post damping-off in both tested seasons (2009 and
2010) than application two weeks before planting in the
disease. The numbers of antagonistic fungal propagules
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were decreased gradually by prolonging the storage pe-
riod. After six months of storage period, population of
fungal propagules showed high reduction in approxi-
mately 50% expect in case of T. viride with talc formu-
lation showed no propagules after five months. Only
propagules of F. concolar appeared on rice and talc
formulations up to eight months.

P03.123 Biological control of Fusarium head blight in
oat and wheat

Z. Omer?, J. Fatehi? and A.C. Wallenhammar*

'Rural Economy and Agricultural Society /HS Konsult
AB, PO Box 412, 751 06 Uppsala; 2Lantm&nnen BioAgri
AB, 756 51 Uppsala, Sweden

Email: Zahra.omer@hush.se

Fusarium head blight (FHB) is a destructive disease of
cereals causing significant economic losses worldwide.
Apart from yield reduction, FHB results in accumulation
of various mycotoxins such as deoxynivalenol (DON) in
cereal grains, which is toxic to humans and animals. A
shift towards increased incidence of the DON-producing
species F. graminearum has been reported in different
countries including Sweden. In organic farming the con-
trol of FHB is based on cultural practices and applica-
tion of fungicides in conventional farming has shown
conflicting results possibly due to variations in sensitivity
of Fusarium species to chemicals. Development of bio-
logical control as an alternative environmentally friendly
approach to combat FHB disease can be of great value
to cereal production worldwide. In this study we aim to
investigate the potential use of yeast and bacterial iso-
lates and a commercial biocontrol product to control
FHB and to minimize production of mycotoxins. A col-
lection of microorganisms were obtained from diverse
plant and soil samples. Two different climate chamber
bioassays were developed to evaluate the antagonistic
effect of isolates against F. graminearum infection in
wheat and oat plants. The infection of coleoptile in
seedlings and spikes in mature plants were evaluated for
the effect of treatments. The disease severity was also
determined as percentage of infected seeds. The prelimi-
nary results indicate presence of potential microorgan-
isms capable of reducing FHB disease and DON content.

P03.124 Application of chitooligosaccharides in plant
protection

X.M. Zhao, H. Yin, W.X. Wang, M.Y. Wang and Y.G. Du
Liaoning Provincial Key Laboratory of Carbohydrates,
Dalian Institute of Chemical Physics, Chinese Academy
of Sciences, No. 457 Zhongshan Road, Shahekou Dis-
trict, Dalian, 116023, P. R. China

Email: zhaoxm@dicp.ac.cn

Chitin is homopolymer of B-1, 4-linked N-acetylgluco-
samine and chitosan is the product of deacetylation of

chitin. Chitin and chitosan have been proved to be non-
toxic, biodegradable, and biocompatible. However, their
high viscosity and insolubility in neutral aqueous solu-
tion restrict their uses in vivo. Chitooligosaccharides
prepared by enzymatic hydrolysis of deacetylated chi-
tosan polymer is not only water-soluble, nontoxic, bio-
compatible but also possesses versatile functional prop-
erties. Chitooligosaccharides could induce crop wide
resistance against fungal bacterial and viral disease. The
results of field trials indicate that the controlling efficacy
of chitooligosaccharides to wheat scab is 60% to verti-
cillium dahliae of cotton 71% to pepper virus 75% to
tomato Late blight 70% to Chinese cabbage soft rot 85%
to apple scab 57% to papaya mosaic disease 76% to
TMV 84.73%. In addition, chitooligosaccharides could
activate plant cold resistance. Coldness could decrease
the crisp fruit setting ratio, before the coldness happened
in late spring, the fruit trees treated with 75 mg.L™.
Chitooligosaccharides expressed chilling-tolerance ac-
tivity, and the trees have a high fruit setting ratio.
Chitooligosaccharides mixed with some fungicide could
increase controlling efficacy of fungicide and decrease
some fungicide consumption.

P03.125 Interactive proteomics between biocontrol
Chaetomium globsoum and chilli plants against
damping off pathogen (Pythium aphanidermatum)
(Edson) Fitz.

R. Senthil®, D. Saravanakumar®, M. Raveendran® and T.
Raguchander*
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Chaetomium globosum TNAU-Cg6 is studied as an ef-
fective biocontrol agent for the management of plant
diseases besides a good plant growth promoter. In the
current study, the biocontrol efficacy of C. globosum
was evaluated against damping-off disease caused by
Pythium aphanidermatum in chillies under in-vivo and
field conditions. The results showed the greater efficacy
of C. globosum in reducing damping off disease under
glass house and field conditions. Nevertheless, the mo-
lecular study on tripartite interactions between plant-
pathogen-biocontrol agent is further warranted to under-
stand the expression of proteins. Thus, the differential
protein expression studies were carried out to under-
stand the molecular responses of chilli seedlings primed
with C. globosum against P. aphanidermatum. The dif-
ferentially expressed proteins were identified using
two-dimensional polyacrylamide gel electrophoresis and
analyzed by mass spectrometry. The study showed the
differential expression of 28 proteins in chilli seedlings
treated with C. globosum and challenge inoculated with
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P. aphanidermatum. The differentially expressed pro-
teins were identified as Defensin like protein, WRKY6
transcription factor, Peroxidase, Endoglucanase 3 pre-
cursor, cytochrome P450, Ethylene-responsive tran-
scription factor, UDP-glucose dehydrogenase, annexin-
like protein, nodule-specific cysteine-rich peptide, oxido-
reductase, 20G-Fe(Il) oxygenase family protein, puta-
tive NBS-LRR disease resistance protein, CASP-like
protein, Ribulose-bisphosphate carboxylase large chain
precursor and hypothetical protein. The MATRIX anal-
ysis of proteins revealed that the differentially expressed
proteins have greater role in growth promotion and en-
hancing defense responses in chilli plants against P.
aphanidermatum. The biocontrol potential of C. glo-
bosum is further evidenced from the present study
through the characterization of growth and defense re-
lated proteins.

P03.126 Biological control of Monosporascus can-
nonballus of muskmelon by Talaromyces flavus

S. Keshavarzi, A. Sarpeleh and K. Behboudi

Department of Plant Protection, College of Agriculture
& Natural Resources, Tehran Univercity, Karaj

Email: s.keshavarzi@alumni.ut.ac.ir

Root rot and vine decline disease of muskmelon, in-
duced by Monosporascus cannonballus, causes severe
economic losses in many arid and semi-arid production
regions worldwide. However, no effective controlling
measures are presently available for this pathogen. In
the present study, the potential of T. flavus was assessed
on the control of M. cannonballus in vitro and in vivo
conditions. Talaromyces flavus, a fungal antagonist, was
isolated from soil samples collected from cucumber
greenhouses in Varamin district, Tehran province, Iran.
The biocontrol agent inhibited mycelial growth of M.
cannonballs in dual culture, volatile and non- volatile
extracts tests that were 81% and 73.2%, 89.1% respec-
tively. Talaromyces flavus was then used to treat the
muskmelon seedling before and after transplanting to
pot soil already infested with M. cannonballus and re-
duced disease severity to 31.1% in soil drench test and
42.2% in root dip test compared to the control (80%).
To assess the efficacy of the antagonist, the presence of
M. cannonballus in the roots using molecular tools, as
well as disease severity index, fresh weight and height
of root and shoot were measured after 60 days post
treatment. Monosporascus cannonballus was detected in
all replicates using specific primers. The overall results
of this study show that it may be possible to manage
muskmelon Root rot and vine decline disease effectively
by T. flavus. There is the first report of Monosporascus
biocontrol with T. flavus.

P03.127 The folate precursor para-aminobenzoic acid
elicits induced resistance against Cucumber mosaic

virus and Xanthomonas axonopodis

G.C. Song™?, H.K. Choi', Y.S. Park and C.M. Ryu™?
"Molecular Phytobacteriology Laborator, KRIBB, Dae-
jeon 305-80, Republic of Korea; 2Biosystems and Bio-
engineering Program, University of Science and Tech-
nology, Daejeon, 305-350, Republic of Korea

Email: yp272@kribb.re.kr

The use of vitamins including vitamin B, B, and K3 for
the induction of systemic acquired resistance (SAR) to
protect crops against plant pathogens has been evaluated
previously. The use of vitamins is beneficial because it
is cost effective and safe for the environment. The use of
folate precursors, including ortho-aminobenzoic acid, to
induce SAR against a soft-rot pathogen in tobacco has
been reported previously. In the present study, para-
aminobenzoic acid (PABA, also referred to as vitamin
Bx) was selected owing to its effect on the induction of
SAR against Xanthomonas axonopodis pv. vesicatoria
in pepper plants through greenhouse screening. Dipping
of pepper seedlings in a 1 mM PABA solution in field
trials induced SAR against artificially infiltrated X.
axonopodis pv. vesicatoria and naturally occurring
cucumber mosaic virus. Expression of the Capsicum
annuum pathogenesis-related 4 gene was primed in re-
sponse to pathogen infection as assessed by quantitative
real-time PCR. The accumulation of cucumber mosaic
virus RNA was reduced in PABA-treated pepper plants
at 40 and 105 d post-treatment. Unexpectedly, fruit yield
was increased in PABA-treated plants, indicating that
PABA-mediated SAR successfully protected pepper
plants from infection by bacterial and viral pathogens
without significant fitness allocation costs. The present
study is the first to demonstrate the effective elicitation
of SAR by a folate precursor under field conditions.

P03.128 Control and growth promotion of PopW to
cucumber downy mildew under green-house and
field conditions

L. Zheng"“, Y.M. Luo', Q.Y. Xue®, S.M. Li?, H.X. Liu*
and J.H. Guo®

'Department of Plant Pathology, College of Plant Pro-
tection, Nanjing Agricultural University, Engineering
Center of Bioresource Pesticide in Jiangsu Province,
Key Laboratory of Integrated Management of Crop
Diseases and Pests( Nanjing Agricultural University) ,
Ministry of Education, Nanjing 210095, P.R. China;
ZJiangsu Key Laboratory for Eco-Agri-cultural Bio-
technology around Hongze Lake, School of Life Scienc-
es, Huaiyin Normal University, Huai’an 223001, P.R.
China; °Institute of Plant Resources and Environment,
College of Life Sciences, Nanjing Normal University,
Nanjing 210046, P.R. China; “Chinese Academy of
Tropical Agricultural Sciences Guangzhou Experi-
mental Station; Chinese Academy of Tropical Agricul-
tural Sciences Tropical Energy and Ecology Research
Centre, Guangzhou 510140, P.R. China
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Email: hxliu@njau.edu.cn

The PopW, a new harpin protein, was isolated from the
bacterium Ralstonia solanacearum ZJ3721 and showed
induced resistance to various plant diseases. In this
study, the biocontrol efficacy of PopW against cucum-
ber downy mildew caused by Pseudoperonospora cu-
bensis was investigated and evaluated. The PopW at the
concentration of 250 mg/L obtained the best biocontrol
efficacy of 42.85% at the 15" day after pathogen inocu-
lation under the greenhouse conditions. Meanwhile,
PopW (250 mg/L) promoted the growth of cucumber
and increased the content of chlorophyll in leaves of the
plant. In the field, the biocontrol efficacy reached
41.87%, 48.36%, 53.21% and 50.85% at the 8, 25, 35
and 48 d after the first treatment of PopW respectively
when PopW was sprayed every 15 days and applied
three times in 2010. In 2011, the biocontrol efficacy
reached 47.07%, 48.17%, 50.59% and 54.48% at the
day of 8, 15, 22 and 27 d after the first application of
PopW respectively when PopW was applied every 10
days. The results indicated that the PopW had the poten-
tial to be an effective biocontrol agent against Pseu-
doperonospora cubensis. Furthermore, PopW increased
the yield of 33.01% per individual plant and signifi-
cantly improved the quality of cucumber fruit with in-
creased content of soluble sugar, soluble protein, free
amino acids and vitamin C (18.07 mg/g, 6.80 mg/g,
60.20 mg/100 g, 68.27 pg/g, in PopW treatment and
10.21 mg/g, 5.30 mg/g, 59.06 mg/100 g and 49.55 png/ g
in water treatment respectively).

P03.129 Biological control of Heterodera avenae in
wheat root by use of Bacillus pumilus 202

H.T. Li*? Y. Li', C.M. Zhang? N. Jia?, D. Hu? Z.W.
Wang®and Q.Wang*

'Department of Plant Pathology, China Agricultural
University, Beijing, 100193, P.R. China; ’Institute of
Genetics and Physiology, Hebei Academy of Agricultural
and Forestry Sciences, Shijiazhuang 050051, P.R. China

Email: lihongtaol1314@hotmail.com; wanggi@cau.edu.cn

The cereal cyst nematode (CCN), Heterodera avenae,
has caused economically significant damage to the
wheat in China. So far, there is no effective way to pre-
vent for this disease. In this study, the Bacillus strains
202 were isolated from wheat rhizosphere soil samples
collected from middle plain region of China. The an-
tagonistic abilities to the second stage juvenile(J2) of
Heterodera avenae, were tested. The ferment suspen-
sion of the strain B202 showed strong nematicidal activ-
ity to J2. The strain B202 had 100% mortality to J2 in
vitro test after 48 hours treatment. Through the potted
experiments of wheat in greenhouse, the results of con-
trol test showed the strain B202 could suppress the for-
mation of the galls. The control efficiency of strain
B202 was 59.09% after 60 days. The strain B202 also

was proved 61% control efficacy in field by three years
field experiments. The strain B202 was identified as
Bacillus. pumilus using the Biolog microbial identifica-
tion system., which was further confirmed by 16S rDNA
sequence analysis. So the strain B202 was name as Ba-
cillus. Pumilus B202. The ability of colonization in
wheat root was determined in pot experiment by labeled
antibiotic mutant. The ability of colonization of the bio-
control bacteria B202 could maintain about 10’ CFU/g
in rhizosphere of wheat above 65 days, suggesting the
potential to be developed as biocontrol agents.

P03.130 Eco-friendly management of Brown spot
(Bipolaris oryzae) of rice and quality seed production
H. Mahmud and I. Hossain

Department of Plant Pathology, Bangladesh Agricultural
University, Mymensingh and Professor, Department of
Plant Pathology, Bangladesh Agricultural University,
Mymensingh-2202; Bangladesh

Email: mhyat81@gmail.com

Efficacy of BAU-Biofungicide (Trichoderma harzi-
anum), plant extracts: Garlic (Allium sativum), Neem
(Azadirachta indica), and Bavistin (Carbendazim),
Potent 250 EC (Propiconazol) were evaluated for con-
trolling Brown spot of rice cv. BR11. Eleven treatments
such as T, : Garlic 1%, T,: Garlic 2%, T5: Neem 1%,
T, : Neem 2%, Ts : BAU-Biofungicide 2%, Ts :
BAU-Biofungicide 3%, Bavistin (T;: 0.1%, Tg: 0.05%),
Potent 250 EC (Tg: 0.1%, T1g: 0.05%) and control (Ty;)
have been sprayed at booting, heading and ripening
stage under field condition to produce quality seed.
Throughout the study period Potent (0.1%) showed the
lowest (3.33%) disease severity where control showed
highest (29.25%) and BAU-Biofungicide (3%) yielded
significant result (4.50%) in controlling the disease.
Potent (0.1%), BAU-Biofungicide (3%) and Garlic (2%)
resulted in 34.16%, 20.42% and 12.98% significant
higher yield over control. In dry inspection 78.50%,
74.33% and 70.00% of apparently healthy seed were
calculated in Potent (0.1%), BAU-Biofungicide (3%),
and garlic 2% respectively where the minimum (47.75%)
in control. In germination test treated with above treat-
ments Garlic (2%), BAU-Biofungicide (2%, 3%) and
Potent (0.1%, 0.05%) showed the best result in germina-
tion 95%, 97%, 98% and 96%, 98% respectively whilst
minimum 85% was observed in control. In normal
seedling, highest (92%, 93%) was recorded in
BAU-Biofungicide (2%, 3%), respectively where Potent
(0.1%, 0.05%) showed poor result 64.67%, 69% respec-
tively and 60% found in control. Seed borne fungi:
Curvularia lunata, Bipolaris oryzae, Fusarium oxy-
sporum, F. moniliformae, Nigrospora oryzae and storage
fungi: Aspergillus flavus, Penecillium spp. and Tricho-
derma harzianum have been inspected thorough seed
health test.
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NO03.001 Lysobacter enzymogenes uses two distinct
cell-cell signaling systems for differential regulations
of metabolite biosynthesis

G.L Qian, Y. Wang, Y. Liu, F. Xu, J. Fan, B. Hu and F.Q.

Liu

College of Plant Protection, Nanjing Agricultural Uni-
versity, Nanjing 210095, China/Key Laboratory of Inte-
grated Management of Crop Diseases and Pests, Minis-
try of Education, P.R.China

Email: fqliu20011@sina.com

Lysobacter enzymogenes is a ubiquitous environmental
bacterium emerging as a novel biological control agent
and a new source of bioactive secondary metabolites,
such as the heat-stable antifungal factor (HSAF) and
photo-protective polyene pigments. So far, the regula-
tory mechanism(s) for biosynthesis of these bioactive
secondary metabolites remains largely unknown in L.
enzymogenes. In the present study, two distinct cell-cell
signaling factors, DSF (Diffusible Signal Factor) and
DF (Diffusible Factor), were identified for the first time
in L. enzymogenes. The results show that both DSF and
DF played critical roles in modulating HSAF biosynthe-
sis and exhibited accumulative effects. DSF and DF
played negative and positive effects in polyene pigment
production, respectively, and DF is shown to play a
more important role than DSF. Interestingly, only DSF,
but not DF, regulated colony morphology of L. en-
zymgenes. Furthermore, the evidence support that both
DSF and DF were global regulators that modulated a
wide range of gene expressions in a specific or
cross-talk manner. These findings unveil for the first
time the novel roles of DSF and DF signaling pathways.
This knowledge will be useful in exploiting the potential
of this environment-friendly biological control agent.

N03.002 Carbendazim degradation by plant disease
suppressive Trichoderma harzianum Trl

Y.J. Huang', X.J. Zhang®, P.R. Harvey"?2 J.S. Li*, J.N.
Wang*and H.T. Yang'

'Biotechnology Research Center of Shandong Academy
of Sciences,Key Laboratory for Applied Microbiology of
Shandong Province, Jinan 250014, P.R.China; CSIRO
Sustainable Agriculture National Research Flagship,
CSIRO Ecosystem Sciences, PMB 2 Glen Osmond,
South Australia, 5064, Australia

Email: yanght@sdas.org

A novel Trichoderma isolate Trl was isolated from soil
in Shandong Province (P. R. China) heavily contami-
nated with the fungicide carbendazim. Trl showed sig-
nificant in vitro growth inhibition of the plant pathogen-
ic fungi Rhizoctonia solani, Phytophthora capsici, Ver-
ticillium dahlia, Phoma uvicola, Bipolaris sorokiniana
and Fusarium moniliforme. Inhibition of R. solani was
highly effective, with colony growth reduced by ap-
proximately 80%. Trl was identified as T. harzianum,

based on DNA sequencing of the-ITS1 and ITS2 regions
of the rRNA gene cluster and comparison with the Tri-
chOKey database. Strain Trl was able to metabolise
carbendazim, evidenced by growth in liquid mineral salt
medium containing 1000pg/ml carbendazim as the sole
carbon source. Approximately 25% of the carbendazim
was degraded following shaking incubation of the iso-
late at 28<€ for 14 days. Optimal carbendazim degrada-
tion was achieved between 25-30<€ at pH 6.0-6.5. The
principal catabolites of Trl-induced carbendazim catab-
olism were 2-amino benzimidazole (2-AB) and 2-hydro
benzimidazole (2-HB). Trl was able to metabolise 2-AB,
indicated by growth in liquid culture with this catabolite
as the sole carbon source. On-going research is defining
other catabolites produced by Trl degradation of car-
bendazim and the use of Trl as an inoculant for sup-
pression of carbendazim-resistant plant pathogenic fungi.

N03.003 Analysis the sclerosphere microorganism
community of Sclerotinia sclerotiorum and evalua-
tion of its effect on infection of sclerotia by Coni-
othyrium minitans

X.H. Lit, Y.Q. Lu}, L. Yang*, J. Zhang*, G.Q. Li*?and
D.H. Jiang"?

The Key Laboratory of Plant Pathology of Hubei
Province, P.R.China; “The National Key Laboratory of
Agricultural Microbiology, Huazhong Agricultural
University, Wuhan, 430070, P.R. China

Email: yanglong@mail.hzau.edu.cn

Coniothyrium minitans is a mycoparasite of the plant
pathogenic fungus Sclerotinia sclerotiorum. It can para-
sitize sclerotia of S. sclerotiorum, reducing apothecial
production and disease incidence. In natural soils, effect
of sclerosphere microbes on infection of S. sclerotiorum
sclerotia by C. minitans is poorly understood. This study
focused on the ecology of the sclerosphere microorgan-
ism community of S. sclerotiorum, used molecular tech-
niques and isolation techniques. Results showed that the
amount of bacteria and fungi in sclerosphere are signif-
icantly higher than those in sclerotia-free soils. Base on
bacterial 16S rDNA and fungal internal transcribed
spacer of ribosomal DNA sequences, we identified
Pseudomons, Bacillus and Archrobacter as the dominant
genera in sclerosphere. Penicillium was dominant genus
in sclerosphere. Suppression of mycelia growth of C.
minitans by 86 bacteria strains and 43 fungal strains
isolated from sclerosphere was observed. Seven bacteria
strains and seven fungal strains could strongly suppress
infection of sclerotia by C. minitans in vitro. This result
suggests that sclerosphere microorganisms may play an
important role in suppression of the infection of sclerotia
by C. minitans in field. We also make an effort to screen
microorganism chaperone of C. minitans, which eco-
logical function complementation with C. minitans, and
promotion the infection sclerotia of S. sclerotiorum by C.
minitans.
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N03.004 Effect of Aspergillus niger strain Y-1 on in-
fection of sclerotia of Sclerotinia sclerotiorum by
Coniothyrium minitans

D. Yang', X.P. Li!, L. Yang', J. Zhang', G.Q. Li*?and
D.H. Jiang"?

The Key Laboratory of Plant Pathology of Hubei
Province, P.R.China; “The National Key Laboratory of
Agricultural Microbiology, Huazhong Agricultural
University, Wuhan, 430070, P.R.China

Email: yanglong@mail.hzau.edu.cn

The mycoparasite Coniothyrium minitans is a promising
biocontrol agent of Sclerotinia sclerotiorum. It can in-
fect sclerotia of S. sclerotiorum in soil. Our previous
study showed that sclerosphere bacteria can suppress
infection of sclerotia by C. minitans. We plan to screen
a microorganism chaperone of C. minitans, which can
functionally complement C. minitans leading to pro-
moting infection sclerotia by C. minitans. Strain Y-1 of
Aspergillus niger isolated from sclerosphere of S. scle-
rotiorum was able to secrete large amount of organic
acids. Moreover, the PDB cultural filtrate of strain Y-1
strongly suppressed mycelia growth of S. sclerotiorum.
The objective of this study was to evaluate the effect of
A. niger strain Y-1 on infection of sclerotia by C. mini-
tans. Results showed that A. niger strain Y-1 is an an-
tagonist inhibitory to sclerosphere bacteria. Meanwhile,
no negative effects of A. niger strain Y-1 on conidial
germination and mycelia growth of C. minitans were
observed. Furthermore, A. niger strain Y-1 could weakly
parasitize sclerotia. It could assist C. minitans to infect
and degrade sclerotia of S. sclerotiorum. Simultaneous
application of A. niger strain Y-1 and C. minitans sig-
nificantly reduced the number of apothecia produced by
S. sclerotiorum in the potting experiment. This result
suggests that such combined application can results in
the synergistic interaction with enhanced and more con-
sistent reduction of carpogenic germination of sclerotia.
Further studies utilizing large field plots are required for
evaluation of the efficacy of application of A. niger
strain Y-1 combined with C. minitans for control of S.
sclerotiorum.
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Concurrent Session 4-Biosecurity and Plant
Quarantine

004.001 Plant biosecurity: what is at stake and why
does it matter?

J.P. Stack, Y. Jin and S. McKirdy

Kansas State University, Department of Plant Pathology,
4024 Throckmorton Plant Sciences Center, Manhattan,
KS 66506-5502, USA

Email: jstack@ksu.edu

Plant biosecurity may very well become one of the most
significant challenges confronting humans in the 21
century. Plant systems reside at the center of the debates
over biodiversity, water resource management, land-use
change, and public health. The direct and indirect con-
nections between plant health and human health and
wellbeing are not obvious to most people and the de-
pendence of plant health on plant biosecurity is of little
concern to the general populations of most countries. It
is difficult to imagine how we will develop productive
and profitable food, feed, and fiber production systems
and healthy natural and managed ecosystems without a
more comprehensive and coordinated approach to plant
biosecurity. The rush to global market systems that
connect countries with well-developed plant biosecurity
infrastructure to countries with poorly developed and
ineffective plant biosecurity infrastructure will continue
to have consequences that unless managed well will lead
to the inability of many plant systems to support the
nine billion people that will rely on those plant systems
for food, feed, fiber, fuel, and shelter. At the center of
this challenge to sustain the plant systems upon which
humans depend is the disconnect among scientists
whose perspectives on sustainable ecosystems is in direct
conflict. Will we protect some plant systems (e.g., en-
dangered species) at the expense of other plant systems
(e.g., crop plants)? To develop strategies and policies
necessary to protect all plant systems, we need cross
discipline communication and a concerted effort to edu-
cate policy makers as to the consequences of poor policy.

004.002 Strategies for tackling the impact of global
change on biosecurity

K.A. Garrett

Department of Plant Pathology, Kansas State University,
Manhattan, KS, 66506, USA

Email: kgarrett@ksu.edu

Global change factors, such as climate change and
changing transport and communication networks, are
likely to have important impacts on biosecurity, for bet-
ter and for worse. As the ‘playing field’ for biosecurity
shifts, a mechanistic understanding of how mitigation
activities support biosecurity will be needed for adapta-
tion of strategies. An ‘impact network analysis’ (INA)

can be implemented to evaluate the integrated effects of
research results and new technologies, communication
networks, decision networks, and ecological/transport
networks. In the biosecurity context, an INA can be used
to understand mechanisms and evaluate the likely out-
comes of different strategies for management pre- and
post-introduction of a pathogen. Just as communication
networks have been growing rapidly, our ability to
measure and predict the effects of communication has
seen its own expansion. Decision networks, determining
decisions within individuals or groups of managers, are
becoming a more commonly studied feature of plant
pathology as interdisciplinary links with sociology and
the psychology of decision making grow. The driving
factors of epidemic networks may vary widely from one
system to another, whether movement is by human
transport, vectors, wind, rain, or other means. But if the
general structure of an epidemic network is known, it
can be used to identify key locations for sampling and
mitigation, as well as being incorporated in an INA.
Examples of the application of an INA to stored grain
networks and smallholder farm seed systems will be
discussed.

004.003 Statistical design of a surveillance system
for non-indigenous species on Barrow Island, Aus-
tralia

K. Mengersen, P. Whittle and F. Jarrad

Mathematical Sciences, Queensland University of
Technology, GPO Box 2434, Brisbane 4001, Australia
Email: k.mengersen@qut.edu.au

Biosecurity programs for surveillance must be designed
to meet multiple criteria including budget constraints,
practical considerations and statistical power of detec-
tion. These designs are challenging for the complex
surveillance problems common in biosecurity, such as
prioritizing detection among multiple invasive species,
specifying risk over a heterogeneous landscape, com-
bining multiple sources of surveillance data, and re-
source management. Confirmation of statistical power
of a surveillance program results in the protection and
conservation of environmentally important areas with
statistical confidence. We present an approach taken to
meet these challenges in a comprehensive and statisti-
cally powerful surveillance design for non-indigenous
terrestrial plants on Barrow Island, a high conservation
nature reserve off the Western Australian coast where
the possibility of incursions is increased due to con-
struction and expanding industry on the island. The de-
sign is flexible in the choice of surveillance components
such as traps and passive surveillance, includes cost
considerations, prioritises sampling in locations with
greater risk, and is adaptable to other sites. It also pro-
vides the opportunity for scenario assessment regarding
alternative sampling designs based on different risk
evaluations and choices of surveillance components.
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More general issues involved in statistical modelling
and design of surveillance programs, including the elic-
itation and use of expert information and the choice of
statistical models, will also be discussed in the presenta-
tion.

004.004 The role of disease and pest management in
USAID’s “Feed the Future” Initiative

J. Bowman

USAID Bureau for Food Security, 1300 Pennsylvania
Ave. NW, Washington, DC, 20523, USA

Email: jobowman@usaid.gov

In 2010, the United States government (USG) launched
a multi-billion dollar global hunger and food security
initiative known as “Feed the Future”. This presidential
initiative uses a “whole of government” approach,
whereby the resources of many USG agencies are part-
nered to alleviate poverty, hunger and malnutrition in
over twenty impoverished countries. The U.S. Agency
for International Development (USAID) leads the agri-
cultural components of the initiative. Agricultural re-
search and development projects under Feed the Future
are designed to have a high degree of impact on themes
such as diet diversity, gender balance, and environmental
sustainability. USAID employs a range of environmen-
tally sustainable disease and pest management strategies
in order to ensure agricultural productivity. Integrated
pest management research implemented by U.S. land
grant universities focuses on the use of cultural and bio-
logical control. Breeding for disease resistance is im-
plemented through investments with the Consultative
Group for International Agricultural Research (CGIAR)
in partnership with U.S. universities and private sector
companies. In close collaboration with the United States
Department of Agriculture, (USDA) many of USAID’s
implementing partners are working in the crucial area of
mycotoxin mitigation. USAID and USDA have also
invested in a sanitary and phytosanitary (SPS) capacity
building program for Africa, Latin America, and Asia
which raises awareness and harmonizes regulations for
crop diseases and pests of quarantine significance.
USAID combines shorter term disease and pest control
interventions through commodity-driven value chain
projects, with longer term research strategies to ensure
high crop yields, diverse diets, food safety, and environ-
mental sustainability for its small holder farmer clients.

004.005 Modern plant quarantine: opportunities and
challenges

S.F. Zhu, X. Pan, H. Xu, Y. Yu and J. Zhang

Institute of Plant Quarantine, Chinese Academy of In-
spection and Quarantine Huixinli 241, Beijing 100029,
P.R. China

Email: zhushf020420@gmail.com

Plant quarantine is very important for preventing the
exotic invasive species. It is necessary to rethink and
promote the modern plant quarantine under the context
of trade globalization and climate change. Here we re-
call the history of plant quarantine and species conser-
vation, and the development of plant quarantine system
first. Then we describe several critical questions and
problems which we meet in the practices. In order to
solve these issues, we look back the evolution regularity
of alien species and biodiversity effected by them in the
world, and find that the mechanism of species coloniza-
tion and epidemiology of pests are key points in the
field of plant quarantine. And the challenges include risk
early warning, pest risk analysis, policy management,
border detection and monitoring, and quarantine treat-
ment. New information centre at national border are
proposed, integrating the dynamic distribution of pests
in the world, rapid identification of intercepted species,
early warning and emergency system, and the coopera-
tion between the public and government. We also intro-
duced these development tendencies of modern plant
quarantine in China.

004.006 National risk registers for plant health: lists,
priorities and performance

J.D. Mumford, J. Holt, A.W. Leach, M.M. Quinlan
Centre for Environmental Policy, Imperial College
London, Silwood Park Campus, Ascot, Berkshire SL5
7PY, United Kingdom

Email: j.mumford@imperial.ac.uk

National plant protection organisations need to describe
the plant health risks they face, set priorities on propor-
tionate risk mitigation actions, and evaluate their per-
formance in managing the risks for which they or others
are responsible. Plant health risk analyses are complex
and time consuming. A risk register identifies “what
could go wrong” and allows potential risks to be cata-
logued in less detail before full risk analyses are initiat-
ed. Common dimensions to consider for risk profiles are
agents, pathways and receptors, so that similar or generic
risks, management measures and responsible stakeholders
can be grouped where applicable. Risk registers should
be consistent with the principles of ISPM 11 to quantify
likelihood of entry and establishment and the magnitude
of spread and impact on defined temporal and spatial
scales. This ensures diverse risks can be compared
within a common framework. Risk registers should in-
clude descriptions of management measures available to
reduce the likelihood or magnitude of risks, with esti-
mates of their efficacy, feasibility and cost (including
uncertainties). The performance of plant health services
should be measured in terms of how efficiently risk is
addressed, rather than that actions such as inspection or
control are carried out. A risk register, incorporating a
baseline risk distribution, could allow comparison with
the managed risk profile, which should be regularly
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reevaluated against evidence from actual biosecurity
challenges and responses. Beyond the known risks iden-
tified in a risk register, a significant source of uncer-
tainty in performance still arises from unknown risks.

004.007 Identifying uncertainties and knowledge
gaps with risk assessment and epidemiological
modelling of quarantine plant pathogens

G. Stancanelli, R. Baker, E. Ceglarska, D. Makowski, O.
Mosbach-Schulz, M. Pautasso, T. Rafoss, J. Schans, V.
Rossi, A. Vicent Civera, W. van der Werf and M. Jeger
European Food Safety Authority, Scientific Panel on
Plant Health, Via Carlo Magno 1A, 43126 Parma, Italy
Email: plh@efsa.europa.eu

The risk assessment of exotic plant pathogens for new
areas highly depends on accurate prediction of their po-
tential for establishment and for causing damages into
these areas outside their current distribution. Generic
models or specific epidemiological models can be used
to predict the establishment and eventually the potential
impact of new pathogens, however when assessing the
risk it is necessary to carefully consider the uncertainties
of such models. Key uncertainties are often due to
knowledge gaps on model parameters, which can only
be filled by further plant pathology research. Sensitivity
analyses show which parameters, e.g. related to the en-
vironmental requirements of the organism, have the
strongest influence on the model outputs and thus pro-
vide guidance on which traits and responses of the
pathogen should be targeted to carry out experiments to
estimate these parameters more accurately. Model out-
puts have been shown to be highly sensitive to the spa-
tial and temporal scales of the climatic input data. The
consequences for risk assessment are discussed with
reference to case studies on fungal pathogens from the
scientific opinions of the EFSA Plant Health Panel. The
models discussed include a simple generic infection
model for foliar fungal plant pathogens, models for
pseudothecia maturation and ascospore release and
CLIMEX.

004.008 Genomics-based detection of bacterial plant
pathogens; Implications for quarantine and trade
policy

B. Rodoni, R. Mann, G. Smith, T. Chapman, M. Bellgard
and J. Stack

Biosciences Research Division, Department of Primary
Industries, AgriBio, 5 Ring Road, La Trobe University,
Bundoora, Victoria, 3083, Australia

Email: brendan.rodoni@dpi.vic.gov.au

The detection of closely related but non-pathogenic Er-
winia species (e.g. E. tasmaniensis) using poorly vali-
dated PCR tests during the 1997 incursion of Erwinia
amylovora into Australia has been well documented and

highlighted the importance of validated robust molecu-
lar detection tools for bacterial species and pathovars. A
genomics approach to develop diagnostic markers for
the detection and differentiation of phytopathogenic
bacterial species and pathovars is becoming more feasible
with the advances in Next Generation Sequencing (NGS)
technology. Over 20,000 bacterial genomes have been
sequenced providing a tremendous resource for the design
of diagnostic markers. NGS is a cultivation-independent
strategy that enables sequencing of not only the target
species but also closely related and usually undescribed
bacterial species that may generate false positive test
results. This strategy has recently been reported for the
detection of Xanthomonas oryzae pv. oryzicola, Erwinia
amylovora and Bacillus anthracis. An additional chal-
lenge for plant biosecurity policy makers generated by
the cultivation-independent sequencing of microbial
communities is the resultant discovery of novel bacterial
species. A recent study of the apple flower identified
1600 bacterial species; 26% were unidentified species
(Shade et al. 2013). Since plant quarantine and trade
policy is based on the presence of a pathogen, how do
biosecurity agencies determine whether these newly
discovered bacterial species are plant pathogens or have
the potential to cause disease? The implications of bac-
terial species discovery will be discussed. It is recom-
mended that accurate identification of bacterial patho-
vars is based on a combination of molecular, morpho-
logical, pathological and epidemiological data.

004.009 Biosecuring Indian agriculture from plant
viruses: Role of serological and molecular diagnostics
V. Celia Chalam, D.B. Parakh, A.K. Maurya and P.C.
Agarwal

Division of Pant Quarantine, National Bureau of Plant
Genetic Resources, Pusa Campus, New Delhi-110012,
India

Email: mailcelia@gmail.com;celia@nbpgr.ernet.in

Viruses are one of the most important yield-reducing
factors in various crops, of which many are
seed-transmitted. Germplasm including transgenics of
different crops is imported into India every year for crop
improvement programmes and a number of viruses can
be introduced into the country through import of seeds.
The challenges in virus detection include availability of
antisera, viral genome sequences in GenBank, detecting
an unknown/ exotic virus etc. Attention is now given to
issues like developing an antisera bank for exotic virus-
es, database on sequences of virus-specific primers,
Multiplex RT-PCR, Real-time RT-PCR, LAMP, HAD,
etc. Adopting a workable strategy such as post-entry
quarantine (PEQ) growing in PEQ greenhouses/ con-
tainment facility, electron microscopy, ELISA, RT-PCR,
34 viruses have so far been intercepted, which includes
11 viruses not yet reported from India viz., Barley stripe
mosaic virus, Bean pod mottle virus, Broad bean stain
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virus, Cherry leaf roll virus, Cowpea mottle virus,
Cowpea severe mosaic virus, Maize chlorotic mottle
virus, Pea enation mosaic virus, Raspberry ringspot
virus, Tomato ringspot virus and Wheat streak mosaic
virus. Besides, 15 viruses not known to occur on partic-
ular host(s) in India were intercepted. The infected
plants were incinerated and harvest from virus-free
plants was released for crop improvement programmes.
The risk of introduction of 34 seed-transmitted viruses
or their strains into India was thus eliminated. Adopting
the appropriate technique and the right strategy for virus
detection would go a long way in ensuring the biosecu-
rity of Indian agriculture from transboundary introduc-
tion of plant viruses.

004.010 Australia assists Timor Leste to monitor
banana threats

J. D. Ray, V. Quintao, L. Jones, R. James, K. Grice and
J. B. Rossel

Department of Agriculture, Fisheries, and Forestry
(DAFF), Northern Australian Quarantine Strategy
(NAQS), 1 Pederson Rd, Eaton NT, Australia, 0820
Email: jane.ray@daff.gov.au

Collaborative plant health surveys in Timor Leste have
been conducted regularly since 2000 by the Timor Leste
Ministry of Agriculture and Fisheries (TLMAF) and the
Australian Department of Agriculture Fisheries & For-
estry (DAFF). In addition to these surveys, capacity
building activities have included training in surveillance,
specimen collection, sample processing and identification
using traditional microscopy, Enzyme-linked immuno-
sorbent assay (ELISA) and molecular techniques. The
activities are designed to increase the knowledge on
Timor Leste’s plant health status and to provide early
detection of any incursions of exotic plant pests. During
these surveys many banana samples have been collected
from across Timor Leste and diseases identified include
black Sigatoka (Mycosphaerella fijiensis), yellow Siga-
toka (Mycosphaerella musicola), cordana leaf spot
(Cordana musae), black cross (Phyllachora musicola),
freckle (Phyllosticta cavendishii) and rust (Uredo musae).
However, these surveys have also demonstrated the ab-
sence of some of the most serious banana diseases such
as fusarium wilt (Fusarium oxysporum f. sp. cubense),
blood disease (Ralstonia solanacearum Phylotype 1V),
eumusae leaf spot (Mycosphaerella eumusae) and
bunchy top (Banana bunchy top virus, BBTV). Absence
from such devastating diseases highlights the im-
portance of ongoing pest surveillance and maintaining
good quarantine systems.

004.011 Biosecurity implications of plant pathogens
in irrigation water

R.E. Zappia, D. Hiberli, G.E. Hardy and K.L. Bayliss
Plant Biosecurity Cooperative Research Centre, LPO

Box 5012, Bruce ACT 2617, Australia, and School of
Veterinary and Life Sciences, Murdoch University, 90
South Street, Murdoch, WA, 6150, Australia
Email:K.Bayliss@murdoch.edu.au

Water used for the irrigation of plants has the potential
to act as both a source and a means of spread of plant
pathogens, yet little research is conducted within this
field. This study was conducted to increase our under-
standing of water-borne plant pathogens in an open irri-
gation system in Western Australia, particularly in the
context of plant biosecurity. It was determined that var-
ious Oomycetes and fungal pathogens are present in-
cluding Phytophthora (multiple spp.), Pythium (multiple
spp.), Colletotrichum gloesporioides, Fusarium solani,
Fusarium sp., Giberella sp., Leptosphaeria sp., Mor-
tierella sp., Saprolegnia sp., Paecilomyces lilacinus, and
various unknown species. The pathogenicity of some of
these species has been confirmed on crops grown in the
region. There are significant gaps in our knowledge of
how these plant pathogens survive and spread in the
irrigation system, and very limited information on their
ability to cause disease when contaminated water is ap-
plied to crops in the region. This study has highlighted
the need for new research on the epidemiology and
pathogenicity of water-borne plant pathogens, to inform
biosecurity risk assessments and develop mitigation
strategies.

004.012 A new and emerging wilt disease of bananas
associated with phytoplasmas

R.1. Davis, F.T. Tsatsia, C. Fanai, P. Kokoa, J. Henderson,
L.M. Jones and J.B. Rossel

Northern Australia Quarantine Strategy (NAQS), De-
partment of Agriculture, Fisheries and Forestry (DAFF),
PO Box 96, Cairns International Airport, Qld 4870,
Australia

Email: richard.davis@agqis.gov.au;
richard.davis@daff.gov.au

An indicative relationship found between phytoplasma
presence and a unique set of external and internal wilt
symptoms in cooking banana plants (Musa sp. ABB
genome) in Papua New Guinea (PNG) was revealed
using nested PCR. This became the first record of a
phytoplasma associated with a banana wilt disease,
worldwide. Phytoplasmas were detected in banana
pseudostem vascular tissue samples using primer pairs
P1/P7 and R16F2n / m23SR. Sequence analysis of the
16S rRNA gene, 16S-23S spacer region and a part of the
23S rRNA gene and the ribosomal protein S19, L22, and
S3 genes indicated that phytoplasmas from diseased
banana plants from five separate locations across PNG
were most closely related to a phytoplasma in the
16SrlV group, recently associated with a new lethal
disease of coconuts in PNG. Phylogenetic analyses sug-
gested that this phytoplasma may be a distinct species or
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a new taxonomic group and it was named the Banana
wilt associated phytoplasma. Subsequent plant health
surveys in the neighbouring Solomon Islands discovered
cooking banana plants showing identical external and
internal symptoms on one island near the border with
PNG. Samples were collected and these were also posi-
tive in nested PCR tests for phytoplasma presence. The
identity of these and their relationship to phytoplasmas
found in these and other banana plants in PNG, together
with results of suspect insect vector collections is dis-
cussed.

004.013 Should quarantine action be based on DNA
sequence rather than species?

W.P. Roberts

Plant Biosecurity Cooperative Research Centre, LPO
Box 5012, Bruce, ACT 2617, Australia

Email: b.roberts@pbcrc.com.au

Under the International Plant Protection Convention
countries have an obligation to develop and publish lists
of pest species of quarantine concern. These lists allow
countries to consider pest management measures that
may be required to allow exports of plants and plant
products to other countries and are the focus of quaran-
tine negotiations between exporting and importing
countries. In addition to formal bilateral arrangements
many countries routinely inspect or test imported plants
and plant products for species of quarantine concern.
Where pests are found action such as chemical treat-
ments or destruction of the imported goods may be un-
dertaken. The quarantine protection provided by this
approach is highly dependent on the quality of the iden-
tification and the understanding of the full range of pests
that may be of concern. Modern molecular methods can
greatly assist in identification but taking action based on
species identification can fail to provide quarantine pro-
tection where organisms are not listed of quarantine
concern or are not already known to be a pest. Rapidly
increasing knowledge about the molecular basis of
pathogenicity combined with the rapidly decreasing cost
of DNA sequencing provides an opportunity to discard
the conventional approach of identifying pest species in
favour of sequencing organisms of quarantine concern
and taking action on the basis of the sequences found.

004.014 On-the-spot diagnosis and detection of plant
pathogens

X. Li, J. Nie, H. Arsenault, H. Xu and S.H. De Boer
Canadian Food Inspection Agency, Charlottetown La-
boratory, 93 Mt Edward Road, Charlottetown, PE,
Canada, C1A5T1

Email: sean.li@inspection.gc.ca

On-the-spot or in-the-field diagnostic strategies in plant
science are adapted from point-of-care concepts in the

biomedical industry for human disease diagnoses. Many
of the test strategies being developed in medical re-
search are also applicable to on-the-spot agricultural
applications. One such test is the commercially available
lateral flow device (LFD) for detection of specific plant
pathogens on the basis of immunochromatographic or
nucleic acid-based techniques. In immunochromato-
graphic assays, generally a monoclonal antibody at the
core of the LFD recognizes a specific epitope found in
the target pathogen, and thereby gives an effective
method for screening of plant samples for the presence
of the pathogen. In nucleic acid-based assays, a tax-
on-specific probe hybridizes with target-specific
DNA/RNA, with or without prior amplification, to de-
tect the target pathogen. A particularly useful technique
is loop-mediated isothermal amplification (LAMP) in
which specific DNA is amplified at a constant tempera-
ture, obviating the need for thermal cycling. In our study
LAMP assays targeting three bacterial and two fungal
plant pathogens, as well as two reverse-transcription
LAMP assays targeting viral pathogens were evaluated
for use in rapid on-the-spot detection. Because a high
concentration of amplified DNA is generated in the
LAMP assay, this technology is particularly suitable for
integration into hand-held devices. The advanced tech-
niques based on portable LAMP assays, lab on-a-chip
technologies, and portable PCR and real time PCR ma-
chines are just starting to become available in diagnostic
laboratories. Their practical application for on-the-spot
application by growers, extension agents, and regulators
in the foreseeable future is predicted.

004.015 Detection of Albugo tragopogonis by a
guantitative real-time fluorescent PCR method

X.L. Zhang, B. Liu, C. Wang, J.G. Zhang

Xinjiang Entry & Exit Inspection and Quarantine Bu-
reau, No.116 North Nanhu Road, Urumgi, 830063, P. R.
China

Email: x16479@163.com

A TagMan tamra probe ATH-X and a pair of primers
ATHF/ATHR were designed and synthesized according
to the specificity of the rDNA ITS sequences of Albugo
tragopogonis. A method of quantitative real-time fluo-
rescent PCR was consequently developed and optimized
to detect A. tragopogonis. It was used in detection of
Albugo spp., other Oomycetes fungi and some sunflower
seeds & leaves. The results indicated that A. tragopogonis
could be differentiated from other eight tested pathogens
by quantitative real-time fluorescent PCR assay with the
prob ATH-X and a pair of primers ATHF/ATHR. The A.
tragopogonis could also be detected from the sunflower
seeds & leaves tested. The method could be used for
detection the A. tragopogonis to entery-exit sunflower
seeds and diseased sunflower plants in fields.
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004.016 Methods for the early detection of new inva-
sive forest pathogens

A.J.M. Hopkins, C. Castanyo, J.B. Boberg and J. Stenlid
Department of Forest Mycology and Plant Pathology,
Swedish University of Agricultural Sciences, PO Box
7026, 750 07 Uppsala, Sweden

Email: anna.hopkins@slu.se; jan.stenlid@slu.se

New pathogens in forest ecosystems have been detected
at an increasing rate over the past century, primarily as
the result of increasing global trade and population mo-
bility. Climate change also threatens well established
tree species, making forest ecosystems more vulnerable
to disease. The early detection of newly introduced
pathogens is a critical component in reducing the impact
of new disease threats. This study examines effective
aerial spore trapping methods for the detection of new
invasive forest pathogens. Two types of active (Bur-
kard-style) trap and one passive (rain gauge) spore trap-
ping method were examined for their effective use in
combination with 454- pyrosequencing. Some species-
specific PCRs were also undertaken to look for patho-
gens of interest not amplified by the fungal primers used
e.g. Phytophthora species. Traps were located at two
forest sites in central and southern Sweden and one
high-use port in western Sweden and trapping was car-
ried out for up to one year at each location. Sequencing
was successfully carried out on samples from all trap
types. Many forest fungi were detected including a large
number of wood-decay species and several common
forest pathogens. Algae and yeasts were also amplified
by the primers used. Different trap types captured dif-
ferent fungal species indicating that choice of traps for
monitoring will depend on the target species and re-
quired outcomes. This study illustrates the potential for
this system to be used as the basis for a comprehensive
monitoring network to facilitate early detection of new
forest pathogens and help to prevent potentially damag-
ing disease outbreaks.

P04.001 Sugarcane quarantine in the South African
sugarcane industry

T. van Antwerpen

South African Sugarcane Research Institute, Private
Bag X02, Mount Edgecombe, 4300
Email:Tania.vanantwerpen@sugar.org.za

In order to broaden the genetic base for breeding, sug-
arcane clones are imported from a number of countries
into South Africa for their specific genetic traits. While
this is an integral part of the Plant Breeding programme
at the South African Sugarcane Research Institute
(SASRI), the risk of introducing exotic diseases into the
South African sugar industry is increased. Sugarcane
importation into South Africa falls under the terms and
conditions of the Agricultural Pests Act, 1983 (Act No.
36 of 1983). The Directorate of Plant Health is ultimately

responsible for plant quarantine in South Africa but the
technical management of sugarcane quarantine has for
many years been delegated to pathologists at SASRI.
Imported cane is maintained in the quarantine glass-
house for approximately two years. During this period,
the sugarcane is inspected regularly and undergoes in-
tensive testing for diseases. Molecular tests such as
polymerase chain reaction (PCR), reverse transcriptase
polymerase chain reaction (RT-PCR) and real-time
polymerase chain reaction (gPCR) are used for the
detection of Sugarcane yellow leaf virus (SCYLV),
Sugarcane mosaic virus (SCMV), Fiji disease virus
(FDV), Maize streak virus (MSV), Sugarcane streak
mosaic virus (SCSMV), Sorghum mosaic virus (SrMV),
Peanut clump virus (PCV), Xanthomonas albilineans
(Leaf scald) and phytoplasmas, while immunofluores-
cence microscopy and tissue blot enzyme immunoassays
are used to detect Leifsonia xyli subsp. xyli (Ratoon
stunt) and SCYLV. Pathogen elimination is achieved by
means of hot water treatment and apical meristem tip
culture before varieties are released to a post quarantine
area for further assessment. Popular local N varieties
used for export to sugarcane industries worldwide are
maintained in the quarantine glasshouse and disease-
indexed before transfer. SASRI also renders a quarantine
service for neighbouring countries.

P04.002 Detection of Pantoea ananatis on Dracaena
reflexa in post entry quarantine

M.K. Romberg? R.K. Taylor! and B.J.R. Alexander*
Plant Health and Environment Laboratory, Ministry for
Primary Industries, PO Box 2095, Auckland 1140, New
Zealand; “Current address: USDA-APHIS, Beltsville,
MD, United States

Email: robert.taylor@mpi.govt.nz

Dracaenas are ornamental plants with shrub-like growth
and are popular for their decorative foliage, low main-
tenance requirements, and tolerance of a wide range of
growing conditions.  Currently, cuttings and whole
Dracaena spp. plants (including roots, stems, and leaves)
may be imported into New Zealand under precise phyto-
sanitary requirements and are required to spend 3 months
of active growth in post entry quarantine (PEQ) where
they are inspected for pests and diseases. Leaf blight and
vascular wilt symptoms were observed on a number of
consignments in PEQ of Dracaena reflexa plants im-
ported from Central America. Yellow bacterial colonies
were consistently isolated from plant tissue exhibiting
leaf blight and vascular wilt symptoms. Pantoea ananatis
was identified on the basis of biochemical and molecular
tests and confirmed as the causal agent by fulfilling
Koch’s postulates. Isolates of Pantoea ananatis caused
onion slices to rot and results of pathogenicity tests on
Dracaena will be presented. P. ananatis has been re-
ported to affect other crops such as maize, onion and
rice; however, to the best of our knowledge this is the
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first report of Pantoea ananatis associated with leaf
blight and vascular wilt on Dracaena reflexa.

P04.003 Development of rapid assay method using
PCR-based marker for the detection of plant quaran-
tine pathogen, Phoma destructive

H.J. Kim', S.Y. Kim!, W.C. Chung®, I.H. Hyun', N.Y.
Heo? and H.G. Kim?

'Experiment & Analysis Division, Animal, Plant and
Fisheries Quarantine & Inspection Agency; 2Plant
Quarantine Technology Center, Department of Animal
and Plant Health Research, Plant and Fisheries Quar-
antine & Inspection Agency; Department of Agricul-
tural Biology, Chungnam National University, Republic
of Korea

Email: hjkim0805@korea.kr

Phoma destructiva Plowright is known as plant patho-
genic fungus causing leaf spot or fruit rot of pepper,
tomato, and potato in many areas of the world. In Korea,
this fungus was defined as the regulated pest by plant
quarantine’s law. Therefore, We aim to develop tools as
the species-specific primers (PD-F, PD-R) based on
B-tublin and actin region of the fungus to detect the this
pathogen on seeds, fruits, and trees for quarantine issues
and phytosanitary measures. As a consequence, a rapid
technique for detection of P. destructiva has been well
developed using polymerase chain reaction (PCR). A
single 193-bp DNA amplification product was consist-
ently obtained from primers that was specific for P. de-
structiva but were not produced from other Phoma spp.,
Phyllosticta spp., or from other soilborne pathogens
including Rhizoctonia sp., Fusarium sp., Pythium sp., or
Phytophthora sp. Also, A 193-bp amplification product
was detected from DNA product of seeds, leaves, and
root tissue known to be artificially infected with P. de-
structiva in a humidity condition. Overall, we suggest
that this PCR assay method can be usefully applied in a
rapid and accurate inspection tool for the disease diag-
nosis by P. destructive for the plant quarantine purpose.

P04.004 Leptosphaeria spp. and Phoma stem canker
on oilseed rape in China
X. Zhang"?, R.P. White?, M. Jedryczka®, R.M. Lange’,

Z.Q. Li®, Y.J. Huang', A.M. Hall', G. Zhou', Z. Wang®, X.
g

Cai’, P. Skelsey*®and B.D.L. Fitt"

YUniversity of Hertfordshire, Hatfield, Hertfordshire
AL10 9AB, UK; “Southwest University, Chongging,
400715, P. R. China; °Rothamsted Research,
Harpenden, Hertfordshire AL5 2JQ, UK; “Institute of
Plant Genetics, Polish Academy of Sciences, ul.
Strzeszynska 34, 60-479 Poznan, Poland; °Alberta In-
novates-Technology Futures, Post Office Bag 4000,
Vegreville, AB T9C T4, Canada; °Inner Mongolia
Academy of Agricultural & Animal Husbandry Sciences,
Hohhot 010031, P. R. China; 'Shanghai Entry-Exit In-

spection and Quarantine B ureau, Shanghai, 200135, P.
R. China; ®Hubei Entry-Exit Inspection and Quarantine
Bureau, Wuhan, Hubei, 430050, P. R. China;
*Huazhong Agriculture University, Wuhan, Hubei,
430000, P. R. China; °James Hutton Institute, Dundee,
Scotland DD2 5DA, UK

Email: b.fitt@herts.ac.uk

In China, the incidence of phoma stem canker observed
in pre-harvest surveys from 2005 to 2012 was greater on
winter oilseed rape in provinces along the Yangtze River
(in May) than on spring oilseed rape in north China (in
August). In all cases when the causal pathogen was iso-
lated from stem cankers, it was identified as Lepto-
sphaeria biglobosa by morphology in culture and/or by
species-specific polymerase chain reaction. Both L. bi-
globosa and L. maculans were detected on crop debris
and seed in shipments of oilseed rape seed imported into
China through Shanghai or Wuhan ports in 2009-2011.
Descriptions of the observed spread of L. maculans into
areas previously colonised by L. biglobosa across a
spring oilseed rape growing region (Alberta, Canada,
westwards, 1984-1998) and across a winter oilseed rape
growing region (Poland, eastwards, 1984-2004) were
used to estimate the potential westward spread of L.
maculans in China across spring oilseed rape growing
regions (north China) and winter oilseed rape growing
regions (provinces along the Yangtze River in central
China), respectively. The rates of spread were estimated
as 47 km per year across spring oilseed rape in north
China and 70 km per year across winter oilseed rape in
central China. Dispersal modelling suggested that the
rate of spread of L. maculans across Alberta, Canada (c.
17 km per year) could be explained by wind-borne dis-
persal of ascospores.

P04.005 Coniferous rust fungi of Phylogeography
and international quarantine

M.M. Chen

University and Jepson Herbaria, 100 Valley Life Sciences
Building, University of California Berkeley, Berkeley, CA
94720

Email: momeichen@berkeley.edu

In the Northern Hemisphere, the primary forest disease
is coniferous rust fungi, a group of heteroecious host
specific pathogens that have coevolved with their hosts.
Tree rust are among the most complicated taxa in the
world with diverse geographic patterns. Recently, | was
identified 3 major tree rust species, 12 pine species and
24 Ribes species of white pine blister rust in the in re-
gions of North America, Europe, and Asia, and 27 pine
species and 28 oak species susceptible to pine-oak rust
in North America and East Asia. In Forest Rust Phyto-
geography, presents an overview on white pine blister
rust, pine-oak rust and limb rust including their taxo-
nomic position, host range and geographic distribution
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patterns respectively. This wealth of tree rust infor-
mation can help further control its spread and specifi-
cally help the International Quarantine. Phylogeography
is a new field of advanced science (Avise 2000); By
studying the phylogeography of tree rust, we can better
explain the geographic patterns that may result in speci-
ation. It has been suggested that white pine blister rust
was introduced to the US from an external source but,
evidence of lineage is lacking and suggests that occur-
rences of rust floras in virgin forests demonstrate sepa-
rate changes in evolution based the regional ecosystem.
The phylogeograhy of forest tree rust heavily depends
on information gathered from molecular and evolutionary
genetics, natural history, population biology, palaeon-
tology, historical geography, and speciation analysis.

P04.006 Metagenomic assembly of Ca. Liberibacter
solanacearum haplotype A from sources in New
Zealand and USA suggests significant genome plas-
ticity in the species

S.M. Thompson*?, C.P. Johnson®, M.W.E.J. Fiers', AR.
Pitman®?, I.LAW. Scott', G.R. Smith*? and N.C. Gud-
mestad®

The New Zealand Institute for Plant & Food Research
Limited, Gerald Street, Lincoln 7068, New Zealand;
’Plant Biosecurity Cooperative Research Centre, Can-
berra, ACT 2617, Australia and *Department of Plant
Pathology, North Dakota State University, Fargo 58108,
USA

Email: grant.smith@plantandfood.co.nz

Four haplotypes of Ca. Liberibacter solanacearum
(CLsol), the putative causal agent of Zebra Chip disease
of potato, have been described. The genome of CLsol
haplotype B has been published revealing a genome of
approximately 1.25 Mbp. Draft genome assemblies of
haplotype A from two independent New Zealand
sources (a single tomato potato psyllid (Bactericera
cockerelli)) from a colony originally from tamarillo
(Solanum betaceum) and a commercial tomato plant
(sequenced on Illumina), and one USA source (lon tor-
rent) revealed significant changes between haplotypes A
and B in the genome organisation of this fastidious
phloem-limited bacterium. The three haplotype A draft
genomes show significant colinerality with the excep-
tion of the prophage regions, where the two NZ domains
are similar to each other, and divergent from the USA
prophage sequence. All three haplotype A genomes also
show a substantial number of SNPs relative to the hap-
lotype B genome. The origin of CLsol in New Zealand
is believed to be via incursions of the tomato potato
psyllid (Bactericera cockerelli) from the US. The genetic
similarity of the current assemblies of the two NZ CLsol
genomes (from diverse solanaceous sources) may sug-
gest a limited incursion of the genetic diversity of this
bacterium into NZ: this preliminary hypothesis will re-
quire analysis of further NZ CLsol genomes to validate.

Differences between the NZ and the US haplotype A
genome suggest that there is significant genome plasticity
in the species: the role of the prophage domains in ge-
nome reorganisation and diversity is unknown at this
time.

P04.007 Development of single step immuno-chro-
matography assay for rapid detection of quarantined
karnal bunt (Tilletia indica) disease of wheat

M. Singh, D. Pandey and A. Kumar

Department of Molecular Biology & Genetic Engineer-
ing, College of Basic Sciences & Humanities, G.B. Pant
University of Agriculture & Technology, Pantnagar-
263145, Uttarakhand, India

Email: manojmanu.biotech@gmail.com

Karnal bunt (KB) disease of wheat (Triticum aestivum),
incited by fungus Tilletia indica is an economical im-
portant disease and pathogen is placed as a quarantine
pest. Contamination of wheat lots infected with Karnal
bunt has emerged as a serious non-tariff barrier in the
international trade of wheat. However, seed health test-
ing using newer on-site and modern diagnostics is high-
ly advocated as an integral component of KB manage-
ment. In this context, for on-site testing of KB, a com-
petitive format based lateral flow immunodipstick assay
(LFID) was developed using nano-gold and an-
ti-teliospore antibodies. For development of LFID,
mono-dispersal colloidal gold was synthesized and con-
jugated with anti-teliospore antibodies which were fur-
ther characterized under optimal condition by UV-VIS
spectroscopy and transmission electron microscopy
(TEM). It was found the peak showing maximum O.D.
at 520 nm which indicate the synthesis of colloidal gold
of optimum size and shifting of absorption maxima is an
indication of efficient coupling. In order to determine
the optimal conditions for conjugation of antibody and
colloidal gold, the pH of the prepared colloidal gold
solution was determined to be 8.5 and the minimal anti-
body concentration to stabilize colloidal gold was 20
o/ml. Competitive format was used after immobliza-
tion of teliosporic protein on test zone of strip. In the
absence of teliosporic proteins, the binding of the im-
munogold-labeled antibody with the solid-phase telio-
sporic proteins at test point gave a strong red band. In
contrast, when the test solution contained teliosporic
protein at a level above 1.5 |g/2004), the appearance of
red colored band was found to be almost negligible. The
minimum teliosporic protein concentration, which made
the colour of detection line disappear was 2 g/200 U,
but was a strong red band at control line and hence > 10
ng/Hi of teliosporic protein was found to be detection
limit of visual test of immuno- chromatographic strip.
The anti-teliospore antibodies raised against intact teli-
ospores showed the genera-specific reactivity. However,
species specific detection is yet to be achieved by the
generation of monoclonal antibodies against diagnostic
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antigen identified in our lab (28 kDa teliospore wall’s
protein). The assay could serve as a rapid screening
methodology for visual screening of KB infected wheat
samples within 7-8 minutes of analysis time. The de-
veloped nanogold based immuno-chromatographic sys-
tems not only accelerate the analytical procedure but
also provide a means for performing the test without the
handling of reagents, allowing a one-step assay.

P04.008 Impatiens necrotic spot virus infecting or-
chids in Yunnan, China

Q. Zhang, Y.M. Ding and M. Li

Yunnan Entry-Exit Inspection and Quarantine Bureau,
No.429 Dianchi Road, Kunming, 650228, P. R. China
Email: dingdym2008@yahoo.com.cn

Leaves of Phalaenopsis and Dendrobium orchid plants
in a nursery in Yunnan Province showed large chlorotic/
necrotic ringspot symptoms and were sampled and tested
for Impatiens necrotic spot virus (INSV), Tomato spotted
wilt virus (TSWV), Watermelon silver mottle virus
(WSMoV), Groundnut bud necrosis virus (GBNV),
Tomato chlorotic spot virus (TCSV), and Groundnut
ringspot virus (GRSV) with double-antibody sandwich
(DAS)-ELISA Kits. All samples were positive for INSV
and negative for TSWV, WSMoV, GBNV, TCSV, and
GRSV. Reverse transcription (RT)-PCR was carried out
with specific primers to the INSV N gene (ZI2F, 5'-GTT
TAGCCTTACCAAT-3" and ZI2R, 5-TACCAACAAC
CGTGAA-3"), designed from a sequence of GenBank
Accession No. AB109100. All ELISA-positive samples
yielded an amplification product of the expected 539 bp.
Three clones from each isolate were sequenced and two
N gene consensus sequences of the isolates from
Phalaenopsis and Dendrobium were determined
(GU289904 and GU289905, respectively). Nucleotide
sequences of these two Chinese orchid isolates were 98
to 99% identical with sequences of isolates from the
Netherlands, United States, Italy, and Japan. This is the
first report of INSV infecting Phalaenopsis and Den-
drobium in Yunnan Province, although INSV has been
reported in Oncidium in Yunnan Province previously. A
few thrips were found in the orchid nurseries and the
orchids were imported from Taiwan and reproduced by
tissue culture and it is possible that INSV may be from
the infected source plant and was not eradicated com-
pletely through tissue culture.
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005.001 Pattern recognition receptors: discovery,
function and application in crops for durable disease
control

C. Zipfel

The Sainsbury Laboratory, Norwich Research Park,
Norwich NR4 7UH, United Kingdom

Email: cyril.zipfel@tsl.ac.uk

Microbes and pests place major constraints on food se-
curity. Repeated agrochemical applications are the most
common means of controlling diseases. Pesticides and
fungicides are increasingly being banned over concerns
to human health and environment. New plant protection
products must meet stringent criteria to reduce adverse
health and environmental impacts. Thus, more sustaina-
ble solutions for agricultural intensification are required.
One way to improve plant disease resistance is to en-
hance the capability of the plants’ own innate immune
system. The first layer of plant innate immunity relies
on the recognition of microbes via the perception of
pathogen-/microbe-associated molecular patterns
(PAMPS/MAMPS) by surface localized receptors called
pattern recognition receptors (PRRs). Plant PRRs are
either receptor kinases or receptor-like proteins. Loss of
PRR function often leads to enhanced disease suscepti-
bility to both adapted and non-adapted pathogens, while
PAMP treatment increases disease resistance. PAMP
perception is also sufficient to induce systemic-acquired
resistance. Recently, it has also been shown that trans-
genic expression of PRRs could be used to engineer
broad-spectrum disease resistance. However, the num-
ber of PAMPs and corresponding plant PRRs currently
known is still limited. Here, | will illustrate our efforts,
as part of collaborative European and international con-
sortia, to document PTI responses in crops, to identify
novel PAMPs and their corresponding PRRs, and to
engineer and transfer PRRs in crops.

005.002 A cytoplasmic kinase gene provides re-
sistance against major bacterial and fungal patho-
gens in Arabidopsis and rice

S. Maeda®, S. Sugano®, J.G. Dubouzet!, N. Yokotani?
C.J. Jiang®, K. Oda?, M. Matsui®, H. Hirochika®, H. Ta-
katsuji' and M. Mori*

National Institute of Agrobiological Sciences, Tsukuba,
305-8602, Japan; “RIBS Okayama, Okayama 716-1241,
Japan; °*RIKEN, Plant Science Center, Yokohama,
230-0045, Japan

Email: morimasa@affrc.go.jp

Broad-spectrum disease resistance against two or more
types of pathogen species is desirable for crop im-
provement. In rice, Xanthomonas oryzae pv. oryzae, the

causal bacteria of rice leaf blight, and Magnaporthe
oryzae, the fungal pathogen causing rice blast, are two
of the most devastating pathogens. To isolate rice genes
conferring broad-spectrum disease resistance, the rice-
FOX (Eull-length cDNA Over-eXpressor) Arabidopsis
transgenic lines that overexpressed 13,000 rice full-
length cDNAs in Arabidopsis were used. Approximately
20,000 of the rice-FOX Arabidopsis lines were screened
for disease resistance to a bacterial pathogen, Pseudo-
monas syringae pv tomato DC3000 (PstDC3000), and a
fungal pathogen, Colletotrichum higginsianum. A total
of 85 and 112 rice-FOX Arabidopsis lines were selected
by screening for resistance against PstbC3000 and C.
higginsianum, respectively. Of these, 18 lines showed
strong resistance to both pathogens. The rice cDNAs in
the resistant lines were identified and introduced into
rice for overexpression to evaluate the disease resistance
phenotype. One of the genes encoding a BIK1 like re-
ceptor-like cytoplasmic kinase, which we designated
BROAD-SPECTRUM RESISTANCE 1 (BSR1), conferred
resistance to both X. oryzae pv. oryzae and M. oryzae
when overexpressed in rice. Furthermore, overexpression
of BSR1 conferred resistance to PstDC3000 in tomato
(Micro-Tom). To investigate salicylic acid (SA) de-
pendency of the BSR1 dependent resistance, we crossed
BSR1-overexpressing lines to transgenic rice lines
overexpressing bacterial NahG gene, in which endoge-
nous SA levels are undetectably low, and examined
blast resistance. Results indicated that the disease re-
sistance in BSR1-overexpressing rice is largely inde-
pendent of the SA pathway.

005.003 Programmed cell death: insights into engi-
neering pathogen resistance in banana and sugar-
cane

M. Dickman®, H. Khanna? J.Y. Paul, M. Faion!, M.
Molina® and J.L. Dale?

Texas A&M AgriLife Research, Borlaug Center, Col-
lege Station, Texas 77843 United States; “Centre for
Tropical Crops and Biocommodities, Brisbane, Aus-
tralia

Email: mbdickman@tamu.edu

We have generated transgenic plants that express plant
(BAG) as well as animal genes (CED-9) that negatively
regulate apoptosis. These genes have the potential to
generate effective disease resistance/stress tolerance in
economically important crop plants. For example, the
vast majority of bananas grown today have not under-
gone improvement through conventional breeding.
The major reason for this is that most cultivars are es-
sentially sterile. An alternate strategy is to improve cur-
rent cultivars through genetic modification. We have
found that A. tumefaciens exposure induces a pro-
grammed cell death in banana cell suspensions. More
than 90% of embryogenic banana cells died after expo-
sure to A. tumefaciens and cell death was accompanied
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by a subset of features associated with apoptosis in
mammalian cells, including DNA laddering, fragmenta-
tion, and formation of apoptotic-like bodies. Importantly,
these cellular responses were inhibited in cells express-
ing anti-apoptosis genes. In addition, these plants were
drought tolerant and resistant to the two major fungal
pathogens of banana. In analogous studies, we will dis-
cuss sugarcane improvement efforts via transformation
primarily for cold tolerance in an effort to expand the
potential growing region of elite sugarcane varieties.
Field studies are underway for both crop plants. Time
permitting, we will also discuss bioinformatic efforts to
identify plant genes predicted to function in an apoptotic-
like manner, serving as candidate genes for crop im-
provement.

005.004 Approaches to enhance fungal disease re-
sistance in transgenic carrots

Z.K. Punja, O. Wally and J. Jayaraj

Department of Biological Sciences, Simon Fraser Uni-
versity, Burnaby, B.C. V5A 1S6, Canada

Email: punja@sfu.ca

Diseases caused by fungi and bacteria are among the
most important constraints to carrot production world-
wide. In this study, transgenic expression of antifungal
genes was investigated to enhance tolerance in carrots
The Arabidopsis ubiquitin promoter and Cauliflower
mosaic virus 35S promoter showed high-level
B-glucuronidase (uidA) gene expression in root tips,
leaves and tap roots. Using an Agrobacterium-mediated
transformation system, a thaumatin-like protein, chi-
tinase, glucanase and peroxidase genes were expressed
in carrot tissues. Leaf tissues were challenged with the
fungal pathogens Sclerotinia sclerotiorum and Botrytis
cinerea. The most significant reduction was observed in
the peroxidase-expressing lines, with 75-90% disease
reduction. One chitinase-expressing line and 2 TLP-
expressing lines had a 15-50% reduction in disease but
no glucanase-expressing lines showed significant dis-
ease reduction. In a subsequent series of experiments,
the Arabidopsis Non-Expressor of Pathogenesis Related
Proteins 1 (AtNPR1), a key regulatory gene of the SA-
mediated SAR in Arabidopsis, was expressed in carrot
plants under control of the 35S promoter. Two primary
regenerated lines (I and XI) were challenged with the
following pathogens: three necrotrophs - S. sclerotiorum,
B. cinerea, and Alternaria radicina; a foliar-infecting
bacterium - Xanthomonas hortorum pv. carotae; and a
biotrophic fungus - Erysiphe heraclei. Greater than 50%
disease reduction was observed in the transgenic lines
against the necrotrophic pathogens, 80% reduction
against Xanthomonas infection, and 90% reduction
against Erysiphe. Experiments with transgenic carrot
suspension cultures constitutively  over-expressing
AtNPR1 showed that the enhanced resistance was not
correlated with a constitutive induction of defense-related

genes or SAR but rather with a more intense and longer
induction of specific defense genes when induced with
the SA analogue INA or Sclerotinia cell wall extracts. In
particular, PR-1 and PR-2 expression was enhanced by
15-50 —fold within 3-9 hr after treatment. Peroxidase
and NPR1 gene over-expression appear to hold the
greatest promise for broad-spectrum resistance disease
resistance in carrots.

005.005 Development of transgenic sweet potato
(lpomoea batatas (L.) Lam.) with broad virus
resistance in the Republic of South Africa

B.J. Sivparsad and A. Gubba

Discipline of Plant Pathology, School of Agricultural,
Environmental and Earth Sciences, University of
KwaZulu-Natal, Pietermaritzburg, South Africa

Email: 201297209@stu.ukzn.ac.za

Multiple virus infections of Sweet potato feathery mottle
virus (SPFMV), Sweet potato chlorotic stunt virus
(SPCSV), Sweet potato virus G (SPVG) and Sweet
potato mild mottle virus (SPMMV) can cause a
devastating synergistic disease complex of sweet potato
in RSA. In order to address the problem of the
multiplicity and synergism of sweet potato viruses in
RSA, this study aimed to develop transgenic sweet
potato cv. Blesbok with broad virus resistance.
Untranslatable coat protein (CP) gene segments of
SPFMV, SPCSV, SPVG and SPMMV in a sense
orientation were fused to a silencer DNA, the middle
half of the nucleocapsid (N) gene of Tomato spotted wilt
virus (TSWV), and used as a chimeric transgene to
induce gene silencing in the transgenic sweet potato.
Agrobacterium tumefaciens strain LBA4404 harboring a
modified binary vector pGA482G carrying the
expression cassette was used for transformation of
apical tips. A total of 24 putative transgenic plants were
produced. Polymerase chain reaction (PCR) and
Southern blot analysis showed that six of the 24 putative
transgenic plants were transgenic, each with two
insertion loci of the transgene and that all plants were
derived from the same transgenic event. The six
transgenic sweet potato plants were challenged by graft
inoculation with SPFMV, SPCSV, SPVG and SPMMV-
infected Ipomoea setosa Ker. All transgenic plants
displayed delayed and milder symptoms, of chlorosis
and mottling in the lower leaves when compared to the
untransformed control plants. These results lay the
foundation for sustainable control of virus diseases in
sweet potato.

005.006 The plant defensin NaD1 acts synergistically
with other molecules to inhibit fungal growth in vitro
J.A. McKenna, N. van der Weerden, M.A. Anderson and
R.L. Heath

Department of Biochemistry, La Trobe University,
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Australia; School of Botany, The University of Mel-
bourne, Australia
Email: j.mckenna@latrobe.edu.au

Plant defensins are small, basic, cysteine-rich proteins
that are members of the innate plant defense mechanism.
Several plant defensins have potent antifungal activity in
vitro and are greater than 30 publications have reported
that the transgenic expression of defensins in plants can
enhance resistance against fungal pathogens. The plant
defensin NaD1 was isolated from the floral tissues of
ornamental tobacco (Nicotiana alata) and inhibits a
range of filamentous fungi in vitro. NaD1 inhibits fungal
growth by destabilizing and permeabilizing the fungal
plasma membrane. With this property in mind, we have
investigated the potential of NaD1 to enhance the activity
of other antifungal molecules such as fungicides.
Members of the triazole and strobilurin families are
highly valued as agricultural fungicides. Strobilurins
inhibit fungal growth by blocking mitochondrial respira-
tion and the production of ATP. Triazoles inhibit growth
by blocking the production of ergosterol leading to the
incorporation of unusual sterols in the fungal membrane,
thus altering permeability and fluidity. Together these
classes of fungicide are the dominant form of chemical
protection against fungal pathogens of agricultural crops
worldwide. We have demonstrated that combinations of
NaD1 and fungicides act synergistically to inhibit the in
vitro growth of F. graminearum, F. oxysporum, V.
dahliae and C. heterostrophus dramatically reducing the
concentration of fungicide and NaD1 required for fungal
control.

005.007 Increased Fusarium resistance of transgenic
wheat by pathogen induced expression of autoacti-
vated resistance proteins

K. Schmidt, C. Klapprodt, M. Pflugmacher, A. Maeser,
H. Keunecke, B. Holtschulte and D. Stahl

KWS SAAT AG, Grimsehlstral® 31, D-37555 Einbeck,
Germany

Email: dietmar.stahl@kws.com

Plant diseases caused by fungal infections result in seri-
ous Yyield and quality losses of crops. We report the
pathogen induced over expression of autoactivated re-
sistance proteins of the CC-NBS-LRR type as a new
strategy to increase the fungal resistance of wheat. In
order to circumvent the detrimental effect of a constitu-
tive expression of R genes in transgenic plants the R
genes were combined with pathogen inducible synthetic
promoters. Synthetic pathogen-inducible promoters ex-
clusively containing well defined regulatory elements of
PR genes were identified which showed a strong induc-
tion after fungal infection of the crop and a low basic
activity in uninfected tissue. The promoters were acti-
vated by different wheat pathogens like Fusarium gra-
minearum and Blumeria graminis f. sp. tritici, indicating

that the promoters are feasible for the development of a
broad spectrum disease resistance. The ability of
R-genes to trigger a hypersensitive reaction (HR) was
further improved either by mutations in the NBS domain
or by the singular expression of a new DAE subtype of
the CC domain. Resistance assays were performed in the
greenhouse and revealed an enhanced resistance of the
wheat heads againist Fusarium graminearum and
Fusarium culmorum. Beside a reduction of head blight
symptoms a reduction of fungal biomass and of the toxin
deoxynivalenol was shown by gPCR and ELISA. Our
results demonstrate that the controlled activation of
plant defence reactions by genetic elements of plant
origin is a promising strategy for a sustainable im-
provement of disease resistance.

005.008 High-throughput screening of antimicrobial
peptide genes and antimicrobial activities analysis
J.Y. Huang*, T. Ke? J. Huang"*, C.H. Dong®, X.D. Ma
and S.Y. Liu*

'0il Crops Research Institute of CAAS, Key Laboratory
of Biology and Genetic Improvement of Oil Crops, Min-
istry of Agriculture, Wuhan 430062, P.R. China;
“Department of Life Science and Technology, Nanyang
Normal University, Wo long Road, Nanyang 473061,
P.R. China; *College of Life Science, Hubei University,
Wuhan 430062, P.R. China

Email: liusy@oilcrops.cn
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Antimicrobial peptides (AMPs) are widely distributed in
nature and play a critical role in the innate immunity of
host defense systems. The number of described AMPs
has increased over recent decades; however, the recent
generation of huge amounts of genomic, transcriptomic,
proteomic data open an opportunity to discover new or
novel AMPs. In this study, 1308 AMP genes were pre-
dicted from ESTs and genome data of oilseed rape using
bioinformatics tools, in which, 40 AMP genes were
cloned and analyzed their antimicrobial activities. The
average length of candidate AMP genes is 135bp, and
they encode about 45 amino acids. Using the overlap
PCR, the 40 AMP genes were synthesized artificially
and cloned into pET30a - EDDIE - GFP expression
vector. His-EDDIE-AMP fusion proteins were ex-
pressed in Escherichia coli. Purified His-EDDIE-AMP
inclusion bodies were diluted in optimized refolding
buffer and incubated to enable self-cleavage to occur.
Antimicrobial activity of 40 recombinant AMPs was
detected, and the result showed that 32 recombinant
AMPs had specific bactericidal activities against Gram
positive bacteria or Gram negative bacteria. The anti-
fungal activities of AMPs from oilseed rape are being
analyzed now. In conclusion, the method based on bio-
informatics tools and the described vector-screening is
useful and high- throughput for discovery of AMPs.
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P05.001 CAPS markers TAO1 and TG105 in the iden-
tification of 12 resistant gene in Nigerian accessions
of tomato, Lycopersicon esculentum Mill

A.R. Popoola!, M.R. Ercolano? F. Ferriello?, P.D.
Kaledzi®, S.A. Ganiyu', O.F. Owolade®, I.A. Kehinde®,
A.A. Fajinmi', C.G. Afolabi', H.K. Dapaah®, D.K. Ojo’,
D.A. Adegbite®, Y. Falana® and O.B. Adedibu®
'Department of Crop Protection, Federal University of
Agriculture, P.M.B. 2240, Alabata Road, Abeokuta,
Ogun State, Nigeria. 110001; “Department of Soil, Plant,
Environmental and Animal Production Sciences, Uni-
versity of Naples, Via Universita, 100 80055 Portici,
Italy.; *Department of Horticulture, Kwame Nkrumah
University of Science and Technology, KNUST, Kumasi,
Ghana.; *Institute of Agricultural Research and Train-
ing, Obafemi Awolowo University, Moor Plantation,
Ibadan, Nigeria.; *Department of Microbiology, Federal
University of Agriculture, P.M.B. 2240, Alabata Road,
Abeokuta, Ogun State, Nigeria.; *Department of Crop
and Soil Sciences, University of Education, Winneba,
Ghana.; 'Department of Plant Breeding and Seed
Technology, Federal University of Agriculture, FU-
NAAB, P.M.B. 2240, Alabata Road, Abeokuta, Ogun
State, Nigeria.; ®Department of Agricultural Economics
and Farm Management, Federal University of Agricul-
ture, FUNAAB, P.M.B. 2240, Alabata Road, Abeokuta,
Ogun State, Nigeria.; *Agricultural Technical Services
Department, Ekiti State Agricultural Development Pro-
gramme, Ikole-EKiti, Ekiti State, Nigeria

Email: popoolaar@funaab.edu.ng;
docakinpopoola@yahoo.com

Fusarium oxysporum f. sp. lycopersici (Fol) is a
soil-borne fungus that inhabits most tomato-growing
regions worldwide, causing vascular wilt disease. In
Nigeria, the disease constitutes close to 40% loss in to-
mato yield annually. Cleaved Amplified Polymorphic
Sequence (CAPS) markers TAO1 and TG105 were de-
veloped elsewhere to identify tomato genotypes pos-
sessing the 12 gene, which confers resistance to Fol race
2. In this work, the two CAPS markers were used to
screen fifty accessions of Nigerian tomato, Lycopersicon
esculentum Mill, for resistance to Fol. The restriction
enzymes Hinfl and Fokl, for TG105 and TAOL1 respec-
tively, produced fragments corresponding to presence or
absence of 12 resistant gene in the tomato accessions.
Restriction fragments from the two markers indicated
that 17 accessions had no 12 gene, indicating suscepti-
bility to Fusarium vascular wilt, while 2 accessions had
fragments suggesting presence of 12 gene and resistance
status. The combined effect of the two markers enhances
precision in the identification of tomato accessions with
resistance status to Fusarium vascular wilt.

P05.002 Interaction between Helicoverpa zea damage
with incidence and severity of Fusarium sp. and Usti-
lago maydis on genetically modified corn in Sinaloa

Mex.

L. A. Aquirre, G.A .Fris, A. Hern&ndez, M. Flores, E.
Cerna, J. Landeros and J. Valenzuela

Universidad Auténoma Agraria Antonio Narro, Calzada
Antonio Narro 1923, Buenavista, Saltillo Coah, Mexico,
25315

Email: luisaguirreu@yahoo.com.mx

Genetically modified (GM) corn with the CrylAb pro-
tein of Bacillus thuringiensis var. kurstaki (Bt) and its
respective isohibrid as check with and without chemical
control for corn earworm were used in this research.
Fusarium corncob damage was lower on GM corn with
(12.5%) and without (25.7%) insecticide treatment as
compared with conventional hybrid that had 48.3 and
83.1% of damaged corncobs with and without chemical
control, respectively. Corn smut cob damage was also
lower on GM corn with (3.2%) and without (6.3%) in-
sect control compared with 15.5 and 49.7% damage
with and without insecticide treatment, respectively.
Fusarium sp. conrcob rot was also lower on GM corn
with 5.7 and 9.5% whereas a 24.6 and 63% rot was ob-
served on the isohibrid with and without insecticide
control, respectively. Ustilago maydis severity was also
lower on Bt corn finding 0.07% and 0.25% damage on
treatments with and without insect control as compared
with the conventional hybrid that showed an 11.6 and a
41.4% smut rot with and without insecticide treatment,
respectively. It is concluded that GM corn resistant to H.
zea prevents damage by the pest, eliminating the en-
trance pathway for Fusarium sp. and Ustilago maydis.

P05.003 FTIR microspectroscopy for rapid identifica-
tion of plant growth promoting gram-positive rhizo-
bacteria

M. Sompong!, K. Thumanu?, D. Athinuwat®, S.
Prathuangwong®and N. Buensanteai®

'School of Crop Production Technology, Institute of
Agriculture Technology, Suranaree University of Tech-
nology, Nakhon Ratchasima, 30000 Thailand;
“Synchrotron Light Research Institute (public organiza-
tion), Ministry of Science and Technology, Nakhon
Ratchasima, 30000 Thailand; *Major of Organic Farm-
ing Management, Faculty of Science and Technology,
Thammasat University, Pathumthani, 12121 Thailand;
*Department of Plant Pathology, Faculty of Agriculture,
Kasetsart University, Bangkok, 10900 Thailand

Email: natthiya@sut.ac.th

Bacillus species are the most common plant growth
promoting rhizobacteria, enhanced growth and induced
resistance in several economic crops around the world,
especially Thailand. In this study, we developed a novel
strategy for the rapid identification of Bacillus species
based on Fourier transform infrared microspectroscopy
(FTIR microspectroscopy). Two reference strains of B.
subtilis and B. amyloliquefaciens and 5 isolates of gram-
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positive rhizobacteria isolated from soil of cassava field
were used in this study. The isolates were identified
according to the guidelines of bacteriology. The plant
growth promoting gram-positive rhizobacteria were
further identified by 16S rDNA and sequencing. A
standardized experimental protocol was established, and
FTIR spectral database containing more than 200 infra-
red spectra was investigated. FTIR microspectroscopy
identification system consisted of two hierarchical levels.
The top-level FTIR network allowed the identification
of B. subtilis and an identification success rate more
than 95%. The second-level network was developed to
differentiate the two most relevant species of B. subtilis
and B. amyloliquefaciens, with a correct identification
rate more than 95%. Our results demonstrate the high
degree of reliability and strong potential of FTIR spec-
trum analysis for the rapid identification of plant growth
promoting gram- positive rhizobacteria suitable for use
in routine Bacillus species diagnosis.

P05.004 Gene expression of Fusarium graminearum
during Fusarium head blight disease on wheat

K. Altaweel, A. Brdébabel and W.G. Dilantha Fernando
Department of Plant Science, University of Manitoba,
Winnipeg, Manitoba R3T 2N2, Canada

Email: Dilantha.fernando@ad.umanitoba.ca

Fusarium graminearum strains cause head blight of
wheat and produce trichothecene mycotoxins. Myco-
toxins such as deoxynivalenol (DON) affect plant and
animal health, and cause significant reductions in quan-
tity and grain quality. With the goal of understanding
fungal gene expression related to pathogenicity, two
cDNA libraries were created; a cDNA library was con-
structed, and a subtracted cDNA library was synthesized
by suppression subtractive hybridization using “Sumai3”
wheat heads inoculated with a highly aggressive strain
and mock-inoculated samples. Fifty one fungal genes
expressed during disease development were sequenced
and identified through GenBank database. We present in
this study the transcriptome profiling of eight fungal
genes induced for the “Sumai3” wheat cultivar (resistant)
and “Caledonia” (susceptible) at 6, 12, 24, 36, 48, 72
and 144 hours after inoculation (hai) using quantitative
real-time PCR (gPCR). Overall, we have seen greater
induction of the fungal genes in the resistant cultivar
compared to the susceptible one.

P05.005 Fusarium oxysporum f. sp. cubense re-
sistance in transgenic lady finger and cavendish
bananas

J.Y. Paul, B. Namukwaya, H. Khanna, A.P. James, R.M.
Harding and J.L. Dale

Centre for Tropical Crops and Biocommodities,
Queensland University of Technology, Brisbane,
Queensland, Australia

Email: jy.paul@qut.edu.au

Fusarium oxysporum f. sp. cubense (Foc) “Tropical”
Race 4 (TR4) infects virtually all banana cultivars in-
cluding the major export Cavendish complex. Foc is
extremely difficult to control as there are no effective
fungicidal treatments, it remains in infested soil for
decades and is easily spread with contaminated equip-
ment and planting material. TR4 has been recorded in
Indonesia, Malaysia, southern China, the Philippines
and the Northern Territory in Australia and is now con-
sidered a serious threat to banana production worldwide.
Host resistance is considered the best approach to con-
trol Foc but low fertility and a long regeneration time
has limited the development of such cultivars by con-
ventional breeding. Biotechnology offers opportunities
to develop Foc resistance while retaining the elite agro-
nomical characteristics of Cavendish cultivars. We have
previously demonstrated that anti-apoptosis genes are
effective against Foc Race 1 in the susceptible cultivar
Lady Finger (LF) under greenhouse conditions. We
have now developed genetically modified Cavendish
bananas containing these candidate resistance genes
which are being assessed for resistance against TR4 in
field trials in northern Australia. Additionally, plant
derived stress tolerance genes have now been isolated
and assessed in LF against Foc Race 1 under glasshouse
conditions with some transgenic lines showing high
levels of resistance. These genes have also been trans-
formed into Cavendish varieties for field-testing against
Foc TRA4.

P05.006 Structural response of Heliopsis longipes
extract on the tomato- Fusarium oxysporum f. sp.
lycopersici pathosystem

S. Gonzdez, H. Pé&ez, A. Benavides, E.M. Rodr fuez
and A. Flores

Universidad Autéhoma Agraria Antonio Narro. Calzada
Antonio Narro #1923, Buenavista, Saltillo, Coahuila,
Mé&ico CP.25315. Departamento de Parasitolog®
Agr tola. Mexico

Email: aflooli@uaaan.mx; aflooli50@gmail.com

Tomato (Solanum lycopersicum) is one of the most im-
portant crops from the economic and productive point
view. The vascular wilt caused by F. oxysporum f. sp.
lycopersici is the main disease that cause problems in
tomato plants, reducing the 60% of yield, and affecting
the quality of the product. In its effort to counter the
attack of pests and maximize production, modern agri-
culture is highly dependent on inputs and synthetic pes-
ticides. This has prompted the search for new alterna-
tives for the management of agricultural pests and dis-
eases, exploring the current potential of secondary me-
tabolites and advances in systemic induced or acquired
resistance. The histological effect of H. longipes extract
on tomato plants susceptible to F. oxysporum f. sp.
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lycopersici was studied. The extract of H. longipes was
applied by spraying tomato plants, subsequently inocu-
lated by immersion roots in a spore solution of F. oxy-
sporum f. sp. lycopersici. Twenty days after inoculation,
was determined the severity of symptoms, which was
reduced 70% on plants sprayed with the H. longipes
extract. On agronomic traits showed 56% increase in
plant height, 84% in root length, 186% leaf dry weight,
dry weight 177% and 502% of stem dry weight of roots
in plants sprayed with the extract. In the histological
analysis of stem and root of sprayed plants, it increased
the area of cortex and reduced the spinal area with H.
longipes extract.

P05.007 Exogenous siRNA-mediated protection of
plants from African cassava mosaic virus infection
A. Mohamed" 3, T. Osman®3and Y. Hong™*

'School of Life Sciences, University of Warwick, Coventry
UK; ®Research Centre for Plant RNA Signalling, Hang-
zhou Normal University, Hangzhou, P.R. China;
*Department of Botany, Faculty of Agriculture, Fayoum
University, Fayoum 63514, Egypt

Email: mmm_atef@yahoo.com; amml12@fayoum.edu.eg

RNA silencing is an adaptive antiviral defence mecha-
nism in plant. The unifying feature of RNA silencing is
the production of small interfering (si) RNAs of 21-25
nucleotides that are generated from the viral genome.
Moreover, profiles of viral (v) siRNAs suggest that cer-
tain regions, namely hotspots, of the viral genome are
more prone to RNA silencing-mediated degradation. We
hypothesised that direct targeting of viral genome by
synthetic hotspot siRNAs could confer protection of
plants from virus infection. To test this idea, we ob-
tained a high resolution profile of ACMV vsiRNAS us-
ing northern blotting and high-throughput deep se-
quencing. One hotspot and one coldspot on each DNA
component of ACMV, a ssDNA virus causing a massive
destruction to cassava crop production, a staple food for
more than 700 million people all over the world, were
selected and in vitro transcribed to produce viral sense
and anti-sense small RNAs. To test the turnover of these
synthetic SiRNA on ACMYV infection, co-inoculation of
double-stranded (ds) hotspot siRNA onto Nicotiana
benthamiana prevented ACMYV infection, in which viral
DNA replication was almost undetectable and the plants
remained healthy. However, neither the sense, anti-sense
SRNA of hotspot vsiRNA or cold spot vsiRNA had less
or no impact on ACMV infection or disease severity.
Furthermore, the systemically acquired resistance by
applying exogenous hotspot siRNA has a threshold ef-
fect and requires a functional RDR6. These data show
that hotspot vsiRNAs bear a functional significance on
antiviral RNAI, suggesting that they may have the po-
tential as an exogenous biological agent for controlling
destructive viral diseases such as cassava mosaic dis-
ease.

P05.008 Overexpression of rice chitinase gene (Os-
Chi 1l) in cotton (Gossypium hirsutum) confers re-
sistance to two fungal pathogens

M. Ganesan® and N. Jayabalan?

'Plant Cell Engineering, Department of Biosciences,
Presidency University, Kolkata 700073, West Bengal,
India; 2Plant Biotechnology Unit, Department of Plant
Science, Bharathidasan University, Tiruchirappalli 620
024, Tamil Nadu, India

Email: markganesh@gmail.com

The present investigation describes a simple and repro-
ducible protocol for transgenic cotton regeneration and
characterization of chitinase (Chi Il) gene expression
against two different fungal pathogens in cotton. Trans-
genic cotton (Gossypium hirsutum cv. SVPR2) plants
were produced by pCambia-bar-Chi Il (13.8 kb) under
the control of the CaMV 35S promoter, harbored in the
strain LBA 4404 Agrobacterium tumefaciens by using
shoot tip explants. Finally, from the 10 experiments,
21.8% of transformation frequency was recorded. Seg-
regation ratio of 3:1 was recorded in the T, plant seeds.
Polymerase chain reaction and southern blotting analy-
sis were used to confirm the integration of Chi Il
transgene in the T, plants genome of putative transgen-
ics. Quantitiave and qualitative (SDS-PAGE) analyses
were also carried out to confirm the expression of chi-
tinase enzyme in Ty plants. Further, randomly selected
transgenic plants (T,) were analyzed for disease toler-
ance by evaluating them with spores of Fusarium oxy-
sporum and Alternaria macrospora. All the selected
PCR positive plants showed enhanced disease resistance
against Fusarium wilt. The plants selected randomly
showed an enhanced survival rate compared with the
control when they were grown in earthen pots inoculated
with 1x10° spores 100" g of soil mixture. Another four
randomly selected plantlets were sprayed with spores of
Alternaria macrospora in order to test their tolerance to
Alternaria leaf spot disease. After 20 days of culture, the
number of lesions per leaf and the lesion length per leaf
spot in non-transferred leaves increased. In the case of
transgenic plantlets, lesion formation was completely
absent. The disease resistance against Fusarium wilt and
Alternaria leaf spot in cotton strains would serve as
good breeding materials for producing fungal disease
resistant cotton varieties.

P05.009 The target gene 5 RACE validation and
function prediction of soybean miR2118

Z.Q. Luo™?, L.J. Qiu and B.Y. Xie?

YInstitute of Crop Science, Chinese Academy of Agri-
cultural Sciences, Beijing 100081, P.R. China; “Institute
of Vegetables and Flowes, Chinese Academy of Agri-
cultural Sciences, Beijing 100081, P.R. China

Email: Izhqin@163.com
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MicroRNAs (miRNAS) are a new class of approximately
21 nucleotide, endogenous, small noncoding single-
strand RNAs that play critical regulatory roles in plants
growth and development, as well as response to biotic
and abiotic stresses. In these studies, 5 classes target
genes were validated by a modified RNA ligase-mediated
5" rapid amplification of cDNA ends (5'RLM-RACE),
which encoded TIR-NB-LRR class R protein, peptidase
S24-like, suppressor of gene silencing 3-like (GSG3-like)
protein, serine/threonine protein kinase (Ser/Thr PK)
and an unkown protein. And all these target genes were
mapped in some anti-disease QTL loci. In addition, ex-
pression analysis of miR2118 using Northern blotting
indicated that miR2118 were upregulated by drought
stress, the earliest responsive tissue was root, the leaf
latest in soybean. And miR2118 didn’t response to high
salinity and low temperature. According to the above
results, we predicted that miR2118 participated in the
regulation of disease and drought resistance in soybean.

P05.010 Transcriptional analysis of sclerotial morpho-
genesis in rice sheath blight pathogen Rhizoctonia
solani Kilhn AG-1 IA by cDNA-AFLP technique

C.W. Shu, J.L. Chen, J.Y. Chen, S. Si and E.X. Zhou
Department of Plant Pathology, South China Agricul-
tural University, Guangzhou 510642, P.R. China

Email: exzhou@scau.edu.cn

Sheath blight of rice, caused by the necrotic soil-borne
basidiomycete fungus Rhizoctonia solani Kithn AG-1
IA (telemorph: Thanatephorus cucumeris (Frank) Donk),
is one of the major diseases of rice (Oryza sativa L.)
worldwide. Despite the mechanisms of formation and
development of the sclerotium of R. solani had been
reported, there is still lack of the knowledge on the mo-
lecular mechanisms of sclerotium formation of R. solani.
By means of the cDNA amplified fragment length pol-
ymorphism (cDNA-AFLP) detection technique, 256
combinations of EcoRI and Mse | primers were used to
identify differentially expressed genes during three
stages (initial, developing and mature stages) of sclero-
tium morphogenesis in R. solani. So far, 44 primer sets,
each of which could amplify 40 transcript-derived frag-
ments (TDFs), were used. After sequencing and
BLASTX analysis of 45 TDFs, 27 of which had signifi-
cant homology sequences with those in GenBank data-
base and their functions are as follows: basic and sec-
ondary metabolism, cellular biogenesis, transcriptional
regulation, signal transduction transportation etc. The
majority (75%) of these TDFs were observed to be dif-
ferentially expressed during in the mature stage, indi-
cating that sclerotial morphogenesis undergo a complex
developmental progress. Therefore, the findings provide
interesting information for the further understanding of
the molecular mechanisms of sclerotial morphogenesis
in R. solani.

P05.011 Identification of genes important for rice
blast resistance by application of the VIGS system

H. Xie', Z. Liu*, H. Wang? and D. Stahl?

'School of Life Sciences and Technology, Tongji
University, 1239 Siping Road, YangPu, Shanghai,
200092, P.R. China; 2KWS SAAT AG, Grimsehlstrasse
31, D-37555 Einbeck, Germany

Email: hyx.step@gmail.com

Fungal diseases are significant challenges to crop pro-
duction, and the traditional management involved con-
ventional plant breeding and the application of agro-
chemicals. Virus induced gene silencing (VIGS), as a
powerful tool to study the function of plant genes, can
specifically knock down the genes-of-interest. Applica-
tion of silencing provides a promising new avenue to
identify genes which may be relevant of plant protection.
We have successfully adapted Brome Mosaic Virus
(BMV) as VIGS system for rice as shown by an effi-
cient down-regulation of the phytoene desaturase (PDS)
gene expression. We further show that transient silenc-
ing of the EDR1 gene is associated with the up regula-
tion of PR-1a gene expression and an enhanced re-
sistance to the fungal pathogen Magnaporthe oryzae, the
causal agent of rice blast. Our datas show that the VIGS
system could be used as a high throughput technique for
the identification of genes which are relevant and suitable
for crop protection.

P05.012 Molecular characterization and the tran-
scriptional profiling of Pi50 (t) candidates suggests
their putative functions in rice blast resistance

J. Sy, J.L. Han, S. Chen, W.J. Wang, C.Y. Wang, L.X.
Zeng and X.Y. Zhu

Institute of Plant Protection Research, GDAAS, No.7
Jin-ying Road, Tian-he District, Guangzhou, Guang-
dong, 510642, P.R China

Email: bsujing@hotmail.com

Rice blast, caused by Magnaporthe oryzae, is one of the
devastating rice diseases in the worldwide, and
broad-spectrum resistance genes are highly desirable for
disease control and prevention. We have identified a
novel broad-spectrum blast resistance gene Pi50 (t)
which belongs to Pi2/9 multigene family, from a re-
sistance donor Er-ba-zhan (EBZ) in South China. We
further revealed that the resistance spectrum and race
specificity of Pi50 (t) allele were different from other
known Pi2/9 carriers. To probe the functional candi-
dates of Pi50 (t), we sequenced the region of Pi50 (t)
loci in EBZ. We found that there are 7 NBS-LRR type R
gene candidates (Nbs 1-7) clustered in this locus, which
share 44% to 100% identity in amino acid sequence
compared with the cognate NBS-LRR sequences from
related rice varieties in Genbank. Phylogenetic analysis
of the multiple alleles based on the amino acid sequence
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revealed that two out of seven Pi50 (t) candidates are
grouped into the same clade which contains the func-
tional Pi2, Pi9 and Piz-t. However, low similarity
among them indicating a high variation in that clade,
may also explaining the difference of their race specific-
ity. Furthermore, the transcriptional profiling of these
two Pi50 (t) candidates in the response to rice blast
suggests that they are the functional candidates in EBZ
cultivar.

P05.013 Soil metagenome-derived hydrolase reduce
the exopolysaccharide production in Ralstonia sol-
anacearum

M.H. Lee’, W. Tao’, N.H. Kim, E.C. Hwang", J.W. Lee’
and S.W. Lee'

'Department of Applied Biology, Dong-A University,
Busan 604-714, Republic of Korea; “Department of
Chemistry, Dong-A University, Busan 604-714, Republic
of Korea

Email: loveve1980@hanmail.net

An autoinducer 3-hydroxypalmitic acid methyl ester
(3-OH PAME), which is an unique quorum sensing sig-
nal molecule, regulates the production of exopolysac-
charide (EPS) in Ralstonia solanacearum. Previously,
four soil metagenomic clones hydrolyzing 3-OH PAME
were selected from metagenomic library constructed in
Escherichia coli with industrial waste contaminated soil
metagenome. Hydrolysis of 3-OH PAME by E. coli
carrying the metagenomic clones was confirmed by gas
chromatography (GC). Deduced amino acid sequences
of four 3-OH PAME hydrolyzing enzymes revealed that
these enzymes may encode novel family of lipase/ester-
ase. The over-expressed and purified proteins displayed
high catalytic activity towards the short chain p-nitro-
phenyl acylesters, suggesting that all of them are esterase.
GC analysis of four enzyme reactions confirmed that all
four enzymes hydrolyzed 3-OH PAME effectively. To
investigate function of 3-OH PAME hydrolase in
quorum sensing network system in R. solanacearum,
elp86, elp96, elp104 and estDL33 genes were introduced
into R. solanacearum. EPS production of four R. sola-
nacearum carrying the 3-OH PAME hydrolase genes
were significantly reduced in the R. solanacearum.
These results indicated that the novel 3-OH PAME hy-
drolases were isolated from industrial waste contami-
nated soil metagenome libraries and the enzymes sup-
press EPS production in R. solanacearum by hydrolysis
of autoinducer 3-OH PAME. The 3-OH PAME hydro-
lases could be a potential source to be introduced into
susceptible host plants of R. solanacearum to prevent
bacterial wilt occurrence.

P05.014 Establishment of a field disease nursery for
identification of resistance to Sclerotinia scleroti-
orum in oilseed rape

X.H. Cheng, Y.Y. Liu, J.Y. Huang and S.Y. Liu

Oil Crops Research Institute of CAAS, Key Laboratory
of Biology and Genetic Improvement of Oil Crops, Min-
istry of Agriculture, Wuhan 430062, P.R. China

Email: liusy@oilcrops.cn

The disease caused by Sclerotinia sclerotiorum is one of
the most important diseases in oilseed rape in China.
Use of resistance varieties to the disease is the most ef-
fective measure for control of the disease. It is signifi-
cant to develop a sensitive, precise and reliable method
for resistance identification. In this study, a high effi-
cient method for resistance identification in fields was
developed in which two major measures were taken: one
is to bury sclerotia in soil in a given way and the second
to equip spray system and spray during the flowering
time at a regular time interval each day. The tested win-
ter rapeseed lines were those in the China National Re-
gional Trial in 2005-2012. A total of 1080 lines were
identified. With Zhongyou 821 as a resistance control,
the lines were classified into groups of from high re-
sistance and high susceptibility in 6 scales. The result
showed that the disease pressure of more than 15% (per-
cent diseased plants of susceptible variety) is required
for a valid experiment in terms of both statistics and
resistance difference distinguishment. Percent diseased
plants and disease index (DI) were correlated signifi-
cantly. The significant correlations of the two disease
parameters between replicated and between the experi-
ments indicated the method reliable. The wide resistance
scale variation between the lines indicated the method
sensitive, precise and useful. Resistance consistency of
each set of the lines between the years indicated the
method reproducible and reliable.

P05.015 Antifungal activity of chitinases (ChiA, ChiC
and ChiB) produced by Serratia marcescens
CFFSUR-B2 against Mycosphaerella fijiensis causal
agent of black sigatoka in banana (Musa spp.)

M.l. Guti&rez-Roman, M. Dunn, R. Tinoco-Valencia, F.
Holgu n-Meléndez, K. Guillé-Navarro and G.
Huerta-Palacios

Departamento de Agricultura, Sociedad y Ambiente, El
Colegio de la Frontera Sur, Carretera Antiguo
Aeropuerto Km. 2.5, C.P. 30700. Tapachula, Chiapas;
Mexico, +52 (962) 6289800, Fax +52 (962) 6289806
Email: mgutierrez@ecosur.mx

Genes encoding chitinases ChiA, ChiB and ChiC were
cloned from Serratia marcescens CFFSUR-B2, over-
expressed as 6His-Sumo fusion proteins in Escherichia
coli, and purified by affinity chromatography. Following
affinity tag removal, chitinolytic activity of the recom-
binant proteins was evaluated individually and in com-
bination using colloidal chitin as substrate. Also, anti-
fungal activity of different concentrations (0, 3.0. 10 y
30 ppm) of ChiA and ChiB ChiC was evaluated in vitro
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against Mycosphaerella fijiensis ascospores. Our results
of chitinolytic activity using colloidal chitin indicated
that ChiB and ChiC were highly active while ChiA was
essentially inactive. The evaluation in vitro of chitinases
showed that ChiA and ChiB were most efficient (6.84
and 3.50 ppm, respectively) in reducing 50% germina-
tive tube of ascospores of M. fijiensis being Chi C
(38.32 ppm) the least active enzyme. These results con-
tribute to our understanding of the mechanism of action
of the chitinases produced by strain CFFSUR-B2, which
may serve in nutrient capture and hence competition
with other organisms, knowing these, successful strate-
gies for biological control of this disease at the level of
field can be generated.
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Concurrent Session 6-Breeding Strategies for
Plant Resistance

006.001 How can we achieve durable disease re-
sistance in agroecosystems? Increase diversity!

B.A. McDonald

Plant Pathology, Institute of Integrative Biology, ETH
Zurich, 8092 Zurich, Switzerland

Email: bruce.mcdonald@usys.ethz.ch

Disease resistance fails because pathogens evolve. Thus
the path toward durable resistance should be based on an
understanding of pathogen evolution. We proposed a
strategy for resistance breeding based on knowledge of
pathogen evolutionary potential in 2002. An update is
warranted. The root of the problem of pathogen evolu-
tion is the lack of genetic diversity in agroecosystems.
Genetic diversity declined steadily in agroecosystems
globally over 1000s of years and accelerated during the
last 100 years to increase the efficiency of food produc-
tion. Durable resistance will not be achieved unless we
increase diversity at the farm and regional scales, but
this must be accomplished without losing the advantages
that came with increasing genetic uniformity. Many
strategies can increase spatial and temporal diversity,
including crop rotations, intercropping, smaller fields,
new crop species, and increasing diversity in existing
crop species. Breeding strategies that increase diversity
include cultivar mixtures, multilines, major gene re-
sistance (MGR) pyramids, quantitative resistance (QR)
and mixing MGR and QR into the same cultivar. QR
used alone is likely to erode over time as a result of
pathogen evolution. It is likely that pyramids of QR and
MGR will also fail eventually. A dynamic turnover of
MGR and QR pyramids will be more likely to provide
durable resistance. Advanced genetic technologies can
enable this solution by engineering cassettes composed
of MGR and QR clusters, imitating the solution that
plants created over millions of years of coevolution with
their pathogens.

006.002 Durable control of rice blast disease with
resistance

S. Koizumi

National Agricultural Research Center, Tsukuba Inter-
national Center, Japan International Cooperation
Agency, Koyadai, Tsukuba, Ibaraki 305-0074, Japan
Email: Koizumi-Shinzo@jica.go.jp

Although many blast resistance genes including cloned
ones and QTLs have been mapped on rice chromosomes
and rice cultivars with durable resistance to blast have
been reported, durable control of rice blast with re-
sistance has not been sufficiently achieved. For stable
use of race-specific and qualitative complete resistance
(CR), mixtures of isogenic lines (ILs) or cultivars with

different resistance, use of CR genes with
broad-spectrum resistance and their pyramiding have
been conducted, and accumulation of CR and quantita-
tive partial resistance has been proposed. However,
multilines have been cultivated with laborious blast race
monitoring in Japan, and possibility of CR breakdown
still exists for CR genes with broad-spectrum resistance.
On the other hand, to durably control blast with partial
resistance, several near-isogenic lines and cultivars with
single partial resistance genes including cloned pi21 and
Pbl have been developed, and their pyramiding has
been proposed, while the partial resistance genes Pi34,
Pi35 and Pif show isolate-specific resistance. Further-
more, genomic analyses have been conducted to identify
QTLs conferring broad-spectrum resistance, and accu-
mulation of candidate defense genes, which enhance
quantitative resistance level, is planning. Nevertheless,
there is still no sufficient evidence to decide durable
blast control methods with resistance, because we have
not enough knowledge on interaction between blast re-
sistance genes and blast fungus in both individual and
population levels to decide them. For durable control of
rice blast disease with resistance, accumulation of
knowledge on the interaction is required.

006.003 Engineering rice broad-spectrum resistance
to diseases: gene resources and strategies

S. Wang

National Key Laboratory of Crop Genetic Improvement,
National Center of Plant Gene Research (Wuhan),
Huazhong Agricultural University, Wuhan 430070, P.R.
China

Email: swang@mail.hzau.edu.cn

Rice crops are severely damaged by diseases caused by
bacterial, fungal, and viral pathogens. Application of
host resistance to these pathogens is the most economi-
cal and environmentally friendly approach to solve this
problem. Broad-spectrum resistance to two or more
types of pathogen species or the majority of races of the
same pathogen species is desirable for rice improvement.
Quantitative resistance conferred by quantitative trait
loci (QTL) is a valuable resource for the improvement
of rice broad-spectrum resistance. Recently years, great
progress has been made in identifying the genes con-
tributing to broad-spectrum disease resistance quantita-
tively. The characterization of these genes suggests that
different breeding strategies should be selectively ap-
plied for efficiently using different types of resistance
QTLs for rice improvement.

006.004 Research highlights on breeding for soy-
bean disease resistance in the United States

S.X. Li!, P.Y. Chen? and D.R.Walker®

'United States Department of Agriculture, Agricultural
Research Service (USDA-ARS), Crop Genetics and
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Production Research Unit, Stoneville, MS 38776, USA;
“University of Arkansas, Fayetteville, AR 72701, USA;
SUSDA-ARS, Soybean/Maize Germplasm, Pathology
and Genetics Res. Unit and University of Illinois, Ur-
bana, IL 61801, USA

Email: shuxian.li@ars.usda.gov

Soybean pathogens and pests in the USA annually cause
economic losses by reducing seed yield and quality. The
Midwest and North Central, Mid-Atlantic, Mid-South,
and Southeast production regions each have a major
pathogen and pest complex that can be best managed by
combining genetic resistance with other methods.
Breeding to improve disease resistance in soybean in-
volves a variety of approaches and methods, ranging
from traditional to molecular technology. Deliberate
selection for resistance to pathogens like Phomopsis
longicolla, a causal agent of Phomopsis seed decay
(PSD), can be carried out phenotypically using con-
trolled assays and fortuitous natural infections, or by
using marker-assisted selection. Screening soybean
germplasm for resistance to PSD in Southern and Mid-
west states has recently identified novel sources of re-
sistance. Breeding for durable resistance to soybean
rust, an important foliar disease, is particularly chal-
lenging due to the highly variable pathogenicity among
populations of the pathogen. A strategy has been pur-
sued to pyramid pairs of Rpp genes into adapted genetic
backgrounds. Breeding for resistance to soybean virus is
accomplished by incorporating single dominant genes or
pyramiding several resistance loci in elite lines. Selec-
tions are done by artificial inoculation, serological assays,
or gene-specific marker screen. A GBS (genotyping by
sequencing) approach has been used to identify and map
resistance genes for Sclerotinia stem rot. A brief over-
view of research on breeding soybean for resistance to
these and other important diseases will be presented.

006.005 Taming infectious eBSV alleles for breeding
new banana hybrid varieties

J.P. Pichaut', B. Farinas', M. Umber', M. Chabannes’,
N. Laboureau?, P.O. Duroy? L. Bonheur, F. Salmon®,
C. Jenny', M.L. Iskra-Caruana® and P.Y. Teycheney"
'CIRAD, UMR AGAP, F-97130 Capesterre Belle-Eau,
Guadeloupe, France; CIRAD, UMR BGPI, F-34398
Montpellier Cedex 5, France

Email: teycheney@cirad.fr

Banana streak viruses (BSV) infect bananas and plan-
tains worldwide. They are naturally transmitted by
mealybugs; however infections can also occur in the
absence of vector-mediated transmission, through the
activation of infectious endogenous BSV sequences
(eBSVs). Infectious eBSVs are present in the genome of
Musa balbisiana spp, which are important progenitors
for breeding improved banana varieties. Once activated
by biotic or abiotic stresses, these viral sequences cause

spontaneous infection in both natural and synthetic in-
terspecific hybrids harbouring the M. balbisiana genome,
denoted B. Therefore, the presence of infectious eBSVs
within B genomes is currently the main constraint for
breeding banana and plantain interspecific hybrids and
for exchanging Musa germplasm. The sequence and
organization of eBSVs in the diploid M. balbisiana gen-
itor Pisang Klutuk Wulung (PKW) was elucidated for
the three BSV species Obino 1’Ewai (BSOLV), Gold-
finger (BSGFV) and Imové (BSImV). This work
showed that integration of infectious eBSGFV and eB-
SOLV is di-allelic, with one infectious and one
non-infectious allele, whereas that of infectious eBSImV
is monoallelic. Taking advantage of the development of
allele-specific molecular markers, eBSV signatures were
established for all M. balbisiana genitors of the CIRAD
Guadeloupe Musa collection, unveiling important dif-
ferences between accessions. All combinations of infec-
tious and non-infectious alleles were observed for all
three BSV species, as well as complete and uncomplete
integrants when compared to those described in PKW.
Breeding improved M. balbisiana progenitors devoid of
infectious eBSGFV and/or eBSOLV alleles was under-
taken through self-pollination and chromosome dou-
bling of haploid lines. Both approaches successfully
lead to M. balbisiana cultivars devoid of infectious
eBSOLV and/or eBSGFV resulting from the segregation
of eBSOLV and eBSGFV alleles. Improved lines of one
particular M. balbisiana cultivar, cv. Honduras, origi-
nally free of eBSImV, were shown to be free of infec-
tious eBSV. These results pave the way to the safe use
of M. balbisiana in breeding programs, and open new
perspectives for breeding improved banana and plantain
hybrid varieties.

006.006 Spinach downy mildew - resistance to a
globally important pathogen

J.C. Correll, C.D. Feng, S.T. Koike and K.E. Kammeijer
Plant Pathology, University of Arkansas, Fayetteville
Arkansas USA; Univerisity of California Cooperative
Extension, Salinas, California USA

Email: jcorrell@uark.edu

Spinach downy mildew disease, caused by the oomycete
pathogen Peronospora farinosa f. sp. spinaciae (Pfs),
continues to be a major production constraint for com-
mercial spinach (Spinacia oleracea). A total of 14 races
of Pfs have been reported and a number of deviating
isolates have been described. Based on the disease reac-
tions of a diverse group of open pollinated spinach cul-
tivars and hybrid spinach cultivars, six downy mildew
resistance loci, designated RPF1 to RPF6, have been
hypothesized. In order to determine the genetics of re-
sistance to Pfs, a consortium project, involving a number
of spinach seed companies, was initiated to introgress
each of the hypothesized loci into a common susceptible
genetic background (Viroflay) to develop Near Isogenic
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Lines or NILs. Although this work is still underway,
efforts with RPF1, RPF2, and RPF3 have shown that
each segregates as a single locus and the resistance is
dominant. Interestingly, each of the six hypothesized
loci controls resistance to multiple races including some
of the newest races identified. No races have been found
that defeat all six of the hypothesized resistance loci.
Molecular markers have been developed for RPF1 and
RPF2 and additional markers are being developed for
RPF3-6.

006.007 R gene-mediated resistance in Brassica
napus that limits asexual sporulation but allows
sexual sporulation by Pyrenopeziza brassicae (light
leaf spot)

E.F. Boys*?, J.S. West!, C.P. Werner®, G.J. King®, P.S.
Dyer? and B.D.L. Fitt®

'Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK;
2School of Biology, University of Nottingham, University
Park, Nottingham, NG7 2RD, UK; SKWS UK Ltd.,
Thriplow, Nr Royston, Herts, SG8 7RE, UK; “Southern
Cross Plant Sciences, Southern Cross University, Lis-
more, NSW 2480, Australia; *University of Hertfordshire,
Hatfield, Hertfordshire AL10 9AB, UK

Email: b.fitt@herts.ac.uk

The phenotype of a form of Brassica napus (oilseed rape)
R gene-mediated resistance against the hemibiotrophic
plant pathogen Pyrenopeziza brassicae, cause of light
leaf spot, was investigated. Using a doubled haploid B.
napus mapping population that segregated for resistance
against P. brassicae, development of visual symptoms
was characterised and asymptomatic growth was followed
using quantitative PCR and scanning electron micros-
copy on leaves of resistant/susceptible lines inoculated
with suspensions of P. brassicae conidia. A new pheno-
type of resistance was observed in lines derived from B.
napus cv. Imola. Initially, in controlled environment
experiments growth of P. brassicae was unaffected; then
from 8 days post-inoculation (dpi) some epidermal cells
collapsed (‘black flecking’) in green living tissue of cv.
Imola and from 13 to 36 dpi there was no increase in
amount of P. brassicae DNA and no asexual sporulation
(acervuli/pustules). By contrast, during this period there
was a 300-fold increase in P. brassicae DNA and exten-
sive asexual sporulation in leaves of susceptible cv. Apex.
However, when leaf tissues senesced, there was a rapid
increase in amount of P. brassicae DNA in the resistant
but not susceptible cultivar and sexual sporulation (apo-
thecia) was abundant on senescent tissues of both. These
results were supported by results of controlled environ-
ment and field experiments with lines from the mapping
population that segregated for this resistance. Analysis of
results of both controlled environment and field experi-
ments suggested that the resistance was mediated by a
single R gene located on chromosome Al.

006.008 Pathogen-based resistance: a strategy for
the protection of plants against Fusarium head blight
and mycotoxins

H.P. Li'? J.B. Zhang', T. Huang", W. Cheng®, P. Yang',
Q.S. Yuan'and Y.C. Liao™?

Molecular Biotechnology Laboratory of Triticeae
Crops, Huazhong Agricultural University, Wuhan
430070, Hubei, P.R. China; “College of Life Science
and Technology, Huazhong Agricultural University,
Wuhan 430070, Hubei, P.R. China; College of Plant
Science and Technology, Huazhong Agricultural Uni-
versity, Wuhan 430070, Hubei, P.R. China

Email: yucailiao@mail.hzau.edu.cn

Pathogen-based resistance (PBR) has been proposed to
describe antibody-mediated disease resistance and simi-
lar phenomena in plants. The concept is based on the
fact that pathogen-specific antibodies are generated by
using pathogens as targets for selection and only anti-
bodies that specifically bind to the pathogens can be
isolated. This strategy has been used to protect plants
against Fusarium graminearum, a toxigenic pathogen
responsible for Fusarium head blight of wheat and other
cereals in China and many other countries. Innate re-
sistance for FHB is inadequate and investigation of an-
tibodies with resistance roles could provide an alterna-
tive strategy for breeding FHB-resistant cultivars. Cell
wall-bound proteins from a representative strain of F.
graminearum in China were used to generate antibodies.
Recombinant antibodies specific to antigens displayed
on the Fusarium cell surface were isolated from a
pooled immunocompetent phage display library. The
isolated antibodies inhibited fungal growth in vitro when
fused to antifungal peptides. Expression of the antibody
fusion proteins in planta conferred a high level of pro-
tection against Fusarium pathogens, with a significant
reduction in initial infection, fungal spread and myco-
toxin production. Envisaged as a promising resistance
germplasm, the resistant antibodies were further im-
proved in vitro, generating 11- to 15-fold higher affini-
ties for FHB pathogens and conferring even higher re-
sistance to FHB. Thus, PBR with defined specificity has
potential to improve resistance in plants, especially in
pathosystems that lack natural resistance.

P06.001 Sclerotinia sclerotiorum (Lib.) de Bary cul-
ture filtrate in developing resistance through tissue
culture techniques in rapeseed-mustard and bio-
chemical basis of resistance

N. Mehta and S. Watpade

Department of Plant Pathology, CCS Haryana Agricul-
tural University, Hisar — 125004 Haryana, India

Email: nareshmehta282@gmail.com

Rapeseed-mustard assumes the significance in Indian
economy by occupying the second position next to
groundnut and consider as a ‘cash crop’ in dry land
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agriculture. The relatively susceptibility of this crop to
Sclerotinia sclerotiorum in India is one of the limiting
factor in productivity in addition to others biotic and
abiotic factors. Eleven prominent genotypes/varieties
were inoculated artificially at stem portion and genotype
B. carinata cv. HC-9002 escape the infection whereas
all other species had disease intensity more than 50%
and these were considered as highly susceptible. In tissue
culture studies, callogenic response to culture filtrates of
Sclerotinia sclerotiorum added in MS medium supple-
mented with NAA 1 mg1l+ BAP 1 mgl was more
prominent in resistant/tolerant genotype B. carinata cv.
HC-9002 than in other Brassica species. S. Sclerotiorum
culture filtrate at 15% concentration can be applied in in
vitro screening for selection of tolerant species. Total
soluble sugars and reducing sugars were high after se-
lection with fungal culture filtrate in calli of B. napus cv.
GSH-1 and B. carinata cv. HC-9002 while susceptible
species showed low sugar contents. Increased level of
culture filtrate in callus medium increases total phenol,
flavanol and total soluble protein as well as polyphenol
oxidase, peroxidase and catalase enzymes. PPO and
peroxidase activity was higher in B. carinata cv.
HC-9002 which was less in susceptible than other species,
while catalase activity was maximum in B. juncea cv.
RH-30 which was highly susceptible to this disease.

P06.002 High level resistance to Sclerotinia scleroti-
orum and Pseudocercosporella capsellae in intro-
gression lines derived from hybridization between
Brassica carinata and the oilseed crop B. napus

M.P. You', S.S. Banga?, S.K. Banga®, M.B. Uloth!, N.
Gunasinghe®, P.M. Finnegan®, P.A. Salisbury® and M.J.
Barbetti’

!School of Plant Biology, Faculty of Science, The Uni-
versity of Western Australia, 35 Stirling Highway,
Crawley, W.A. 6009, Australia; Department of Plant
Breeding and Genetics, Punjab Agricultural University,
Ludhiana, 141004 Punjab, India; *Melbourne School of
Land and Environment, University of Melbourne, Victo-
ria 3010 Australia; “School of Plant biology, The Insti-
tute of Agriculture, Faculty of Science, The University of
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Email: mingpei.you@uwa.edu.au

Scleratinia stem rot (Sclerotinia sclerotiorum, SSR) is a
serious threat to oilseed rape (Brassica napus) production
in regions of Asia, Europe, North America and Australia.
White Leaf Spot (Pseudocercosporella capsellae, WLS)
is also an important disease worldwide. There is keen
interest to identify sources of resistance, in particular to
SSR, but also to WLS, especially where the two coincide
creating a need for high levels of SSR + WLS resistance.
Using field stem inoculation at 50% flowering with S.
scleratiorum, and sequential conidial inoculations with P.
capsellae during the growing season, 54 B. napus geno-

types carrying B. carinata introgressions were tested in
the field within a nylon mesh insect-proof tent. SSR
severity was assessed as stem lesion length 3 weeks post
inoculation, while WLS severity was assessed on a 0 to
10 scale separately for both incidence and severity
throughout the season. A range of varietal reactions oc-
curred among the tested genotypes in response to inocu-
lation with either pathogen, ranking from highly suscep-
tible (lesion length >36.5mm SSR; score > 5 for severity
of WLS) to highly resistant (lesion length < 10mm SSR;
score <2 for severity of WLS). Fourteen of the tested
genotypes showed combined resistance to both SSR
(lesion length < 10mm) and WLS (severity score < 2),
providing the first combined high level resistance against
both diseases within the one genotype, offering new
opportunities for oilseed Brassica breeding programs to
rapidly develop new varieties with combined SSR +
WLS resistance.

P06.003 Diverse cruciferous species offer potential
for developing new Brassica crops highly resistant to
Sclerotinia sclerotiorum

M.B. Uloth®, M.P. You', P.M. Finnegan™®, Y. Huang ?,
P.A. Salisbury®** and M.J. Barbetti*®

!School of Plant Biology, Faculty of Science, The Uni-
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of Oil Crops Research, China Academy of Agricultural
Science, Wuhan 430062, P.R. China; >Melbourne
School of Land and Environment, University of Mel-
bourne, Victoria 3010, Australia; ‘Department of Pri-
mary Industries Victoria, VABC, 1 Park Drive, La Trobe
R and D Park, Bundoora, Victoria 3083, Australia; °The
Institute of Agriculture, Faculty of Science, The Univer-
sity of Western Australia, Crawley, Western Australia
6009, Australia

Email: ulothm@hotmail.com

Sclerotinia stem rot (SSR) is a serious threat not only to
Brassica napus, B. juncea and other Brassica oilseed
production in regions of Asia, Europe, North America
and Australia, but also to vegetable Brassica production
worldwide. As most commercial cruciferous oilseed and
horticultural cultivars are highly susceptible to SSR,
there is keen interest in identifying sources of resistance
that could be utilised to develop cultivars with effective
resistance. Genotypes from Brassicas B. carinata, B.
fruticulosa, B. juncea, B. napus, B. oleracea, B. cretica,
B. incana, B. insularis, B. montana, B. nigra, B. oxyr-
rhina, B. parachinensis, B. rapa and B. tournefortii, and
representatives from genera Carrichtera, Diplotaxis,
Eruca, Hirschfeldia, Raphanus, Rapistrum, Sinapis and
Sisymbrium, were tested in the field within a nylon in-
sect-proof-mesh covered house by inoculating stems
with agar plugs colonised by S. sclerotiorum. Lengths of
stem lesions were measured 3 weeks post inoculation.
Mean lesion length across tested genotypes ranged from
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less than 3mm to more than 150mm. Stem lesion length
within multiple selections of B. carinata and B. oleracea
varied widely, highlighting the need to test sufficient
genotypes when determining the potential of a species
as a source of resistance to SSR. Genotypes with stem
resistance identified in this study are of high value for
developing new disease-resistant cultivars of oilseed and
vegetable Brassicas.

P06.004 Breeding of Czech malting barley cultivars
for disease resistance

P. Matusinsky*, L. Tvarizek', M. Balounov& and T.
Sedlacek?

'Agrotest Fyto, Ltd., Havlickova 2787/121, 767 01
Kromeriz, Czech Republic; ?Research Centre SELTON,
Ltd., Stupice 24, 250 84 Sibrina, Czech Republic

Email: matusinsky@vukrom.cz

The Czech malting industry produces 500,000 tons of
malt a year for which approximately 180,000 ha of bar-
ley are necessary to be planted in fertile regions. In re-
cent years, 50 - 60 % of spring barley area has been
sown with Czech cultivars. This has considerably been
encouraged by attaining a protected geographical indi-
cation (PGI) “Czech Beer”. The barley cultivars for
production of beer with the PGI “Czech Beer” are char-
acterized by lower levels of proteolytic and cytolytic
modification, and lower apparent attenuation limit
causing the presence of residual extract. Another essen-
tial precondition is a high level of resistance to fungal
diseases. In spring barley these are especially powdery
mildew (Blumeria graminis), leaf rust of barley (Puc-
cinia hordei), net blotch (Pyrenophora teres), scald
(Rhynchosporium secalis), spot blotch (Cochliobolus
sativus), ramularia leaf spot (Ramularia collo-cygni) and
others. Molecular markers rank among selection tools
exhibiting the highest use potential. They are useful to
identify resources of resistance to fungal diseases such
as powdery mildew (allele mlo-11, Piffanelli et al. 2004),
leaf rust (genes Rph7 and Rphl16, Brunner et al. 2000,
Ivandic et al. 1998), net blotch (gene Rpt5, Manninen et
al. 2000, Friesen et al. 2006) and others. Effective al-
leles of these genes are introduced in barley lines in-
tended for breeding cultivars for beer production with
the PGI “Czech Beer”.

P06.005 Understanding interactions between quanti-
tative resistance and qualitative resistance for sus-
tainable management of Phoma stem canker (Lep-
tosphaeria maculans ) in oilseed rape (Brassica na-
pus)

Y.J. Huang, G.K. Mitrousia and B.D.L Fitt

School of Life and Medical Sciences, University of
Hertfordshire, Hatfield, Herts, AL10 9AB, UK

Email: y.huang8@bherts.ac.uk

Effective control of phoma stem canker (Leptosphaeria
maculans) relies on use of host resistance. Two types of
resistance to L. maculans have been identified; major
resistance (R) gene-mediated qualitative resistance and
quantitative resistance (QR). R gene-mediated resistance
is race-specific and often rendered ineffective due to
pathogen population changes from avirulent to virulent.
QR is race non-specific and is considered durable. To
investigate the interactions between R genes and QR,
eight cultivars with different resistance were used in
field experiments at 13 different sites in the 2010/2011
and 2011/2012 growing seasons. Severity of phoma leaf
spots in autumn and severity of phoma stem canker in
summer were assessed. Results showed that there were
effects of background quantitative resistance on the ef-
fectiveness of an R gene. The severity of stem canker on
DK Cabernet (RIm1 + QR) was less than on Capitol
(RIm1), suggesting that RIm1 is more effective when it
is introduced into a host background with QR than in
one without QR. Similarly, less severe stem canker on
Adriana (RIm4 + QR) than on Bilbao (RIm4) suggested
that RIm4 is more effective when it is introduced into a
host background with QR than in one without QR. In-
terestingly, cultivars Roxet and Excel both carry RIm7
but Excel developed less severe phoma leaf spots and
stem canker at most experimental sites than Roxet. It is
not clear whether this was due to difference between
them in host background QR because avirulent AvrLm7
was predominant in L. maculans populations at UK
sites.

P06.006 Development of homozygous pepper (Cap-
sicum annuum L.) lines carrying Potato virus Y (PVY)
resistance genes (pvr2' and pvr2%) using marker-
assisted selection (MAS)

V. Moodley, R. Naidoo and A. Gubba

Discipline of Plant Pathology, School of Agricultural,
Environmental and Earth Sciences, University of Kwa-
Zulu-Natal, Pietermaritzburg, Republic of South Africa
Email: 201501239@stu.ukzn.ac.za

Pepper (Capsicum annuum L.) is an important vegetable
crop grown and consumed worldwide. Potato virus Y
(PVY) is a highly destructive, globally distributed patho-
gen which significantly reduces the yield and quality of
cultivated peppers. Chemical and cultural methods have
proven ineffective in controlling PVY; therefore the
development of resistant varieties is the best alternative
to manage PVY diseases on pepper. Several alleles at
the pvr2 locus are known to control recessive resistance
to PVY in pepper. In this study, homozygous pepper
lines were developed from local germplasm carrying
PVY resistance genes (pvr2' and pvr2®) using marker
assisted selection (MAS). F, progeny were obtained by
crossing a pvr2! (resistant) ‘Double Up’ cultivar with a
heterozygous susceptible ‘Benno’ cultivar carrying
pvr2* (susceptible) and pvr2? (resistant) alleles. F; and
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F, generations were assessed for the presence of PVY
resistance alleles (pvr2*/pvr2Y/pvr2/pvr2®) at the pvr2-
elF4e locus using the tetra primer amplification refractory
mutation system—polymerase chain reaction (ARMS-
PCR) procedure. Negative selection was carried out
using markers to detect the pvr2™ (susceptible) allele.
All F; progeny displaying the pvr2® allele were elimi-
nated from further study. A total of 302 plants belonging
to 29 F, families expressing homozygous recessive traits
were mechanically inoculated to test for their response
to PVY infection. Resistance to PVY was confirmed in
all selected families based on symptomatology in green-
house screens. These results show that ARMS-PCR can
be used to screen pepper genotypes for alleles that confer
PVY resistance thereby contributing to the improvement
of pepper production.

P06.007 Reaction of tomato lines carrying different
Ty-gene combinations to leaf curl viruses in Taiwan
W.S. Tsai, P. Hanson and L. Kenyon

AVRDC — The World Vegetable Center, 60 Yi-min Liao,
Shanhua, Tainan 74151, Taiwan, China

Email: wen-shi.tsai@worldveg.org

Leaf curl diseases caused by begomoviruses (white-
fly-transmitted geminiviruses) are important constraints
to tomato production in many parts of the world. The
deployment of resistant cultivars is considered as an
efficient and sustainable measure for managing such
diseases. We compared the reaction of tomato lines car-
rying different combinations of leaf curl resistance (Ty)
genes to whitefly-mediated inoculation in the net house
with either Tomato leaf curl Taiwan virus (TOLCTWV)
or Tomato yellow leaf curl Thailand virus (TYLCTHV),
the predominant tomato-infecting begomoviruses in
Taiwan. Symptom development on the test plants was
observed for 11 weeks following exposure to virulifer-
ous whiteflies (Bemisia tabaci) and virus infection was
confirmed by polymerase chain reaction (PCR) with
universal and specific begomovirus primers. For lines
carrying Ty-1/Ty-3 at least 69% of the plants became
infected with either TOLCTWV or TYLCTHV. Tomato
lines carrying Ty-2 (a gene first identified in Taiwan
using ToLCTWYV) alone showed good resistance to
ToLCTWV (<24% infected), but were susceptible to
TYLCTHV (>95% infected). Three tomato lines carry-
ing both Ty-2 and Ty-1/Ty-3 showed good resistance to
both TOLCTWV and TYLCTHV (<5% infected), and
one Ty-2 + Ty-1/Ty-3 combination line presented no
infection by either TOLCTWYV or TYLCTHV. The re-
sults indicate that combining Ty genes can create an
additive effect, but it may be necessary to identify mo-
lecular markers more tightly linked with these genes and
to take greater account of the background in which the
genes are deployed.

P06.008 Pathogenicity of Leptosphaeria biglobosa to
oilseed rape (Brassica napus) cultivars differing in
resistance against Leptosphaeria maculans

G.K. Mitrousia, Y.J. Huang, A.M. Hall and B.D.L. Fitt
School of Life and Medical Sciences, University of
Hertfordshire, Herts, AL10 9AB, United Kingdom
Email: g.mitrousia@herts.ac.uk

Field and controlled environment experiments were
done to examine the pathogenicity of L. biglobosa on
cultivars with good resistance (carrying the RIm7 gene)
or moderate resistance (carrying the RIm4 gene) against
L. maculans, causal agents of phoma stem canker on
oilseed rape. Leaves with phoma leaf spots were sampled
from established winter oilseed rape field trials at three
representative sites in the UK. The proportions of lesions
caused by L. maculans and L. biglobosa were scored on
cultivars carrying the RIm7 gene (Excel and Roxet) or
the RIm4 gene (Adriana and Bilbao) and the susceptible
cultivar Drakkar. The proportion of L. biglobosa leaf
spotting was greater on the cultivars that carrying R
genes than on Drakkar. Leaf spotting caused by L. bi-
globosa was greater in the south than the north of Eng-
land for all the cultivars. The aggressiveness of L. mac-
ulans and L. biglobosa isolates obtained from Excel
(LmExc, LbExc) and Drakkar (LmDr, LbDr) was tested
on Drakkar, Excel and Roxet. LbExc was more aggres-
sive than LbDr on the three cultivars. There was no dif-
ference between the three cultivars in aggressiveness of
LbExc and LbDr. LmDr was more aggressive on Roxet
than on Excel. There was no difference between Excel
and Roxet in aggressiveness of LmExc. LmExc was less
aggressive than LmDr on Drakkar. These results indi-
cate that breeding for resistance against L. maculans
affects the susceptibility of the cultivars to L. biglobosa.

P06.009 Resistance associated to several pathogens
in tomato: a meta-QTLs analysis

L. Balzano-Nogueira®, E.A. Carbonell?, W.E. Fry®and
J.R. Demey"
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Lycopersicon esculentum is one of the crops majorly
planted worldwide for its different uses and nutritional
value. This crop is sensitive to be attacked from various
pathogens that cause significant economic losses. Many
strategies of disease control are applied against each
pathogen; however, the most appropriate control method
involves the use of intrinsic defense mechanism of se-
lected plants. The selection of resistant plants is usually
due to recurrent marker-assisted selection (MAS). To
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accomplish resistant plant selection, researchers have
correlated genotypic with phenotypic characteristics
using several statistical and quantitative genetics methods,
generating different loci resistance-related QTLs. We
perform a meta-analysis from nine (9) studies reporting
several resistance-related QTLs, in order to generate a
consensus map of tomato QTLs by integration study-
characteristics like: crossing size and type, LOD score
and additivity, with marker chromosome maps obtained
from sol genomics network. We obtained 24 meta-QTLs
in regions associated to resistance to Phytophtora in-
festans (92%), Alternaria solani (46%), Botrytis cinerea
(13%), TYLCV (8%), Xantomonas perforans (4%) and
Xantomonas campestris (4%). These results can be used
to distinguish other resistant lines through detection of
these regions in other tomato genomes, contributing to
increase culture-resistance by selecting more resistant
progeny after each sowing process.

P06.010 New DNA markers (RAPDs) to identify rust
resistant and susceptible genotypes of sugarcane
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versity of the Punjab, Lahore, 54590, Pakistan;
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Genetic Improvement, Fujian Agriculture and Forestry
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Present study set out to screen and identify rust re-
sistance elite genotypes of sugarcane on the basis of
agronomical impression and PCR based DNA markers.
The RAPD (Random Amplified Polymorphic DNA)
technique was used for potential estimation of genetic
relatedness among commercially grown sugarcane gen-
otypes of Pakistan. In this study, six sugarcane geno-
types were characterized on the basis of rust resistance
and susceptibility under natural inoculation in the field
and divided into two discrete phenotypic classes, three
rust resistant genotypes RR and three rust susceptible
genotypes RS, for identification of RAPD markers. Ini-
tially, 260 decamers were subjected against the genomic
DNA of six commercially grown sugarcane genotypes.
After screening, 12 of 260 decamers were picked on the
basis of polymorphism and specificity, which are the
most important application of DNA markers. Nine of 12
produced 13 genotype specific loci. We were also able
to trace specific loci in RR and RS discrete classes of
sugarcane commercially grown genotypes in Pakistan.
From 12 primers, 3 generated 3 specific loci, 2 loci in
RS group and 1 locus in RR group. Primer L-04 and L11
generated 800 bp and 900 loci in rust susceptible group
of genotypes (RS) respectively. But, only one primer
L15 amplified 1400 bp locus in rust resistant group of
genotypes (RR). This study will be useful to provide
powerful tool to explore molecular basis of disease re-

sistance in sugarcane. Moreover, these markers could be
converted into more specific, stable, reliable and repro-
ducible SCAR (Sequence Characterized Amplified Re-

gion).

P06.011 Pathogenecity of Sclerotinia sclerotiorum
isolates to Brassica juncea carrying introgressed
resistance

P.S. Sandhu®, C. Atri*, M.J. Barbetti? and S.S. Banga®
!Department of Plant Breeding and Genetics, Punjab
Agricultural University, Ludhiana-141 004, India;
%School of Plant Biology, Faculty of Natural and Agri-
cultural Sciences, The University of Western Australia,
35 Stirling Highway, Crawley, WA, 6009, Australia
Email: jaisandhu@rediffmail.com

Sclerotinia stem rot caused by Sclerotinia sclerotiorum
is one of the most destructive diseases of rapeseed-
mustard worldwide. Genetic resistance is the only reliable
and sustainable tool for disease management. We had
previously reported high level of resistance in the Bras-
sica juncea introgression lines. B. juncea lines carrying
genomic segments from Erucastrum cardaminoides,
Diplotaxis tenuisiliqua and B. fruticulosa had much
higher levels (P < 0.001) of resistance in comparison to
the standard check germplasm. Experience with this
pathogen showed that identifying sources of resistance
is a challenging task due to varied aggressiveness of the
pathogen isolates. To study such varied responses,
thousands of field grown plants were stem inoculated to
confirm the resistance, and its functionality against four
isolates representing key mustard growing areas of
North-west India. These included: Bharatpur (2), Lu-
dhiana (1) and Bawal (1). These isolates were selected
mostly on the basis of geographic diversity, and sclero-
tia morphology. Bharatpur 1 was the most pathogenic
isolate followed by the one from Ludhiana. Significant
differences were observed among the isolates (P<0.001)
in relation to their pathogenecity as well as among the
germplasm (P<0.001) for their responses to the different
isolates. Many introgression lines were resistant to all
the four isolates. The frequency of resistant reaction to
four, three, two and only one isolate was 23.8, 30.9, 28.6
and 16.6, respectively. The sources of resistance identi-
fied in this study are highly valuable and are being gen-
otyped to initiate marker assisted breeding for resistance
in oilseed Brassica.

P06.012 Interspecific blackleg (Leptosphaeria macu-
lans) resistance transfer into oilseed rape (Brassica
napus)

H. Winter, M. Mosch, F. Marthe, H. Peterka, O. Schrader
and H. Budahn

Department of Biology—Molecular Biotechnology, Tech-
nische Universitaet Dresden, D-01062 Dresden, Germany
Email: he_winter@gmx.de
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Blackleg caused by the ascomycete Leptosphaeria mac-
ulans (Phoma lingam) is the most significant disease
affecting oilseed rape (Brassica napus) worldwide.
Considering climate change, it is expected to become
even more relevant in future. To widen the narrow base
of oilseed rape resistance, offspring derived from so-
matic hybrids B. oleracea (+) B. nigra and B. oleracea
(+) B. carinata, respectively, are currently characterised
and developed towards the B. napus karyotype (genome
AACC, 2n=38). The focus of this study is on blackleg
resistance behaviour of selected selfing and backcross
offspring produced using embryo rescue techniques.
Adult plant resistant individuals of different generations,
along with susceptible genotypes, were examined cyto-
logically, e. g. by genomic in situ hybridisation (GISH).
Furthermore, the most promising genotypes were self
pollinated again and backcrossed with B. napus to ob-
tain resistant plants with an AACC background. More-
over, a complete set of nine disomic B. napus-Raphanus
sativus addition lines (2n=38aacct2(r)), oOriginally de-
veloped for nematode resistance transfer, has been ex-
amined in blackleg resistance tests. One of these lines
showed adult plant resistance similar to R. sativus.
GISH results are compared with those obtained earlier
from blackleg resistant addition and putative recombina-
tion lines derived from interspecific, sexual hybrids be-
tween B. napus and Sinapis arvensis, Coincya monensis
and B. juncea, respectively.

P06.013 Resistance of Polish cultivars of potato to
the most relevant pathotypes of Synchytrium endo-
bioticum (Schilb.) Perc.

J. Przetakiewicz

Plant Breeding and Acclimatization Institute — National
Research Institute, Department of Plant Pathology, La-
boratory of Quarantine Organisms, Radzikow, 05-870
Blonie, Poland

Email: j.przetakiewicz@ihar.edu.pl

S. endobioticum is one of the most known soil-borne
pathogen of cultivated potato. Although S. endobioticum
originated from Andean zone in South America, thanks
to the popularity of the potatoes is distributed
world-wide and occurs almost around the world. The
geographical distribution of this pathogen includes all
EPPO region, Asia, North and South America as well as
Oceania. The most widely is distributed pathotype 1(D1)
of S. endobioticum but in 1941 the first reports of race
diversity of S. endobioticum were observed on potato
resistant cultivars. During the next decades of the last
century 43 different pathotypes of S. endobioticum were
described in Europe. The only strategies to confine the
disease are strict quarantine and phytosanitary measures
as well as the cultivation of resistant cultivars of potato.
According to the Polish low all cultivars of potato have
to be resistant to pathotype 1(D1) of S. endobioticum.
Among of them there was possible to find cultivars

which were resistant to European virulent pathotypes
[2(G1), 6(01), 8(F1) and 18(T1)] of S. endobioticum.
Eleven of them: Adam, Bzura, Cekin, Gandawa, Ibis,
Igor, Ikar, Kuba, Wiarus, Wist and Zagloba were re-
sistant to all tested pathotypes of S. endobioticum. Cv.
Gawin and Bosman were resistant to all pathotypes ex-
cept 8(F1) for Gawin and 2(G1) for Basman. Cv.
Jutrzenka, Sleza, Legenda and Ruta were resistant to
three pathotypes: Jutrzenka and Legenda to 1(D1), 6(01)
and 18(T1); Sleza and Ruta to 1(D1), 2(G1) and 6(0O1).
Cultivar Czapla was resistant to pathotype 1(D1) and
2(G1) of S. endobioticum.

P06.014 Resistance levels of on-farm selected cocoa
accessions to Phytophthora pod rot, Vascular-Streak
Dieback and Cocoa Pod Borer in Sulawesi, Indonesia
A. Purwantara'?, H.B. Purung®, P.J. McMahon?, S. Mulia®,
N. Laila®, K. Fauziah®, S. Lambert’, AW. Susilo®, E.
Sulistyowati®, S. Sukamto®, A. Iswanto?, D.I. Guest* and
P.J. Keane*

'Faculty of Agriculture and Environment, University of
Sydney; Biotechnology Research Institute for Estate
Crop; *Mars Inc., Jin Kima 10, Makassar, Sulawesi;
“Department of Botany, La Trobe University; °Balai
Pengkajian Teknologi Pertanian Sulawesi Selatan;
®Indonesian Coffee and Cocoa Research Institute

Email: david.guest@sydney.edu.au

Phytophthora pod rot (PPR) and Vascular-Streak Die-
back (VSD) are the most important diseases of cocoa in
Indonesia. Along with Cocoa Pod Borer, these diseases
and pest cause significant losses of cocoa in all growing
areas. Therefore resistance to these major diseases and
pest is becoming an increasingly important criterion for
selection of new cocoa cultivars/clones in Indonesia.
Since 2000, Indonesian Coffee and Cocoa Research
Institute (ICCRI) and Mars Inc, under Australian Centre
for International Agricultural Research (ACIAR) project,
have been selecting new cocoa accessions with direct
involvement of farmers. Farmers were visited and their
mother trees with high yield potential, low PPR and
VSD incidence and/or with low CPB pest infestation
were collected as on-farm accessions. These local ac-
cessions, along with 3 ICCRI crosses and two Malaysian
clones (PBC123 and BR25), were used in the trials in
two locations, in Polewali-Mandar District, West Sula-
wesi and in Pinrang District, South Sulawesi. During the
first two years of harvest, the average annual dry bean
production (estimated per ha) was between 196 kg (Na-
sir Rauf) and 702 kg (KW617). For the two years, 2
local accessions showed lowest incidence of PPR (Nasir
Rauf 2.3% and Husbitori 4.3%), whereas the highest
was in PBC123 (12.8%). In both years, incidence of
PPR was below 16% in any clone. The accessions
demonstrating highest VSD resistance were Gene J and
MQO5, at similar level to PBC123. Cocoa pod borer in-
festation (average % pods infested for the two years)
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indicated the high level of tolerance in Husbitori
(21.9%), but high susceptibility in Gene J (63.5%),
KW523 and KW617 (48% in each) and MO1 (46.9%).
Some clones indicated useful characteristics but were
either highly susceptible to CPB or VSD (e.g. Gene J
and Husbitori), or had poor quality beans (e.g. MO05).
Two selections, Muhtar and Ilham, were unproductive
and excluded from the evaluations. The results of this
study showed the usefulness of farmers’ participation in
the identification of trees resistant to PPR, VSD and
CPB. It is recommended that the genetic diversity iden-
tified through participatory selection of promising
mother trees in farmers’ fields be further exploited in
breeding to obtain new hybrid or cocoa clones with high
yield and good quality, and low incidence of PPR and
VSD, and low CPB damage.

P06.015 Screening of deshi chickpea (Cicer arietinum
L.) germplasm resistant to Botrytis gray mold in
Bangladesh

M.H. Rashid', M.K. Shahadat!, M.A. Quddus?, M.R.
Hasnat®*and M. A. Hossain®

'Regional Agricultural Research Station, Bangladesh
Agricultural Research Institute (BARI), Rahmatpur,
Barisal, Bangladesh ; *Pulse Research Substation, BARI,
Madaripur ; ®Instructor, Agricultural Training Institute,
Faridpur, Bangladesh; “Pulses Research Centre, BARI,
Gazipur, Bangladesh

Email: md_harunor_rashid@yahoo.com

An experiment was carried out at the Pulse Research
Sub-Station (PRSS), Madaripur, Bangladesh during
three subsequent years of 2008-2009, 2009-2010 and
2010-2011 to screen out the suitable high yielding
chickpea varieties that performed best against Botrytis
gray mold under natural epiphytotic condition. Thirty
three kabuli chickpea lines/varieties collected from
ICARDA, Syria along with check BARIchhola-5 were
used under this experiment. The experiment was con-
ducted in RCBD with three replications. Plant debris
and Botrytis cinerea inocula (10° conidia/ml) were ap-
plied in this nursery at the flowering stage for ensuring
the high disease pressure. The severity of BGM was
recorded at flowering stage, pod formation stage and
maturity stage. Out of 34 variety/lines 10 germplasms
showed Resistant (R) reaction and 24 lines showed
Susceptible (S) reaction to Botrytis cinerea. The line
FLIP03-45C showed 99% germination in three subse-
quent years. The line FLIP03-141C was found early
maturity (120 days). The tallest plant was found in line
FLIP98-206C and the shortest plant was recorded in
BARIchhola-5. The highest mean number of branch (8)
was recorded in ILC-1929 and the lowest number (4) in
lines FLIPO2-47C and FLIPO3-36C. The lowest num-
ber of pods (12) was recorded in FLIPO3-45C and the
highest number of pods was recorded in BARIchhola-5.
The highest 100 seed (33.67g) weight was recorded in

FLIP03-141C and the lowest (12.88g) weight was rec-
orded in BARIchhola-5. The maximum yield (1961)
was recorded in FLIP03-141C and the minimum yield
was recorded in line FLIP03-36C.

P06.016 Selection of coffee genotypes with re-
sistance to coffee leaf rust and Ceratocystis canker
from interspecific hybrids (Coffea arabica x Coffea
canephora)

B.L. Castro®, H.A. Cortina? J. Roux* and M.J. Wingfield®
'Department of Microbiology and Plant Pathology,
Forestry and Agricultural Biotechnology Institute (FA-
BI), University of Pretoria, Hatfield, Pretoria, 0028,
South Africa; “Plant Breeding Discipline, Centro
Nacional de Investigaciones de café (CENICAFE),
Chinching Colombia

Email: Berthal.castro@cafedecolombia.com

Coffee leaf rust (CLR), caused by Hemileia vastatrix
and Ceratocystis stem canker (Cc), caused by Cerato-
cystis spp. are the most important diseases of coffee in
Colombia. They cause substantial losses to commercial
varieties of Coffea arabica, which are highly susceptible
to both pathogens. The aim of this study was to identify
resistant genotypes against these pathogens in progenies
from interspecific crosses of C. arabica var. ‘Caturra’
and C. canephora backcrossed (BC) to ‘Caturra’.
Twenty-three (F3BC;) progenies were evaluated, in-
cluding C. arabica var. Caturra and var. ‘Colombia’ as
controls. Field experiments were established and CLR
evaluations were made based on natural infections, using
a rating scale (0 to 9). For Cc, artificial inoculation
studies with an isolate of C. colombiana were used.
Inoculation results were assessed after one year based
on the (%) width (WSA) and length (cm) of lesions (LL)
on the stems of inoculated plants. Agronomic and bean
characteristics were also evaluated. Resistance to both
pathogens was found in 12 progenies, however, ac-
ceptable agronomic and bean characteristics were found
in only eight of these progenies and these will be suita-
ble for future coffee propagation.

P06.017 Screening of lentil germplasm for resistant
to Stemphylium blight (Stemphylium botryosum)
M.A. Razzak!, M.H. Rashid®, H. Rahman®, M. Riazuddin?
and A. Sarker®

'Department of Plant Pathology, Patuakhali Science
and Technology University, Patuakhali, Bangladesh;
“Regional Agricultural Research Station, Bangladesh
Agricultural Research Institute (BARI), Rahmatpur,
Barisal, Bangladesh; *Regional Coordinator, South Asia
and China, ICARDA, Delhi, India

Email: md_harunor_rashid@yahoo.com

An investigation was carried out at Regional Agricultur-
al Research Station (RARS), Bangladesh Agriculture
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Research Institute (BARI), Rahmatpur, Barisal, during
November/2011 to April/2012 for screening of lentil
germplasms against Stemphylium blight under natural
epiphytotic condition. At maturity stage, out of 102
lines/varieties, 40, 52 and10 lines were showed Moder-
ately Resistant (MR), Moderately Susceptible (MS) and
Susceptible (S) reaction, respectively. Early flowering
was recorded in BD-3927 and BARImasur-4. The high-
est 50% flowering days was recorded in BD-4024,
BD-4053, BD-4069, BD-4087, BD-4105, BD-4115,
BD-5982, BD-5983 and BD-5991. Lowest 50% flower-
ing was recorded in BD-3948.Long maturation period of
111.5 days was recorded in BD-4024 and that of short
was recorded in BD-3924 and BD-3927.The plant
height maximum was observed in BD-3974 and shortest
was in BD-4127. Number of branch per plant maximum
was observed in BD-3936 and BD-4024, minimum was
found in BD-4097. Maximum number of pod was rec-
orded in BD-3922 and minimum pod was in 4053. The
lowest number of seed per pod was recorded in
BD-4053. The highest 100 seed weight was recorded in
BD-5986 and lowest of that was observed in BD-4127.
Highest biological yield was recorded in BD-4053 and
lowest was in BD-5989.The highest and lowest grain
yield was in BD-5983 (MR) and BD-4024, respectively.

P06.018 Virulence comparison of isolates of Mag-
naporthe oryzae in rice fields of the southern USA
and Jilin Province, China

J.C. Wang !, Y. Jia %, J.W. Wen' and W.P. Liu*

YInstitute of Plant Protection, Jilin Academy of Agricul-
tural Sciences, 130033, Changchun, P.R China; 2U.S.
Department of Agriculture - Agricultural Research Ser-
vice, Dale Bumpers National Rice Research Center,
2890 Hwy 130E, Stuttgart, AR 72160, USA

Email: wangjichun1972@yahoo.com

Rice blast disease caused by the ascomycetes fungus
Magnaporthe oryzae is one of the most damaging crop
diseases worldwide. This disease is managed with a
combination of the use of resistant cultivars, fungicides
and cultural practices. Among them, deployment of re-
sistant cultivars is the most economical and environ-
mentally sound approach to control blast. Understanding
isolate virulence and spectra of resistance genes is criti-
cal for guiding resistant breeding. In this report, 44 iso-
lates of M. oryzae from Jilin Province, and 14 races/
isolates of M. oryzae from the southern USA were inoc-
ulated under greenhouse conditions onto international
rice monogenic lines (MLs) carrying 24 major blast re-
sistance genes — Pia, Pib, Pii, Pik, Pik-h, Pik-m, Pik-p,
Pik-s, Pish, Pit, Pita, Pita-2, Piz, Piz-t, Pil, Piz-5, Pi3,
Pi5(t), Pi7(t), Pi9, Pill(t), Pi12(t), Pi19 and Pi20 — and
the susceptible recurrent parent, Lijiangxintuanheigu.
The percentage of virulent reactions of MLs to the 44
Chinese isolates was found ranging from 8.3% to 79.2%,
the frequency of resistant reactions of the MLs carrying

Pi9, Pil9, Piz and Piz-5 were 94.2%, 84.1%, 81.8% and
81.8%, respectively. All 14 US races/isolates were viru-
lent to 8 or more MLs. The frequency of pathogenicity
ranged from 33.3% (race 1G1) to 87.5% (race IE1). The
ML carrying Pi9 and Pita-2 demonstrated broad spec-
trum resistance to 14 representative USA races or iso-
lates, and their resistance frequency was 92.9% and
78.6%, respectively. These findings suggest that re-
sistant germplasm from USA can be used to prevent
blast disease in Jilin province of China.

P06.019 Production of resistant pine plantlets against
the pine wilt disease through tissue culture tech-
niques

L.H. Zhu, X.Q. Wu, J.R. Ye and X.F. Chu

Institute of Forest Protection, College of Forest Re-
sources and Environment, Nanjing Forestry University,
Nanjing, 210037, P. R. China; Jiangsu Key Laboratory
for Prevention and Management of Invasive Species,
Nanjing, 210037, P. R. China

Email: Ihzhu@njfu.com.cn

An efficient micropropagation system for pine wilt dis-
ease resistant Pinus densiflora was developed. Cotyle-
don-hypocotyl explants obtained from 28-day-old aseptic
seedlings of 7 disease-resistant families of P. densiflora
were first cultured on GD medium supplemented with
4.0 mg I'* 6-BA in combination with 0.2 mg I NAA to
stimulate the formation of axillary buds. Induced axil-
lary buds were subcultured on DCR basal medium sup-
plemented with 0.1% (w/v) activated charcoal for elon-
gation. Mass shoot proliferation was achieved by cutting
elongated axillary shoots into stem segments and sub-
culturing on GD medium containing 2 mg 1™ 6-BA and
0.2 mg I NAA. Roots were formed in 70% of shoots
when transferred to half-strength WPM medium con-
taining 0.2 mg I'* NAA for 4 weeks. To investigate the
resistance ability of regenerated microcuttings against
the pine wilt disease, 70 six-month-old microcuttings
derived from 7 clones of P. densiflora were inoculated
under aseptic conditions with aseptic pine wood nema-
todes (virulent AMA3c1, 200 nematodes/microcutting).
Ten aseptic microcuttings derived from resistant species
P. elliotii were inoculated in the same manner as a con-
trol. The result of 18 days after inoculation was ob-
served as follow: wilting ratio for all clones ranged from
20 to 100%. Clone 6-4 showed highly susceptible with a
wilting ratio of 100%, clone 1-B and 8-4 showed high
resistance with the wilting ratio of 20%, while the con-
trol P. elliotii, with a wilting ratio of 90%. Nematodes
were recovered from all of wilted microcuttings. None
of microcuttings inoculated with sterile water wilted.

P06.020 Mapping and identification of QTLs for re-
sistance to Sclerotinia sclerotiorum and its interaction
with other trait-related QTLs in Brassica napus L.
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Liu, C.H. Dong, L.Y. Liuand S.Y. Liu

Oil Crops Research Institute of CAAS, Key Laboratory
of Biology and Genetic Improvement of Oil Crops, Min-
istry of Agriculture, Wuhan 430062, P. R. China

Email: liusy@oilcrops.cn

Sclerotinia stem rot, caused by Sclerotinia sclerotiorum,
is a major yield-limiting factor in canola production, and
annually causes yield loss ranging from 5 to 30% with
incidence of 5%-80%. Breeding for and use of resistant
varieties is a main measure for control of the disease.
Therefore, exploiting resistance-related molecular mar-
kers, cloning resistance-related genes and finding its
interaction with other traits is urgent at present. In this
study, we identified the resistance of more than 200
RILs, which derived from a cross between 888-5 (sus-
ceptible) and M083 (resistant), using artificial inocula-
tion, artificial disease nursery and sclerotia-seeded
semi-natural field evaluations under 3 different envi-
ronments in 2010-2011 and 2011-2012. The results of
disease identification showed that significant differences

were observed (P<0.01) among the RILs responsive to S.

sclerotiorum. Flowering time, plant height, the first
branching height also showed obvious difference
(P<0.01) in the population. We found that correlation
between disease index and flowering time or plant
height was significantly (P<0.01) negative, respectively.
Based on the reference Brassica genome sequences and
the variety re-sequencing information, B. napus infini-
um iSelect®HD BeadChip containing about 60K loci
have been developed by the Illumia company and used
for genotyping of the RILs. The results indicated that
there were 12K homozygous SNP loci between the par-
ents. The population genotyping analysis is being per-
formed. The next work is to construct high density
linkage mapping, identify the QTLs or gene related to
the resistance to S. sclerotiorum and their interactions
with other trait QTLs or genes in B. napus.

P06.021 Detection of infected watermelon seeds and
resistant evaluation of watermelon varieties to
Fusarium wilt

L.X. Kong, L.J. Ji, C.X. Wang and Y. Xiao

Plant Protection Institute, Hebei Academy of Agricul-
tural and Forestry Sciences, IPM Center of Hebei
Province, Key Laboratory of Integrated Pest Manage-
ment on Crops in Northern Region of North China,
Ministry of Agriculture, Baoding 071000, P. R. China
Email: konglingxiao@sohu.com

Watermelon Fusarium wilt, caused by Fusarium ox-
ysporum f. sp. niveum was one of the most serious dis-
eases in watermelon production. The disease occurred
widely and the area was about 250,000 hectares in China
each year. The use of resistant varieties was the most
important control measure against Fusarium wilt. More

than 3000 watermelon seeds of 66 different varieties
collected from 14 provinces were detected by putting
them on PDA media. The result showed that average
seed infection rate by fungi was 50.4% on seed surface,
and 60.9% inside seeds. Further investigation showed
that F. oxysporum was detected on surface of water-
melon seeds collected from Shandong, Jiangsu and Xin-
jiang province with the infection rate of 5%-20%. F.
oxysporum could be detected inside seeds collected from
Jiangsu and Xinjiang province with the infection of
5%-15%. Therefore, it was confirmed that watermelon
Fusarium wilt could be spread by the infected seeds.
Seed treatment would be efficient to reduce the primary
infection source. Resistant of 76 watermelon varieties
from 12 provinces to Race 1 of the pathogen were eval-
uated in the greenhouse. High resistant varieties were 25

(32.9%) with the disease incidence less than 20%.
Moderate resistant varieties were 15 (19.7%) with the
disease incidence from 20.1% to 50%. Light resistant
varieties were 10 (13.2%) with the disease incidence
from 50.5% to 80%. Susceptible varieties were 26
(34.2%) with the disease incidence higher than 80%.
The resistant varieties mainly came from Henan, Hebei,
Xinjiang, Shandong province and susceptible varieties
came from Beijing, Fujian, Xinjiang, Hubei, Hei-
longjiang province where should be paid more attention
to the disease control.

P06.022 Molecular mapping of the new blast re-
sistance gene Pi49 in the durably resistant rice
“Mowanggu”

Z.Z. Zheng, P.Y. Sun, L.Wei, G.L. Wang and L.Y. Dai
Hunan Provincial Key Laboratory of Crop Germplasm
Innovation and Utilization and College of Bio-safety
Science and Technology, Hunan Agricultural University,
Changsha, Hunan 410128, P.R. China

Email: daily@hunau.net

Breeding the rice cultivars possessing broad-spectrum
and enduring resistance against blast is the key point and
thorny point of study on rice blast. Mowanggu is a rice
japonica cultivar with durable and broad-spectrum re-
sistance to populations of Magnaporthe oryzae (the
causal agent of blast) in Yunnan Province of China. To
understand the molecular mechanism of its resistance to
blast, we developed an F2 population and 280 F8 re-
combinant inbred lines (RILs) from a cross between
Mowanggu and the highly susceptible indica cultivar
CO039. A linkage map with 145 SSR and SFP markers
over 12 chromosomes was constructed using the 280
RILs. The resistance evaluation of the F2 and F8 popu-
lations showed that a single dominant gene controls
blast resistance in Mowanggu. The dominant resistance
gene, named Pi49, was mapped on chromosome 11 with
genetic distance of 0.16 and 0.16 cM from CAPS marker
NBS-195 and SSR marker NBS-7352, respectively. The
physical distance between NBS-195 and NBS-7352 is
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about 84 kb in the Nipponbare genome. BAC library of
Mowanggu was screened using this pair markers and got
two candidate single clones for sequencing. Now we are
trying to construct the resistance-like genes with
NBS-LRR domain in this 84 kb region directly. Our
study not only identified tightly linked markers for in-
trogression of Pi49 into elite rice cultivars via mark-
er-aided selection but also provides a starting point for
map-based cloning of the new resistance gene.

P06.023 Mapping QTL for resistance to stripe rust in
spring wheat P1 192252 and winter wheat Druchamp
Y. Lu, L. Hou, M.N. Wang, J.X. Jing and X.M. Chen
USDA-ARS and Washington State University, 361
Johnson Hall, WSU, Pullman, WA 99164-6430, USA
Email: xianming@wsu.edu

Stripe rust, caused by Puccinia striiformis f. sp. tritici, is
an important disease of wheat worldwide. High-tempe-
rature adult-plant (HTAP) resistance has proven to be
durable, but may not be adequate. Spring wheat PI
192252 and winter wheat Druchamp have high-levels of
HTAP resistance. To elucidate the genetic basis of
HTAP resistance in these genotypes, molecular mapping
studies were conducted using an Fs recombinant inbred
line (RIL) population for Pl 192252 and an Fg RIL popu-
lation for Druchamp using multi-year and multi-location
stripe rust data and simple sequence repeat (SSR) and
single nucleotide polymorphism (SNP) markers. We
identified two significant quantitative trait loci (QTL)
for HTAP resistance in Pl 192252, collectively ex-
plained 74.2 % of the total phenotypic variation. The
QTL on the long arm of chromosome 4B explained
40-60% and the one on the short arm of chromosomes
5B explained 22.1-27.4% of the phenotypic variation
depending upon the environment. The flanking markers,
Xgwm251 and IWA1923, of the 4BL QTL were highly
polymorphic across various wheat genotypes. We
mapped four QTL for HTAP resistance in Druchamp on
chromosomal arms 1BL, 1DS, 4BL, and 5AL, which
explained 9-34, 21-38, 11-37, and 12-19% of the phenol-
typic variation, respectively depending upon the year
and location. In addition, three genes for race-specific
all-stage resistance were mapped on chromosomal arms
1BS, 5BS, and 6AL in Druchamp. The tightly linked
molecular markers should be useful for incorporating
the HTAP resistance QTL into commercial cultivars
with durable and high level of resistance.

P06.024 Identification of Liaoning Province main rice
cultivars to rice blast resistance genes

Y. Wang ', W.J. Zheng?, S.W. Wang', B.H. Zhao' and
ZH. Liu!

'Shenyang Agricultural University, Shenyang, 110161,
P. R. China; %Liaoning Academy of Agricultural Sciences,
Shenyang, 110161, P.R. China

Email: zwj27@126.com

Rice blast is one of the main diseases in our country’s
rice areas, even in the whole world. The application of
resistant cultivar is the effective measures in prevention
and control of the plant disease. In China, there is rich
resource of rice cultivars which contain various genes of
traits, which is the material basis of breeding. Therefore,
identification of genotype helps breeding experts under-
standing the resistance genes’ distribution in different
cultivars and reducing the blind choice on the varieties
of breeding. In this experiment, primers are designed
according to eighteen cloned resistance genes’ CDS, and
then main twenty-three cultivars of rice from Liaoning
Province are amplified by using PCR, PCR products are
tested through electrophoresis and sequenced. Then se-
quence result is compared with the known sequence.
Genotype identification results show that: The rice vari-
ety of Liaonong 979 is a high resistant material pol-
ymerized for five resistance genes, five susceptible cul-
tivars such as Liaoxing 1 carry only 1 resistance genes,
but each variety contained resistance genes pib, pikh,
pi5 and pita respectively. It indicates that four genes are
not major resistance genes to the current popular physi-
ological race. Sequencing results show that: Eighteen
resistance genes in different varieties have different
gene mutation. The gene pib, pita, pid3, pit, pikp-2 and
its allele gene pikm-2 and pik-2 have maximum genetic
differences between species, gene pbl, pi36 have mini-
mum genetic differences.

P06.025 Screening for resistant sources of powdery
mildew in pea landraces

Z2.Y. Wang, C.X. Duan and Z.D. Zhu

Institute of Crop Science, The National Key Facility for
Crop Gene Resources and Genetic Improvement, CA AS,
12 Zhongguancun South Street, Haidian District, Bei-
jing, 100081, P. R. China

Email: zhuzhendong@caas.cnh

Pea powdery mildew, caused by Erysiphe pisi, is an
important disease on pea in the world. Use of resistant
pea cultivars is the most economical and effective
method for controlling the disease. Up to now, two re-
cessive resistance genes (erl and er2) and one dominant
resistance gene Er3 have been identified in Pisum
germplasm. Since erl is a durable gene that offers com-
plete resistance to the powdery mildew pathogen by
preventing pathogen penetration, it has been widely
used in the Europe, northern America, Australia, and
India. We recently evaluated resistance of 82 pea land-
races originated from some provinces to two powdery
mildew isolates, and 8 accessions collected from Yun-
nan province were found to are immune or highly to
both isolates. Four molecular makers closely linked to
pea powdery resistance gene erl were used to genotype
the 8 immune or high resistance accessions, and 7
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marker haplotypes at erl locus were identified. The re-
sults indicated the resistance sources for pea powdery
mildew are effective and have diversity in Yunnan
province.

P06.027 Identification and mapping of a hidden re-
sistance gene in tetraploid wheat using laboratory
strains of Magnaporthe oryzae produced by back-
crosses

C.J.R. Cumagun’, V.V. Anh? T.T.P. Vy? and Y. Tosa®
'Crop Protection Cluster, College of Agriculture, Uni-
versity of the Philippines Los Bafbs, College, Laguna
4031 Philippines; 2Laboratory of Plant Pathology,
Graduate School of Agricultural Sciences, Kobe Uni-
versity, Nada, Kobe 657-8501, Japan

Email: christian_cumagun@yahoo.com

PWT3 is a gene involved in the avirulent reaction of
Avena isolates Br58 of Magnaporthe oryzae on wheat.
Molecular mapping using BC;F; population derived
from the backcross 73Q2 and the Triticum isolate Br48
revealed that PWT3 locus is located on chromosome 6
and completely linked to an SSR marker MoSSR6-1.
White and black colonies segregated in a 1:1 ratio using
BCsF; population, suggesting that colony color is con-
trolled by a single major gene. The progeny are consid-
ered color mutants because both parental cultures are
black. Colony color is perfectly linked with virulence of
the BCsF; population on common wheat cultivar Triti-
cum aestivum ‘Norin 4’ (N4). A cross between a moder-
ately resistant tetraploid cultivar Triticum dicoccoides
‘KU109’ (Tat4) and susceptible tetraploid cultivar Trit-
icum paleocolchicum ‘KU196’ (Tatl4) inoculated with
white BCsF; cultures produced F, and F3 seedlings
which segregated in a 3:1 ratio and a 1:2:1 ratio, respec-
tively, suggesting that resistance is also controlled by a
single major gene. This gene was designated as Rmg-
Tat4 and is considered a hidden resistance gene because
it was not detected with Br58, F;, BC;F; and BC,F; iso-
lates. Molecular mapping using F3 lines derived from
the cross Tat4 and Tatl4 showed that RmgTat4 is locat-
ed on chromosome 7B. Cytological analysis revealed
that the moderate resistance controlled by RmgTat4(t)
produced hypersensitive reaction of mesophyll cells
upon inoculation with a BCsF isolate.

P06.028 Carrot collection screening for powdery
mildew resistance

B.M. Amirov, Z.S. Amirova, U.A. Manabaeva and K.R.
Zhasybaeva

The Kazakh Research Institute of Potato and Vegetable
Growing, No 1, Nauryz st., Kainar, Karasai District,
Almaty Region, 040917, Kazakhstan

Email: bamirov@rambler.ru

The studies were conducted on the experimental field of

the Kazakh Research Institute of Potato and Vegetable
Growing on furrow irrigated clay loamy soils. Over
three seasons carrot collection samples were screened
visually for powdery mildew (PM) resistance. Field
evaluation of carrot leaf infection by PM was visually
scored: O - disease signs are absent; 1 — less susceptible
(1-10% of foliage); 2 — moderately susceptible (11- 25%
of foliage); 3 - susceptible (26-50% of foliage); 4 -
highly susceptible (more than 51% of foliage). For the
assessment of carrot plants resistance to leaf infection
by PM the coefficients of weighted-mean infection, in-
tensity of distribution and degree of infection develop-
ment were calculated. Of the 98 carrot collection sam-
ples screened visually, collection number CRO096
demonstrated no foliar lesions of PM infection, 7 carrot
samples displayed the least susceptibility to PM infec-
tion (0,1-1,0 points), 22 accessions were considered less
susceptible (1,1-2,0 points), 41 selection numbers
were moderately susceptible (2,1-3,0 points) to PM. The
rest of the carrot collection numbers showed high points
of susceptibility to PM. No correlations were revealed
between the PM infection rates, on the one hand, and
the yield and commaodity characteristics of studied carrot
collection numbers, on the other hand (R=-0,029-0,222).

P06.029 Potato breeding for resistance to Fusarium
solani

G.L. Ligai, B.A. Yertayeva and B.M. Amirov

Kazakh Research Institute of Potato and Vegetable
Growing, No 1, Nauryz st., Stim. Kainar, Karasai Dis-
trict, Almaty Region, 040917, Kazakhstan

Email: bamirov@rambler.ru

In Kazakhstan, the loss of potato yield from dry rot,
caused by the pathogen Fusarim solani, in the field may
reach 20-25 percent and in storage -15-20 percent. In
potato breeding to induce resistance to F. solani, we
used cellular selection technology. As a selective agent
we used pathogenic filtrate (PF) of pure culture of F.
solani isolated from the infected potato tubers of variety
Sante. Fresh callus masses of potato variety Sante, sus-
ceptible to F. solani, and of variety Tamasha, relatively
resistant to it, were produced for further research. In
order to increase somaclonal variability, the calli were
treated with nitrosoethyl urea (NEU). The received
NEU-treated fresh calli were placed on a liquid nutrient
medium for suspension culture. During the second pas-
sage to the culture medium selective agent of PF was
added. Viable cell masses were floated on fresh medium,
which was incubated in a thermostated shaker for 10
days, then transferred to solid growth medium. There
were obtained 47 regenerants, which were tested for
resistance to PF of F. solani in in vitro. Mortality of the
regenerants was 58 percent. Survived regenerants were
field tested on the provocative background with F. solani.
As a result of the test, three somatic clones with no signs
of damage to F. solani were obtained.
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P06.030 Molecular marker development of stripe rust
resistance gene Yr26 and application in marker as-
sistant selection (MAS)

D.J. Han'®, X.J. Zhang"? Q.L. Wang" ?, L.L. Huang?
and Z.S. Kang"?

'State Key Laboratory of Crop Stress Biology for Arid
Areas, Northwest A&F University, Yangling, Shaanxi
712100, P. R. China; “College of Plant Protection,
Northwest A&F University, Yangling, Shaanxi 712100,
P. R. China; 3College of Agronomy, Northwest A&F
University, Yangling, Shaanxi 712100, P. R. China
Email: Kangzs@nwsuaf.edu.cn

Stripe rust, caused by fungus Puccinia striiformis f. sp.
tritici (Pst), is one of the most destructive foliage dis-
eases of common wheat (Triticum eastivum L.) world-
wide. Marker-assisted selection (MAS) has been incor-
porated into breeding programs to improve the efficien-
cy of differentiating, selecting, pyramiding, and inte-
grating disease resistance genes. Resistance gene Yr26,
which confers resistance to all current Chinese Pst races,
has been used for wheat stripe rust resistance widely in
China. It was previously mapped on the short arm of
wheat chromosome 1B, further it was assigned to dele-
tion bin C-1BL-6-0.32. To efficiently manipulate Yr26
gene using MAS, 196 F, plants and corresponding F;
progenies derived from Avocet S (AvS) x<92R137 were
inoculated with Chinese Pst race CYR32 and used as
mapping population, and wheat expressed sequence tags
(ESTs) that mapped in the Yr26 region were used to
develop closely linked EST-STS (sequence tagged site)
markers. As a result, eight newly developed EST-STS
markers were found closely linked with Yr26, and three
markers of them were co-segregated with the resistance
gene in the F, population. Near-isogenic lines (NILS)
with different Yr genes, twelve wheat cultivars with
known Yr genes, and 74 wheat cultivars, collected from
Sichuan province of China, were used to verify the
closely linked EST-STS markers. The results indicated
that three of them, STS-CD77, STS-BQ74 and STS-
CD33 can be used for marker assistant selection of Yr26
gene. These markers will facilitate the selecting and
pyramiding of Yr26 in wheat breeding program.

P06.031 State of resistance level of wheat cultivars to
stripe rust in China

Q.D. Zeng, Q.L. Wang, D.J. Han, X.J. Wang and Z.S.
Kang

State Key Laboratory of Crop Stress Biology for Arid
Areas and College of Plant Protection, Northwest A&F
University, Yangling, Shaanxi 712100, P.R. of China
Email: kangzs@nwsuaf.edu.cn

Stripe rust, caused by Puccinia striifomis f. sp. tritici
(PST), is one of the most destructive diseases of wheat
in China. Understand resistance levels and the genetic
basis of resistance in different epidemic regions wheat

cultivars to PST in China could provide useful infor-
mation to enhance the breeding and regional cooperation
for deployment of resistance genes. 494 of wheat entries,
including 224 elite cultivars and 270 advanced lines
were tested with four Chinese Pst races (CYR23,
CYR29, CYR32 and CYR33) and one pathotype CH42
on seeding stage in greenhouse, and on adult plant stage
under the field condition. The Yr-genes were postulated
by DNA marker combining with analysising pedigree.
Among the 494 cultivars or advanced lines, there were
only 55 (11.1%) cultivars resistant to the four test races
CYR23, CYR29, CYR32, CYR33 at seedling stage, and
121 (24.5%) had the adult plant resistance. While con-
sidered the new pathotype of CH42, which was virulent
to Yr26, there were only 23 (4.7%) entries, resistant to
all test race; and 92 (18.6%) of 494 cultivars had the
adult plant resistance. Combine with molecular markers
only two cultivars carrying Yr5 gene, 13 (26%) cultivars
carry Yr26 gene. There are 134 (29.4%), 45 (9.1%), 10
(2%) cultivars out of 494 entries carrying Yr9, Yrl7,
Yrl8 gene, respectively. The results showed that
‘Guinong’ and ‘92R’ series of resistance sources to
stripe rust have been frequently used in currently wheat
breeding programs. The continuing widespread use of
Guinong series and Yr26 is a major concern.

P06.032 Molecular mapping of stripe rust resistance
gene Yrpd34 in wheat cultivar Pindong 34

X.L. Zhou, Z.S. Kang, D.J. Han, L.L. Huang, S.J. Guo, L.
Rong, Q.L. Wang, G.M. Zhan, Q.D. Zeng and F.P. Yuan
State Key Laboratory of Crop Stress Biology in Arid
Areas and College of Plant Protection, Northwest A&F
University, Yangling, Shaanxi 712100, P.R. China
Email: kangzs@nwsuaf.edu.cn

Several new races of the stripe rust pathogen have es-
tablished throughout the wheat growing regions of the
China in recent years. These new races are virulent to
most of seedling resistance genes limiting the resistance
sources that can be used for effective stripe rust control.
It is urgent to identify new genes for diversification and
for pyramiding different types of resistance genes in
order to achieve more durable resistance. We report here
the identification of a new resistance gene, designated as
Yrpd34, in wheat cultivar Pindong 34. A mapping pop-
ulation of 208 F, plants and 128 derived F,3 lines in a
cross between Mingxian 169 and Pindong 34, evaluated
for seedling stripe rust response. A genetic map consist-
ing of seven RGAP and three SSR markers was con-
structed. Yrpd34 was located on chromosome 7BS 3.6
cM distal to RGAP marker Xgpw5467. SSR markers
Xgwm400, Xcfa2106 and Xwmc76 were 5.0, 9.1 and
12.2 cM proximal to the resistance locus. The flanking
markers could be used for marker-assisted selection of
Yrpd34 in breeding programs.
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007.001 The agroecosystem's effect on the epidemi-
ology of rust diseases

J. Yuen', A. Berlin®, K. Gillen* and Y. Jin?

'Department of Forest Mycology and Plant Pathology,
Swedish University of Agricultural Sciences, SE 750 07
Uppsala, Sweden; 2USDA-ARS Cereal Disease Labora-
tory, University of Minnesota, St Paul, MN, USA

Email: Jonathan.Yuen@mykopat.slu.se

The availability of molecular-based tools and markers
has enabled better, more comprehensive studies of the
epidemiology of rust diseases. Our studies of stem rust
(caused by Puccinia graminis f. sp. avenae and P.
graminis f. sp. secalis, Pga and Pgt), as well as ongoing
studies of yellow rust (caused by P. striiformis) are
made possible by a number of molecular tools, but the
interpretation of the data is also dependent on under-
standing the cropping system and other factors that af-
fect the pathosystem on the relevant time scales. One
striking conclusion from a comparison of these diseases
is that stem rust seems to almost exclusively rely on
sexual reproduction by the pathogen, and that the oat
and rye crops are infected by aeciospores that originate
from barberry plants in the spring. On the other hand,
there does not seem to be any direct evidence of sexual
reproduction in P. striiformis, and the yellow rust path-
ogen appears to survive primarily as clonal lineages,
although there does seem to be some variation as well as
the appearance of novel genotypes. While the wheat
cultivars grown in Sweden possess few effective re-
sistance genes to either pathogen, stem rust (caused by
Puccinia graminis f. sp. tritici, Pgt) on wheat is rela-
tively rare, despite the widespread occurrence of bar-
berry. This is likely due to a lack of Pgt in the rust flora.
One difference between the two pathosystems could be
that P. graminis has difficulty in surviving the Swedish
winters, whereas the winter is less challenging for P.
striiformis. The green bridge (a result of fall sown
wheat crops) that is present can function as a survival
refuge for P. striiformis, but not for P. graminis. This, in
turn, is confounded by the fact that oats are only
spring-sown in Sweden, thus making it nearly impossi-
ble for Pga to survive the winter on this crop, whereas
this possibility technically exists for the pathogens of
the fall sown crops (Pgs, Pgt, and P. striiformis). The
possible existence of two sorts of inocula (either from
immigrant genotypes or aeciospores or from clonal lin-
eages that survive the winter on fall-sown crops), and
their relative competitive ability, will affect the patho-
gen population structure. Thus, new genotypes of P.
striiformis, whether a result of immigration or sexual
reproduction, would be extremely difficult to detect be-
fore they had multiplied and attained the status of a
clonal lineage.

Plant Pathology, Institute of Integrative Biology, ETH
Zurich, 8092 Zurich, Switzerland
Email: bruce.mcdonald@usys.ethz.ch

The wheat pathogen Zymoseptoria tritici is a leading
model to understand the genetic basis of host specializa-
tion and ecosystem adaptation in fungal plant pathogens.
Z. tritici emerged as a wheat pathogen from several
closely related species during the domestication of
wheat in the Fertile Crescent around 11,000 years ago.
Comparative and population genomic analyses identi-
fied genomic regions that have evolved most quickly,
leading to candidate genes involved in host specializa-
tion and speciation. Population genetic studies using
neutral markers showed that all field populations exhibit
high levels of gene and genotype diversity, with signifi-
cant recombination and regional gene flow by airborne
ascospores. Analysis of the global distribution of quan-
titative trait diversity, including thermal adaptation, vir-
ulence, and fungicide sensitivity showed significant
population subdivision consistent with local adaptation
for most traits. Mutations giving fungicide resistance
can arise many times de novo and spread rapidly in Eu-
ropean populations where fungicide use is high. Viru-
lence is mainly quantitative in this pathosystem. A sig-
nificant correlation was found between virulence and
fungicide resistance, indicating that some genes may be
shared for these traits. A rigorous evolutionary and
transcriptional analysis of plant cell wall degrading en-
zymes (PCWDEs) identified PCWDEs that were most
likely involved in host specialization. The majority of
PCWDEs were shown to exhibit life cycle specialization,
with different members of the same CAzY class ex-
pressed during biotrophic, necrotrophic and saprotrophic
phases of the life cycle. QTL mapping is underway to
identify genes underlying virulence, fungicide resistance
and thermal tolerance.

007.003 Regulation of the biosynthesis of trichothe-
cene mycotoxins in Gibberella zeae

C.F. Wang", R. Hou', Q. Zheng" and J.R. Xu"?
'Purdue-NWAFU Joint Research Center and State Key
Laboratory of Crop Stress Biology for Arid Areas, Col-
lege of Plant Protection, Northwest A&F University,
Yangling, Shanxi, P.R. China; “Department of Botany
and Plant Pathology, Purdue University, USA

Email: jinrong@purdue.edu

Wheat is one of the most important cereal crops world-
wide. Fusarium head blight (FHB) or scab primarily
caused by Gibberella zeae, is a devastating diseases of
wheat, barley, and other small grains in many countries.
In 2013, there was a nationwide outbreak of FHB in
China. FHB infested cereals are reduced in yield and
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grain quality, and often contaminated with trichothecene
mycotoxins, such as deoxynivalenol (DON), which is
monitored in finished wheat products in many countries.
DON is also an important virulence factor for plant in-
fection. Although the TRI genes responsible for
trichothecene biosynthesis have been well characterized,
there are only limited studies with environment and host
factors that affect DON production. Both TRI6 and
TRI10 are transcription factor genes in the TRI clusters.
In G. zeae, unlike in Fusarium sporotrichioides, TRI6
plays more a more important role than TRI10 in the reg-
ulation of TRI gene expression. The promoters of TRI6
and TRI10 contain sequences identical to the conserved
PacC binding sites. Functionally characterization of
these PacC binding sites will determine which one is be
responsible for induced DON production under acidic
conditions and inhibition of DON synthesis at alkaline
pH. The TRI6 promoter also contains several putative
AreA-binding sites. Deletion analysis revealed that at
least one of them is important for the regulation of DON
synthesis by nitrogen metabolism. In addition, we have
characterized three ammonium permease genes to char-
acterize their roles in ammonium sensing and regulation
of secondary metabolism. The functional relationship
between the ammonium sensor and downstream signal-
ing pathways also are being investigated to determine
their regulatory role in DON production.

007.004 Exploitation of necrotrophic effectors to
improve crop protection

R. Oliver

Department of Environment & Agriculture, Curtin Uni-
versity, Perth, Australia

Email: richard.oliver@curtin.edu.au

The role of necrotrophic effectors in promoting viru-
lence can be exploited as a way to select more resistant
germplasm. Resistance to necrotrophic diseases was
typically found to be partial, in contrast to the major
gene resistance noted in some cases for biotrophic
pathogens. This has meant that breeding for disease re-
sistance is much more demanding and explains why
necrotrophic pathogens have grown in importance
whilst progress in controlling biotrophic diseases was
often rapid (until the emergence of the next mutant
pathogen race). However the identification and produc-
tion of cloned and expressed effectors of necrotrophic
pathogens allows breeders to select introgressions that
are insensitive. Effectors from both Stagonospora no-
dorum and Pyrenophora tritici-repentis have been ex-
pressed in microbial systems and used to identify
germplasm that is insensitive to the effector Thus, in the
case of multi-effector systems like P. tritici-repentis and
S. nodorum, selection of cultivars insensitive to each
effector allows breeders to improve disease resistance in
an incremental, step-wise fashion.

007.005 Stem rust resistance in barley: unraveling
the prehaustorial response

R. Brueggeman

Department of Plant Pathology, North Dakota State
University, Fargo, ND 58108, USA

Email: Robert.Brueggeman@ndsu.edu

Comparison of the flax rust pathogen (Melampsora lini)
- flax (Linum usitatissimum) and the wheat stem rust
pathogen (Puccinia graminis) - barley (Hordeum vulgare)
pathosystems show dichotomy in resistance mechanisms.
It was demonstrated in flax rust resistance that AVR
proteins are translocated from the haustoria into the
plant cell where direct protein—protein interaction occurs
between NBS-LRR R-proteins and AVR proteins. How-
ever, the two stem rust resistance mechanisms charac-
terized in barley, Rpgl and rpg4/Rpg5, appear to be
prehaustorial resistance mechanisms. Pathogen recogni-
tion in the barley Rpgl-mediated resistance mechanism
occurs at the cell surface and two distinct AVR proteins
expressed in the spore are recognized, followed by
phosphorylation of the protein kinase domain of RPG1.
Preliminary expression analysis data also shows that
there is an early response to the pathogen in the
rpg4/Rpgb resistance mechanism with Rpg5 up regula-
tion within 12 hours of pathogen inoculation. We identi-
fied three genes at the complex rpg4/Rpg5 locus re-
quired for the resistance response, including an NBS-
LRR-protein kinase, a second NBS-LRR gene and an
actin depolymerization factor, common protein domains
of the Rps5 resistance mechanism speculated to guard
components of the FLS2-mediated PAMP-triggered
immunity (PTI) against Psuedomonas syringae in Ara-
bidopsis. It appears that barley rust resistance may rep-
resent prehaustorial and possibly PTI-like resistance
responses. The characterization of the limited resistance
sources and the mechanisms determining pathogen
recognition in the barley-stem rust interaction indicates
that barley may be a recent host to stem rust and the
resistance mechanisms present in barley are holdovers
of non-host resistance mechanisms.

007.006 In planta stage-specific fungal gene profiling
elucidates the molecular strategies of Fusarium
graminearum growing inside wheat coleoptiles

X.W. Zhang, L.J. Jia, Y. Zhang, G. Jiang, X. Li, D.
Zhang and W.H. Tang

Institute of Plant Physiology and Ecology, Shanghai
Institutes for Biological Sciences, Chinese Academy of
Sciences, 300 Fenglin Road, Shanghai 200032, P.R
China

Email: whtang@sibs.ac.cn

The ascomycete Fusarium graminearum is a destructive
fungal pathogen of wheat. To better understand how this
pathogen proliferates within the host plant, we tracked
pathogen growth inside wheat coleoptiles and then
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examined pathogen gene expression inside wheat cole-
optiles at 16, 40 and 64 hours post-inoculation (hpi)
using laser capture microdissection and microarray
analysis. We identified 344 genes that were preferen-
tially expressed during invasive growth in planta. Gene
expression profiles for 134 putative plant cell wall de-
grading enzyme genes suggest that there was limited
cell wall degradation at 16 hpi and extensive degrada-
tion at 64 hpi. Expression profiles for genes encoding
reactive oxygen species (ROS)-related enzymes suggest
that F. graminearum primarily scavenges extracellular
ROS before a later burst of extracellular ROS is pro-
duced by F. graminearum enzymes. Expression patterns
of genes involved in primary metabolic pathways sug-
gest that F. graminearum relies on the glyoxylate cycle
at an early stage of plant infection. A secondary metabo-
lite biosynthesis gene cluster was specifically induced at
64 hpi and was required for virulence. Our results indi-
cate that F. graminearum initiates infection of coleop-
tiles using covert penetration strategies, and switches to
overt cellular destruction of tissues at an advanced stage
of infection.

007.007 Gene discovery in wheat against Fusarium
head blight through metabolomics

A. Kushalappa, R. Gunnaiah and S. Hukkeri

Plant Science Department, McGill University, Ste. Anne
de Bellevue, QC, Canada H9X3V9, Canada

Email: ajjamada.kushalappa@mcgill.ca

Fusarium head blight (FHB) caused by Fusarium gra-
minearum is one of the most destructive global diseases
of wheat, barley and other cereals. Besides yield losses,
it deteriorates the grain quality by contaminating with
trichothecene mycotoxins, such as deoxynivalenol
(DON), which poses serious health risks in animals and
human beings. Breeding for resistance is a reliable and
environment friendly approach for FHB management.
FHB resistance in wheat is quantitatively inherited and
more than 100 FHB resistance QTLs have been mapped.
However, these QTLs contain several genes, and thus,
breeding is very challenging (Trends in Plant Science,
2013). Fhbl, the most consistent and largest effect FHB
resistance QTL in wheat was functionally characterized
by non-targeted metabolomics of two sets of near iso-
genic lines (NILs), with resistant and susceptible Fhbl
alleles. From Nyubai, the resistant alleles of Fhbl was
associated with a greater deposition of hydroxicinnamic
acid amides (HCAAs), which increased the cell wall
thickening, thus preventing the pathogen spread within
the plant. From Sumai-3, the susceptible alleles of Fhbl
was associated with DON induced programmed cell
death. Following pathogen inoculation, a gene coding
for histidine rich Ca®* binding protein, localized at Fhbl
region, was activated by H,O, which in turn increased
the cytoplasmic Ca®* levels, leading to cell wall disinte-
gration in susceptible genotypes, but not in resistant.

Following validation through gene silencing this gene
can be used to enhance resistance in wheat to FHB.
Fhb5, the next best QTL was associated with cell wall
thickening, mainly through deposition of HCAAs. The
candidate genes are being sequenced.

007.008 Resistance in South African maize inbred
lines to Fusarium verticillioides and fumonisin con-
tamination

M. Mouton, L. Rose, B.C. Flett and A. Viljoen
Department of Plant Pathology, University of Stellen-
bosch, Private Bag X1, Matieland 7602, South Africa
Email: marilim@sun.ac.za

Fusarium verticilliodes causes Fusarium ear rot (FER)
of maize worldwide. Apart from reducing yield and
grain quality, F. verticillioides produces fumonisins, a
group of mycotoxins which are harmful to both human
and animal health. The planting of resistant cultivars can
be an efficient approach to reduce ear rot diseases and
minimize the risk of economic losses and mycotoxin
accumulation in maize. The objective of this study,
therefore, was to evaluate 18 genetically diverse maize
inbred lines as potential sources of resistance to FER
and fumonisin contamination under different production
systems and environmental conditions. Inbred lines were
artificially inoculated with F. verticillioides isolate
MRC 0826, GCI 316 and GCI 790 during field trials at
Potchefstroom, Vaalharts, Cedara, Makhatini and Buf-
felsvlei in 2011 and 2012. Following harvest in 2011,
trials were evaluated by visual rating of disease severity,
and fungal concentration and fumonisin content as
quantified by means of gPCR and LC-MS/MS, respec-
tively. The individual inbred lines differed considerably
in FER severity and fumonisin accumulation, with lines
CML 390, CML 444, US254 W, RO 544 W, RO 424 W
and VO617 Y-1 consistently showing low disease inci-
dence and accumulated fumonisin levels less than 2
mg/kg in all the locations. Samples collected from the
field trials during the 2012 growing season are currently
being analysed. Maize inbred lines with durable re-
sistance to F. verticillioides will provide the South
African maize industry with opportunities to develop
maize cultivars with resistance to the pathogen and the
fumonisins it produces.

007.009 Mechanisms regulating grain contamination
with trichothecenes translocated from the stem base
of wheat (Triticum aestivum L.) infected with
Fusarium culmorum

M. Winter, B. Koopmann, K. Doell, P. Karlovsky, U.
Kropf, K. Schltter and A.V. Tiedemann

Plant Pathology and Crop Protection Division, De-
partment of Crop Sciences, Faculty of Agriculture,
Georg-August University Géitingen, Grisebachstraf® 6,
D-37077 Gditingen, Germany
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Factors limiting trichothecene contamination of mature
wheat grains after fusarium infection of plants are of
major interest in crop production. Beside ear infection,
systemic translocation of deoxynivalenol (DON) may
contribute to mycotoxin levels in grains after stem base
infection with toxigenic Fusarium species. Winter wheat
infected at the stem base with F. culmorum in climate
chamber experiments, was analysed for the transfer of
DON into maturing grains following systemic transloca-
tion in the plant. Fungal DNA was only found in the
infected stem base tissue while DON and its derivative
DON-3-glucoside (D3G) were detected in upper plant
parts. Surprisingly, this systemic translocation of DON
was not associated with contamination of mature grains.
Although infected stem bases contained more than
10,000 g DON per kg DW and mean levels of DON in
the ear rachis and husks reached 1,900 pg DON per kg
DW, no DON or D3G were detectable in mature grains.
D3G quantification revealed that DON detoxification
mainly took place in the stem base, where up to 50% of
DON was metabolized into D3G. Histological studies
demonstrated that the vascular transport of DON la-
belled with fluorescein as a tracer from the peduncle to
the grain was compromised by a barrier zone at the in-
terface between grain and rachilla, formerly described as
‘xylem discontinuity’. Such effective control of
trichothecene uptake into the young grain at the rachil-
la-seed interface appears a general mechanism which
minimizes the risk of systemic contamination of wheat
grains from infection with toxigenic fusaria at lower
plant parts.

007.010 A splicing factor is essential to pathogenic-
ity and efficient splicing of short introns in Mag-
naporthe oryzae

J. Yang, W. Wang, L. Kong, Z. Li, X. Chen, W. Zhao, M.
Xue, X. Zhou, D. Wang, J. Sun, R. Wang, X. Xu, Y. Zuo,
J.R. Xu, Y. Zhang and Y.L. Peng

State Key Laboratory of Agrobiotechnology and Minis-
try of Agriculture Key Laboratory of Plant Pathology,
China Agricultural University, Beijing, P.R China
Email: pengyl@cau.edu.cn

The spliceosomes of higher eukaryotes contain some
additional components that are absent in Saccharomyces
cerevisiae. However, few of them have been functionally
characterized. By insertion mutagenesis and gene knock-
out, we identified a novel gene named PCG1 that was
essential to pathogenicity of Magnaporthe oryzae. PCG1
encodes a nuclear protein that is constitutively expressed
during the entire infection stages. With the protein
pull-down, co-immunoprecipitation and yeast two-hybrid,
Pcgl was found to associate with dozens of components
of the spliceosome, and notably physically interacted
with certain components of the Prp19-associated complex,

including Cwc2, the sole component of the complex for
RNA binding. With the RNA-seq, it was found that de-
letion of PCG1 resulted in reduced splicing efficiency
for approximately one-third intron-containing genes in
the pathogen, including 62 previously functionally
characterized genes. Interestingly, 55 of the 62 genes
were required or important for pathogenicity. Pcgl was
also important for efficient splicing of genes those have
introns with 50 to 110 base pair in length. Deletion of
FgPCG1, the ortholog in the wheat scab fungus, also
resulted in loss of pathogenicity. Introduction of
FgPCG1 and the human ortholog hCCDC12 could
completely and partially rescue the defects caused by
the PCG1 deletion, respectively. Thus, Pcgl and its
orthologs in higher eukaryotes as component of the
Prp19-associated complex are important for splicing
short introns and safeguarding efficient intron splicing
of pathogenicity genes in fungal pathogens. This study
also suggests that interaction of Pcgl with Cwc2 may be
important for regulating splicing of short inrons.
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The fungus Ramularia collo-cygni is the major biotic
agent involved in Ramularia Leaf Spot on barley. Alt-
hough it was first described in 1893 it was only initially
identified on spring barley crops in Scotland in 1998.
Since then it has increased in its importance in barley
growing areas. Research over the last decade has allowed
a greater understanding of the economic impact of the
disease and the development of optimal disease control
programmes. Advances in both areas have in turn, lead
to an increase in fungicide use and this remains the only
reliable control method available to growers. However,
the threat of fungicide resistance and the future limita-
tion of pesticide groups in Europe, means that alterna-
tive control methods will have to be developed in the
near future. Advances in our knowledge of the devel-
opmental biology and epidemiology of R. collo-cygni
have also lead to the development of an accurate risk
forecast system and a recognition of the impact and role
of seed infection on subsequent disease epidemics. Re-
search into breeding resistant lines is still in its infancy
and currently there are no fully resistant cultivars for
this disease. The entire R. collo-cygni fungal genome
has been fully sequenced and this data is now being used
for comparative genetic studies to address the biology of
the pathogen in areas such as population genetics, fun-
gicide resistance and pathogenicity. These advances
should assist in the development of environmentally
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sound strategies to control this important disease in bar-
ley production systems.
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Map-based cloning has been widely used to isolate and
characterize many important plant resistance genes.
However, most mapping strategies based on different
molecular markers are very time-consuming and then
make gene cloning difficult. Here we present a useful
method for rapidly cloning rice resistance genes based
on the connection of map-based strategy and
next-generation genomic sequencing. In this method, the
rice resistance mutant is indica/japonica crossed to an-
other rice line, and then two small bulked segregant
populations each including extremely resistant and sus-
ceptible individuals are selected from the F, population.
Restriction-site associated DNA sequencing of the
bulked DNA provides the SNPs information for primary
mapping the resistance gene in a certain chromosome
region. The resistance mutant is then back-crossed to its
wild-type line. Whole-genome resequencing of the
wild-type parent and the bulked resistance F, population
is subsequently performed to screen the target gene in
the primary mapping region. In this present work, we
identified four rice EMS mutants that showed high re-
sistance to both rice bacterial blight (BB) and rice blast.
Using the new map-based cloning strategy mentioned
above, we cloned the four resistance genes and studied
their possible role in rice resistance to diseases. Moreover,
we introduced the trait of BB resistance from a wild rice
Oryza meyeriana into cultivated rice using asymmetric
somatic hybridization and obtained the hybrid line with
high resistance. A meyeriana-derived quantitative trait
locus (QTL) controlling BB resistance was also identi-
fied by using mapping method based on whole-genome
resequencing.
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Among the most damaging fungal pathogens of wheat,
Fusarium graminearum, main causal agent of Fusarium
head blight (FHB), reduces significantly vyield
worldwide, and affects grains quality by mycotoxins
contamination. During the past years, numbers of FHB
resistance QTL with moderate effects against this
pathogen have been identified in very genetically
diverse wheat collections. However the lack of
diagnostic markers as well as detrimental linkage drag
associated with some of