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OKN1

Achieving Food Security for all in the Foreseeable Future: What will it take?
P. Pinstrup-Andersen

Cornell University, Ithaca, Denmark

pp94@cornell.edu

Large increases in cereal prices in 2007-08 raised questions about the ability of world agriculture to produce the food needed by
future generation. Predictions about impending world famine and continued increases in food prices are plentiful but almost
certain to be wrong. Today, the world is awash in cereals and prices have decreased rapidly during the last three years.
Enlightened policies, appropriate investments in research and technological change and better utilization of the currently
underutilized productive capacity, are likely to result in continued increases in global food production sufficient to sustain a
long-term trend of falling but more volatile real food prices. The mission is certainly possible.

Increasing food production is necessary but not sufficient for food security. To be food secure, households must have access to
the quantity and kinds of food needed for a healthy and productive life. Very large stocks of food currently coexist with
widespread food insecurity. Appropriate policies along with public and private investments are needed to enhance low-income
people’s purchasing power or food production capacity. Considering both the supply and demand sides, this presentation will
discuss what it will take to achieve food security for all in the foreseeable future.

OKN 2

Gene- and biotechnology-driven approaches to durable pathogen resistance in cereals

P. Schweizer

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK Gatersleben), Stadt Seeland, Germany
schweiz@ipk-gatersleben.de

Broad-spectrum, quantiative pathogen resistance is of high importance to plant breeders due to its durability. However, it is
usually controlled by multiple quantitative trait loci and therefore, challenging to handle in breeding practice. Knowing about
the underlying genes would allow its more targeted utilization by allele introgressions. With the available omics tools and data
of barley and one of its major fungal pathogens, the powdery mildew fungus Blumeria graminis f.sp. hordei, at hand we are now
enabled to functionally address genes for defense and attack on both sides of this plant-pathogen interaction at a genome-wide
scale. To identify genes that mediate race-nonspecific resistance of barley to B. graminis we combined a functional-genomics
approach based on genomewide transcript profiling and transient-induced gene silencing (TIGS, 1400 genes) with a genetic
approach consisting of association- and Meta-QTL mapping plus analysis of copy-number variation. This guided us to a shortlist
of approximately 50 candidates with converging evidence for an important role in race-nonspecific resistance of barley. We have
started marker-assisted introgression of potentially valuable alleles of some of these candidate genes in barley, followed by
assessment of multiple pathogen resistance. As a biotechnological approach, we use host-induced gene silencing (HIGS) in B.
graminis as well as the Fusarium head blight fungus to address potentially important genes for fungal attack and accomodation.
This is revealing another list of candidates for a better understanding of these host-pathogen interactions and for disease
control.

OKN3

Landscapes, genetically modified crops and climate change: Wither IPM?

M. P. Zalucki

The University of Queensland, School of Biological Sciences, Brisbane, Australia
m.zalucki@ug.edu.au

The three-letter acronym IPM has been around for over fifty years and now not only guides research and extension in pest
management, markets pesticides and is claimed to be undertaken by many growers, it even resonates with public perceptions
and politicians. Whether or not IPM programmes are sustainable in the longer term under the conflicting stresses and strains of
the modern agricultural environment is debateable. For Australia as a whole over this period insecticide input costs per hectare
have increased faster than the price index, reflecting a mixture of more costly insecticides, changed cropping mix and increasing
cropping area with possible concomitant changes in pest abundance. | review two case studies of IPM development in Australia:
Helicoverpa management in cotton and management of an introduced pest, Plutella xylostella in brassica vegetables. Many pest
management practices have improved over time. In brassica and cotton, IPM is predominantly of the sample and spray variety,
increasingly with less broad-spectrum insecticides and, in cotton, Helicoverpa management has moved to transgenic (GM)
plants. The latter necessitates an area wide approach to insecticide resistance management (IRM) if the GM technology is to
remain stable. Any pest crisis will ensure rapid changes in practice and adoption of technologies, which mitigate the short term
financial stresses caused; however, regression to former practices tends to follow (e.g. in brassicas) once the crisis has passed. In
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most cases we cannot test objectively if changed management practices are responsible for changes in pest abundance, as
would often be claimed, or if the latter is simply a consequence of the weather and related large-scale landscape features (e.g.
area of host plants). Changing climate will impact on pest abundance and distribution and the effectiveness of biological control
in complex ways. For many systems the future of pest management practice will require a change to landscape or area-wide
approaches. Given how entrenched the three-letter acronym has become, it will all, most likely, be called IPM.

OKN4

Social participation — Key factor for food security and rural development

C. Weller-Molongua

Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GI1Z) GmbH, Eschborn, Germany
christel.weller-molongua@giz.de

The world will have to feed 9 billion people by 2050. Considering that fact, Food Security and Nutrition of a growing world
population is one of the highest priorities for international development cooperation. In addition to a better distribution of food,
eliminating hunger will also require increasing agricultural production in an ecologically, economically and socially sustainable
way. Including vulnerable groups is a crucial part in this process of transforming agriculture. Through its work in over 130
countries worldwide, the Deutsche Gesellschaft fuer Internationale Zusammenarbeit (GIZ) contributes to implementing such a
development-oriented agriculture which fosters agricultural investments and provides an income for the rural poor. Drawing on
practical examples from GIZ projects and programmes in relevant sectors and at all levels (national, regional and local), this
keynote speech illustrates the complexity of Food Security and Nutrition challenges, as well as the principles that guide the GIZ
in this work in order to find answers responding to these challenges. It covers issues such as promoting rural development,
developing policies and standards for sustainability, the market-integration of smallholder farmers, context-specific sustainable
agriculture and the empowerment of women and youth.
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OCPPI-1

The Importance of Regulatory Data Protection and other forms of Intellectual Property Rights in the Crop Protection Industry
M. Carroll

Dow AgroSciences, Registration, Abingdon, United Kingdom

MCarroll2@dow.com

Different Types of Intellectual Property. Patents: These provide exclusive rights to inventors for a fixed period of time in
exchange for the disclosure of the invention. Patents exclude others from making, using, selling, offering to sell or importing the
patented invention for the term of the patent. The patent term is usually 20 years but in the crop protection industry the time to
first sales can be long and the patent term eroded. Some countries like those of the European Union can give up to an extra 5
years to compensate for this erosion. Annual fees need to be paid to keep patent rights valid. Trade Secret: This is a formula,
practise, process, design, instrument, pattern or compilation of information which is not generally known or reasonably
ascertainable, by which a business can obtain an economic advantage over competitors or customers. An example of this in the
crop protection industry is the technical specification of the active ingredient for any given pesticide product and the process by
which that active ingredient is manufactured. Trade secrets are sometimes called Confidential Business Information and are
protected forever but only as long as they remain a secret. By definition and unlike patents they are not disclosed but they must
be treated with respect and the appropriate internal systems must be in place to show that they are treated as secret. No fees
are required. Protection of Safety and Efficacy Data: In order to obtain a product registration which allows a company to sell a
product it is sometimes necessary to demonstrate safety and efficacy. In the crop protection industry it is necessary to
demonstrate that the active ingredient in a given product is efficacious in controlling pests and has no unacceptable side effects
on human health or the environment. These tests are expensive and take a considerable amount of time thus eroding the patent
life of the active ingredient. These studies can then be given a period of exclusive use in which no other company can cite the
data. The safety and efficacy data for a pesticide product are usually, but not always, given a 10 year period of exclusive use in
OECD countries. Conclusions: IP issues for the crop protection industry will become increasingly high profile as food security
becomes a key global issue.

O CPP I-2

Organization for Economic Co-operation and Development (OECD) in support of global IPM: a goal to meet pesticide risk
reduction challenges

S. Dachbrodt—Saavdehl, C. Koraz, J. Edens’

LJulius Kiihn - Institute, Institute for Strategies and Technology Assessment, Kleinmachnow, Germany

2Agriculture and Agri-Food Canada, Pesticide Risk Reduction Program, Ottawa, Canada

3Ministry of Economic Affairs, Netherlands Food and Consumer Product Safety Authority, Wageningen, Netherlands
silke.dachbrodt-saaydeh@jki.bund.de

With the changing landscape of the agricultural value chain and increasing demand for sustainable crop production, a continuing
theme for discussion has been the question of what it takes to increase adoption of IPM at the farm level. Unanimously, it
requires an integration of support and efforts among all stakeholders to enable and advance uptake of IPM practices by
growers. While research into new IPM techniques is an ongoing requirement, there are still enormous gains to be made via
diffusion of established practices through networking and collaborations.

In October 2011, an international IPM workshop facilitated by the OECD aimed to identify strategies for boosting IPM adoption
by growers and its impact in reducing pesticide risks. In response to the workshop’s recommendations, an Expert Group on IPM
(EGIPM) was established to address the need for global collaboration in meeting local challenges in IPM implementation. The
findings and recommendations have been translated into an action plan to address recognized gaps resulted from numerous
group discussions. The EGIPM coordinates contributions from OECD member countries in moving forward various action plan
activities i) to further advance and facilitate coordination and information exchange about IPM via the OECD IPM Hub, ii)
promote and develop policies in favour of IPM adoption and implementation, iii) develop indicators of IPM adoption and impact
and iv) facilitate awareness raising about IPM among the public & food chain operators.

As a result to date the OECD IPM Hub, a platform for information sharing and cooperation between all stakeholders has been
developed. The platform ties together the wealth of information in particular related to IPM policies, programmes, production
guidelines and IPM case studies in OECD countries. Other ongoing work activities such as the discussion of policy instruments
and incentives to stimulate the adoption and use of IPM-methods will be presented and what these mean on the ground will be
discussed.
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OCPPI-3

Filling the gap — academic education in crop protection between basic and applied sciences
S. Weigand, A. von Tiedemann

Plant Pathology and Crop Protection Division, Georg-August-University, Gottingen, Germany
sweigan@gwdg.de

Introduction: The demand for stable and increasing crop yields with regard to a growing world population represents a major
global challenge. Innovative, effective and environmentally friendly plant health management becomes a key factor. The
development of crop protection methods requires the education of highly skilled scientists and executives in sustainable crop
protection, both in developed countries and in the developing world. Over the past decades, research and education have taken
a sharp turn towards specific and basic approaches in many agricultural faculties. This has led to significant advances in
fundamental techniques and knowledge, but has been associated with a loss in a system-related knowledge and expertise
required to address the complex problems caused by detrimental organisms acting within cropping systems.

Objectives: Experts understanding plant pests and diseases, the risks they pose and the strategies how these risks can be
managed are urgently needed, both on a practical and scientific level. As a consequence, the urgently needed strengthening of
the technical and scientific basis in crop protection requires a broader and multi-disciplinary approach both in teaching and in
applied crop protection research.

Methods: In 2010, an international master study programme ‘Crop Protection’ has been newly established at the University of
Gottingen. The four-semester programme offers advanced study courses covering all aspects of plant health and crop
protection, presented in lectures, seminars, laboratory and field courses, an internship of 6 weeks, and a master thesis project.
The language of instruction is English.

Results: The crop protection study program cooperates with research institutions and the agrochemical industry at different
levels (internship, lectures and practical courses, master thesis projects). Until present, students from 19 different countries
have been joining the programme. Several graduates successfully continued their career with a PhD or finding positions.
Conclusions: The master study programme ‘Crop Protection’ is an unique opportunity to educate and train young academics in a
key subject of crop sciences and provides a link between basic and applied agricultural research to meet future challenges in
crop protection.

OCPPI-4

The Yield Gap: Why farmers don’t achieve potential yields and what we can do about it
D. I. Guest

University of Sydney, Sydney, Australia

david.guest@sydney.edu.au

In the battle against food insecurity plant breeding and crop protection have significantly increased crop yield potentials.
However, despite the massive investment in new technologies since the Green Revolution, on-farm yields of major food crops
have increased only incrementally, while pest and disease losses remain high. In this talk | will discuss why the gap between
potential and actual yields has grown, and will propose that working more closely with farmers to identify research priorities
that lead to relevant and cost-effective outcomes is required to improve food security.

Sustainable production depends on good farming practices that maintain and improve crop and soil health. In many cases
farmers know what is required, but decide not to implement best practices because of socioeconomic constraints, or because
they lack the technical or financial incentives to do so. Farmers may decide that their investments are more profitably placed
elsewhere. | will use examples from our work with farmers in Southeast Asia and the Pacific to illustrate some of the reasons
farmers may choose not to intensify production and increase productivity.

Traditional, top-down, extension approaches tend to alienate farmers, extension agents and researchers. We have found that
early consultation with farmers and other stakeholders engages them in the research process and leads to better uptake of
research findings. Farmers are more willing to try new technologies if they are presented as a graded series of options, rather
than a set of fixed recommendations. Model farmers can be supported to implement and demonstrate each option to their
peers. We have successfully applied this participatory approach to assist cocoa, pineapple, citrus, tomato, potato, rubber, black
pepper, durian and jackfruit farmers in Papua New Guinea, Indonesia, Vietham and the Philippines, and believe it can be used to
reduce the yield gap in other countries.
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OCPPI-5

The multiple dimensions of food security and their challenges: How important are plant diseases as major causes of food
insecurity?

C. Hollier

Louisiana State University, Plant Pathology and Crop Physiology, Baton Rouge, United States

chollier@agcenter.lsu.edu

Food security (FS) encompasses food availability (production, imports and reserves), physical access (transport, logistics and
supply chains), economic access to food (food pricing, economic status of population) and food utilization (food quality and
safety), all underpinned by stability. Each dimension may be affected singly or interactively by any of a number of transient (e.g.
disease outbreak in one season) or chronic (e.g. endemic diseases) factors. Plant pathogens directly affect production, imports,
reserves, food quality and safety and are major risk factors that lead to food insecurity globally. Historical observations and
current research aid in the understanding of the disease process and help with disease management planning and prevention.
As a means of management, risk factors should be recognized from the onset and reduced as much as is reasonable through an
integrated management system designed for known risk factors. This presentation will present the problem of food shortages
globally, why they exist due to the influence of plant diseases and examples of epidemics that lead to food insecurity.

O CPP I-6

Legal obligations re Access & Benefit SharingAn industry perspective
D. Muyldermans

Croplife International, Brussels, Belgium
dominic.muyldermans@croplife.org

Introduction: Since the signature of the Nagoya Protocol on Access and Benefit Sharing end of 2010 (“Nagoya Protocol”), the
topic of the use of genetic resources and access and benefit sharing (* ABS’) regulations related thereto have grown rapidly in
importance. This is especially the case since implementing (regional and national) laws are being discussed. Since October 2014
there is also an EU Regulation on Access and Benefit Sharing in force, which is one of the first regulations on ABS to come into
existence and will most likely be looked at as an example by countries implementing the Nagoya Protocol.
This new regulatory framework on ABS might impact the activities of the crop protection industry. A detailed analysis of the use
of genetic resources in the different steps of the research and developments process, and the possible rights and obligations on
ABS related thereto, is therefore needed.
Objectives: The three main objectives of the session are 1) creating an understanding of the new legal framework related to
ABS; 2) creating awareness on the relevance of the new rules for the crop protection sector through an analysis of the potential
use of genetic resources in the research and development process; and 3) identifying some issues and formulating some
recommendations.
Materials and methods: The session will start with a detailed presentation, including an overview of the relevant legal
provisions and an analysis of the different steps in the research and development process, as well as the potential obligations
related to ABS in each step. In addition, a few case studies will be analysed in an interactive discussion and grey zones and issues
will be identified; and recommendations will be formulated.
The overview of the relevant legal provisions will be along the following structure:

e History and background of the Nagoya Protocol

o Key legal provisions of EU legal framework

e Scope

e User compliance

e Monitoring user compliance

® Best practices

e Implementing acts

e National laws re access
Results and conclusion: The presentation is aimed at providing the audience with a thorough understanding of the key legal
provisions on ABS, and increased awareness about the potential obligations related to ABS while conducting research and
development activities in the crop protection sector. The interactive discussion of the case studies is aimed at identifying key
issues and formulating some recommendations.



Oral Presentations
Nematodes |

ONEMI-1

Identification and pathogenicity of South African Meloidogyne species

M. Agenbagl, D. Fouriel, C. Mieniel, M. Maraisz, M. Daneel3, G. Karssen’

"North West University, Unit for Environmental Science & Management, Potchefstroom, South Africa
2Agricu/tura/ Research Council, Nematology Unit, Queenswood, South Africa

3Agricu/tura/ Research Council, Institute for Tropical and Sub-Tropical crops, Nelspruit, South Africa
*National Plant Protection Organization, Wageningen, Netherlands

agenbagmelissa@gmail.com

Root-knot nematodes (RKN) attack and parasitise agri- and horticultural crops globally, causing yield and quality losses.
Meloidogyne arenaria, M. hapla, M. incognita and M. javanica generally are the four economically most important species that
globally cause damage to crops. In addition, others such as M. chitwoodi, M. enterolobii, M. fallax and M. lopezi are also
important pests of various crops. The first aim of the study was to identify RKN species from roots/tubers/pods of crop plants
received for diagnostic analyses and from research sites across South Africa using molecular and morphological identification.
This enables construction of phylogenetic-tree and distribution maps. The second aim was determining the pathogenicity of RKN
species and populations identified during the study in a greenhouse trial (randomised complete block design with six replicates).
Deoxyribonucleic acid (DNA) was extracted from mature females obtained from roots of crop plants received and subjected to
polymerase chain reaction (PCR) analyses. DNA of RKN species was compared to that of known species, representing the
respective standards, to ensure accurate results. For the pathogenicity study, 1 000 eggs and second-stage juveniles (J2) of the
respective RKN species/populations identified were inoculated on roots of a susceptible tomato cultivar (Rodade/Floradade).
Nematode parameters assessed 56 days later included egg-laying female indices, egg and J2 numbers and reproduction
factors/root system. The four economically most important RKN species as well as the emerging M. enterolobii (= M.
mayaguensis) have been identified. Other unknown species have also been detected and are currently being identified.
Pathogenicity of the various RKN populations differed substantially within and among species. Positive identification of M.
enterolobii, which is easily confused with M. incognita in terms of its morphological identification, during this and previous
initiatives will contribute towards research aimed at determining the distribution, life cycle and pathogenicity of this pest. The
latter will also apply for other unknown RKN species that are currently being identified.This study is ongoing and knowledge
generated will benefit the research fraternity as well as producers and ultimately consumers of produce.

O NEM I-2

Effects of amino acid treatments on nematodes
R. Bluemel, D. Fischer, M. W. Grundler
University Bonn, Molecular Phytomedicine , Bonn
r.bluemel@uni-bonn.de

Amino acids (aa) are naturally occurring substances that are important for all living organisms. The application of certain aa at
different concentrations affects various life stages of a broad spectrum of nematode species. However, the mechanistic details
for the observed effects remain elusive till now. To investigate this question, we analyzed the effects of methionine (Met), lysine
(Lys), threonine (Thr), isoleucine (Iso), 2-ketobutyric acid (Ket), homoserine (Hom) and tryptophan (Try) on the free-living
nematode Caenorhabditis elegans and the plant parasite Heterodera schachtii. The activity and development of C. elegans was
decreased by Try applications. No aa had an effect on the activity of H. schachtii. Interestingly, soaking J2 stage nematodes in aa
solutions for twenty-four hours, led to more female nematodes per plant for Lys, and less for Thr. The strongest effects were
observed when aa were supplemented to the nutrient-medium in a monoxenic culture of the host plant, Arabidopsis thaliana.
This approach reduced the number of female nematodes per plant for Iso, Met, Thr, and Ket. Additionally, slight negative effects
could be detected on the adult female sizes. Interestingly, these effective aa all belong to a group of metabolites that are
derivatives of Hom. In this study we were able to separate the direct effects of aa applications to pre-infective juveniles, from
effects that may also involve the host plant.
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Neuropetide Biology and Sociality Behaviours in plant Parasitic Nematodes

E. Robbl, I VokFéIz, J. DaIzeIIl, C. Fleming3, A. Mousleyl, A. Maulel, N. Marks
'Queen's University Belfast, Institute for Global Food Security, Belfast, United Kingdom
’Charles University, Pharmacology and Toxicology, Prague, Czech Republic

3AgriFood Biosciences Institute, Belfast, United Kingdom

erobb0l1@qub.ac.uk

Plant parasitic nematodes (PPNs) significantly reduce crop production such that their control is a very significant issue for global
food security. Whilst much effort has focussed on understanding the interaction between parasitic-stage PPNs and their plant
hosts, relatively little effort has centred on understanding the behaviour of pre-parasitic J2 stage PPNs in the soil prior to host
infection.

Recent data on the chemical ecology of C. elegans illustrate a rich capacity for nematodes to influence the behaviour of
conspecifics. We aim to better understand pre-parasitic J2 behaviour to help seed the development of novel control strategies
that disrupt soil-based orientation-behaviours. We hypothesise that inter-J2 signalling modulates the behaviour of conspecifics
and set out to investigate social behaviours (dispersal, aggregation) and determine the role of FMRF-amide like (FLP)
neuropeptides in such behaviours.

The role of environmental factors, such as population density and CO,, on the dispersal of J2’s was examined using a pluronic
gel-based dispersal bioassay. Results showed that worms derived from higher density populations dispersed significantly further
and faster than worms derived from less dense populations, e.g. after 6h, 43% of Globodera pallida J2s derived from high
density populations had dispersed compared to only 14% from low density populations; similar results were seen for
Meloidogyne incognita J2s. CO, was also shown to be a considerable factor in dispersal as after 6h, 31% of a low density
population of G. pallida had dispersed after incubation in 5% CO,, compared to 11% incubated in atmospheric CO, (~0.05%) The
effects of population density and CO, exposure on J2 dispersal were found to be reversible.

Further qPCR analysis showed profound fip diversity within PPNs. Those flp genes most highly expressed were flps 6, 7, 12, 14,
16 and 18. The encoded peptides, along with FLP-21 (impacts sociality in C. elegans), were investigated for their ability to alter
PPN J2 dispersal behaviour.

In conclusion, our results show that the sensory ecology of PPN’s involves a complex array of both environmental and genetic
influences enabling successful orientation and dispersal of J2’s to a suitable host. This provides a unique system to exploit for the
development of plant nematode control strategies.

O NEM I-4

The germin-like protein BvGLP-2 from sugar beet (Beta vulgaris L.) is a superoxide dismutase and participates in Hs
mediated nematode (Heterodera schachtii Schm.) resistance

J. Menkhaus, W. Ye, D. Cai

Institute of Phytopathology, Department of Molecular Phytopathology, Kiel, Germany
j.menkhaus@phytomed.uni-kiel.de

1pra-1

Resistance against beet cyst nematode (Heterodera schachtii) in sugar beet (Beta vulgaris) is controlled by the Hs1°"°" locus.
Here, we report the identification and characterization of BvGLP-2 from sugar beet and potential function of BVGLP-2 in the
nematode resistance. The gene was identified by a comparative transcriptome analysis between resistant and susceptible sugar
beet roots after nematode infection. The putative open reading frame of BVGLP-2 encodes a peptide of 225 amino acids sharing
a high homology with plant germin-like proteins (GLPs). Expression of BvGLP-2 is root-specific in both resistant and susceptible
plants, but enhanced by nematode infection only in the resistant roots, suggesting its possible function in the Hs1°°" -mediated
nematode resistance. To substantiate this, we tested transgenic sugar beet roots and Arabidopsis thaliana plants overexpressing
BvGLP-2 in response to nematode infection. In comparison, overexpression of BvGLP-2 led to a significant reduction in the
number of nematode females in both of transgenic beet roots and Arabidopsis plants, while knockout of the BvGLP-2 ortholog in
Arabidopsis thaliana ‘Columbia’, a partial nematode resistant ecotype significantly enhanced susceptibility to nematode
infection. In-gel enzyme activity assays with recombinant proteins of BVvGLP-2 that was either transiently expressed in Nicotiana
benthamiana or overexpressed in transgenic A. thaliana plants revealed that BvGLP-2 is a H,0, - generating superoxide
dismutase (SOD). Furthermore, the BvGLP-2 overexpression in Arabidopsis specifically activates a serine/threonine kinase (OX/1)
and its related signaling pathways. We conclude that BvGLP-2 represents a key regulator in establishment of the Hs1P" -
mediated nematode resistance, which follows an OX/1-specific signaling route. A possible function mode is discussed.



Oral Presentations
Nematodes |

O NEM I-5

Influence of Brassica cover crops on root knot nematodes, soil abiotic factors and plant data in tomato production
M. Daneell, H. Fouriez, W. Steynl, J. Lammers®

'ARC- Institute for Tropical and Subtropical Crops, Pest Management, Nespruit, South Africa

’North West University, School of Environmental Sciences and Development, Potchefstroom, South Africa

3University of Wageningen, Laboratory of Nematology, Wageningen, Netherlands

mieke@arc.agric.za

Plant-parasitic nematodes cause severe damage to various crops. Brassicaceae cover and/or biofumigation crops have been
investigated as an alternative strategy to control these pests. Factors that play an important role in determining efficacy of
Brassicaceae control strategies are climate, soil conditions and plant density. Brassica juncea (cvs. Rocket Trio and Nemat), Eruca
sativa (cvs. Caliente and Fumigreen) and Raphanus sativus (cvs. Doublet and Terranova) were evaluated in a field experiment in
the Mpumalanga Province of South Africa against a mixed population of Meloidogyne incognita and M. javanica. Tomato
seedlings (cv. Monica) were planted as a follow-up crop in these plots. Results showed a significantly higher yield (P< 0.05) in
both E. sativa and R. sativus-treated plots compared with untreated control (UTC) and B. juncea-treated plots. Nematode
control was also substantially better in the E. sativa and R. sativus treatments compared with UTC and B. juncea treatments
Statistical analysis showed that cover crops could explain 70% and 40% of the variation in nematode and plant data respectively,
while correlation analysis confirmed the relationship between nematodes and plant data. The effect of cover crops and abiotic
soil conditions on nematode variability was also investigated. Although changes in soil condition took place between time of
incorporation of the organic material and at planting of the tomato crop, changes were similar for all treatments. When the
effect of cover crop and soil abiotic factors on nematode variability was determined at termination of the trial, cover crops could
explain 31% of the nematode variability while 13% was explained by soil abiotic factors. The effect of soil factors increased from
0.6% to 13% during the trial period and was probably the result of the changes occurring in the soil substrate during the
decomposition period. Data obtained during this research demonstrated the benefit of using Brassicaceae crops for their cover-
and biofumigation characteristics to reduce root-knot nematode, increase crop yield and contribute towards soil health.

O NEM I-6

Host suitability and response of different vegetable genotypes to Meloidogyne incognita race 2 and Meloidogyne javanica in
South Africa

W. Steynl, M. Daneell, R. Slabbert’

lAgricultura/ Research Council, Plant Pest Management, Nelspruit, South Africa

*Tshwane University of Technology, Department of Horticulture, Pretoria, South Africa

willems@arc.agric.za

Vegetables are an important component of the human daily diet and represent high value cash crops for small-scale- and
commercial farmers. The host suitability of 10 locally available genotypes of Amaranthus, 20 genotypes of Capsicum, 10
genotypes of Daucus carota, 7 genotypes of Beta vulgaris and 3 genotypes of Spinacea oleracea were assessed in separate
greenhouse studies for resistance to Meloidogyne incognita race 2 and Meloidogyne javanica respectively. Substantial variation
existed amongst the vegetable genotypes in the greenhouse screenings with regard to their host status to the respective
nematode species tested. However resistance to M. incognita race 2 was identified in Amaranthus genotype ‘Local 33’ and
Capsicum genotype 'Tobasco’, which was subsequently verified in a follow up trial using a range of initial population densities
together with a susceptible Amaranthus genotype ‘Bosbok Thepe’ and susceptible Capsicum genotype ‘Paprika’. Reproduction
factors of the nematodes were used as the main criterion to evaluate resistance. In the microplot trial, Amaranthus genotype
‘Local 33’ showed resistance to all inoculation levels while Capsicum genotype ‘Tobasco’ showed resistance at the lower
inoculation levels but not at the higher levels. Amaranthus genotype ‘Local 33’ can thus be regarded as resistant to the
population of M. incognita race 2 used in this study. The need exists for more frequent and extensive screenings of the various
vegetable genotypes in order to provide small-scale farmers with better options for improved and sustainable yields.
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From local lesions, via an inhibitor of virus replication (IVR), isolation of a gene involved in resistance to TMV, that induces
resistance to several plant pathogenic fungi in tomato - 45 years of research

G. Loebenstein, Y. Elad, A. Gal-On, R. Vunssh

Agricultural Research Organization, Volcani Center, Plant Pathology, Bet Dagan, Israel

gad-talma@barak.net.il

Cells inside a local lesion contain less particles (about 103) than cells in a systemic infection (6 x 107). Localization seems to be
due to reduced multiplication and not due to barrier substances. In the peripheral cells of a starch lesion on cucumber
cotyledons the number of TMV particles was about 1/10 compared with those in the central part of the starch lesion, with no
ultrastructural changes at the border of the lesion. Localization of TMV in tobacco, containing the N gene, is associated with an
antiviral protein - ‘inhibitor of virus replication (IVR). IVR was released into the medium of TMV-infected protoplasts from
Samsun NN tobacco. IVR inhibited virus replication in protoplasts from both resistant Samsun NN, exhibiting local lesions and
susceptible N. tabacum cv. Samsun plants (nn). IVR inhibited TMV in protoplasts and leaf disk. IVR also inhibited PVX, PVY and
CMV in leaf disks indicating that IVR is neither host nor virus specific. The 23 kDa protein from SDS-polyacrylamide gels yielded a
molecule with antiviral properties. Antibodies against the IVR protein enabled detection of the 23 kDA protein.

Sequence analysis of clone NC330 indicated that the C-terminus of the deduced protein is rich in aspartic acid and glutamic acid,
hydrophobic and with a helical structure. The NC330 protein is mainly a tetratricopeptide repeat (TPR) protein and leucine rich
repeats (LRR). Transformation of Samsun nn with NC330, encoding an IVR-like protein, gave transgenic plants, expressing
variable resistance to TMV and the fungal pathogens Botrytis cinerea. Transformation of tomato plants with the IVR gene
resulted in partial resistance to A. alternata, P. aphanidermatum and R. solani. The finding that an R gene associated with virus
localization also induces resistance to fungal diseases suggests that some R genes have a wider range of activity than has been
assumed.

OVIR 2

Anthropocene: viral spread, evolution and diversity in ornamentals

K. Richert-PoeggeIerl, B. Lockhart?

LK1, Institute for Epidemiology and Pathogen Diagnostics, Braunschweig, Germany
2University of Minnesota, Plant Pathology, St. Paul, United States
katja.richert-poeggeler@jki.bund.de

The term “anthropocene” coined by Paul J. Crutzen in 2002 (Geology of mankind: the anthropocene, Nature 415, 23) is referring
to our current epoch and illustrates the manifold influences by human existence and actions on geology and evolution.
Ornamentals are plants solely produced to please the eye of the beholder. The EU Commission stated 2014 an increase in flower
production and cultivation of ornamental plants. The collected data reveals that in the EU one of the world's highest densities of
flower production per hectare exists that comprises 10% of total world area and 44% of world flower and pot-plant production.
It is predicted that the market for ornamentals in the EU will further expand and grow to 37 billion Euros in 2016 (Swedish
Chamber of Commerce, 2011).

Global production and trade pathways as well as the consumer’s growing demand for new species and cultivars and their
availability in shorter periods of time open gateways for viruses. The mass production of naturally cloned material displaying a
uniform phenotype has an inherently high risk for multiplying and spreading viruses and/or viroids unwillingly, especially in case
of asymptomatic (latent) infection. The latter is a common feature for carlaviruses. Synergy of electron microscopy and
molecular biology tools were used to resolve these diagnostic challenges. In samples obtained in Germany in 2006 to 2012
comprising the families of Alliaceae and Convallariaceae as well as dicot host plants of the families of Cactaceae, Ericaceae,
Passifloraceae, Ranunculaceae, Scrophulariaceae and Solanaceae 12 different carlaviruses have been identified. Further
characterization revealed the presence of three different isolates of Shallot latent virus in Allium sativum and for at least three
Potato virus M isolates in Solanaceae. In the last 14 years, with the exception of the years 2002 and 2003, 7 different
tobamoviruses were detected in submitted plant samples out of the families of Balsaminaceae, Berberidaceae, Brassicaceae,
Cactaceae, Gentianaceae, Gesneriaceae, Goodeniaceae, Lamiaceae, Orchidaceae, Poaceae, Sarraceniaceae, Scrophulariaceae
and Solanaceae. The highest diversity of detected virus species was found in solanaceous plants. Interestingly, the occurrence of
tobamoviruses in distinct years was variable. Tobamoviruses are transmitted by contact. Thus strict hygiene and repeated
testing for a broad range of tobamoviruses during plant production and distribution is essential to avoid virus spread and to
recognize the spectrum of infecting tobamoviruses early.
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Emergence of plum pox virus, the most damaging viral pathogen of stone fruits, in Japan
K. Maejima, O. Netsu, M. Himeno, S. Namba

The University of Tokyo, Graduate School of Agricultural and Life Sciences, Tokyo, Japan
amaejima@mail.ecc.u-tokyo.ac.jp

Sharka disease, caused by plum pox virus (PPV, genus Potyvirus), is the most serious viral disease of stone fruits (Prunus spp.).
Among the eight known strains of the virus, PPV-D is the most important due to its recent spread from Europe to North and
South America and Asia. In 2009, we found PPV (which belongs to the D-type strain) in Tokyo, Japan, for the first time. PPV was
found in a new natural host, Prunus mume (Japanese apricot), which is one of the most popular fruit and flowering trees in East
Asia, including Japan. For the control of PPV, we developed rapid test kits for the detection of PPV based on
immunochromatography and reverse transcription-loop mediated isothermal amplification (RT-LAMP), which can detect PPV
within 15 and 60 minutes, respectively. Using these kits, the plant protection station of Japan has conducted nationwide surveys
for six years, and found more than 20,000 PPV-positive trees across 11 prefectures (Tokyo, Ibaraki, Saitama, Kanagawa, Aichi,
Mie, Shiga, Nara, Wakayama, Osaka, and Hyogo). However, the viral transmission routes in Japan are poorly understood, which
is hindering the eradication of PPV. Therefore, we collected geographically-diverse PPV isolates and performed a molecular
epidemiological analysis. Despite the low genetic diversity, the phylogenetic tree based on the complete genome sequences
enabled precise estimations of the transmission routes of the PPV-D strain at the national and international level.

OVIR4

Infection of grasses and cereals by wheat dwarf virus and a diverse set of luteoviruses
A. Kvarnhedenl, I Erikssonl, E. Yazdkhastil, K. Satheesl, R. Hopkins2

ISwedish University of Agricultural Sciences, Dept of Plant Biology, Uppsala, Sweden
2University of Greenwich, National Resources Institute, Kent, United Kingdom
anders.kvarnheden @slu.se

To understand the ecology of viruses infecting grasses and cereals, we have carried out virus screens and sequence analyses.
Barley yellow dwarf virus (BYDV)/Cereal yellow dwarf virus (CYDV) constitute a group of viruses in the family Luteoviridae that
infect grasses and cereals. They have a genome of single-stranded RNA and are classified into several species, which are
transmitted by different aphids in a persistent manner. The different virus species can be difficult to discriminate using
serological methods, and the high viral diversity is only now beginning to be revealed. In a survey of B/CYDVs in cereals and
grasses from different regions of Sweden and Estonia, we have detected a high virus incidence and sequence analyses have
revealed infection with BYDV-PAV, BYDV-MAYV, BYDV-PAS, BYDV-OYV, BYDV-GPV and BYDV-RMV. The four latter species were
found for the first time in Sweden and BYDV-GPV for the first time outside China. Several species of BYDV/CYDV could be found
in the same field with up to three species in the same plant. Different viruses were detected in forage grasses and cereals
growing next to each other, suggesting that the forage grass was not the virus source for the infection in cereals. BYDV-OYV has
previously only been described as a single isolate from an oat plant in Latvia. We could now find isolates of BYDV-OYV in
different parts of Sweden. The first complete genome sequencing of BYDV-OYV shows that it is related to viruses within the
genus Luteovirus, but sequence comparisons reveal that it is distinct from the other species and should tentatively constitute a
new species. Wheat dwarf virus (WDV; genus Mastrevirus; family Geminiviridae) is also infecting grasses and cereals. It has a
genome of single-stranded circular DNA and is transmitted in a persistent manner by leafhoppers. In our studies to identify virus
reservoirs for cereal-infecting viruses, WDV was detected at a low frequency in randomly sampled ryegrass plants. Nucleotide
sequence analyses revealed that the ryegrass isolates were closely related to those from wheat. Infection tests with WDV
isolates from wheat resulted only in low infection rates and low virus titers in different ryegrass species and cultivars, while
wheat plants were very susceptible. The results suggest that WDV may persist at low levels in ryegrass and other grasses.

OVIRS

Establishment of an in-vitro assay for functional characterization of the viral proteinase and processing of RNA2-encoded
polyprotein P2 of Cherry leaf roll virus (CLRV)

M. Rott, C. Bittner, S. von Bargen

Humboldt-University Berlin, Divivsion Phytomedicine, Berlin, Germany

markus.rott@agrar.hu-berlin.de

Question: The bipartite genome of Cherry leaf roll virus (CLRV, Genus Nepovirus, subgroup C, family Secoviridae) consists of two
positively orientated single-stranded RNAs, which encode for two polyproteins (P1 and P2). P1 harbors characteristic domains
for a proteinase-cofactor (PCo), a helicase (Hel), a genome-linked protein (VPg), a proteinase (Pro), and an RNA-depending
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polymerase (Pol). P2 encodes, besides a region at the 5°-end that has not been functionally assigned by now, the movement
protein (MP) and the coat protein (CP). The polyproteins are processed into their functional units by the viral proteinase. In-silico
analysis of the full-length sequence revealed putative processing sites similar to already proven sites of related nepoviruses.
Prerequisite for the functional characterization of viral gene-products is the elucidation of their processing into the mature
subunits. Aim of the project is therefore to establish an in-vitro assay to prove the proteolytic activity of the proteinase and to
identify the cleavage sites of CLRV.

Methods: The polypeptide constituting the putative proteinase of CLRV was heterologuesly expressed in E. coli and purified
under native conditions. Regions surrounding putative cleavage sites were cloned and expressed in-vitro, using biotinylated
lysins added to the nascent protein as a label. Activity assays were performed by subjecting the in vitro translation products as
substrates to the proteinase. By western blot and streptavidin-AP conjugates, processing at the putative cleavage sites was
monitored.

Results: The proteinase of CLRV was successfully expressed in E. coli und was purified by affinity-chromatography. The in-vitro
assay for the testing of the proteolytic activity of the proteinase was successfully established. Translation products comprising
the putative processing-sites of P2 were subjected to the in-vitro assay for their experimental verification.

Conclusion: The established in-vitro assay is suitable for experimental confirmation of cleavage sites utilized by the proteinase of
CLRV responsible for processing of P1 and P2.

OVIR6

MicroRNA-like fragments from Turnip mosaic virus targets host gene HVA22D: a new opportunity to develop resistant crops
L. Pretoriusl, S. Iraml, A. Geering 1'2, N. Mitter 2, P. M. Schenk

The University of Queensland, School of Agriculture and food science , Brisbane, Australia

’QAAFI’s Centre for Plant Science, Brisbane, Australia

larasimone.pretorius@ugconnect.edu.au

Plant viruses are notorious for their rapid evolution, enabling them to overcome host resistance and making them highly
successful. We focus on a specific Australian strain of Turnip mosaic virus (TuMV), first sequenced in our laboratory. Previous
research found that this strain differed from other previously sequenced strains of TuMV and that its genome also coded for
viral miRNA-like fragments which were shown to act in a similar manner to plant miRNA in regulating gene expression. The virus-
derived miRNA-like fragments were found to target the HVA22D gene in Arabidopsis. The T-DNA mutant hva22d shows
increased susceptibility to TuMV. By introducing silent mutations in the viral miRNA binding site of HVA22D we were able to
interfere with miRNA-host gene binding. In addition, we have developed a decoy construct that specifically binds to TuMV
miRNA. Both of these approaches provide new strategies to create TuMV-resistant plants.

To better understand the mechanism of TuMV-plant host gene interaction, we focus on studying the function of HVA22D in
more detail. HVA22D is an abiotic stress inducible protein and is also thought to have a role in controlling autophagy. HVA22D is
one of five homologs found Arabidopsis, and is most tightly regulated by abscisic acid. The gene is highly conserved with
homologs identified in diverse eukaryotes; the YOP1 gene in yeast as well as TB2 and DP1 in humans have a role in tubule-
forming proteins. The yeast homolog and those found in Arabidopsis are also thought to regulate autophagy in a negative
manner. HVA22D may be involved in changes of membrane composition due to environmental stresses. We hypothesise that
the plant may alter its lipid and membrane composition in an attempt to prevent the spread of the virus via their
plasmodesmata or to inhibit virus replication. By using HVA22D-overexpressing viral miRNA-resistant mutants we will determine
whether the plant does alter the lipid composition of its membranes of the mutant and wild type plants both challenged with
the virus. It is hope that this work will provide new plant viral resistance strategies and hopefully generate more durably
resistant crop varieties to increase food security for the future.
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Solving the challenges presented by soil borne plant pathogens through the application of nucleic acid detection methods
J. Woodhall, K. Perkins, I. Adams, N. Boonham

Fera, York, United Kingdom

james.woodhall@fera.gsi.gov.uk

Soil-borne plant pathogens are a significant constraint on crop production worldwide. Despite their negative impact on crop
production, relatively little is known about soil-borne plant pathogens compared to foliar pathogens. Hidden from view, they are
difficult to study. Often the symptoms expressed above ground can also be attributed to other diseases, environmental
pressures and nutritional deficiencies. Nucleic acid based methods offer quantifiable, specific and sensitive ways to detect plant
pathogens. Such methods can be utilized in solutions to the challenges presented by soil borne plant pathogens in principally in
three ways: 1. investigating the causal agent in disease complexes and the epidemiology of the pathogen; 2. determining the
effectiveness of integrated disease management strategies such as crop rotation and 3. Used to screen soil for the presence of
important pathogens as part of a diagnostic service for growers. At Fera, high throughput, bulk soil DNA extraction methods and
real-time PCR assays have been developed for various plant pathogens on several crops and are used as both a tool for research
and as part of a diagnostic service offered to growers. The development of such soil DNA extraction capable of extracting from
up to 1 kg of soil will be presented along with the development of new, more sensitive real-time PCR assays, including ddPCR
assays. Using case studies from Rhizoctonia and Verticillium in potato, cereal and soft fruit crops, how various diagnostic assays
have been deployed to determine the causal agent, investigate the epidemiology of a soil borne disease and provide evidence
for suitable control options will be discussed. Finally, how the methodology has been deployed as a diagnostic service to
growers will be presented. In conclusion, nucleic acid detection methods for soil borne plant pathogens offer a powerful tool for
the study of the group of pathogens and can offer a cost effective, rapid tool as part of service to growers.

O SOIL 2

Suppressive capacity of different decomposition levels of compost and its role on severity of Pythium and Rhizoctonia
damping-off in tomato and on substrate microbial activity

P. Millas

Instituto de Investigaciones Agropecuarias, Biological Control, Chillan, Chile

pmillas@inia.cl

Use of compost as amendment can be effective to suppress several soil-borne diseases. Decomposition level of amendment
plays a fundamental role in suppression, since immature composts or excessively decomposed organic amendments are
conductive to diseases. The objective was evaluate the suppressive capacity of a compost with different decomposition levels on
the damping-off caused by Pythium ultimum or Rhizoctonia solani in tomato plants and on the microbial activity measured as
the rate of hydrolysis of fluorescein diacetate (FDA). Pots were filled with compost incubated for 0, 9 and 12 month and a
conductive soil. The increase of decomposition level was corroborated by CPMAS 13C-NMR spectra analysis where O-alkyl and
Carboxyl picks were decreased with the time of incubation. Four pre-germinated seeds were sown per pot. The pots were
maintained on greenhouse conditions and were watered each two days to maintain soil moisture. The design used was
randomized block complete with 10 replicas. Variables were analyzed with two way ANOVA and Tukey test was used to mean
comparison Damping-off severity was rated with a scale on 1 to 4 at 12 days after sowing. And FDA activity was measured on a
spectrophotometer set at a wavelength of 490 nm. The decomposition level had effect on severity of damping-off, because
increasing incubation time of compost increased the disease caused by P. ultimum. None of treatments were suppressive to R.
solani because damping-off severity caused by this pathogen did not have significant differences with the conductive soil that
reached severity of 4. FDA activity was inversely correlated with incubation time and disease severity. The suppressive capacity
of compost is lost when advancing compost decomposition. Microbial activity measured as FDA can be a useful indicator of
disease suppression

0O SoiL3

Verticillium longisporum on oilseed rape - reviewing the state-of-the-art of a hidden pathogen with uncommon properties
A.von Tiedemann

University of Géttingen, Crop Sciences/Plant Pathology and Crop Protection, G6ttingen, Germany

atiedem@gwdg.de

Introduction: Verticillium longisporum (VL) is a soilborne vascular pathogen of oilseed rape (Brassica napus; OSR) which does
not cause a wilt but induces premature ripening leading to potentially significant yield losses. The disease has been limited to
European OSR production, but in 2014, VL has been detected for the first time in Manitoba, Canada. The pathogen is an
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amphihaploid hybrid form of Verticillium and host-specific on Brassicaceae. Three different hybrids forming lineages with
distinct host specificity have been identified so far.

Objectives: The paper reviews the state-of-the-art on the disease and responses induced by VL in OSR.

Materials & Methods: The studies were conducted on a broad range of experimental levels, from in vitro to field applying
molecular, biochemical, physiological and histological methods.

Results: VL survives with microsclerotia in the soil and colonizes the root parenchyma intra- and intercellularly. Plants are
systemically colonized in a tri-phasic manner. After an initial biotrophic phase, for an extended period until plant maturity, the
fungus remains xylem-limited after which it breaks through the stem parenchyma to start its final saprotrophic phase.
Expression of cultivar resistance is restricted to the hypocotyl and consists of accumulation of cell-wall bound phenols and
lignins, and vessel occlusions. Resistance is quantitative and specific to VL, and does not operate against other vascular
pathogens. No soluble antifungal plant metabolites are detected in the xylem. VL does not affect plant water relations and
resistance induced vascular occlusions do not compromise drought stress resistance. VL signaling in OSR involves salicylic acid
(SA) dependent genes but not the jasmonate/ethylene dependent chain. VL induces elevated levels of SA/SAG in stem tissue,
which correlate with disease severity, indicating fungus-induced redirection of the phenylalanine/cinnamate pool towards SA
synthesis. In contrast, SA deficient nahG transformed OSR plants exhibit a high susceptibility to VL.

Conclusions: VL is an amphihaploid hybrid species, which is unable to induce wilting, switches from biotrophy to necrotrophy,
and induces accumulation of SA, implying a dual role of SA in basal and cultivar-specific resistance.

0soIL4

Developing, Implementing and Evaluating Management Strategies for Rhizoctonia solani on Sugar Beet
M. Khan

North Dakota State University & University of Minnesota, Plant Pathology, Fargo, United States
mohamed.khan@ndsu.edu

Rhizoctonia solani Kihn causes damping off, crown rot and root rot of sugar beet (Beta vulgaris L.), and is the most damaging
pathogen for growers in Minnesota and North Dakota, who produce 60% of the US sugar beet crop. Most commercial sugar beet
varieties are susceptible to or have only partial resistance to R. solani. Research was conducted at Hickson, North Dakota, USA,
to evaluate fungicide treatments for controlling R. solani. The site was artificially inoculated with R. solani AG 2-2 IlIB grown on
barley at 36 kgha™ just prior to planting. Penthiopyrad (14 gkg™ seed), a succinate dehydrogenase inhibitors, was evaluated as a
seed treatment alone, and with a post application of azoxystrobin (0.7 Lha™), a quinone outside inhibitor. Azoxystrobin was
applied in-furrow at planting followed by a post application; and as a post application only. Planting was done on 20 May, 2010
into six-row plots where the innermost 4-rows were treated. Plant populations were recorded for several weeks early in the
season and at harvest. Roots were harvested on October 4, weighed and analyzed to determine recoverable sucrose.
Azoxystrobin applied in-furrow followed by a post application consistently resulted in significantly greater plant populations and
recoverable sucrose compared to the non-treated control. Penthiopyrad provided early season control by protecting plant
populations compared to the non-treated control, but was not effective during the latter part of the season since populations
were reduced. Penthiopyrad followed by azoxystrobin resulted in higher populations and recoverable sucrose compared to the
non-treated control. Extension specialist recommended the use of penthiopyrad as a seed treatment followed by azoxystrobin
at the 4-6 leaf stage. In 2014, about 70% of growers at American Crystal Sugar Company, the largest sugar cooperative in the
USA, adopted the use of penthiopyrad seed treatment the first year it became available. Seventy-three percent of survey
respondents who used penthiopyrad were satisfied with its performance and 75% reported excellent or good control with
azoxystrobin. The use of penthiopyrad as a seed treatment followed by azoxystrobin should provide effective disease control
and serve as a fungicide resistance management strategy to prolong the usefulness of these products.

O SOIL5

The role of pathogens in scarab pest outbreaks and management
T. Jackson

AgResearch, Innovative Farm Systems, Lincoln, New Zealand
trevor.jackson@agresearch.co.nz

Scarab pests (Coleoptera: Scarabaeidae) occur worldwide and outbreaks are frequently associated with land use change or crop
renovation. High pest densities after land modification or invasion of new areas suggest a release from control by natural
enemies. Conversely, it has been found that chronic diseases are abundant among stable, lower density, established
populations. In the recent, severe invasive outbreak of the coconut rhinoceros beetle (Oryctes rhinoceros) on the island of
Guam, the beetle has been shown to be free of the biocontrol agent Oryctes nudivirus, which has successfully controlled the
pest and persisted for more than 40 years after release across the insect’s range in the Pacific Islands. Bacterial diseases
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(Serratia spp.) are a common controlling factor of the grass grub (Costelytra zealandica) in New Zealand pastures, but forestry
conversion to pasture has created Serratia-free habitats and spectacular outbreaks of the pest. Disease is re-established in the
outbreak populations by application of Serratia entomophila as a biopesticide. Drainage of swamps and conversion to pasture
has created conditions for an explosion of the population of Pyronota setosa, previously unrecognised as a pest, on the New
Zealand west coast. In time, without further disturbance, natural diseases build up and stabilise the populations. In all cases,
land use changes or invasion have created pathogen-free environments where the pests can prosper. Remediation can be made
through introduction of pathogens into the pest populations through inoculation, product application or land management.

O SOIL6

Towards a technical attract-and-kill formulation within the project ATTRACT

P. Humbertl, M. Vemmerl, A. V. Patell, F. Méversz, S. Vidalz, W. Beitzen-Heinekes, H. KIeeberg4, E. Hummel4, J. Treutwein®
1University of Applied Sciences Bielefeld, WG Fermentation and Formulation of Biologicals and Chemicals, Bielefeld, Germany
2Georg-August University Goettingen, Goettingen, Germany

*BIOCARE GmbH, Einbeck, Germany

4Trifolio-M GmbH, Lahnau, Germany

phumbert@fh-bielefeld.de

Several soil-borne herbivorous insect pests like wireworms, western corn rootworm and black vine weevil cause tremendous
losses in different crops like potato, maize or strawberry. Due to the fact that the control of these pests with soil insecticides is
severely restricted or was recently abandoned, there is a need for effective alternative formulation and treatment strategies.
The joint project ATTRACT aims at developing innovative attract-and-kill formulations.

These formulations are based on biopolymer beads combining an attractive component with an insecticide. CO,-releasing
baker’s yeast which has the potential to act as an effective attractive compound for various insect pests was used as attractant.
Amylase was co-immobilized to achieve a slow-release of glucose from corn starch which is then converted into CO, by baker’s
yeast. For control of pest insects attracted to the formulation a neem extract, acting as the kill component, was co-formulated.
Here we report on the encapsulation and drying of this novel attract-and-kill formulation on lab and technical scale.

The co-immobilization of baker’s yeast, starch and amylase in Ca-alginate beads led to a significant CO, production in peat soil
for up to six weeks. It was observed that CO, release was temperature-driven thus matching CO, release and attraction to the
mobility of insects in soil. Data will be presented on the generation of CO, gradients in different soil types and various moisture
contents. Beyond this we were able to co-encapsulate the bioinsecticide NeemAzal” technical with an encapsulation efficiency of
about 95 %. Depending on the formulation, baker’s yeast showed high survival up to 60 % at a water activity of 0,1 during drying
of the beads.

For scale-up, high throughput encapsulation technologies like jet cutting and several drying processes were investigated.
Moreover the stability of the optimized formulations was investigated in accelerated and real time storage tests. Process details
and data confirmed that this formulation can be produced on large scale with high survival and good shelf life. Data on the
efficacy of this novel attract-and-kill formulation under field conditions and the capability of reducing wireworm damage on
potatoes will be presented by our partners from the group of S. Vidal.
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OTUT1

Tuta absoluta Management Programs of IPM Innovation Lab
R. Muniappan

Virginia Tech, IPM Innovation Lab, Blacksburg, United States
rmuni@vt.edu

The IPM Innovation Lab (IPM IL) first became involved in forecasting and management of the South American tomato leafminer,
Tuta absoluta when it invaded Senegal in 2012. It organized a workshop in Dakar, Senegal in May 2013 to sensitize West and
Central African countries on the impending danger of invasion of this pest. When this pest showed up in Ethiopia, again the IPM
IL organized a workshop in Addis Ababa, Ethiopia for East African and South Asian countries in November 2013. At present, T.
absoluta is known to occur in Senegal, the Gambia, Niger, Sudan, Ethiopia, Kenya, and Tanzania in Sub-Saharan Africa. We have
also distributed pheromone traps to these countries for monitoring. In 2015, the IPM IL is planning on incorporating control
tactics of this pest in the IPM packages for tomato developed in Ethiopia, Kenya and Tanzania. Additionally it is planning on
developing a project for modeling future spread of this pest around the world.

OTUT2

The tomato leaf miner, Tuta absoluta (Meyrick), pest status and its integrated pest control programs in the Arab region
A. H. El-Heneidy", . Al-Jboory®

lAgricu/tura/ Research Center, Giza, Egypt

ZMe/ford Consultants LTD, Amman, Jordan

ijboory@yahoo.com

The spread and damage of transboundary plant pests and diseases have significantly increased worldwide during the last few
decades. This spread increase is attributed mainly to the increase in trade exchange with plant and plant products and means of
transportation of plant consignments that might be associated with pests and diseases. Among such pests is the tomato leaf
miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) which has recently invaded the Near East region. The pest is
originated from South America and was recorded for the first time in Europe in Spain in 2006. It invaded the Near East through
North African countries, where it has been recorded in 2008 in Morocco and subsequently in Algeria, Tunisia and Libya. Later, T.
absoluta was identified in tomato fields in Egypt and Jordan in 2009, Lebanon, Syria and Iran in 2010, Iraq in 2011 and Yemen in
2012.The T. absoluta is one of the most destructive pests seriously affecting tomato yields and production in most countries of
the region as the tomato is an important cash crop for farmers. The pest attacks almost all parts of the plant’s vegetative system
in greenhouses as well as in open fields. In case of severe infestation, losses could reach up to 80-100% of the crop. Moreover,
other vegetable crops within the same family have also been reported as plant hosts: potato, eggplant, pepper ....etc. Infestation
rate of T. absoluta across countries of the region increased faster than the ability to cope with it. Therefore, the governments in
these countries initiated integrated pest management (IPM) programs for preventing its further spread.IPM programs, based on
pest surveillance, use of sex and aggregation pheromones, biological control measures and adoption of phytosanitary measures
were implemented, with different degrees of success have been achieved. Regional collaboration and coordination among
countries of the region are still needed for national and regional sustainable strategy for T. absoluta management.

OTUT3

Tuta absoluta (Lepidoptera: Gelechiidae) development on wild and cultivated plant species

T. Bawin, D. Dujeu, M. Fagan, L. De Backer, F. Francis, F. Verheggen

Gembloux Agro-Bio Tech-University of Liege, Functional and Evolutionary Entomology, Gembloux, Belgium
thomas.bawin@doct.ulg.ac.be

Introduction: The tomato leafminer, Tuta absoluta (Lepidoptera: Gelechiidae), is a widespread invasive species damaging
economically important solanaceous crop plants, including tomatoes and potatoes. Little is known about the ability of the
microlepidoptera to encounter and develop on alternative wild and agricultural plant species. These plants could provide
refuges and have to be identified for more efficient integrated management strategies.

Objectives: In the present study, we assessed under laboratory conditions the ability of T. absoluta to develop on such plant
species referred as potential hosts in the literature, including Solanaceae, Chenopodiaceae, Convolvulaceae, Fabaceae, and
Malvaceae.

Materials and methods: For each plant species, fitness tests were performed in Petri dishes by isolating single individuals with
excised leaf. Two choice behavioral assays were performed in flying tunnels. Volatile organic compounds released by
solanaceous plants were trapped using a dynamic collection system, and analyzed by GC-MS.

17



Oral Presentations
Tuta absoluta

Results: We found that Solanum species allowed higher larval survivability and shorter development time (from egg to adult
emergency) compared to the other plants. Non-solanaceous plants were not able to sustain T. absoluta larvae. Two choice
behavioral assays revealed that adult distribution and female oviposition did not differ between Solanum species, which were
preferred to other tested solanaceous plants. The hypothesis that female host plant choice is influenced by plant volatile organic
compounds was tested. Solanum volatile profiles showed similarities, and were presenting quantitative and qualitative
differences with the other tested solanaceous plants, providing some explanations in the observed behavioral discrimination.
Further electrophysiological and behavioral assays are required to confirm the effect of specific chemicals on the choice of the
oviposition site in T. absoluta.

Conclusion: It can be concluded that Solanum species are the more suitable hosts for T. absoluta development. Other
solanaceous plant species could be opportunistically colonized with little incidence but care should be taken in these results as
genetic variability in insects and plants, as well as plant physiological state, might have an impact on the pest survivability.

OTUT4

Interaction between Beauveria bassiana and certain insecticides used for management of Tuta absoluta
M. J. Hejazi, M. Amizadeh, M. Arzanlou

University of Tabriz, Tabriz, Islamic Republic of Iran

mjhejazi@tabrizu.ac.ir

Introduction: Control of tomato leafminer is highly dependent on the use of conventional chemical insecticides. Synergistic
combinations of biological and chemical insecticides might yield promising alternative for management of this invasive pest.
Objective: The study was done to determine the potential of the entomopathogenic fungus Beauveria bassiana and chemical
insecticides chlorantraniliprole, dichlorvos, indoxacarb, and their combination for controlling T. absoluta.

Materials and methods: The effect of recommended doses of chlorantraniliprole, dichlorvos and metaflumizone on
germination, vegetative growth and sporulation of one native and one commercial isolate of B. bassiana was investigated in PDA
culture medium. In this study, the interactions between B. bassiana isolates and sublethal doses of the chemical insecticides in
2" instar larvae of T. absoluta were also assessed. To test for the interactions, tomato leaves and the larvae on them were
treated with LC, or LCy5 of the insecticides. Then treatment with B. bassiana (at LCsg level) was followed 0, 12, 24 or 36 h after
insecticide application. The mortality of the larvae was recorded 96 h after fungus treatment.

Results: Chlorantraniliprole and indoxacarb did not reduce germination, vegetative growth or sporulation of B. bassiana.
However, these parameters of the fungus were significantly reduced following exposure to dichlorvos. The reactions were
similar in both isolates of B. bassiana. Applying B. bassiana immediately after insecticide treatment (0 h), caused antagonistic
effect in dichlorvos, and additive effects in chlorantraniliprole and indoxacarb treatments. Applying B. bassiana 12 and 24 h after
treatment with LC,5 of chlorantraniliprole and indoxacarb resulted in synergism. But, synergism with LCy, of chlorantraniliprole
and indoxacarb was observed only after 12 h. Treating the larvae with B. bassiana 12 and 24 h after dichlorvos application,
resulted in additive effects. Treating the T. absoluta larvae with the fungus 36 h after application of the insecticides resulted in
additive effect in all treatments.

Conclusion: Based on the results obtained, simultaneous use of the chemical insecticides tested and B. bassiana can be
recommended for T. absoluta control except for dichlorvos. The combination effect can even be improved by allowing
appropriate time interval.

OTUTS5

Semiochemicals mediate the tritrophic interactions between tomato plant, the leafminer Tuta absoluta and the generalist
predator Macrolophus pygmaeus

L. De Backer’, R. Caparros Megidol, M.-L. Fauconnier’, Y. Brostaux’, F. Francis’, F. Verheggen1

"Université de Liége, Gembloux Agro Bio-Tech, Unité d'entomologie fonctionnelle et évolutive, Gembloux, Belgium

Université de Liége, Gembloux Agro Bio-Tech, Chimie générale et organique, Gembloux, Belgium

Université de Liege, Gembloux Agro Bio-Tech, Statistique, Informatique et mathématique appliquées a la bioingénierie,
Gembloux, Belgium

Idebacker@doct.ulg.ac.be

The invasive species Tuta absoluta Meyrick (Lepidoptera, Gelechiidae) originating from South America is a key pest in tomato
crops. Accidentally introduced in Spain, it has spread throughout Europe and North Africa within a few years. Macrolophus
pygmaeus Rambur (Heteroptera: Miridae) is currently released in tomato greehouses as a biocontrol control agent against this
leafminer. The effectiveness of predators partly lies in their ability to find their preys most likely by using volatile compounds
emitted by infested plants (HIPVs).
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In the present study we evaluated the ability of M. pygmaeus to use HIPVs to locate its prey. First, we found that M. pygmaeus
was able to discriminate non-infested versus infested plant in double choice bioassays and flight tunnel. Secondly, we collected
the volatile molecules released by T. absoluta-infested tomato plants. A total of 35 compounds were identified by gas
chromatography, including monoterpenes, sesquiterpenes and C6-compounds. Nineteen of these chemicals significantly varied
in quantities with the infestation level, and were used in the subsequent electrophyiological (EAG) assays, to determine whether
they were perceived by the olfactory apparatus of M. pygmaeus. Most of the T. absoluta induced-tomato volatiles (17 out of 19)
elicited electrical depolarization from M. pygmaeus antennae. Finally, we evaluated the behavioural responses of M. pygmaeus
to each EAG-active chemical in double choice olfactometer. We found that none of the behavioural responses were comparable
to those observed with natural blend. This study is a step forward in the understanding of M. pygmaeus attraction to T. absoluta
infested plants.
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OCPPII-1

Citrus Black Spot: history, epidemiology and pathways

P. Fouriel’z, E. Carstensl’z, V. Hattinghl’z, H. le Rouxl, T. Schuttel, L. Korstens, L. Hongye4, A. Miless, M. B. SpésitoG, M. Dewdney7
ICitrus Research International, Nelspruit, South Africa

2University of Stellenbosch, Stellenbosch, South Africa

3University of Pretoria, Pretoria, South Africa

4Zhejiang University, Hangzhou, China

5University of Queensland, Brisbane, Australia

6University of Sao Paulo, Piracicaba, Brazil

7University of Florida, Lake Alfred, United States

phf@cri.co.za

Citrus Black Spot (CBS) is primarily a cosmetic disease causing a variety of small black spots on mature citrus fruit, but in severe
cases in highly suitable climates can also lead to fruit drop. CBS has been researched over many years in South Africa, China,
Australia, Brazil and USA. Research findings are in agreement regarding CBS epidemiology and control measures. Despite the
fact that CBS has never been recorded to spread to new areas through movement of infected citrus fruit, and that CBS has never
spread to any part of the world with a Mediterranean type, winter rainfall climate, the European Union (EU) still regards
Phyllosticta citricarpa, the CBS pathogen, as an Al quarantine pathogen and imposed a zero tolerance of CBS on fresh fruit
imported from production regions where CBS occurs. This is contradictory to pest risk assessments (PRA) on CBS by SA and USA
that concluded citrus fruit is not epidemiologically significant as a pathway for introduction of P. citricarpa into new areas. This
study presents a global perspective on CBS occurrence, CBS epidemiology and pathways for spread and introduction. The
findings are discussed in context with the recent PRA on CBS conducted by the European Food Safety Authority (EFSA), which
was disputed by an international panel of CBS experts from Argentina, Australia, Brazil, SA and USA. Based on existing and new
scientific evidence, as well as their collective experience of 545 years of CBS work, the CBS expert panel concluded that it was in
agreement with earlier PRAs, conducted by SA and USA, in which it was concluded that fresh citrus fruit is not a realistic
pathway for CBS to enter, establish, and spread within the EU to cause significant economic impact on their citrus industries.

OCPPII-2

Challenges and Successes in Biological Control of Nematodes

B. Westerdahl

University of California Davis, Entomology & Nematology, Davis, United States
bbwesterdahl@ucdavis.edu

Introduction: The phaseout of methyl bromide stimulated development of new biological products for nematode management.
Objective: Evaluate the effectiveness of new biological products for managing nematodes on annual and perennial crops.
Materials and methods: Replicated field trials were conducted in California, USA. Various products were evaluated pre-plant on
annual crops, and post-plant on perennial crops. Products evaluated included: DiTera (Valent, toxins produced in fermentation
by the fungus Myrothecium verrucaria), Nema-Q (Monterey AgResources, an extract of Quillaja, the soapbark tree), MeloCon
(Certis USA, the fungus Paecilomyces lilacinus), abamectin seed treatments (Syngenta), and several products containing plant
growth regulators and micronutrients (Stoller USA).

Results: Many of the products evaluated were effective, but testing revealed new challenges for implementation. For example,
two products registered for post-plant use on perennial crops showed increases in yield, trunk circumference, and tree vigor,
but did not always reduce populations of root lesion nematode (Pratylenchus vulnus).

Conclusion: Newly developed products have been shown to be effective for biological control of nematodes. However,
challenges to implementation need to be addressed including developing application methods and timing, product storage and
shelf life, cost benefit analysis, and developing grower confidence in biological control.

OCPPII-3

Challenges in insecticide discovery and development: a case study
R. Nauen, P. Jeschke, R. Velten, M. Haas, J. Meyer, G. Raupach
Bayer CropScience, Monheim, Germany

ralf.nauen@bayer.com

Sivanto (common name: flupyradifurone) is a novel innovative insecticide belonging to the new butenolide chemical class. The
discovery of Sivanto™ was primarily inspired by the natural product stemofoline (isolated from the plant Stemona japonica). Its
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unique pharmacophore system represents a new bioactive scaffold selectively acting on the insect nAChR, one of the most
important target sites for modern insecticides.

The new butenolide-based chemistry provides a favorable pharmacokinetic and ecotoxicological as well as mammalian safety
profile. Due to its physicochemical properties allowing versatile application methods such as foliar, drench, drip and seed
treatment, Sivanto'™ offers excellent and fast efficacy against a broad spectrum of sucking pests such as whiteflies, aphids and
psyllids in many agricultural and horticultural settings.

The ready-to-use SL-formulation (soluble liquid) provides excellent adhesion, spreading and penetration properties on leaves
with improved translaminar efficacy and rain fastness. Due to its safety profile to honey bees and bumble bees as well as
beneficial insects, Sivanto perfectly fits into IPM systems and will be a sustainable tool to control sucking pests.

Sivanto™™ is active against resistant pests including cotton whiteflies and not metabolized by recombinantly expressed CYP6CM1,
a cytochrome P450 enzyme conferring metabolic resistance to neonicotinoids and pymetrozine. Sivanto™ received an IRAC
(Insecticide Resistance Action Committee) 4D subgroup classification, reflecting its unique chemical nature. Thus it is a new tool
for resistance management purposes especially against resistant aphid and whitefly species.

OCPPII-4

Advanced IPM in greenhouses: a smart balance between ecological services and innovating high tech

C. Poncet, C. Zijlstra, P. Boonekamp, F. Lescourret

Sophia Agrobiotech Institute, INRA French National Institute for Agricultural Research, Sophia Antipolis, France
christine.poncet@sophia.inra.fr

Nowadays, greenhouse crop production constitutes the ideal candidate for cutting age IPM approach.

Several decades of IPM implementation in greenhouse productions have given valuable insights into the strengths and
weaknesses of these strategies. Due to their intensive nature , these systems allow the setting up of a wide range of control and
monitoring tools relevant to precision horticulture. In particular, the goal of “pest-free greenhouses” through the development,
use and integration of early diagnostics and precise application technology, is well adapted to high-tech, i.e. closed or semi-
closed greenhouses. This issue has been addressed in the recently finished (2011- 2014) INTERREG Program ‘Healthy
Greenhouse’, supported by the EU and the Dutch and German provinces close to their joint border.

Nevertheless, low-tech greenhouses, with limited barrier against pest and disease entry, represent the most common
greenhouse profile nearly all over the world. In this case, owing to its median biotic complexity, this kind of agro-ecosystem is
also the most suitable candidate for the in depth investigation into ecological foundation of biological control strategies. This
issue has been tackled within the PURE project supported by the EU through the Seventh Framework Program. It has been
shown that, as biological control is a real part of IPM in protected cultivation via inoculative, inundative releases or conservation,
species biodiversity increases and induces many unexpected and even counter-intuitive direct and indirect interactions among
the trophic levels in the cropping system. We assume that building robust IPM strategies must involve characterizing the major
species functional properties as well as identifying complementary traits able to enhance ecosystem functioning.

The results of the INTERREG and PURE projects will be presented. Attention will be given to knowledge and technology transfer
from one greenhouse system to the other. Low-tech greenhouses might take over critical high-tech tools, which probably need
to be less advanced, and therefore less expensive to be incorporated in a low tech system. High-tech greenhouses might profit
from the knowledge of a resilient ecological balance between crop, pathogens, beneficials and environmental factors, as found
in the studies on low-tech greenhouses.

OCPP II-5

Moving towards a Non-Transgenic RNAi approach to control a chewing insect

E. Andradel, W. Hunterz, V. Andrade®

lEmbrapa, Cruz das Almas, Brazil

2Agricultura/ research Service/USDA, Subtropical Insects, Fort Pierce, United States
*Westwood MOA High school, Fort Pierce, Brazil

eduardo.andrade@embrapa.br

The discovery and use of RNA interference (RNAi) technology for insect pest management has been demonstrated under
laboratory and field settings (Bauman, et al 2007, et al., Hunter et al., 2010, Hunter et al., 2012). This new technology opens to
an environmentally-friendly control strategy, called “Highly Specific Pest Control’ (HiSPeC), which means, control a desired
target specie, with no effects on non-target species. The Diaprepes root weevil (DRW), Diaprepes abbreviatus (Coleoptera), is a
pest of citrus trees in that the larvae feed directly on the tree roots and the adults feed on the leaves. In order to develop RNAi
based approaches to control CRW, we screened dsRNA molecules designed to several CRW transcripts (single or combined).
Each dsRNA was tested in feeding bioassay designed for larvae or adult. For larvae, the dsRNA was mixed with the diet and
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individual larvae was let to feed on the diet/dsRNA for 10 days, when larvae mortality was scored. For adults, a dsRNA solution
was sprayed over a leaf bouquet, and after it dries, was caged with 20 adults. The bouquet was replaced every 5 days. Insect
mortality was recorded daily up to 15 days and compared with the controls (water and GFP dsRNA). RT-qPCR analysis was
carried out to evaluate down-regulation of RNAI targets. Among all dsRNA molecules tested, dsRNAs “F” and “S” induced higher
mortality to both life stages. Larvae mortality reach 60% with dsRNA “F” and 65% when we used a combination of dsRNA “F”
and “S”. It seems that the adults were more sensitive to dsRNA ingestion, as the mortality induced by a combined dsRNA “F” and
“S” reaches 84%. RT-qPCR analysis corroborates with mortality data. Furthermore, the higher mortality in adults was correlated
with a higher gene suppression compared to larvae. These results indicates that DRW is susceptible to orally ingested dsRNA,
open a possibility to use non-transgenic RNAI strategies to control DRW.

Baum et al., 2007. Control of coleopteran insect pests through RNA interference. Nat. Biotec., 25, 1322-1326.

Hunter et al. 2012. Advances in RNA interference: dsRNA treatment in trees and grapevines for insect pest population
suppression. Southwestern Entomol. 37(1):85-87.

Hunter et al., 2010. Large-scale field application of RNAi technology reducing Israeli Acute Paralysis Virus disease in honey bees.
PLoS Pathog., 6, p. €1001160.
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Rodent damage, management and rodenticide use in Europe

J. Jacob

Julius Kiihn-Institut (JKI), Institut fiir Pflanzenschutz in Gartenbau und Forst, Miinster, Germany
jens.jacob@jki.bund.de

Rodent population outbreaks of common voles (Microtus arvalis), field voles (M. agrestis) and water voles (Arvicola spec.) can
severely interfere with cropping in several agricultural and forestry sectors. During outbreaks, common voles infest millions of
hectares of agricultural land in Europe and can cause pre-harvest damage >100 million € at the country level.

Often, rodenticides are applied at large scale during outbreaks to manage overabundant pest rodent populations despite
environmental concerns. In the European Union (EU) only approved rodenticides are allowed be used in plant protection. During
recent years, the availability of such rodenticides for plant protection has decreased considerably partially because of shifting of
compounds and associated products to the biocide market. About 150 rodenticidal products are available for plant protection
and more than 1,600 biocidal rodenticidal products are registered currently in the EU.

The decreasing availability of rodenticides and environmental risk that can be associated with rodenticide use call for minimizing
the use of rodenticides and for suitable alternatives. Several non-chemical management techniques can be used to manage
overabundant rodents. However, efficacy and environmental risk are rarely quantified and all methods seem to have
disadvantages to some degree including conflict with conservation aims. This demonstrates the need to systematically assess
existing techniques and to develop more suitable methods or combinations of methods to reduce the negative impact of pest
rodents in cropping with an ecologically acceptable and economically feasible approach.

In this presentation damage will be quantified, the recent developments of registration of rodenticidal compounds and products
in the EU outlined and alternatives to the use of rodenticides in plant protection presented.
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Mitigation of root knot nematode damage in carrot production by a seed-delivered nematicide
J. O. Becker, L. Luders, J. Smith Becker, A. Ploeg

University of California - Riverside, Nematology, Riverside, United States

obecker@ucr.edu

California accounts for about 80% of the US fresh market carrot production. Root knot nematodes (Meloidogyne spp.) are the
primary cause of plant disease problems expressed as root galling and forking. Resulting production loss has been conservatively
estimated at 5-8% despite use of various soil fumigants. Currently no effective non-fumigant nematicide is registered in
California and no root-knot nematode-resistant cultivar is commercially available. There is considerable interest by stakeholders
and State agencies to reduce fumigant use because of their negative impact on air quality and potential exposure risk. In
greenhouse studies, seed coating with the microbial-derived nematicide abamectin, provided by Syngenta Crop Protection,
mitigated early root stunting by reducing root penetration of second-stage juveniles (J2) of the Southern root knot nematode M.
incognita. Reduction in root galling followed a positive dose-response up to the highest tested application rate of 0.016 mg
a.i./seed. Field trials with fresh market carrots (cv. Imperator 58) were conducted at two sandy loam test sites, both infested
with M. incognita (average P; 1= 95 J2/100 cm3; P;sire2 = 34 J2/100 cm3). Each 3-month long trial was set up as a randomized
complete block with 5 replications. Abamectin seed coating (0.016 mg/seed) reduced root galling by 54% and 32%, and
increased marketable yield by 47% and 27%, respectively compared to the non-treated control. In summary, the seed-delivered
biorational nematicide abamectin at approximately 40 g a.i./ha significantly mitigated root-knot nematode damage in carrots
and increased marketable yield. Nematicidal seed coating promises economical and environmental benefits and is a major
advancement for reduced risk farming.

O NEM II-2

BioAct™ DC Liquid - New Liquid Solution for Biological Control of Nematodes
P. Lath, U. Eiben, M. Rist, B. Hitzberger

Bayer CropScience, Malchow/Poel, Germany

peter.lueth@bayer.com

BioAct™ is a high-quality solution for nematode control available as WP (wettable powder) and WG (water-dispersible granules)
formulations based on living spores of the fungus Purpureocillium lilacinum strain 251. Bayer CropScience is further improving
BioAct™ by optimizating the fermentation process of the active fungus and by developing a liquid formulation of the spores.
Tests have shown enhanced soil penetration, more convenient handling and improved shelf-life based on an enhanced
temperature stability of BioAct™ DC Liquid.

O NEM 1I-3

Using bacterial antagonists of fungal pathogens for control of root-knot nematodes on tomato

M. Adaml, H. Heuerl, J. Hallmann®

!Julius Kiihn-Institut, Federal Research Centre for Cultivated Plants, Institute for Epidemiology and Pathogen Diagnostics,
Braunschweig, Germany

?Julius Kiihn-Institut, Federal Research Centre for Cultivated Plants, Institute for Epidemiology and Pathogen Diagnostics,
Miinster, Germany

johannes.hallmann@jki.bund.de

Introduction: Crop infestation by root-knot nematodes often facilitates infection by soil-borne fungal pathogens resulting in
synergistic yield losses. Individual control of each pathogen is time consuming and expensive. Within this respect, control
measures that target both pathogens at the same time would provide an ideal solution. Such option is seen in microbial
antagonists with dual use against nematode and fungal pathogens.

Objectives: To study the potential of bacterial antagonists of fungal pathogens to control the root-knot nematode Meloidogyne
incognita on tomato and describe the mode-of-action.

Materials and methods: Seven bacterial antagonists of Rhizoctonia solani and Verticillium dahliae applied as seed treatment
were screened for their potential to control M. incognita on tomato. Rhizobium etli G12 served as positive control and
Escherichia coli JIM109 as negative control. The top isolates were further tested regarding their mode-of-action, i.e. nematicidal
potential of bacterial supernatants, direct antagonism, repellence, and induced systemic resistance.

Results: Following seed application three Bacillus subtilis isolates, i.e. Sb4-23, Mc5-Re2 and Mc2-Re2, plus the positive control R.
etli G12 significantly reduced the number of galls and egg masses. Best control was achieved by Sb4-23 and R. etli G12 with over
90% reduction in number of egg masses. A soil drench with bacterial supernatants significantly reduced egg masses produced by
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M. incognita on tomato by up to 62% compared with the non-treated control. In choice tests bacteria treated plants showed a
tendency to be less attractive for M. incognita than non-treated plants. All tested bacterial antagonists induced systemic
resistance towards M. incognita as indicated in a split-root test system. When induced systemic resistance was combined with
direct antagonism overall control potential was not enhanced. Therefore, the plant mediated effect is seen as the main mode-
of-action of the tested bacterial antagonists in controlling M. incognita on tomato.

Conclusions: Bacteria known for their antagonistic activity against soil-borne fungal pathogens also suppressed M. incognita on
tomato. Such “multi-purpose” bacteria might provide new options controlling nematode-fungus disease complexes that cause
synergistic yield losses.

O NEM II-4

Endemic Pasteuria penetrans lIsolates for Root-knot nematode Control in Thailand

T. Khaithong, M. lemwimangsa, T. Sarapat, P. Thammakijjawat

Ministry of Agriculture and Co-operatives, Department of Agriculture, Bangkok, Thailand
khaithong@yahoo.com

Root-knot nematodes (Meloidogyne spp.) are the key plant parasitic nematodes which destroy several crops in Thailand each
year. Severe damages occur in many crops such as potato, tomato, chili pepper, black pepper, and guava. In addition increasing
problems have been reported in cassava. Root-knot nematodes control in Thailand depends on crop rotation and non-fumigant
nematicides; however, few nematicides are available. Biological control is an alternative option for root-knot nematode control.
Pasteuria penetrans (Sayre & Starr) Thorne is an obligate hyperparasite of root-knot nematodes which can destroy the fecundity
of a female nematode by the propagation of bacterial spores within nematode body. Endemic isolates of P. penetrans, which
may have higher efficacy for controlling local nematode populations, were collected and evaluated for their potential. Eight
Pasteuria isolates, obtained from root-knot nematode populations infected on Solanum tuberosum cv. Atlantic, Coleus
parvifolius and Capsicum annuum were evaluated in a greenhouse for the efficacy on M. incognita control. The experiment was
arranged in a completely randomized design with 5 replicates. P. penetrans isolates were applied at 10° spores/200 g soil and
compared with 0.1 g cadusafos 10 G, inoculated, and non-inoculated control. Each pot was inoculated with 600 second stage
juveniles. Five P. penetrans isolates reduced eggmass production on tomato roots lower than inoculated control. The numbers
of second stage juveniles in the soil were not significantly different from inoculated control. The percentage of spore-
encumbered juveniles in all P. penetrans treatments were low, the highest was 22.6%. However, higher percentage of spore-
encumbered juveniles is expected when spores produced in mature female nematodes embedded in the roots are released into
the soil. Endemic P. penetrans isolates showed promising results in M. incognita control. Therefore, screening for high infectivity
isolates against broad root-knot nematodes populations will benefit the development of these bacteria as biocontrol agents for
root-knot nematodes control in Thailand.

Figure 1 Figure 2
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Biofumigation using mustard for nematode disease control — Canadian contributions
Q. Yu

Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed Research Center, Ottawa

ging.yu@agr.gc.ca

Biofumigation sensu stricto refers to the suppression of pests, weeds, pathogens and nematodes by volatile biocidal compounds
mainly isothiocyanates released from Brassicaceous plants when glucosinolates in their tissues are hydrolysed. Biofumagation
for soil borne diseases, and pest control, results have not been consistent. In Canada, recent research using Canadian oriental
mustard (Brassica juncea L.) has shown great potential for nematode control. Allyl isothiocynate (AITC) is the most toxic
isothiocynates on several nematode pests such as root-lesion nematodes (Pratylenchus spp.), cyst nematodes (Heterodera spp.)
and root-knot nematodes (Meloidogyne spp.), and the toxicities are species selective. Canadian variety Forge has the highest
concentration of AITC, reaching up to 1% in it seeds. Different materials such as bran, seed meal and defatted seed meal have
significant different concentrations of AITC, therefore were shown different nematicidal activities. Physical properties such as
particle size; and environmental factors such as amount of water applied after application of materials also had effect on the
efficacy.

O NEM lI-6
Experiments on pathogenicity of Pasteuria spp. towards the Beet Cyst Nematode Heterodera schachtii as a novel biological
control method in in sugar beets
M. Daub’, C. Watrin®, R. A. Sikora®
Ljulius Kiihn Institute, Institute for Plant Protection in Field Crops and Grassland, Elsdorf, Germany
25yngenta Crop Protection, Alucha, Fl, USA, United States
3 . .
University of Bonn, Bonn, Germany
ulp40c@uni-bonn.de

The Beet Cyst Nematode (BCN) Heterodera schachtii is a major pest of sugar beets and is wide spread in German sugar beet
production systems. Currently chemical or biological control methods are not available in this pathosystem. Unfavorable
conditions for an appropriate cultivation of resistant catch crops drive the excessive use of tolerant sugar beet cultivars with
partial resistance in intensive production systems. Pasteuria spp. is distributed worldwide and belongs to a group of endospore
forming bacteria which parasitize on plant parasitic nematodes. The host range of Pasteuria spp. within genera level is not
confined strictly between nematode species, hence isolates from other Cyst Nematodes are known as potential antagonists of
BCN. Aiming at the development of new biological control method against BCN, greenhouse experiments with different
Pasteuria isolates (H. schachtii and H. gylcines) were conducted in co-operation with Syngenta Crop Protection. Using a
susceptible and a tolerant sugar beet cultivar as test plants Pasteuria spp was inoculated as a seed treatment with different
spore densities. As primary infection of BCN occurs in root penetrating second stage juveniles, 750 J2/100ml were inoculated as
suspension in test plants 10-14 days after germination in small pots (400 ml). After 250 degree days (>8°C) penetration of BCN in
roots of sugar beets was detected (staining with acid fuchsine). To find effects on the reproduction of BCN final population in
cysts of the first generation was detected in the test substrate after 550 degree days. In comparison to the untreated control
Pasteuria effectively reduced root penetration of BCN in susceptible sugar beet cultivars. Cyst density and reproduction of BCN
was significantly reduced in both sugar beet cultivars already at low spore densities in comparison to the untreated control.
Under field conditions Pasteuria possibly affects BCN reproduction not till a prolonged exposure time, since only a certain
proportion of juveniles successively leave the cyst over the crop rotation.
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New methodological approaches in stored product protection
T. Gaschl, A. Krihmer?

Yulius Kiihn-Institute, Stored Product Protection, Berlin, Germany
Julius Kiihn-Institute, Plant Analysis, Berlin, Germany
tina.gasch@jki.bund.de

The Department of Stored Product Protection at the Julius Kiihn-Institute Berlin is concerned with the prevention, early
detection and control of pest organisms impairing the quality and quantity of stored plants and plant products. Our presentation
will outline the progress of two projects currently under investigation in our laboratory and discuss the opportunities provided
for stored product protection practice.

One methodological approach exploits the release of volatile organic substances (VOCs) by almost every organism on earth:
Stored plants and plant products as well as pest insects and microorganisms associated with the insects and/or the stored
products produce specific VOCs. We hypothesize that the cumulated odor profile of this tripartite interaction is characteristic for
every stored product and pest species and likely to change over time, e. g. with temperature, humidity, and infestation level. Via
headspace analysis we sampled the odor profile of different infestation levels and analyzed it by gas chromatography-mass
spectrometry (GC-MS). On the basis of our findings, gas sensors tuned to recognize these odor patterns or individual marker
substances can be built and installed in storage facilities allowing an early detection and estimation of insect and/or fungal
infestations.

To take species-specific actions in case of an infestation, it is essential to identify the respective pest species. Thus, in a second
approach, attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopy is used to characterize cuticles and
surface extracts of different stored product pests. This technique allows fast chemotaxonomic discrimination of different insect
species, whereas traditional morphological species diagnosis is often time-consuming, requires profound entomological skills,
and can be unreliable in closely related species if only the phenotype is considered.

Acknowledgements: The authors thank Agnes Paul, René Griinwald, Mario Harke, and Tanja Geselle for their technical support.

0STO2

Succesful stored product protection with phosphine as an effective fumigant
G. Jakob

Detia Degesch GmbH, Technical Advice, Laudenbach, Germany

gerhard jakob@detia-degesch.de

The most important active ingredient worldwide used for controlling stored product pests is phosphine gas. Through its positive
properties with regard to eco-toxicity as well as its good penetration properties and the associated excellent effectiveness
against stored product pests, this gas has become indispensable for successful stored product protection over decades.
Meanwhile, tests indicate that some insect species have developed increased tolerance to the agent. Time and again the
question is raised whether and to what extent this agent can still be used successfully in stored product protection in future.
To resolve this issue, the goal of the described tests was to determine data on sufficient dosage and exposure time which would
show the conditions under which successful fumigation can be performed and how further development of resistance in insects
towards phosphine can be counteracted.
Laboratory experiments were conducted to determine the limiting concentrations in insect strains comprising grain weevil, flour
beetle and indianmeal moth which result in the complete extermination of all insect development stages.
In subsequent fumigation tests under practical conditions, it was shown that insufficient dosages and short exposure times can
frequently be regarded as the reason for unsuccessful fumigation and therefore contribute to the risk of the development of
tolerance in insects to the gas.
Depending on the various parameters which play a role in fumigation —

e properties of the product or object to be fumigated

o sufficient sealing

e temperature and moisture conditions

e insect species and its tolerance status

e insect development state
— it is obvious how important dosage and exposure time are in order to cope with all of the uncertainties caused by the factors
named above.
Recommendations for minimum dosage and exposure times are given.
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Influence of fumigants on sunflower seeds: Characteristics of fumigant desorption and alterations of volatile profiles

N. Austell, J. Schubertl, S. Fahrenholtzz, H. Jungnickell, L. Budnikz, A. Luch®

'German Federal Institute for Risk Assessment (BfR), Department of Chemicals and Product Safety, Berlin, Germany

’Institute for Occupational and Maritime Medicine (ZfAM), University Medical Center Hamburg-Eppendorf, Division Occupational
Toxicology and Immunology, Hamburg, Germany

nadine.austel@bfr.bund.de

Introduction: Fumigation of transport containers is common practice to protect stored products from pests in the shipping
industry or to avoid the spread of alien species (ISPM 15). However, little is known on the effects caused by residual fumigation
agents on human health and on the respective goods.

Objectives: To investigate absorption and desorption behaviour of fumigants by and from stored products, we fumigated peeled
sunflower seeds (Helianthus annuus) either with phosphine (PH;), methyl bromide (CH3Br), or 1,2-dichloroethane (C,H4Cl,). To
analyse the interaction of PH; with the sunflower seed ingredients, we analysed volatile patterns of fumigated and non-
fumigated seeds.

Materials and methods: Fumigations were conducted at 100 ppm for 72 h in 4 L fumigation chambers. After complete
ventilation, the seeds were transferred to a desorption chamber (53 L). Chamber air was sampled on consecutive days, each
time followed by complete ventilation of the chamber until the fumigant concentration attained the detection limit. Fumigant
concentration in air samples were analysed by thermal desorption-2D-gas chromatography with coupled mass spectrometry and
flame photometry detection (TD-2D-GC-MS/FPD). To investigate interactions of PH; with the ingredients of sunflower seeds, the
volatile pattern of non-fumigated, fumigated and fumigated but outgassed seeds were sampled via solid-phase micro-extraction
(SPME) headspace sampling and analysed by GC-MS.

Results: The total amount of desorbed fumigants depended strongly on the respective gas used. Compared to CH3Br or C,H,Cl,,
significantly reduced amounts of PH; were desorbed by the seeds. Desorption time of several months was observed for C,H,Cl,,
whereas PH; and CH;Br outgassed within several days. The volatile pattern of PH; fumigated and outgassed seeds was
significantly different from non-fumigated seeds. Fumigated seeds (outgassed seeds) released around 5 (3) times more
terpenoids than non-fumigated seeds.

Conclusion: Depending on the fumigant, desorption from the fumigated product can last several months and the fumigant is
able to interact with the ingredients of the product. This interaction with the good is likely to affect food characteristics.

0STO4

Comparison of toxicity between Ethanedinitrile (EDN) and Methyl bromide (MB) to five stored product insects

S. Thalavaisundaraml, Y. Renz, M. Agarwalz, P. Bruzekjuniora, P. Jakoubek *

'Linde Gases Division - Crop Science & Fumigation, Sydney, Australia

’Murdoch University, School of Veterinary and Life Sciences Post Harvest Plant Biosecurity Laboratory, Perth, Australia
*Lucebni zavody Draslovka a.s. Kolin, Kolin IV, Czech Republic

swaminathan.thalavaisundaram@boc.com

Introduction: Methyl bromide (MB) has been used to control stored product insects however, it is listed as an ozone depleting
substance under the Montrealprotocol (UNEP, 1996). Ethanedinitrile (EDN) is a new fumigant that has been identified as an
ozone safe alternative. It is highly toxic to stored product insects (Hooper et al., 2003).

Objective: The aim of this study was to conduct bioassays and compare the toxicity between EDN and MB to five stored product
insects.

Methods: Insects: Cigarette beetle, Lasioderma serricorne, Rice weevil, Sitophilus oryzae (L.) , Warehouse beetle, Trogoderma
variabile Ballion, Lesser grain borer, Rhyzopertha dominica (F.), Rust red flour beetle, Tribolium castaneum (Herbst). L.
serricorne, T. castaneum and T. variabile were used. Fumigants: EDN and MB were sourced from BOC Gases Australia.
Fumigation procedure: The fumigation was conducted in 250 mL Erlenmeyer flasks containing 50 g mixed-age cultures.The
control was maintained in a sealed bottle without fumigant until completion of exposure. Each fumigant treatment was at 5-7
levels of fumigant and in 5 replicates (n=5) and 3 controls. At the end of the fumigation period of 24 hours, the treated and
control bottles were opened for 1 hour of aeration. The adult insects counted and removed, and the remaining mixed-age
cultures were counted weekly for a period of 5 weeks with live and dead adults being removed at each count.

Results: Comparison of toxicity between EDN and MB to five species of insects for 6 and 24 hours of exposure at 25°C and 65%
RH is shown in Tables 1 and 2. Complete mortality was obtained in all mixed-age cultures of T. castaneum, R. dominica, S.
oryzae, T. variabile and L. serricorne (Table 1 & 2). Both MB and EDN were effective for all the life stages of five tested insect
species. However, the observed concentration x time (Ct) products of EDN, to completely kill all life stages of the five insect
species, were substantially lower than that for MB for both 6 and 24 hours fumigation.
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Conclusions: The study shows that EDN is more toxic than MB to all the life stages of the five test stored product insects and can
be used as a replacement of ozone depleting MB for stored product insects.

References: Hooper, J.L., Desmarchelier, J.M., Ren, Y.L and Allen, S.E (2003) Toxicity of cyanogen to insects of stored
grain.PestManagement Science 59: 353-357

UNEP. Eighth Meeting of the Parties to the MontrealProtocol on Substances that Deplete the Ozone Layer, Vienna (1996

Fl'ill::ee 1 .:lhsects emerzing from madia containing adults, pupas, larvaz and =223 fllowing no traatment (control), 2nd exposura to EDN and MB for 6 hours.
Ct product Baforz After Fusther live insscts emerging
Species Treatment | (mg hL) fumigation fumization after holdins for (days)
6 hours Live Live Dead 7 4 21 2 35
Tribolium Control 2415 2410 0 576 348 672 425 6064
cataEum EDN 18-22 3522 0 3’2 0 0 0 0 0
MB 8096 3474 0 3474 0 0 0 0 0
Rhyzopertha Control 3286 3286 0 615 27 581 279 3418
domirica EDN 1844 3347 0 3847 0 ] 0 0
MB 3551 4013 1 4014 0 0
Sitophilus Control 2018 2018 0 452 411 606 3n 5104
onzas EDN 2472 4102 0 4102 0 0 0 0 0
MB 4275 3916 0 3916 0 0 0 0 0
Laiodsrma Control 2176 2176 0 251 487 269 195 3126
servicorns EDN 2545 3573 0 3573 0 0 0 0 0
MB 35-120 3721 0 3721 0 0 0 0
Trogodsrma Control 2485 2483 2 174 318 451 372 3026
variabile EDN 30-63 3816 0 3816 0 0 0 0 0
MB 70-50 3623 0 3923 0 0 0 0 0
Figure 2
Tablz 2. Insects smerging from media containing adults, popas, larvas and sgzs Hollowing no treatment (control), and exposura to EDN and MB for 24 hours
Bafora After Futther live insacts emerging
S pecias Trzatment Ctprodue| fomization fumigation after holding for (days)
(mz hL)
M houss Live Live Dead 7 14 21 2 35
Tribolium Contral 3591 3591 0 309 356 239 521 4138
castansum EDN 18-2 4209 4209 0 0 0 0
MB 7582 4114 4114 0 0 0 0
Rhyzopsrtha Ceontrol 3708 3706 2 314 273 330 362 5025
dominica EDN 2147 4150 0 4150 0 0 0 0 0
MB 4555 4283 1 428 0 0 0 0 0
Sitophilus Control 4011 4011 0 372 261 406 317 4518
orvzas EDN 23-75 4112 1 4111 0 0
MB 38-80 3961 0 3961 0 0 0
Laioderma Control 2516 2516 0 194 286 331 528 3207
senricorns EDN 2546 3024 2 3022 0 0
MB 30-124 3218 1 3217 0 0 0
Trogodsrma Ceontrol 2193 2189 4 247 154 367 253 2196
variabile EDN 3565 3118 4 3114 0 0 0 0
MB 6591 3261 3258 0 0 0 0
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Toxicity of Newbouldia laevis against the Angoumois grain moth, Sitotroga cerealella (Olivier) in paddy rice
M. Ashamo™’

'Federal University of Technology, P.M.B 704, Akure, Nigeria, Department of Biology, Akure, Nigeria

’Federal University of Technology, Department of Biology, Akure, Nigeria

oashamo@yahoo.com

Toxicity of powders and extracts of Newbouldia laevis (Seem) against Sitotroga cerealella (Olivier) in paddy rice was carried out
in the laboratory at temperature of 284+2°C and relative humidity of 75£5%. The powders of the leaf, stem and root were tested
at 0.1, 0.2, 0.3, 0.4 and 0.5g per 20g of paddy rice and the extracts of same plant parts were assessed at 1, 2, 3, 4 and 5% oil
concentrations. Results showed that all the plant powders caused high mortality, significantly reduced oviposition and adult
emergence of S. cerealella and their effects were not significantly different (p>0.05) from each other but different from the
control. Powder from root of N. laevis was able to achieve 100% mortality of S. cerealella at 0.5g concentration at 96hrs after
treatment with LDs, of 2.07. Seed weight loss in paddy was reduced by the powders. Extracts from all plant parts caused 100%
mortality of S. cerealella at high concentrations of 4 and 5% oil after 96hrs. However, root bark oil extract appeared to be most
effective since it was the only one to achieve 100% adult moth mortality within 72h of application at 4% concentration with LCsq
of 1.58. The extracts reduced adult emergence of the moth and there was no adult emergence at 4 and 5% oil concentrations.
Similarly, there was no seed weight loss at 4 and 5% concentrations from all the plant parts. Water absorption capacity as well
as viability of the treated paddy seeds were not affected by the oil extracts since results of treated seeds were not significantly
different (p>0.05) from the controls. Root powders and extract of N. laevis appeared to be more effective than other plant parts.
Results from fumigation activity showed that N. laevis was not a good fumigant since values from mortality, adult emergence
and seed weight in treated seeds were not significantly different from that of control. Therefore, the use of N. laevis especially
by small scale farmers may serve as an alternative to synthetic insecticides.

0STO 6

Effects of hermetic storage on insect pests, microbials, oxygen levels, moisture content, and stored product quality
C. Adler, A. Ndomo-Moualeu

JKI, OPV, Berlin, Germany

cornel.adler@jki.bund.de

The best way to reduce losses and keep the quality of stored food or feed products is to prevent infestation. One can prevent
immigration of stored product pests by hermetic enclosures. This is not yet common because low world-market prices
prevented innovation in the past decades. Since 2008, however, the value of grain and other durables increased considerably. In
a recent project on long-term grain storage in sealed warehouses we could prove that an insect-proof seal can prevent attack
while grain quality is not affected. If we look at silobag storage or hermetic triple bags used for grain storage it is important to
completely understand all changes produced inside a gastight enclosure. At high moisture contents germeability as an indicator
of grain quality decreases. At moderate moisture contents and high temperatures respiration of grain, arthropods and micro-
organisms may lead to a rapid reduction of oxygen. Some results indicate that under this type of storage mycotoxin levels can be
kept at much lower levels than under conventional, aerated conditions. As a number of insects are potential penetrators of
packaging materials it needs to be well understood when insects will be motivated to destroy the barrier film securing a gas-
tight seal. In general, young adult beetles of the bostrychid and anobid families tend to leave an infested product to mate and
oviposit. Drawing a vacuum or applying controlled atmospheres could possibly reduce the critical time when a plastic liner can
be punctured from inside. A penetration by insects from outside is improbable as long as attractive, volatile organic compounds
do not leak through the seal. In recent studies, penetrators destroyed only LDPE films of 25 um but not those of 100 um
thickness. If chemotaxis triggers this penetration is not yet proven. Results will be discussed with other findings.
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Identification of different Fusarium spp. on Allium spp. in Germany

B. Boehnkel, P. Karlovskyz, K. Pfohlz, A. Gamliels, Y. Isaak3, H.-W. Dehne’

Rhenische Friedrich-Wilhelms University Bonn, Inres- Phytomedicine - Plant Disease and Plant Protection, Bonn, Germany
2Georg-August-University, Molecular Phytopathology and Mycotoxin Research, Goettingen, Germany

3Laboratory for Pest Management Research, Institute of Agricultural Engineering (ARQ) - The Volcani Center, Bet Dagan, Israel
bboehnke@uni-bonn.de

The most important Fusarium species causing Fusarium basal rot of onion is Fusarium oxysporum in Germany. However, in
Mediterranean countries like Israel the Fusarium salmon blotch caused by Fusarium proliferatum is more important than F.
oxysporum. The aim of the survey was to evaluate different Fusarium spp. infecting onions and show the increasing importance
of mycotoxin producing fungi like F. proliferatum in Germany. In 2013 Allium cepa bulbs from different fields in Northern and
Southern Germany, seeds and sets from German onion breeders as well as different edible Allium spp. from local markets were
detected for infestation with Fusarium sp.. Different Fusarium spp. were isolated and identified by morphological
characterization. More than 20 different Fusarium spp. were identified. The examined Allium seeds were free of Fusarium
infection, but Fusarium contamination on the surface were detected. The diversity of Fusarium spp. and the intensity of
infestation was higher on edible bulbs compared to the younger sets. The most common species in onions from field are F.
oxysporum and F. solani. On average 4 different Fusarium spp. per onion field and 2 different Fusarium spp. per onion were
detected. The analyzed onions and other eatable Allium spp. from local markets showed also a high content of different
Fusarium spp.. Fusarium sp. was identified in Allium sp. with visible symptoms and in healthy looking onions. The main identified
Fusarium sp. in Allium sp. in Germany was F. oxysporum. Fusarium proliferatum could be detected in about half of the sampled
onion fields and in approximately 10% of all analyzed onions. Also in the onion sets, on the surface of the seeds and in other
eatable Allium spp. F. proliferatum were identified. Besides F. proliferatum further mycotoxin producing Fusarium spp. like F.
equiseti or F. tricinctum were identified. Other Fusarium spp. like F. sporotrichioides and F. poae were first described in Allium
sp. The two main Fusarium spp. are able to produce toxins like Enniatins, Fumonisins, Moniliformin and T-2 toxins. Further
detected Fusarium sp. like F. proliferatum, F. equiseti and F. tricinctum are able to produce additional mycotoxins like
Beauvericin, Zearalenone and Diacetoscirpenol. This broad spectrum of possible Fusarium mycotoxins could be a potential
health risk for human beings and livestock.

OFUS2

Cultivar selection and soil treatments to suppress Fusarium wilt in bunching spinach in Ontario, Canada
B. CoIIinsl, M. R. McDonaIdl, S. Westerveldz, L. du Toit®

1University of Guelph, Plant Agriculture, Guelph, Canada

’Ontario Ministry of Agriculture, Food and Rural Affairs, Simcoe, Canada

3Washington State University, Mount Vernon, United States

mrmcdona@uoguelph.ca

Objective: To identify effective management practices to reduce Fusarium wilt losses in spinach through cultivar evaluation, and
evaluation of seed and soil treatments.

Methods: Field trials were conducted in July and August of 2012-14 in naturally infested soils in Hamilton, Ontario, Canada. In
2012, 25 commercial cultivars were screened for susceptibility to Fusarium wilt, eight of which were evaluated again in 2013.
Pre-plant soil fumigants and amendments were evaluated for control of Fusarium wilt in 2013-14. Treatments were: spent
mushroom compost (75 t/ha), oriental mustard seed meal (Must Grow, 1120 kg/ha), calcium cyanamide (Perlka, 1000 kg/ha),
and fumigants metham sodium (Busan, 730 kg/ha), dazomet (Basamid,500 kg/ha) and chloropicrin (Pic Plus, 108 L/ha (2014
only)). A high nitrogen (200 kg/ha N) control was also included to reflect the additional N provided by Perlka and Must Grow.
Results: The cultivars Norgreen, Unipack 12 and Greyhound developed the most severe Fusarium wilt in both years: 28, 23 and
19% severity, respectively. In contrast, C2606, Carmel, Sardinia, POH-0438 and Imperial Green had <14% wilt severity in both
years. Disease severity was low in 2013, but Busan, Basamid and high N soil treatments reduced wilt severity. In 2014, Basamid
and Pic-Plus reduced disease severity to 3 and 1%, respectively, while Busan and high nitrogen reduced disease severity to 7 and
6%. Wilt severity was similar on spinach treated with Perlka (13%) and compost (15%) and the untreated control (14 %).
Application of MustGrow increased wilt severity to 25%. The population of F. oxysporum in soil was reduced by pre-plant
applications of Busan, Basamid, and Pic-Plus to 162, 75 and 0 CFU/g soil, respectively, vs. 9750 CFU/g in control plots.
Conclusions: Fusarium wilt of spinach can be managed by selecting less susceptible cultivars and preplant application of
fumigants Pic Plus, Busan, Basamid or high nitrogen.
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Influence of nitrogen fertilization in barley on the epidemiology of selected Fusarium species
K. Hofer, G. Barmeier, A. Coleman, M. Hess, R. Hiickelhoven

Technische Universitét Miinchen, Chair of Phytopathology, Freising, Germany
katharina.hofer@mytum.de

Fusarium head blight (FHB) of barley is known as a destructive disease. The infection results in yield loss, quality reduction and
mycotoxin contamination of grain. FHB is caused by a complex of several Fusarium species. Beside toxin spectra species vary in
their epidemiology and respond differently to environmental and agronomic factors. In addition to soil cultivation methods, crop
rotation and barley variety selection, other agronomical tools are necessary to prevent Fusarium infection and infestation,
especially due to existing persistent lack of barley adapted and licensed fungicide strategies. Therefore, nitrogen application as
feasible preventative measure, including potential incalculable risks, is in the focus of the present study.

Nitrogen fertilization acts indirectly by changing canopy parameters like micro-climate conditions on the host-parasite-
interaction as well as directly by influencing plant physiology.

Field trials were carried out to compare selected Fusarium species in response to different nitrogen fertilization levels. RT-qPCR
measurements detecting Fusarium contamination on barley material were combined with collecting detailed information of
canopy parameters. In doing so, distinct differences between single Fusarium species became apparent. Nitrogen fertilization
yielded in supportive and reductive effects for specific Fusarium species at which parameters like canopy density, microclimate,
degree of soil coverage, plant height and greenness might have played important roles. More detailed information about the
influence of single factors will be revealed by correlation analysis.

Greenhouse experiments with inoculation treatments were conducted to investigate the effect of nitrogen fertilization on plant
immune responses. For these purposes, barley plants were grown under greenhouse conditions and inoculated with F.
culmorum at the time period of anthesis. Initially, gene expression studies were used to select relevant targets for future
examination of nitrogen influence on Fusarium infection and infestation on barley plants.

First of all, generated information could support the choice of agronomical tools like nitrogen fertilization to prevent Fusarium
infestation. Above all, a more detailed knowledge about Fusarium epidemiology and Fusarium-barley-interactions will
contribute to future improvements and developments towards effective fungicide control strategies.

OFUS4

Multitrophic interactions for the biocontrol of Fusarium Head Blight
S. Sarrocco, F. Valenti, G. Vannacci

University of Pisa, Food, Agriculture and Environment, Pisa, Italy
sabrina.sarrocco@unipi.it

Introduction: Fusarium Head Blight (FHB) is one of the most important diseases of wheat, caused by a complex of species
including Fusarium graminearum and Fusarium culmorum and competition plays an important role in biological strategies for its
control.

Trichoderma gamsii 6085, whose genome was recently sequenced and annotated, is a known antagonist of F. graminearum and
F. culmorum. Fusarium oxysporum is considered a competitor for cultural debris with a greater saprophytic ability than many
FHB causal agents.

Objectives: Aim of the work is to investigate the possibility to combine T. gamsii 6085 and F. oxysporum 7121 as biocontrol
agents (BCA) of FHB, with particular emphasis to the ecology of this interaction.

Materials and methods: The BCA T. gamsii 6085 (T6085) and F. oxysporum 7121 (Fox7121), this last here selected within a large
population of isolates, were investigated for their nutrients utilization patters (BIOLOG system) and compared with those of F.
graminearum and F. culmorum in order to verify their co-existence or niche exclusion (NOI=Niche Overlapping Index). The two
BCAs were also studied, alone and in combination, for their competitive ability on wheat debris against F. graminearum.

Results: BIOLOG analysis underlines the ability of Fox7121 to use the higher number of nutrients than T6085 and the pathogens.
When nutrients utilization patterns were analysed at the end of the test, resulting NOI showed a high niche overlapping.
Anyway, regression analysis of growth curves for each substrate showed a different slope, corresponding to significant
differences in assimilation rate for each isolate, highlighting diverse nutritional dominances.

When tested for their competitive saprophytic ability, T6085 and Fox7121 were able to significantly reduce, alone and mostly in
combination, wheat straw colonization by F. graminearum, whereas no competition between the BCAs was evident.

Conclusion: The co-existence of different isolates, confirmed by ecological studies, can help the choice of appropriate BCAs,
mostly in a multitrophic perspective. Results here obtained show a potential exploitation of F. oxysporum in combination to T.
gamsii 6085, thus opening a new scenario for the biocontrol of FHB.
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Compost and biochar alter root exudation and root morphology in Fusarium oxysporum infected tomato plants

S. Steinkellner, K. Hage-Ahmed, A. Akhter, C. Morauf

University of Natural Resources and Life Sciences Vienna, Department of Crop Sciences, Division of Plant Protection, Tulln, Austria
siegrid.steinkellner@boku.ac.at

Soil amendments like compost and biochar are known to affect soil properties, plant growth as well as soil-borne plant
pathogens. Complex interactions based on microbial activity and abiotic characteristics are supposed to be responsible for
suppressive properties of certain substrates. However, the specific mechanisms of action are still widely unknown. Here we
show the effect of compost and biochar towards the tomato pathogen F. oxysporum f. sp. lycopersici (Fol). We focused on
disease development, the modification of tomato root morphology and changes in root exudates. Inoculated and mock-
inoculated tomato plants were grown in different substrates (control, 20 % compost, wood biochar, green waste biochar). Root
exudates were extracted, adjusted to the root fresh weight and studied in spore germination and mycelial growth assays. The
root systems were scanned and analyzed using of the software WinRhizo® in order to identify their morphological traits. Our
results showed that F. oxysporum f. sp. lycopersici clearly affected root lengths, root weight, root surface area and root volume.
Moreover, an increase in fine root fraction and specific root length was observed in infected plants. We found, that compost and
biochars altered root exudates differently. Microconidia germination was lowest in root exudates from tomato plants grown
with the amendment of green waste biochar. To our knowledge this is the first report on the effectivity of biochar and compost
in suppressing Fol through alteration in the root exudates.

OFUS6

Mixed Actinomcetes as biocontrolagent against fusarium oxysporum TR4 in 'Cavendish' banana

J. PauIitel, . Papaz, T. Zulaybarz, P.G. Morenoz, A. J. Movidaz, S. Excondez, V. Ugay2

Kapalong College of Agriculture, Sciences and Technology, Agriculture, Davao del Norte, Philippines
2University of Southeastern Phillippines, Agriculture, Tagum City, Philippines
jesrylpaulite89@gmail.com; iwapapa@yahoo.com

Banana is one of the major fruits in the Philippines in terms of volume of production and export earnings. The Philippines export
of fresh Cavendish banana ranked No.1 with 22% share. One major threat to the industry is Fusarium wilt caused by Fusarium
oxysporum f. sp. cubense. It tops as a major concern today affecting the Philippine banana industry since 2002 up to the present
in Mindanao. Because of environmental and health issues concerning the use of chemical pesticides in the control of diseases,
utilization of microorganisms has been significant in recent years as a promising alternative. This study aims to evaluate the
potential of actinomycetes to control Fusarium wilt in Cavendish banana.

Actinomycetes were isolated from mangrove soils in areas in Quezon and Bataan, Philippines. A total of 199 actinomycetes were
isolated and 82 actinomycetes showed activity against the local Fusarium oxysporum (Foc) by agar plug assay. Best isolates AQ®6,
AQ30 and AQ121 were selected inhibiting Foc by 21.0mm, 22.0mm and 20.5mm, respectively. The same actinomycetes
inhibited well Foc Tropical Race 4 showing 24.6 mm, 20.2mm and 19.0 mm zones of inhibition by agar plug assay, respectively.
Combinations of the three isolates yielded an inhibition of 13.5 mm by cup cylinder assay. These findings led to the formulation
of the mixed actinomycetes as biocontrol agents against Foc.

A field experiment to evaluate the formulated mixed actinomycetes against Foc in a Foc infected field in Sto Tomas, Davao Del
Norte, Philippines was conducted. Results showed that preventive method of application of the mixed actinomycetes against
Foc showed promising results. A 56.66% mortality was observed in control set-up (no biocontrol agent added)) compared to
33.33% mortality in preventive method. Further validation of the effectiveness of the mixed actinomycetes as biocontrol agent is
presently being conducted in Asuncion, Davao Del Norte, Philippines.
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A new method to assess the impact of invasive alien species on ecosystem services and biodiversity
G. Gilioli", G. Schrader’

1University of Brescia, Department of Molecular and Translational Medicine, Brescia, Italy

%Julius Kiihn Institute, Institute for National and International Plant Health, Braunschweig, Germany
gianni.gilioli@unibs.it

Introduction: The risks by invasive alien species (IAS) increase due to increased global trade, transport, tourism and climate
change. The assessment of impacts caused by such species on the environment is of increasing interest for decision-makers and
risk managers. To prevent or reduce impacts on ecosystem services (ES) and biodiversity components (BC), it is essential to
assess these as soon and as accurate as possible.

Objectives: A new framework is presented to enable the risk assessor to evaluate the overall environmental risk of a plant pest,
which integrates the impacts on ES, as well as on BC and their probabilities of occurrence.

Materials and methods: The framework is based on the definition of a scenario for the assessment. It includes the consideration
of the IAS abundance or prevalence, the temporal and a spatial scale, and one or several service providing unit(s) (SPU) i.e.
environmental components or units responsible for the genesis and regulation of the ecosystem services. Factors reducing the
impact of the IAS due to the ecosystem resistance and resilience or to the management measures applied against the IAS have
to be considered. According to the species to be assessed the ES (e.g. food, air quality, erosion reduction) and the BC (e.g.,
genetic diversity, impact on rare species) that could be affected by the IAS are selected. The assessment is done by considering a
rating system that can combine data modeling and expert knowledge elicitation. Quantitative measures are used to assess the
uncertainty.

Results: The method has been applied to several species in different environments, as e.g. forests, urban and aquatic
ecosystems. The impacts of the IAS on ES and BC are then evaluated regarding their magnitude and the degree of uncertainty is
calculated. Thus, comparable, transparent and reproducible results for environmental risk assessment as a component of pest
risk analysis are generated by a standardized approach. The method is implemented in a platform supporting a more efficient
environmental risk assessment.

Conclusions: This new method efficiently supports the integrated assessment of the impacts of IAS on important components of
the environment combining data modeling and expert judgments. This helps the risk manager to make decisions about the
measures taken against the assessed IAS.

OAIS2

Chances and constraints of risk assessment in plant health
G. Schrader

Julius Kuehn Institute, Plant Health, Braunschweig, Germany
gritta.schrader@jki.bund.de

Introduction: Trade, travel, and transportation bear the risk to carry organisms harmful or potentially harmful to plants from
one area to another. Several methods exist to assess the probability of entry, establishment, spread and the magnitude and
likelihood of impacts, but often risks are identified when it is already too late and the organism has already entered the new
area.

Objectives: The assessment of pest risks to plants faces several difficulties - e.g. lack of data, uncertainties about the organism’s
behavior and adaptation capacity, difficulties to predict spread and impacts over a long term. Risk assessment methods have to
consider all of these and to give an evaluation whether phytosanitary measures are needed and which could be effective. The
objective here is to critically review some of the available methods and to discuss aspects on how they would need to be
improved to give more precise and timely advice.

Materials and methods: Current methods applied in the EU are mostly qualitative. Based on expert judgment, ratings are given
to a set of questions for the different aspects of a risk assessment, also considering uncertainty. For some parts of the risk
assessment, modeling approaches have been applied, which can help to fill data gaps. The introduction and spread of several
pests in relation to the assessments that have been made for these pests were evaluated to identify the main constraints of the
assessments.

Results: Qualitative methods are already quite advanced, but very long and detailed, needing a lot of time while the organism
may already enter and spread. Quantitative methods could help to accelerate the assessment but they still need to be further
developed.

Conclusions: An analysis of the different methods, both qualitative and quantitative, shows the need for accelerating the
process and applying methods that help to compensate data gaps. With a more quantitative approach, it could be possible to
give more timely warnings for emerging pests.
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Invasive alien plants — impact, risk assessment and management options
U. Starfinger, G. Schrader

Julius Kiihn Institut, Inst. f. Pflanzengesundheit, Braunschweig, Germany
uwe.starfinger@jki.bund.de

Introduction: Noxious organisms may be harmful for biodiversity, health and economic goals. They are consequently addressed
by different sectoral policies such as Plant Health or Nature Conservation. Invasive alien plants are typically the subject of both
environmental (e.g., the CBD) and plant health (e.g., the IPPC) conventions. In comparison to pests and diseases which are
immediately harmful, invasive alien plants can become noxious after a lag phase of sometimes decades.
Objectives: In this presentation, the multitude and potential extent of impacts of the entry and establishment of invasive plant
species, the potential of risk assessment schemes to predict damage before or at an early stage of an invasion, and the available
measures that can prevent, mitigate or contain the negative consequences of an invasive plant species will be illustrated.
Material and methods: In order to demonstrate the objectives mentioned above, we will use the following examples, outlining
in particular the invasion process, damage, and the assessment of damage:

e Prunus serotina, a North American forest tree that is a major problem in forestry in nature conservation in several

European countries,

e Ambrosia artemisiifolia, a herb with negative impact on both human health and agriculture,

e Ludwigia grandiflora, an aquatic plant at an early invasion stage in some European countries.
Results: We argue that in addition to legal measures like the new EU Regulation on Invasive Alien Species, instruments of the
phytosanitary sector may successfully be applied to decrease the risk posed by invasive plant species. This is in line with the
International Plant Protection Convention that has recently published an annex to its standard on risk assessment dealing
particularly with invasive plants.
Conclusions: The introduction and spread of invasive plants have had severe negative consequences for biodiversity and
negatively affected ecosystems services. In order to prevent new invasions as far as possible, risk assessments are needed in
order to describe the risks before a plant species is imported.

OAIS4

When an insect incursion comes with a package: Management of the recently arrived tomato potato psyllid and the pathogen
it vectors
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S. Thompsonl’2
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4’1'2, M. Davidsonl, G. Walkers, R. Butlerl, P. Weintraube, D. Logans'z,

Since the tomato potato psyllid (TPP), Bactericera cockerelli (Sulc) (Hemiptera: Triozidae), was first recorded in New Zealand in
2006 it has caused severe economic losses for the capsicum, tomato, potato and tamarillo industries. Only in 2008 was the full
impact realized, when zebra chip (ZC) disease symptoms, similar to those observed in Mexico and the United States, were
observed in South Auckland potato tubers. In the same year, researchers detected a bacterial plant pathogen, Candidatus
Liberibacter solanacearum (CLso), in tubers showing ZC symptoms, other solanaceous crops and B. cockerelli. The first industry
response was to control the vector using insecticides. Now, more fundamental understanding is sought of the vector-pathogen-
plant host interaction, which is critical for effective and sustainable vector management. Our overall research aim is to provide
sustainable TPP management strategies that complement ongoing Integrated Pest Management programmes for potato crops.
Field trials were conducted to develop action thresholds based on the phenology of TPP, to use Degree Days to initiate a spray
programme, to test the efficacy of reduced spray programmes, to evaluate the visual response of TPP to different coloured and
sized sticky traps, to assess the optimum trapping height, and the role of non-crop host plants in the population ecology of TPP.
In shadehouse trials, the impact of psyllid feeding on potato yield was assessed, and the impact of tuber-borne CLso on
emergence, growth and yield of different cultivars. Reduced spray programmes and a threshold were successfully developed in
the North Island. Non-crop host plants were found to be important in the psyllid’s population ecology and as reservoirs of the
pathogen in the absence of crops. The shadehouse trial showed tuber-borne CLso carried in volunteer potatoes may perpetuate
disease pressure. Numbers of tubers decreased as the application stage of TPP on the plant became later, indicating greater
consequences at certain developmental stages. Our knowledge of the vector-pathogen-plant host interactions has increased,
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providing guidelines that are being applied by North Island potato growers. Additional research on spray programmes and
thresholds is needed for the South Island.

OAIS5

‘Candidatus Phytoplasma mali’ - a molecular characterization of an emerging phytoplasma species in Croatia
J. PIavecl, l. Krizanacl, Z. Budinscakl, D. Ivicl, D. Skoricz, M. Seruga Music®

'CCAFRA- Institute for Plant Protection, Zagreb, Croatia

ZUniversity of Zagreb, Department of Bioloy, Zagreb, Croatia

martina.seruga.music@biol.pmf.hr

Introduction: A survey on the presence and diversity of phytoplasmas infecting fruit trees and their vectors in Croatia has been
conducted since 2002. Although the presence of ‘Candidatus Phytoplasma pyri’ and ‘Ca. P. solani’ was sporadically associated
with symptomatic apples, there was no direct evidence of the ‘Ca. P. mali’, the main etiological agent of Apple proliferation
disease (AP) in neither plant nor insect vector samples.

Objectives: The aim of this study was to reassess the presence of the ‘Ca. P. mali’ in Croatian orchards as well as to investigate
the variability of detected genotypes by multilocus sequence typing (MLST) analysis.

Materials and methods: Throughout 2011 and 2012, orchards from all fruit growing regions of Croatia were surveyed for AP
symptoms and nearly 70 samples of different apple varieties were collected. Psyllid samples were collected in 2012 from two
selected orchards in the north-western part of the country. Total nucleic acids were extracted and PCR/RFLP analysis of
phytoplasma 16S rDNA was performed by using P1/P7 primers in a direct PCR assays followed by nested PCR using R16(X) F1/R1
primers. Amplicons from nested PCR were digested with Rsal and Sspl to determine the affiliation to the ‘Ca. P. mali’ species. To
confirm the results, real-time PCR amplifying 16S rDNA was also performed. Furthermore, pnp, secY, imp and aceF genes were
amplified using newly designed primers. All obtained amplicons were sequenced and phylogenetic analyses were performed.
Results: For the first time, in 2011, the occurrence of ‘Ca. P. mali’ was detected in samples collected from seven locations in
continental as well as Adriatic Croatian regions while the survey in the following year revealed one additional location with the
‘Ca. P. mali’ occurrence. The analysis of psyllid vectors revealed one positive finding of ‘Ca. P. mali’ in female specimen of
Cacopsylla picta from an orchard in the north-western Croatia. PCR/RFLP results were consistent with the results obtained by
real-time PCR. Phylogenetic analysis of pnp, secY, imp and aceF gene sequences revealed considerable diversity among Croatian
AP strains with pnp being the most variable.

Conclusions: This is the first molecular detection as well as the MLST analysis and genotyping study of ‘Ca. P. mali’ in Croatia,
from both apple and insect vector species.

O AIS6

Monitoring of European corn borer (Ostrinia nubilalis HUBNER) with Trapview AURA
M. Rak Cizejl, M. Stefancicz, M. Stefancicz, G. Belusic®
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European corn borer (ECB) is one of the most economically important pests worldwide. Unlike some other pests it cannot be
reliably monitored using pheromone traps, while light traps are proven to be the most appropriate monitoring tool for this pest.
Unfortunately, standard light trap require lots of infrastructure and maintenance. Therefore we were looking for alternatives
from the emerging automated pest monitoring field in order to simplify ECB monitoring and make it more accessible for
everyday use.

Monitoring of ECB on hops in Savinja valley is performed with light traps for the last 40 years. Different factors, like climate
changes and placement of relevant crops require adoption of placement and quantity of traps. However limited access to
adequate power sources in the fields, sensitivity to summer rains and lack of manpower are significant limitations which are very
difficult to overcome.

To address these issues Trapview AURA (TVA) was introduced. It is a light trap with remote sensing capabilities. Its advantages
are: complete power self-sufficiency, ease of use, providing data of catches in near-real time and high resistance to unfavourable
weather events. The main objective of the experiment was to determine its efficiency in comparison with standard monitoring
trap for ECB.

TVA is based on delta trap, enhanced with electronics, power supply and time controlled LED light source, which emits optimal
light for ECB vision. The experiment was carried out on two locations in the hop fields area in Savinja valley in Slovenia in year
2014.
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TVA caught only 7-10% (depending upon location) of ECBs in comparison with catches from classical light trap, however the
dynamics of catches was similar. In terms of energy efficiency, automated trap was nearly 30 times more efficient. It also proved
significantly more reliable and easier to maintain.

In order to produce reliable forecasts for plant protection it would be necessary to spread the network of monitoring spots, but
with the classical light traps this is usually not feasible. TVA can be a good substitute for standard light traps. In the future we
will focus on increasing number of catches (compared to standard light traps) and on interpreting TVA catches.
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Climate Change Effects on Expression of Resistance to Insect Pests: Implications for Pest Management and Sustainable Crop
Production

H. C. Sharma
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Chemical composition of plants will change in direct response to global warming and climate change, affecting growth and
development of insect pests. Moisture stress will lead to either an increase or decrease in insect damage. Water stressed pants,
in general, are more susceptible to insect pests. Atmospheric humidity also interferes with insect-plant interactions as it
influences detection of host plant odors, and thus, may influence host finding and antixenosis mechanism of resistance to
insects. Increased levels of CO, will enhance plant growth, but may also increase the damage caused by some phytophagous
insects. Increased CO, may result in a slight decrease in nitrogen-based defenses (e.g., alkaloids), but increase the carbon-based
defenses (e.g., tannins). Environmental factors such as soil moisture, and atmospheric temperature and humidity have a strong
influence on expression of Bacillus thuringiensis (Bt) toxin proteins in transgenic plants. Genetically modified cottons with Bt
toxin genes have lower nitrogen, and higher carbon-nitrogen ratio, carbon defensive compounds, condensed tannins, and
gossypol under elevated CO,, which results in a significant decrease in Bt toxin expression. Decrease in relative humidity and
increase in minimum and maximum temperatures increases the efficacy of transgenic cotton against the bollworms, but there is
a significant decrease in biological activity once the minimum and maximum temperature are > 22 and > 38 °C, respectively. It is
therefore important to understand the effects of climate change on the efficacy of host plant resistance to herbivores for pest
management and sustainable crop production.

O CHC2

Classical biological control in a changing climate

T. Haye', O. Olfert’, R. Weiss’

JCABI, Delémont, Switzerland

ZAgricu/ture and Agri-Food Canada, Saskatoon, Canada

t.haye@cabi.org

Efforts to control invasive alien species with biological control often face a significant hurdle, in that the success of a natural
enemy can be influenced by climatic factors. This is of particular importance in classical biological control. Climatic factors are of
major importance in determining the outcome of biological control programmes. Climate change may alter existing biological
control programs, but it may also provide new opportunities. Warming conditions may impact insect populations by extending
the growing season, altering the timing of emergence from overwintering sites, increasing growth and development rates,
shorting generation times, reducing overwintering mortality and changing their geographical distribution. Tritrophic interactions
between plants, herbivorous insects and parasitoids are a result of a coevolutionary process that is related to specific, stable
climatic conditions. Higher trophic levels are more likely to be affected by climate change since they require lower trophic levels
to adapt to climate change. Climate change may affect host-parasitoid temporal or geographical synchronization. Though there
have been reviews on the impact of climate change on biological control agents, there have been relatively few case studies on
specific species. Here we present a case study assessing the impact of a changing climate on the response of the parasitoid
Peristenus digoneutis (Hymneoptera: Braconidae), a classical biological control agent introduced into North America against
Lygus species (Hemiptera: Miridae), to future climates for both spatial (continental and regional) and temporal (annual and
weekly) scales through the application of two General Circulation Models for Europe and North America. Using this example, we
further discuss the expected consequences for classical biological control programs in the future.
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OCHC3

Diversification of current plant protection strategies to mitigate climate change effects
J.R. Lamichhanel, M. Barzmanl, K. Booijz, P. Boonekampz, N. Desneuxs, L. Huberl, P. Kudsk4, S.R. H. Langrells, A. Ratnadasss, P.
Ricci3, J.-L. SarahG, A. Messéan

llNRA, Grignon, France

2Wageningen University, Wageningen, Netherlands

3/NRA, Sophia, France

“Aarhus University, Slagelse, Denmark

5European Commission, Grange, Ireland

GCIRAD, Montpellier, France

jay-ram.lamichhane@grignon.inra.fr

Climate change is increasingly perceived as one of the major constraints that limit agricultural productivity. Crop losses due to
climate change could be direct, such as damages through flooding or storms, or indirect such as altered distribution of crop
pests. The real impact of climate change at global level is yet uncertain and likely variable from one region to another. Within
this context, it is difficult to predict effects of climate change, particularly when long-term datasets from the past are missing to
develop and test predictive models for the future. Nevertheless, our knowledge of plant-disease interactions, population
genetics of pathogens as well as crops, and examples of overwhelming establishment of new diseases in a given region provides
insights into how climate change may affect disease incidence and severity. Here we report examples of pest populations which
have been established across regions previously considered detrimental for their survival and yield losses associated to these
pests. Faced with the uncertainty regarding the effects of changing climate on crop protection, here we propose a number of
action points that, to our opinion, may help improve current plant protection strategies. Given this uncertainty, policy, research,
and extension should be prepared to promote resilience vis-a-vis pests which, at the biophysical level, entails uncovering what
currently makes cropping systems resilient, while at the organizational level, the capacity to adapt needs to be recognized and
strengthened (Lamichhane et al 2014). Such action points include increase in human resources, development of resilient
cropping systems, more focus on crop-weed competition, anticipating of risks and international monitoring, and more effort on
breeding for resistance, development of biological control strategies and pest risks analysis. This diversification could be
achieved by improving current plant protection practices which might help mitigate the effect of climate change in future crop
protection, particularly in the EU, but also at global level. The vision presented here is that of the ENDURE European Research
Group, which brings together some of Europe’s leading agricultural research, teaching, and extension institutes with a special
interest in IPM.

References: Lamichhane JR, Barzman M, Booij K et al., 2014. Robust cropping systems to tackle pests under climate change: a
review. Agronomy for Sustainable Development, DOI 10.1007/s13593-014-0275-9.

OCHC4

Effect of Climate Change on Bioefficacy of IPM Technologies

M. Dhillon

ICAR-Indian Agricultural Research Institute, Division of Entomology, New Delhi, India
mukeshdhillon@rediffmail.com

Host plant resistance, biopesticides, natural enemies and synthetic chemicals are some of the potential options for pest
management, and the relative efficacy of many of these pest control measures is likely to change as a result of climate change.
Global warming may result in breakdown of resistance to certain insect pests. Climatic change may also disrupt the balance
between insect pests and their natural enemies. The natural enemy - insect host relationship is influenced by both temperature
and relative humidity, which are critical for survival and development of the immature stages of the parasitoids. Postembryonic
development of parasitoids is prolonged at cooler temperatures, and the mortality increases at temperature extremes.
Conversely, the arthropod predators are directly exposed to the prevailing environmental conditions and experience direct
effects of the changing climatic conditions on development and predation potential. Temperature, humidity, elevated
atmospheric CO,, and UV radiation also alter the rate of entomopathogenic fungi and nematodes entry into the host insect.
Insect viruses are known to be inactivated by high temperatures, sunlight and ultraviolet rays. Sunlight, CO,, and pH exhibit
varied influences on the toxicity of synthetic pesticides. Rainfall reduces the insecticide toxicity, however, it varies with the
intensity and amount of rain, insecticide formulation and the adjuvants used. Therefore, there is a need to have a concerted
look at the likely effects of climate change on the efficacy of different crop protection technologies, and devise appropriate
strategies to mitigate the adverse effects of climate change on the bioefficacy of IPM technologies.
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O CHC5

Adaptation of crop protection to climatic changes - risk estimation for pests and diseases in four important arable crops in
Lower Saxony, Germany

A.von Tiedemannl, M. Sieboldl, P. Raccal’z, J. Kakau™™~, P. Juroszekl, B. Kleinhenz

1University of Géttingen, Crop Sciences/Plant Pathology and Crop Protection, Géttingen, Germany

2Central Institution for Decision Support Systems in Crop Protection (ZEPP), Bad Kreuznach, Germany

3University of Applied Sciences Osnabriick, Department of Integrated Pest Management, Osnabriick, Germany
atiedem@gwdg.de

1,2,3

Introduction: Winter wheat, maize, oilseed rape and sugar beet are the main arable crops in Lower Saxony, Northern Germany.
Risks to these crops due to biotic stress is largely dependent on climate which is expected to change to warmer mean
temperatures by 2-4°C and increased precipitation during this century. There is public interest to estimate future risks in crop
protection based on current model predictions of climate change.

Objectives: To estimate the future risks of crop diseases and derive recommendations for future crop protection strategies.
Materials and methods: Meta-analyses were based on published knowledge. Empirical studies were performed in climate
chambers and temperature controlled field plots. Disease and phenological forecasting models were linked to the regional
climate model REMO (A1B) based on simulated weather data from 260 virtual weather stations (10 x 10 km grid) in 5 distinct
agricultural production zones in Lower Saxony. Projections were made on a midterm (2021-2050) and long term (2071-2100)
basis.

Results: Regional climate change calculation with REMO estimated an increase in temperature by 0.3-0.4°C and 2.7-3.0°C for the
mid- and long term projection, respectively. Disease modeling revealed shifts in the prevalence of diseases due to extended crop
growth periods and to conditions becoming more or less conducive for disease development. In oilseed rape and winter wheat,
a pronounced change in the prevalence of major pathogens may occur without aggravating the overall threat to the crop.
Diseases in maize and sugar beet may be increased in general potentially requiring stronger efforts in crop protection. Significant
changes were only estimated for the long term perspective while until 2050 effects will be low.

Conclusions: Model based predictions do not suggest an overall aggravation of crop protection problems, instead, potential
shifts in the relative prevalence of individual pathogens and pests may occur. Other factors such as cropping system,
agrotechnical progress and market conditions are likely to have a much stronger impact on future challenges in crop protection.
Current adaptability of farmers to annual changes in weather conditions imply that they will be able to cope with long term
climate shifts as long as effective crop protection tools will be available.

O CHC6

Climate change-caused changes in the distribution and abundance of potato pests and adaptation of IPM to cope with future
pest risks

J. Kroschel , N. Mujica, P. Carhuapoma, M. Sporleder, H. Juarez

International Potato Center (CIP), Agroecology/IPM, Lima, Peru

j.kroschel@cgiar.org

Insect pest distribution and population growth potentials are mainly temperature-driven; hence a rise in temperature through
global warming may either increase or decrease insect development rates and related crop damages in agroecosystems
depending on the insect species’ optimum temperature range. For better preparing policy makers and farmers and adapting
Integrated Pest Management (IPM) to new pest situations, a better understanding is needed to predict potential changes in pest
risks on global, regional and local scales. We use process-based climatic pest phenology models and apply three risk indices
(establishment risk index, ERI; generation index, Gl; and activity index, Al) in a geographic information system (GIS) to map and
predict changes in risks for climate-change scenarios of the year 2050 based on downscaled climate-change data of the A1B
scenario from the WorldClim database. All applications and simulations are made using the Insect Life Cycle Modeling (ILCYM)
software developed by The International Potato Center (CIP), Lima, Peru (www.cipotato.org/ilcym). Potato (Solanum tuberosum)
is severely constrained by many pest problems, which pests will be differently affected by climate change. The potato tuber
moth, Phthorimaea operculella, invasive in >90 countries globally, will progressively increase its damage potential in all regions
where the pest already prevails today, with an excessive increase in warmer cropping regions of the tropics and subtropics and a
moderate range expansion into tropical highlands such as the Andean region. Predictions have been also made for the
Guatemalan potato tuber moth, Tecia solanivora, the Andean potato tuber moth, Symmetrischema tangolias, the leafminer fly,
Liriomyza huidobrensis, among others. In conclusion, farmers will be confronted with a shift in pest range and due to higher pest
abundance with greater crop losses. The potential changes in pest risks call for creating better awareness and promote the
inclusion of pest risks adaptation plans at country level. The capacity of national plant protection organizations (NPPO) needs to
be improved to adequately incorporate pest risk mapping results in adaptation planning of IPM to manage future pest risks on
regional and country level. Already under the current pest situation, farmers’ main response to control pests in potato is to

39



Oral Presentations
Plant Protection in a Changing Climate

apply hazardous highly toxic insecticides; hence there is a strong need for strengthening the development and adaptation of IPM
to support farmers adequately to manage future pest risks.
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O NEM llI-1

Velum'- A novel nematicide for efficient crop production
H. Fiirsch, H. Rieck, J. Smedema

Bayer CropScience, Monheim, Germany
helmut.fuersch@bayer.com

VeIum®, common name fluopyram, is a novel nematicide from the chemical class of pyridinyl ethyl benzamides which is
developed to control nematodes in a broad range of crops. Fluopyram is the first nematicide acting via Complex Il (SQR)
inhibition. Fluopyram selectively inhibits Complex Il of the mitochondrial respiratory chain in nematodes which leads to a fast
and severe depletion of the nematode’s cellular energy (ATP). Moreover, fluopyram is characterized by a very favourable
toxicological and ecotoxicological profile.

After the restriction or withdrawal of several nematicides, protection of crops from plant-parasitic nematodes has become a
major challenge. Velum® exhibits an excellent level of efficacy at very low dose rates compared to currently available
nematicides. Velum' has proven itself in a large number of trials conducted in many countries and crops to be a highly effective
nematicide controlling different nematode species. The spectrum includes root knot, free living and cyst nematodes such as
Meloidogyne spp., Pratylenchus spp., Radopholus spp. and Globodera spp.. Multiple field trials have demonstrated that Velum®
provides an outstanding long-lasting nematode control also under high infestation pressure.

Velum® will be commercialised in different formulation types enabling it to be used in multiple application techniques such as
granular spreading, drenching, in-furrow spraying and seed treatment. Target markets include fruit and vegetable crops as well
as cotton, corn, tobacco and sugarcane.

O NEM llI-2

Exploiting the integrity and effects of a spil-derived biological culture against Nematode Pests

M. Pretoriusl, D. Fouriel, D. Swanevelderz, G. Nkuekams, W. Van Aardtl, 0. Rhode’

"North-West University, Unit of Environmental Sciences and Management, Potchefstroom, South Africa
ZAgricu/tura/ Research Council, Biotechnology, Pretoria, South Africa

3University of South Africa, College of Agriculture and Environmental Sciences, Pretoria, South Africa
*Agricultural Research Council- Grain Crops Institute, Potchefstroom, South Africa
driekie.fourie@nwu.ac.za

Research efforts are underway to exploit and identify novel, eco-friendly agents for the management of nematode pests, i.e.
Meloidogyne spp., that damage a wide range of crops. SoilBioMuti (SBM) is such a potential agent that contains various
biological organisms that is extracted from virgin soils. Identification of the microbial organisms contained in the extracted
product were persued by means of next generation sequencing (lllumina). In addition, the effects of filtered and non-filtered
concentrations of SBM on the biology, physiology and reproduction of M. javanica and M. incognita in separate in vitro
(laboratory) and in vivo (greenhouse) experiments were investigated. Various bacterial and fungal genera, including pathogens
of plants, were identified. Furthermore, all SBM concentrations both filtered (F) and non-filtered (NF), reduced root-knot
nematode second-stage juvenile (J2) motility significantly from 3 to 24 h after exposure compared to the tap-water control. No
significant differences were evident in the number of egg masses/root system 30 days after J2 that were exposed to the SBM
concentrations were inoculated on roots of susceptible tomato seedlings. However, M. incognita egg-mass production was
reduced by 33% for the F and 90% for the NF treatments and that of M. javanica by 73% (F) and 45% (NF) 5% SBM concentration
treatments. In addition, oxygen consumption of J2 of both root-knot nematode species suspended in 2.5% SBM F treatments for
24 h were significantly lower compared to those of the F and tap-water control treatments. The results thus far suggest that
SBM has inhibiting effects on the motility and oxygen consumption of Meloidogyne spp. J2, although both species retained their
ability to reproduce. Currently, two greenhouse studies are underway in which the effect of SBM soil applications are
investigated and results will also be presented. Moreover, evaluation of the product after application in fields of three maize
farmers is also underway. Field testing is envisioned to enable researchers to conclude about the potential of SBM as an agent to
be used against nematode pests. Furthermore, follow-up studies will shed more light on the particular organisms/assemblages
that are responsible for its adverse effects on root-knot nematodes. Also, identification of the mode of action of the causal
agent(s) could assist in developing an alternative and environmentally safe product against nematode pests.
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O NEM IlI-3

Comparative analysis of nematode-tolerant sugar beet varieties

M. Reutherl, K. A. Nagell’z, H. Bauer3, C. Langl, F. M. W. Grundler®

Verband der Hess.-Pfélz. Zuckerriibenanbauer e.V., Worms, Germany

2Forschungszentrum Jiilich, IBG-2: Plant Sciences, Jiilich, Germany

3Arbeitsgemeinschaft fiir Versuchswesen und Beratung im Zuckerriibenanbau in Baden-Wiirttemberg, Hessen und Rheinland
Pfalz, Worms, Germany

*Rheinische Friedrich-Wilhelms-Universitit Bonn, INRES- Molekulare Phytomedizin, Bonn, Germany
marie_reuther@ymail.com

The beet cyst nematode Heterodera schachtii (BCN) is a major problem in the sugar beet growing regions of Southwest
Germany, causing yield reductions up to 30%.

Since 2010, numerous multi-annual field trials with three groups of sugar beet varieties (susceptible, tolerant and resistant) have
been conducted in Rhineland-Palatinate and Baden-Wuerttemberg. Soil samples were taken from up to 30 field trials from two
different soil depths (0-30 and 30-60 cm) after sowing and after harvesting sugar beet. Using hatching tests (Acetox) and
nematode extraction in sieve trays the infestation rate at sowing time (Pi - population initial) and harvest time (Pf - population
final) were determined. Numerous multi-annual field trials show that all 8 tested tolerant sugar beet varieties have an effective
potential to reduce nematodes and can therefore designated as partial resistant.

In addition, it was tested if some variety-specific differences in root traits could explain the propagation rate observed in field
trials. Five sugar beet verieties (1 susceptible, 3 tolerant, 1 resistant) with and without infestation of H. schachtii were analysed
in 60 cm soil-filled rhizotrons. Pictures of growth and geometry of young sugar beet root systems were taken at different time
points of every rhizotron and analysed by the software GROWSCREEN-Root. Root growth parameters like primary root length,
secondary root length, total root length, convex hull, root system width and depth were determined. By comparing root traits of
infested and non-infested plants variety-specific responses could be observed. First results suggest that the response of primary
root toward nematode infection in three different lines (susceptible, tolerant and resistant) may therefore be an useful
indicator.

O NEM llI-4

Development of non-phytotoxic concentration in crude extracts used for management of plant-parasitic nematodes
P. W. Mashelal, K. M. Pofu®

1University of Limpopo, Plant Production and Agric. Engineering, Polokwane, South Africa

ZARC-VOPI, Crop Protection, Pretoria, South Africa

phatu.mashela@ul.ac.za

Most trials on the use of phytonematicides to manage population densities of nematodes do not go beyond the in vitro testing
stage due to the inherent allelopathic effects of the materials to plants protected against nematode damage. The objective of
this study was to develop an empirically-based procedure to avoid phytotoxicity in phytonematicides. The mean concentration
stimulation range (MCSR) was established by subjecting test plants inoculated with nematodes to various concentrations of the
phytonematicides for 56 days. Significantly affected plant variables were subjected to the Curve-fitting Allelochemical Response
Dosage computer-based model to generate seven biological indices, where D,, and R, indices were used to compute the non-
phytotoxic concentration using the MCSR = D, + (Rn/2) relation. Second, the application interval (T) for the MCSR value was
established using the concept of a “30-day-week-period”, where T comprised 0, 1, 2, 3 and 4 application intervals. Significantly
affected plant variables were further subjected to lines of the best fit, where quadratic curves (bxZ + bx + c) were optimised
using -b/2b, to generate the appropriate T for the empirically-based MCSR value. Using the proportion of T to the crop cycle
(Teo), the application frequency (T.,) was derived (T, = T/T.) to allow for computation of the dosage (D = MCSR x T,. In
conclusion, the model has been successfully validated under diverse environments to manage Meloidogyne species without
causing phytotoxicity to various crops.
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O NEM IlI-5

An on-line and updated list of plants associated with plant parasitic Aphelenchoides spp., with implications for host-parasite
relations within the genus

G. Sanchez-Mongel, L. FIoresz, L. Salazarz, S. Hocklands, W. Bert
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2Universidad de Costa Rica, CIPROC, San José, Costa Rica
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Within plant-parasitic nematodes (PPN), “foliar nematodes” i.e. Aphelenchoides besseyi, A. fragariae and A. ritzemabosi are well
known in agricultural systems; and ten other Aphelenchoides spp. have been reported on a limited number of plant species. The
number of plants associated with this genus has increased in recent years, above the already high number of described species,
in combination with high intra-specific variation and limited number of established molecular information, have led to
identification problems, consequently, to an ignorance of the actual diversity of this genus. To appraise the potential host range
that a single or a specific combination of Aphelenchoides spp. could have, a compiled list of the plant species associated with
parasitic Aphelenchoideswas needed.

We compiled a comprehensive data set of the associated plants for these 13 plant-associated species, based on available
literature and online databases. The data were plotted on an associated-plants' supertree, in combination with an
Aphelenchoides consensus phylogeny.

The compiled list includes more than 1080 reports on 127 botanical families. Foliar nematodes represent more than 90% of the
associations and around 83% and 16% of the total reports correspond to flowering plants and ferns, respectively. Most plant-
parasitic Aphelenchoides have a remarkable broad diversity of associated plants (generalists), but only six plant species are
associated with all the three foliar nematodes. Putative specialists are also present in the genus, reported only on one or two
related species. The parasites' and the associated-plants' phylogenies do not show any relationship; furthermore, neither
ecological patterns nor taxonomical groups are congruent with molecular phylogenies. Given the phylogeny of Aphelenchoides
spp. and the ranges of their associated plants, the flexibility in their feeding behaviour denotes the ease with which this group
can switch towards plant-parasitism. Moreover, even though the compiled list is long, it probably only represents a fraction of
the potential range. Their flexibility and absence of more intimate interactions, as known for other PPN, highlights the primitive
mode of parasitism in Aphelenchoides, making them potentially interesting in the study ofthe evolution of plant parasitism.

O NEM llI-6

Nematode pests of Yam in Ekpoma, Edo State, Nigeria, and their response to Carbofuran and Yam variety
N. Oigiangbe, M. Tamo

Ambrose Alli University, Zoology, Ekpoma, Benin

osawe_oigiangbe@hotmail.com

White yam (Dioscorea rotundata) is a very popular root crop in sub-Saharan Africa. Its production and storage is hampered by
nematode pests.

The abundance and prevalence of nematode pests of yam in Ekpoma, were investigated during the 2011 planting season to
provide information on the species composition and potential pest statuts. The response of the nematodes to treatments with
Carbofuran and yam variety (Alomaku, Alomaku golden and Ove) was investigated during the 2012 planting season to
understand their relevance in the development of an integrated pest management option for the pests.

Soil samples were collected from around the developing yam tubers about 3 months after planting in 2011, while both soil
samples and yam tubers were collected in 2012, for nematode extraction. Nematodes were extracted at the Nematology
Laboratory of the International Institute of Tropical Agriculture, Ibadan, using the sieving method. Six genera of nematodes were
identified from the soil samples in 2011.

These were Helicotylenchus, Meloidogyne, Tylenchulus, Tylenchus, Pratylenchus and Hoplolaimus. The prevalence of these
nematodes per yam heap ranged from 10.00 % (in Hoplolaimus, Pratylenchus and Tylenchus) to 90.00 % in Helicotylenchus. The
prevalence of Tylenchulus and Meloidogyne were 20.00 % and 40.00 %, respectively. Helicotylenchus was the most abundant
(34.44 per 10ml), followed by Meloidogyne and Pratylenchus (15.00 per 10ml), Tylenchulus (12.50 per 10ml), Hoplolaimus (10.00
per 10ml) and Tylenchus (2.00 per 10ml). In 2012, only four genera (Meloidogyne, Helicotylenchus, Tylenchus and Pratylenchus)
were found in the soil samples after the application of Carbofuran. However, the yam peel of the variety, Ove, contained
Scutellonema and Meloidogyne species. The abundance of the four nematodes found in the soil, 7.92 per 10ml (Meloidogyne),
7.59 per 10ml (Helicotylenchus), 1.11 per 10ml (Tylenchus) and 0.04 per 10ml (Pratylenchus) was significantly (P < 0.05) lower in
2012 compared with 2011. In the peels of Ove, the abundance was 3.33 per 10ml (Scutellonema) and 6.67 per 10ml
(Meloidogyne).
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It is concluded that nematodes are important pests of yam in Ekpoma. Carbofuran and yam variety can be exploited in the
development of an integrated pest management option for nematode pests of yam in Ekpoma.
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O TREE 1

Upcoming diseases and pests threaten the urban green in Germany

S. Mosch, M. Hommes, S. Werres

Julius Kiihn-Institut, Institut for Plant Protection in Horticulture and Forest, Braunschweig, Germany
stefanie.moesch@jki.bund.de

In urban green a variety of harmful organisms occurs, which may negatively affect the aesthetics and vitality of the plants and
thus their ability to fulfill their functions. Due to the increasing globalization and climate change, new or so far unimportant
pests move into focus.

Current major pests like the sycamore lace bug (Corythucha ciliate) and the box-tree pyralid (Cydalima perspectalis) and diseases
like massaria disease (Splanchnonema platani) and bleeding canker of horse chestnut (Pseudomonas syringae pv. aesculi) in the
urban green in Germany, their biology, diagnosis and ways to prevent and control will be presented.

O TREE 2

Bark damages on plane trees caused by drought and frost in urban stands
H. Balder

University of Applied Sciences, Horticulture, Berlin, Germany
balder@beuth-hochschule.de

Since some years stem fractures are recognized on plane trees (Platanus acerifolia) in urban stands in the winter season. They
are located on the main stem, but on branches in the lower crown, too. Mainly older trees are damaged, more and more these
fractures appear on young trees. The symptom is mostly in south-west direction, sometimes in others. Investigations showed
that these damages are caused in a soft winter following a frost periode in a short distance. But the main reason is drought in
the beginning, for example after a dry summer or on bad urban stands. So it is important in tree care to control the water
situation of plane tree stands more and more and to understand what does it mean to preparate a new planting. The discussion
is going on what happens in cities in the time of climate change with a special view to rain falls over the year.

O TREE 3

Fungal community of cork oak (Quercus suber L.) forest under drought scenario
F. Reisl, P. Baptistaz, R. Tavaresl, T. Lino-Neto®

1University of Minho, Biology, Braga, Portugal

2Polyl“echnic Institute of Bragancga, Braganga, Portugal
franciscareis@bio.uminho.pt

Mediterranean forests are one of the biodiversity “hotspots”. The cork oak (Quercus suber L.) forest (“montado”) is an unique
and emblematic resource for Portugal, both social and economic manner, protected by EU (Habitats Directive 92/43/EEC).
Portugal is the greatest cork producer with 50% of cork extraction worldwide. Nowadays, cork oak faces a severe global climate
change and a reduction in water availability is expected for the near future, which is expected to decrease cork oak growth and
productivity. Plant benefits from many symbiotic relations that occur between microorganisms and roots that are able to
enhance nutrient and water supply. However, root colonization efficiency and fungal community structures are dependent on
environmental conditions, such as water availability. The main goal of this work was to evaluate the relationship between fungal
abundance and diversity conferred by different drought scenarios. The effect of drought in cork oak fungal ecosystem was
accessed by studying cork oak field trees in 7 different Portuguese forests. Five different locations (Gerés, Macedo de Cavaleiros,
Vimeiro, Grandola and Moura) were evaluated according to a gradient of water-availability. Samples from extreme conditions,
the driest (Moura) and wettest (Gerés) places were sampled in two different sites. Soil samples (35) were analysed by ITS
barcoding on ECM tips andmetabarcoding using lllumina platform. The obtained results will help to understand not only the
importance of fungi to drought tolerance in cork oak forest, but also which are the main fungal colonizers.

Acknowledgements: This work has been supported by FCT (SFRH/BD/86519/2012 and Pest-OE/BIA/U14046/2014).
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O TREE 4

The “birch-leafroll disease” emerging in forests and urban parks in Fennoscandia - Viral agents associated with the disease
A. Rumboul, S. von Bargenl, R. Jalkanenz, C. Biittner'
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Question: The ‘birch-leafroll disease’ has emerged the last decade to a serious problem in Fennoscandia. The extensive
appearance of virus-infected birches was first reported in 2006 in Finland (Jalkanen et al., 2007). Diseased trees exhibited foliar
disorders including vein banding, leaf roll and chlorotic ringspots, the affected trees declining in vigor with time. Cherry leaf roll
virus has been detected in symptomatic birches, it could however, not be directly correlated with the disease. A natural CLRV
population from birches is studied to improve understanding of the emergence of this viral disease. Additionally, the assumption
that other viral pathogens are involved in the disease is investigated.

Methods: A natural population of CLRV collected from infected Betula trees in Rovaniemi is analyzed and the population
features are described. Detection trials targeting other viruses are performed. Samples from affected trees are analyzed with
the next-generation sequencing (NGS) technology, allowing the whole microbial population present in each sample to be
defined. Detection assays to confirm the presence of the viruses identified by NGS in the RNA samples isolated from the infected
tissues are performed.

Results: The birch CLRV population from Rovaniemi is characterised by high genetic variability; considerable haplotype diversity,
long genetic distance among haplotypes and high within haplotype diversity are determined. Mixed infections of CLRV strains in
single Betula trees and recombination events in the CP region are demonstrated. The NGS analysis provided indication of more
viruses being present in the birch samples.

Conclusions: CLRV is strongly suggested to be associated with the “birch-leafroll disease” in Fennoscandia. We consider the
increased genetic diversity and the coexistence of a complex of highly variable strains in the same host as a significant change in
the pathogen population which could constitute a possible factor for the disease emergence. The beneficial effect for the CLRV
infection when trees are co-infected with another plant pathogenic virus will be discussed.

Jalkanen, R., Blttner, C. and von Bargen, S. 2007. Cherry leaf roll virus CLRV, abundant on Betula pubescens in Finland. Silva
Fennica 41: 755-762.

O TREE 5

Emaraviruses infecting forest and urban decidious tree species

S. von Bargenl, J. RoBbachl, S. Holzl, H.-P. MUthachz, M. Rottl, M. Kubel, A. Rumboul, C. Buttner'
"Humboldt-Universitét zu Berlin, Division Phytomedicine, Berlin, Germany

2University of Hamburg, Biocenter Klein Flottbek, Hamburg, Germany
susanne.von.bargen@agrar.hu-berlin.de

European mountain ash ringspot-associated virus (EMARaV) is the type member of the genus Emaravirus comprising plant
viruses with a segmented ss(-)RNA genome mainly infecting woody hosts. EMARaV contains at least four monocistronic genome
segments within the enveloped spherical particle, encoding the replicase (RNA1), a glycoprotein precursor (RNA2), the viral
nucleocapsid protein (RNA3), and a putative movement protein (RNA4), while in other members of the genus up to eight
genomic RNA molecules were found. Emaraviruses have a narrow host range usually restricted to few related species.
Symptoms induced by EMARaV include chlorotic ringspot, mottle of leaves and decline which may lead to the death of Sorbus
aucuparia (European mountain ash, syn. rowan). Other broad-leafed tree species are known for decades exhibiting similar virus-
like symptoms, but no virus has been associated with the disease, yet.

Distribution and significance of emaraviruses as causal viral agents infecting important broad-leafed tree species of European
forests and urban areas are addressed in this study.

Sorbus spp. were assessed for EMARaV infection by visual inspection and RT-PCR. Other deciduous tree species showing virus-
like symptoms were investigated for plant virus infection utilizing next-generation RNA sequencing technologies.

Chlorotic ringspots, mottle and dieback occur frequenctly throughout the S. aucuparia population in several European countries
including natural stands, managed forest and urban areas. EMARaV is closely associated with the observed disease as
demonstrated by RT-PCR. The virus was also detectable in whitebeam species (S. aria and S. intermedia) with respective
symptoms. Further, two previously unknown RNA viruses were identified in two different tree species showing chlorotic
ringspots, line pattern and mottle of leaves. Sequence analyses revealed closest relationships to emaraviruses.

EMARaV is the main viral agent which affects rowans throughout Europe and is capable to infect other Sorbus species. Related
plant viruses are able to infect other broad-leafed tree species in Europe. Thus, members of the genus Emaravirus have to be
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considered as serious threats to relevant forest and urban woody species and need to be included into health management
strategies of deciduous trees.

O TREE 6

Earlier bud burst in Norway spruce causes shifts in the population dynamics of two erruptive sawfly species

C. Schafellner, A. Schopf, M. Schebeck

Forest Entomology, Forest Pathology and Forest Protection, Forest and Soil Sciences, BOKU - University of Natural Resources and
Life Sciences, Vienna, Austria

christa.schafellner@boku.ac.at

Lowland stands of pure Norway spruce (Picea abies) in Austria are highly prone to mass outbreaks of the small spruce sawfly,
Pristiphora abietina. Until the mid-1990ies, large forest areas were heavily infested, but outbreaks disappeared thereafter. From
2011 onwards, significant feeding damages were reported from spruce plantations that had suffered severe and repeated
defoliation by P. abietina in the past. The actual damage is caused by the mountain spruce sawfly, Pachynematus montanus, a
species considered to be a minor pest with sporadic, local outbreaks in forests above 800 m a.s.|.Within an EU-funded project
we investigated the population dynamics of the two sawfly species. We recorded the timing of adult sawfly emergence from the
soil (photo-eclectors) and spruce budbreak (stages) on five currently-infested lowland sites and two uninfested sites at higher
elevations for 2-3 consecutive years. The data were coupled with air and soil temperature profiles and the results were
compared with studies from the 1990ies. Despite year-to-year variations, the beginning of budbreak in spruce advanced
considerably more than adult wasp emergence. At the lowland sites, P. abietina catches were rare while P. montanus was the
predominant species; both sawfly species were rare at the upland sites.

The phenological window for oviposition is very narrow for P. abietina, females accept exclusively the newly-expanding buds.
The temporal window is wider for P. montanus wasps which lay their eggs on needles of expanding shoots up to 5 cm in length.
Accordingly, tight synchrony between budburst and wasp emergence is a major determinant of variability in the abundance of P.
abietina. We speculate that significant advances in the timing of spruce budburst due to climate warming in recent years
outcompeted P. abietina, presumably due to the inability of the emerging wasps to find suitable, newly-burst buds for
oviposition, but still allow P. montanus to colonize the buds.

The shift in population dynamics of the sawfly species has major impacts on forestry; feeding of P. abietina larvae is restricted to
current-year needles, thus, even high needle loss does not kill the tree. By contrast, P. montanus larvae feed both current-year
needles and old foliage, and thus predisposing heavily infested trees to attack by bark beetles.
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Implications of climate change for invasive weeds

K. Jabran, M. Dogan

Adnan Menderes University, Plant Protection, Aydin, Turkey
khawarjabran@gmail.com

This planet is facing changes in its environment since its advent. However, recent projection in CO2 concentrations as a result of
anthropogenic activities has seriously disturbed the equilibrium of global climate. In addition, increased international travels,
change in land use, drought, global trade, nitrogen pollution and increasing atmospheric temperature are pertinent in the list of
recent global climate changes. Invasive plant/weed species are the alien species which have negative implications for the
economy, health and local vegetation. The climate change is supposed to enhance the invasiveness of invasive plants. We have
discussed the X-factors which link the weed invasiveness with climate change. For example, high CO2 concentration in the
atmosphere can help the invasive weed species to germinate quickly, build high biomass and produce more seeds. Higher
concentration of nitrogen resulting from nitrogen pollution can improve the nutrition of invasive weeds, and high atmospheric
temperature can stimulate the early flowering and seed production in invasive weeds. Timely and properly management of
invasive weeds would aid to avoid the ecological and economic damages caused by invasive weeds. The option of integrated
management is desired to eradicate this noxious vegetation.

O WEE 2

Biological control of weeds in maize using seed predators
H. Pannwitt, C. Selig, F. de Mol, P. R. Westerman
University Rostock, Crop Health, Rostock, Germany
heike.pannwitt@uni-rostock.de

Competitiveness between weeds and crops can lower yields for farmers. Weeds are hard to control. One of the reasons is that
they produce large amounts of seeds that enter the seed bank. As a natural reservoir, the seedbank ensures the survival of weed
populations in the long run. Post dispersal seed predators can reduce the input of new seeds into the seed bank by feeding on
mature seeds on the soil surface. Weeds naturally occur in patches. If seed predators consume more seed in areas with high
then in areas with low seed densities (direct density-dependent), they can reduce their spatial spread of weed patches.

The goal of this work was to quantify the response of seed predators to increasing density of artificially applied seeds of
Echinochloa crus-galli (L.) P. Beauv. in maize fields. In the case of granivorous rodents, a directly density-dependent response
was expected, because they are active all-year-round, and have a high metabolic rate. In the case of granivorous carabid beetles,
an inverse density-dependent response was expected, because they are less mobility and have a lower metabolic rate.
Depending on the dominant type of seed predator, the response can vary from directly to inversely density-dependent.

To examine the response of seed predators to increasing seed densities of E. crus-galli, an experiment was conducted on two
maize fields, in North-Eastern Germany from August until October 2014. On 30 plots (1.5 m x 1.5 m) per field, E. crus-galli seeds
were applied, at 0, 1200, 2400, 4800, 9600 seed m, in six replications per density. The rate of seed predation was measured in
so-called seed trays. In each plot, one 0.1 m?’ sized tray filled with seed free soil was buried flush with the soil surface and seeded
with the appropriate seed density. After 4 and 6 weeks, trays were removed, seeds extracted from the soil with an elutriator and
flotation technique with saturated NaCl and counted manually.

To estimate the degree of density-dependent seed predation in maize fields, the relationship between the initial number of
seeds and the number of seeds retrieved after exposure will be determined. Results on the relationship between the seed
density and predation rate will be presented and discussed.

O WEE 3

Current status of Parasitic Weeds in Sudan

E. Zahran, M. Zaroug, A. Abbasher

University of AlZaheim Al Azhari, Plant Protection and Environmental Studied, Khartoum Bahari, Sudan
edurzahran@gmail.com

Parasitic flowering plants of the angiosperm includes 3000 plant species in 16 families, Characterized by forming hausturia
linking them to the host tissues used as a morphological and physiological graft which taps water and nutrients from the host.
Two main types of parasitic plants can be distinguished: stem parasites and root parasites. Stem parasites occurred in several
families, and pathogenic members include some mistletoe and dodder (Cuscuta). Root parasites are more common and are
found in diverse taxonomic groups. Most of the economically important root parasites are in the Orobanchaceae (Phelibanchae,
Orobanchae, and Striga) (fig. 1). In Sudan Striga is considered the main biotic factor that limits sorghum production especially
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under rainfed agriculture. Broomrapes are phanerogamic holoparasites that attack roots of many dicotyledonous crops. The
most important species: Phellibanchae ramosa (attached Solanaceous crops), attacks mainly tomato, eggplant & potato in
central Sudan. Orobancae creneta (Leguminous crops) attacks mainly faba bean in Northern Sudan and O. cernua parasitized
sunflower. Mistletoe especially the genus Tapinanthus occurs in most citrus and gauva producing areas along the Blue Nile
banks in central Sudan leading to losses in yield ranged from 50-100% leading to eradication of trees. Dodder (Cuscuta spp) is an
annual obligate stem parasite. It produces a dense and shady barriers or canopy which drastically reduces growth and vigor of
the host. Field dodder (Cucuta campestries) the most dominant species was noticed parasitizing 20 plant species belonging to 13
families. Among the most affected hosts; 6 vegetable crops and one fruit tree. Compared with non-parasitic weeds, the control
of parasitic weeds has proved to be exceptionally difficult. Nevertheless different methods of control have tried and some of
them adopted under field conditions to manage the parasitic weeds in Sudan.

Figure 1

The most important genra in Sudan

o,

Tapinanthus

O WEE 4

Practicality of suicidal germination for combating the invasive root parasitic weed Striga hermonthica
Y. Sugimotol, H. Samejimal, H. Takikawal, M. Sasakil, A. G. Babiker’

'Kobe University, Agricultural Science, Kobe, Japan

Sudan University of Science and Technology, Khartoum, Sudan

yukihiro@kobe-u.ac.jp

Witchweeds (Striga spp.) have long been recognized as the greatest biological constraint to food production in sub-Saharan
Africa. They are steadily increasing in distribution and intensity. Among the species, S. hermonthica, which parasitizes a wide
range of economically important poaceous crops including maize, sorghum, millet, rice and sugarcane, is the most important. To
germinate, Striga seeds require a pre-treatment in a warm moist environment and a subsequent exposure to a germination
stimulant. In nature the germination stimulants, strigolactones (SLs), are ubiquitous in plants root exudates. Induction of
germination in absence of host plants, suicidal germination, has become an attractive approach for Striga control and hence
identification and synthesis of novel SLs and development of analogues with simpler structures, high activities and better
stability in soil is imperative. In this study, novel SLs analogues comprising carbamates, phenylacrylonitriles,
phenyliminoacetonitriles and phosphonates, were designed, synthesized and evaluated in vitro for potency as S. hermonthica
germination stimulants. The carbamates, phenylacrylonitriles and phenyliminoacetonitriles analogues induced high germination
while the phosphonates analogues were less effective. Based on high activity and ease of preparation a carbamate, designated
as T-010 was selected, formulated (10% WP) and tested for effectiveness on Striga parasitism and sorghum growth. Pots filled
with Striga infested soil were irrigated with tap water, treated with T-010 18 days later. Six days after treatment sorghum seeds
were sown. The seedlings, thinned to 2/pot, were allowed to grow to maturity. T-010 decreased Striga emergence and increased
sorghum shoot dry weight (DW) in a concentration dependent manner. No significant differences in shoot DW were observed
among Striga-free treatments, irrespective of T-010 rate, thus implying that the stimulant had no obvious adverse effects on
sorghum. The results were further validated in a field artificially infested with Striga seeds. Sorghum head DW was 69, 274, 326
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and 280 g mZin plots treated with T-010 at 0, 0.1, 1.0 and 10.0 kg ha'l, respectively. The study demonstrated the practicality of
suicidal germination in combating Striga and mitigating its adverse effects on sorghum.

O WEE 5

Environmental weed Acacia longifolia and their biological management by Trichilogaster acaciaelongifoliae in Australia
M. R. Islam

Federation University Australia, Environmental Science, Ballarat, Australia

rashedsau@yahoo.com

Acacia longifolia subsp. longifolia (hereafter A. longifolia) is a significant environmental weed in parts of Victoria, South Australia
and Western Australia and therefore its biological management is considered vital. Sustainable control of A. longifolia is not easy
as the seeds of A. longifolia can alive dormant in the soil for decades, which can germinate after temporary control of this
species and can obstruct restoration program after some disturbance events (as for example fire). However biological control is
more effective to manage A. longifolia for long term restoration of native ecosystems. Trichilogaster acaciaelongifoliae is a
recognized agent to manage populations of A. longifolia in South Africa, its feeding behaviour and host specificity are little
known. Moreover, the precise steps in gall development are unclear. Therefore, the aims of this study are (i) to explain the
feeding behaviour and host specificity of the T. acaciaelongifoliae, and (ii) host plant response and community interactions in
gall on A. longifolia. The gall materials on A. longifolia with T. acaciaelongifoliae and other associated insects will be collected
during 2014-2016 from the Grampians National Park for SEM and TEM microscopy. Adults of T. acaciaelongifoliae will be
captured from the field and released on glasshouse cultures of A. longifolia to monitor their feeding behaviour and process of
gall development. The outcomes of this study will enable to understanding the environmentally control of weedy Acacia-s.

O WEE 6

Multiple introduction events of the invasive alien weed Sicyos angulatus in Japan and its spread by water systems
S. Kurokawa', H. Kobayashi2

INARO Agricultural Research Center, Crop Production Systems Division, Tsukuba, Japan

’NARO Institute of Livestock and Grassland Science, Animal Physiology and Nutrition Research Division, Tsukuba, Japan
kuro94@icloud.com

Introduction: The Plant Protection Act of Japan does not include weeds among the injurious plants to be controlled. Since the
1990s, however, many alien weeds have caused serious problems in agricultural land. Sicyos angulatus is particularly
problematic because of its aggressive vining habit in maize and soybean plantations. To develop effective procedures of alien
weed control, it is crucial to understand their introduction dynamics and mechanisms of spread.

Objectives: The objectives of this study are (1) to elucidate the introduction dynamics of S. angulatus based on regional patterns
of genetic variation and (2) to understand the spread pattern of S. angulatus through a case study of the Abukuma River basin,
Japan.

Materials and methods: We used Inter-Simple Sequence Repeat (ISSR) genotyping to detect patterns of genetic variation in S.
angulatus in central and northeastern regions of Japan. We surveyed the distribution of S. angulatus along the banks of the
Abukuma River and searched for the seed source in the area surrounding the river’s upper reaches. Chloroplast DNA haplotype
composition was compared among populations.

Results: The analysis of molecular variance by ISSR genotyping revealed that 88.4% of genetic variation occurred within single
areas, compared to only 1.1% between the two regions and 10.5% among areas within regions. The coefficient of gene
differentiation was low between the two geographically distinct regions (Gs; = 0.053). We identified five multilocus haplotypes
(A-E) along the Abukuma River. The surrounding area’s population, located on nearby dairy farms, showed higher genetic
diversity at the haplotype level than the riverbank population. Its haplotype composition was similar to that of the population in
the upstream region.

Conclusion: These results suggest multiple introduction events of S. angulatus from the same gene pools into wide areas of
Japan and the facilitation of its spread by water systems. Imported feed grains may be responsible for multiple introductions
into dairy land. Thus, paddy areas connected with dairy lands through water systems may be at high risk of invasion. A
nationwide alien weed management system including pre- and post-border controls will be necessary.
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Screening Date Palm Cultivars for Resistance to Red Palm Weevil, Rhynchophorus ferrugineus (Coleoptera: Curculionidae)
H. Elshafie, R. Faleiro

University, Entomology, Hofuf, Saudi Arabia

elshafie62 @yahoo.com

Date palm, Phoenix dactylifera L. is the most important crop of the Arabian Peninsula. The Kingdom of Saudi Arabia is among the
top three date producing countries of the world estimated to have over 400 date palm cultivars of which 25 are important that
yield1.3 million tons of dates annually. The red palm weevil (RPW) Rhynchophorus ferrugineus (Olivier) (Coleoptera:
Curculionidae) is a key pest of date palm in the Middle East. We studied the mechanisms of resistance against RPW in seven
major date palm cultivars of the Al-Ahsa oasis in Saudi Arabia viz. Khalas, Sheshi, Reziz, Khasab, Hatmi, Shahal and Gaar by
determining the extent of attraction of female RPW adults to fresh palm volatiles emitted from date palm frond tissue through
four-arm choice olfactometer assays. Further, we assessed the degree of antixenosis and antibiotic effects if any by evaluating
the number of eggs laid (oviposition), percent egg hatch and larval tunneling in these cultivars. Results revealed that the popular
date palm cultivar Khalas had the least antixenotic effect on female RPW adults where a high degree of attraction to palm tissue
volatiles was recorded which was statistically similar to the cultivars Reziz, Sheshi and Hatmi. The cultivars Khasab, Shahal and
Gaar exhibited high degree of non-preference (antixenosis). Further, Reziz registered the highest egg lay by RPW and was
statistically at par with the cultivars Khalas and Sheshi. Similar and non-significant values for egg hatch and larval tunneling in
the cultivars tested indicate no antibiotic effects against RPW in the seven date palm cultivars. Since over 50% of the area in the
Al-Ahsa oasis is under the cultivar Khalas with several new plantations in the susceptible age of less than 20 years, RPW is likely
to pose a major challenge to date farmers of the region in the years to come.

o MiIS 2

Ecological impacts on native ant and ground-dwelling animal communities through the invasive Argentine ant management in
Japan

M. Inouel, Y. Sakamotoz, K. Goka®

lTokyo University of Agriculture and Technology, Tokyo, Japan

’National Institute for Environmental Studies, Ibaraki, Japan

makimaki@cc.tuat.ac.jp

In the last 30 years some limited successes in alien ant control have been documented globally, and control programs remain
challenging. Moreover, the potential non-target impacts of toxicants have not been well studied. The Argentine ant Linepithema
humile is native to South America and is a highly invasive species that has become established worldwide. This species was first
detected in Japan in 1993 and has since spread throughout the country. To prevent further range expansion of L. humile in
Japan, early detection, rapid response systems, and control measures are required. Here, we assessed the efficacy and non-
target effects of multiple products containing active compound fipronil, in the attempted control of two populations of L. humile
in Tokyo, Japan. Three treatments were conducted: control, low-dose treatment (0.1 g/ha per treatment), and high-dose
treatment (0.2 g/ha). Treatments were applied once per month for 11 months. The abundance of L. humile declined rapidly by
up to 99.8% in treated areas, but remained at extremely high densities in the control area. The treatments had few negative
non-target effects, with the abundances of native ant species and other ground-dwelling invertebrates except for cockroaches
being greater in the treated areas after L. humile suppression. These results suggested that the ecological impact of L. humile
must be much larger than that of insecticide to the native invertebrate community. Thus fipronil is an effective compound for
controlling L. humile and can be used with minimal toxic effects on non-target organisms. The treatments cost approximately
USS 575/ha in low-dose treatment and USS$ 1,250 / ha in high-dose treatment. Our research supports the creation of more
ambitious invasive ant management projects.

oMis3

Monitoring of Exotic Fruit Fly Species in Bulgaria

R. Tomovl, I. lvanova®

1University of Forestry, Plant protection, Sofia, Bulgaria

zBu/garian Food Safety Agency, Central Laboratory for Plant Quarantine, Sofia, Bulgaria
rtomov@yahoo.com

Question: The recent introduction of exotic fruit flies in North Africa and the Middle East poses a high threat to fruits and
vegetable production of the Balkans and Eastern Mediterranean. In parts of the Balkans, the Medfly (Ceratitis capitata) causes
major damage to fruit production. It has been detected several times in Bulgaria but records until now refer to interceptions or
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short-lived adventive populations only. It is still unclear how its impact in Bulgaria could increase with global warming. In the
framework of IAEA TC regional projects RER5018/RER5020 a fruit fly trapping aiming at early detection of quarantine fruit flies
and survey for presence and pest status of C. capitata in Bulgaria was set up.

Methods: The monitoring was conducted during the period 2013-2014 in Bulgaria following the Fruit fly trapping guidelines
provided as Annex 1 to ISPM No. 26 or the FAO/IAEA trapping guidelines (2013). Three types of traps were used: Jackson traps
with Methyl eugenol plug; Jackson traps with Trimedlure plug; Tephri traps with Biolure (3 components - trimethylamine,
ammonium acetate, and putrescine) plus toxicant (DDVP red square). The monitoring were conducted in permanent plots as
follows: 15 fruit markets, 14 orchards, 10 border checkpoints and 3 touristic areas with campings. The traps were located in the
regions of the following towns: Blagoevgrad, Burgas, Varna, Vidin, Vratsa, Kyustendil. Kurdzhali, Pazardzhik, Pleven, Plovdiv,
Ruse, Sliven, Sofia, Stara Zagora and Haskovo.

Results: Quarantine fruit flies were not detected during the survey in Bulgaria. Ceratitis capitata was detected in fruit market of
Sofia in September 2013 and 2014. In 2014 it was trapped in the field with Tephri traps with Biolure and Jackson traps with
Trimedlure in region of Petrich (peach orchard, August), Blagoevgrad, (peach orchard, August, and September), Plovdiv (apple
and peach orchards, September and October). No infested fruits were detected in the field.

In 2014 Drosophila suzukii was trapped with Tephri traps with Biolure in region of Blagoevgrad (cherry orchard, June; peach
orchard, September), Kyustendil (plum orchard, September), Plovdiv (peach orchard, October). No infested fruits were detected
in the field. Single specimens was trapped with Jackson traps with Trimedlure in fruit markets of Sofia and Purvenets in
November.

Conclusions: Ceratitis capitata was trapped in orchards in South Bulgaria but its establishment in the field was not confirmed. An
initial stage of invasion of Drosophila suzukii in Bulgaria was observed. The recently launched project “East and South European
Network for Invasive Alien Species - a tool to support the management of alien species in Bulgaria (ESENIAS-TOOLS)” will
facilitate the networking in the region what is crucial for early detection of IAS.

Acknowledgements: The participation in the congress has been supported by the ESENIAS-TOOLS project.

omMIS4

Development of rational management options for invasive pest, brown marmorated stink bug, Halyomorpha halys - lures,
traps, barriers, and... .

G. Krawczyk, D. Soergel, B. Lehman, T. Enyeart

Penn State University, Entomology, FREC, Biglerville, PA, United States

gxk13@psu.edu

Brown marmorated stink bug (BMSB) Halyomorpha halys (Stél) (Heteroptera- Pentatomidae), an established exotic insect pest
species introduced from Asia continues to challenge fruit growers in Eastern U.S. Currently BMSB is the number one pest of
Pennsylvania pome and stone fruit orchards, responsible for severe economic losses. Initially, only frequent insecticide
treatments applied at a set time interval provided satisfactory control of this stink bug. During last few season we attempted to
develop an alternative, more Integrated Pest Management (IPM) friendly tactics aided to reduce the negative impact of
insecticides used for BMSB management on orchard ecosystem.

During the 2013 and 2014 seasons multiple trials were conducted in commercial pome and stone fruit orchards to evaluate
effectiveness of various BMSB management programs. Targeted insecticide applications based on stink bug monitoring as well
as mechanical net barriers were evaluated for their effectiveness to reduce fruit injuries in orchards. Intercropping and crop
barriers were also evaluated in field vegetable systems. Captures of BMSB adults and nymphs in commercially available BMSB
monitoring traps were utilized as a provisional treatment threshold supporting insecticide applications.

Trap data based targeted BMSB treatments during the 2014 season resulted in over 40 percent reduction in the number of
insecticide applications without a negative effect on the number of injured fruit. Mechanical net barriers and intercropping was
also effective in reducing the number of BMSB adults observed in evaluated fields, however the results were more variable and
appeared to depend more on the type of vegetation surrounding the crop. Netting used as mechanical barriers were more
effective in preventing movement of BMSB instars from neighboring soybean or corn fields, but was not effective against BMSB
migration from woods.

With no effective control provided by native beneficial organisms, the management options for this invasive pests still need to
be based mainly on judicious use of insecticides, however mechanical barriers combined with targeted use of pesticides are
promising options for effective, more environmentally friendly integrated pest management of brown marmorated stink bug
populations in fruit orchards.
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Developing management strategies for the invasive Megacopta cribraria in soybeans in the southeastern United States
F. Reay-Jonesl, N. Seiterz, A. Del Pozo-VaIdiviaS, F. Stubbinsz, J. Greenez, D. Reisigs, P. Roberts4, M. Toews4, W. Gardner’
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An exotic plataspid native to Asia, Megacopta cribraria (Fabricius 1978), was found in Georgia in October 2009. Insects were
identified as M. cribraria using morphological characters which were corroborated by maternal DNA fingerprinting. Known as
the kudzu bug or the bean plataspid, M. cribraria has now spread across the southeastern and southern United States where it
can cause major yield loss to soybean. This presentation will provide an overview of our regional projects on management and
ecology of this invasive pest in soybean. Our initial work in South Carolina and Georgia in 2010 and 2011 focusing on insecticide
efficacy and timing of applications showed that pyrethroid insecticides are effective and the presence of nymphs may be a good
indicator of the need to trigger applications. Additional studies on dispersal of M. cribraria from overwintering sites to soybean
are helping to optimize timing of insecticide applications in soybean. To facilitate decision making, sequential sampling plans
were developed using sweep net and beat cloth sampling methods. An early planting of soybean (April) can often help to avoid
high infestations in later plantings (May-June). We have also documented Beauvaria bassiana and a mermithid
entomopathogenic nematode infecting M. cribraria in South Carolina, as components of biological control. Initial screening of
soybean lines suggest that plant resistance has potential as an additional component of integrated pest management programs.

O MIS 6

Cultural control in Switzerland continues to be a sustainable strategy for Diabrotica v. virgifera containment
H. E. Hummell‘z, M. Bertossa®
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3Agroscope-Changins-Widenswil ACW, Centro di Cadenazzo, Contone, Switzerland
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Ever since 2000 Switzerland belongs to the 22 European countries where the quarantine pest Diabrotica virgifera virgifera
LeConte, Western corn rootworm (WCR), has been detected. WCR is reported to be the most important maize pest worldwide
with annual economic damages reaching 1.5 billion USS. In Switzerland it is constantly present in the Canton south of the Alps
while only few beetles are sporadically found in the north. Observations from 2000 up to 2014 support the hypothesis that
populations in the southern part of the Alps are generated by yearly migrations from principal pest foci situated in neighbouring
Italian areas of Lombardy. Neither the tight correlation between travel distance and time of first arrival at various points from
South to North, nor the steady decline of population along the route can be explained otherwise.

Control measures enacted by Swiss authorities were principally based on a tightly enforced crop rotation scheme without
chemical inputs as usually practiced in parts of the European Union.

The effectiveness of crop rotation has been tested in a 7 year field trial comparing a continuous maize cropping system with a
crop rotation system and with a maximum of one year of maize within any two year period. Population density was measured
using synthetic pheromone baited traps and observations of root damage. Results showed that no economically relevant
population built up during this period in the crop rotation treatment, whereas in the statistical evaluation of continuous maize
cropping root damages could be detected after 4 years already.

One to one (1:1) year crop rotations are a common practice, are mandatory since 2004 in Southern Switzerland, and are well
accepted by farmers. Consequently, not a trace of pesticide has been employed against WCR in Switzerland up to now. The low
level population density also helped to avoid the introduction of WCR populations into Swiss Cantons north of the Alps and thus
prevented further spreading towards the state territories of northern neighbour states.
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Resistance reaction of elite black soybean lines to Phakopsora pachyrhizi
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Indonesian tropical climate is ideal for both of soybean growth and harmful disease development. Soybean rust, Phakopsora
pachyrhizi, has been a serious disease in Indonesia and may have an impact on soybean production. Ten elite black soybean lines
were evaluated for rust resistance in ILETRI’s greenhouse in 2011. At 30 days after planting, plants were inoculated with spores
by density of 10,000 spores per millimetre. Agronomic characters were evaluated based on research conducted in 16 soybean
production centers in Indonesia. The rust severity was rated using /IWGSR soybean rust rating system.

Reaction resiatance to rust disease fluctuates over time. Period of 45-69 days after planting was the most critical time because
plants were in the stage of pod setting and seed filling. Three elite lines showed resistant to moderately resistant reaction at the
plant age of 45, 52 and 69 days, and two of them (Cikuray x W9837-171 and W9837 x 100H-236) consistently showed a
moderately resistant at the age of 76 days.

Of the three best lines, Cikuray x W9837-171 produced the highest yield (2.72 t/ha), have days to maturity of 74 days, and the
seed size reached 11.22 g/100 seeds. The reaction resistance of the Cikuray x W9837-171 to rust disease at the plant age 38 was
resistant, and the next plant age of 45, 52, 69, and 76 days were entirely showed moderately resistant. Therefore, the elite black
soybean line Cikuray x W9837-171 has a great opportunity to be adopted by farmers due to its resistance to rust disease and
high potential yield.

OGRI-2

Identification and Safeguarding Novel Sources of Resistance to Biotic Stresses in Crop Diversity from Eastern Ghats
B. Sarath Babul, S.R. Pandravadal, K. Anithal, N. Sivarajl, V. Kamalal, K. Rameashl, S. K. Chakrabartyl, K. S. Varaprasad2
INational Bereau of Plant Genetic Resources, Agricultural Entomology, Hyderabad, India

%Indian Institute of Oilseeds Research, Nematology, Hyderabad, India

sarath60@yahoo.com

Introduction: Broadening of diversity in the primary gene pool is fundamental to any crop improvement programme to draw
genes of significance especially those imparting resistance to biotic stresses. The Eastern Ghats of Coastal India is a treasure
trove for ethnic diversity in various Agri-horticultural crops. National Bureau of Plant Genetic Resources (NBPGR) under took
over 100 germplasm collection missions in Eastern Ghats for enriching the national gene pool.

Objectives: Identification of genotypes resistant to biotic stresses there by preventing the loss of land race diversity possessing
traits of significance with special reference to biotic stresses. Enrichment of national gene pool with genotypes offering traits of
resistance to biotic stresses.

Materials and methods: Screening of over 5,000 accessions against significant pests was undertaken based on natural incidence
and artificial inoculations. Pest problems of eggplant (fruit borer), chilli pepper (thrips, mites, powdery mildew, anthracnose,
Peanut bud necrosis virus and root-knot nematode), cowpea (Blackeye cowpea mosaic virus-BCMV), dolichos bean (anthracnose
and aphids), sorghum (sugarcane aphid) and wild tomato (root-knot nematode) were investigated. The per cent disease
incidence on each genotype was converted to rating scale developed based on the field reaction leading to identification of
promising accessions.

Results: Results indicated significant variability for resistance among the genotypes of different crops to different biotic stresses.
A system of soft protection of intellectual property rights available with Indian council of Agricultural Research, was used for
registering these promising genotypes. Cowpea (INGR 08084) resistant to BCMV, Dolichos bean (INGR 11031) to anthracnose
and aphids, Lycopersicon peruvianum (INGR 08094 and 08096) to Meloidogyne javanica, Sorghum (INGR 02022) to sugarcane
aphid, Chilli peppers to thrips and mites (INGR 08095), to anthracnose (INGR 14041), and to thrips and powdery mildew (INGR
08097) were found resistant.

Conclusions: Efforts of NBPGR for preventing the loss of crop biodiversity resulted in enrichment of national gene pool to the
tune of 20,000 entries. Numbers of landraces possessing traits of resistance were identified, soft IPRs derived and deposited in
National Gene Bank.
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Virulence status of the brown planthopper to resistant rice varieties in Asia
M. Matsumural, H. Yasui’®
INARO Kyushu Okinawa Agricultural Research Center, Kumamoto, Japan
2 . .
Kyushu University, Fukuoka, Japan
mmasa@affrc.go.jp

The brown planthopper (BPH) Nilaparvata lugens is the major pest on rice throughout Asia. After the mid-2000s, outbreaks of
BPH have been occurred frequently in East Asia and Indochina. The major factors causing these outbreaks were 1) the shift of
rice cultivars to susceptible ones and 2) the development of insecticide resistance against some neonicotinoids such as
imidacloprid. The breeding for resistance to BPH became an important research subject for management of Asian BPH.
Twenty-eight rice genes for resistance to BPH have been detected and many resistant rice cultivars were released since 1973.
Wide-scale monoculture of rice cultivars with monogenic resistance to BPH resulted in the development of virulence to resistant
cultivars in BPH. Thus, the virulence to rice differential varieties was monitored using the BPH strains collected from wide areas
of Asia from 2006 to 2011. The virulence test was conducted on the basis of the adult mortality rate and the presence or
absence of a swollen abdomen 5 days after infestation.

All the BPH strains (East Asia, Vietnam, and Philippines) were highly virulent to Mudgo (carrying Bph1) and ASD7 (carrying Bph2),
suggesting that these two genes have already been broken down in Asia. In contrast, the virulence to Babawee (carrying bph4)
varied among strains: the BPH in Southern Vietnam were highly virulent and those in Philippines were partially virulent, but the
BPH in East Asia and Northern Vietnam were avirulent on 2006. However, the virulence to Babawee in East Asia and Northern
Vietnam strains have been developed and fluctuated simultaneously after 2007. The varieties Rathu Heenati (carrying Bph3 and
Bph17) and Balamawee (carrying at least two BPH-resistance genes) had a broad spectrum of resistance against all the Asian
BPH strains tested from 2006 to 2009. However, the virulence to Rathu Heenati and Balamawee in Southern Vietnam strains had
slightly developed after 2010.

In conclusion, the virulence status of Northern Vietnam (the source area of BPH migration to East Asia) and East Asia changed
simultaneously, suggesting that virulence monitoring in Vietnam is important to estimate the change of the virulent status in
East Asia. The results also showed that The BPH in Southern Vietnam developed virulence more rapidly than those in East Asia
and Northern Vietnam.

OGRI-4

Exploiting wild relatives of grain legumes for developing insect-smart crops

S. Sharma, H. C. Sharma, H. D. Upadhyaya

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Grain Legumes, Hyderabad, India
shivali.sharma@cgiar.org

Productivity of grain legumes is quite low worldwide mainly due to the narrow genetic base of crop cultivars coupled with many
abiotic/biotic stresses. Of these stresses, pod borer, Helicoverpa armigera is one of the most damaging pests worldwide. Losses
due to this pest have been estimated to be US $ 317 million in the semi-arid tropics (SAT), and over USS 2 billion on different
crops worldwide. Only low to moderate levels of resistance to H. armigera have been detected in the cultivated genepool of
most of the crops including the ICRISAT mandate grain legume crops chickpea, pigeonpea, and groundnut. In contrast, the wild
relatives of crops which continue to evolve in nature, have defense mechanism to survive when challenged by the herbivores. To
bridge the gap between the potential and realized yields of grain legumes on farmers’ fields, there is a need to develop high
yielding cultivars with resistance to pod borer. Wild relatives are a potential source for introgressing resistance genes against H.
armigera into the cultigen. Several accessions of wild relatives of gain legumes with high levels, and different mechanisms of
resistance to H. armigera (oviposition non-reference and antibiosis) have been identified, and these can be utilized as sources of
resistance in breeding programs to introgress useful genes into cultivated background following wide hybridization. At ICRISAT,
efforts are underway to introgress different components of pod borer resistance from different wild Cajanus species (C.
scarabaeoides and C. acutifolius) into commercial pigeonpea cultivars, and from Cicer reticulatum and C. echinospermum into
the cultivated chickpea for developing pod borer-resistant introgression lines for improvement of grain legumes. This will also
lead to broadening the genetic base through wide hybridization.
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Genetic resources of barley resistance to leaf blights and their rational using in Russia

0. Afanasenko 1, D. Kopahnke 2, A. Anisimova 1, N. Lashina 1, I. Dobrinin 1, O. Kovaleva 3, I. Loskutov >

All-Russian Research Institute for Plant Protection, Saint Petersburg, Russian Federation

%Julius Kuehn-Institute (JKI), Federal Research Institute for Cultivated Plants, Institute for Resistance Research and Stress
Tolerance, Quedlinburg, Germany

*N.1. Vavilov Research Institute of Plant Industry, Saint Petersburg, Russian Federation

olga.s.afan@gmail.com

Net blotch caused by Pyrenophora teres f. teres and spot blotch caused by Cochliobolus sativus are two most damaging and
widely distributed fungal pathogens of barley. Breeding for durable barley resistance is based on knowledge of micro
evolutionary processes in pathogen populations and genetic diversity of resistance.

The objectives of studies were (i) screening on resistance to P. teres f. teres and C. sativus the barley germplasm collection of
landraces and cultivars from N. I. Vavilov Research Institute of Plant Industry, (ii) to identify major genes and QTLs for resistance
to P. teres f. teres, and C. sativus in some barley accessions, and (iii) to find the most effective combinations of resistance genes
for barley breeding.

More than 10.000 barley accessions from different genetic centers of barley diversity and commercial cultivars were evaluated
for resistance to both P. teres and C. sativus in laboratory, greenhouse and field conditions.

Mapping of QTLs controlled resistance to different P. teres f. teres and C. sativus isolates in two double haploid (DH) populations
was carried out with set of 384 SNP markers.

As a result of long-term joint research projects of the All-Russian Research Institute of Plant Protection and the Institute for
Resistance Research and Stress Tolerance of the Federal Research Center for Cultivated Plants, more than 10.000 barley
accessions from different genetic centers of barley diversity and commercial cultivars were evaluated for resistance to both P.
teres and C. sativus, and as a result about 450 accessions with different level of resistance were identified.

In two DH populations one major gene and four novel QTLs of resistance to P. teres f. teres was detected, also seven novel QTLs
contributed resistance to nine C. sativus isolates.

35 combinations of resistance genes in barley accessions, to which isolates with complementary combination of virulence genes
were not found in natural P. teres f. teres populations, were determined.

Studies was partially supported by grant of Russian Fund of Basic Research Ne 14-04-00400

OGRI-6

Disease control and yields in traditional durum wheat (Triticum turgidum L. subsp. durum) variety mixtures in Morocco
R. Bazidazl, M. HoIzingerZ, M. Arbaouil, L. Belqadil, B. Ezzahiril, P. Colangelo3, A. H. Brownz, D. I. Jarvis®**

YIAV Hassan 11 University, Rabat, Italy

zBioversity International, Maccarese, Italy

*Institute for Ecosystem Study, National Research Council, Verbania-Pallanza, Italy

4Washington State University, Crop and Soil Sciences, Pullman, Italy

mustaphaarbaoui@hotmail.comd.jarvis@cgiar.org

Durum wheat (Triticum turgidum L. subsp. durum) is one of Morocco's most important cereal crops. Its production faces
challenges in the form of climatic variability and disease damage. Septoria leaf blotch (caused by Zysomoseptoria tritici) and
brown rust (Puccinia recondita f. sp. Tritici) are prevalent and serious diseases affecting wheat in Morocco. Twenty-four different
varietal mixtures combinations based on of one modern and five traditional varieties popular in the study area, were planted at
two distinct experimental sites. Data on disease incidences and yields were collected. Analysed using generalized linear mixed
models (GLMM) showed that increasing both the number of varieties and the proportion of resistant variety within a mix
contributed significantly to lower levels of infestation for both diseases. Yield increased significantly with more varietal
components -being less affected by the overall level of disease incidence. Most mixture treatments performed better in terms of
disease than the mean of the pure stand of their best components as monocultures, but less than the best component. The
majority of tested mixtures exhibited higher productivity than monocultures of their highest yielding component. The results
suggest durum wheat varietal mixtures are a viable option for disease management and yield stability.
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Risk ranking of importation pathways using fruit flies hierarchy - Reunion Island case study
P. Martinl'z, P. Ryckewaerts, C. Tayeh4, P. Reynauds, S. Quilicis, M. De Meyer7, P. Silvie®
1CIRAD, UPR AIDA, Montpellier, France

2LIRM/\/I, Computer science, Montpellier, France

3CIRAD, UR HORTSYS, Le Lamentin, France

4Anses, ERB, Angers, France

®Anses, Entomology and Invasive Plants Unit, Montpellier, France

GCIRAD, UMR PVBMT, Le Lamentin, France

7Royal Museum for Central Africa, biology, Tervuren, Belgium

pierre.martin@cirad.fr

Question: Transfers of fresh fruits and vegetables between countries via passengers or commercial trade enables insects such as
Tephritidae (Diptera commonly named ‘fruit flies’) to colonize new areas, causing crop losses as well as displacement of
indigenous species. Islands are very sensitive areas to alien species introductions, making application of import regulations
important to protect local agriculture. In Réunion Island (Indian Ocean), 309 import pathways of fruits and vegetables have been
identified using data registered between 2007 and 2012. The question, raised by the French Ministry of Agriculture to Anses
(Agency for Food, Environmental and Occupational Health & Safety), was to rank the pathways representing a potential
infestation risk by some of the 224 fruit flies species considered as the most threatening.

Methods: Two methods were developed: an information system, gathering information collected in databases, websites and
publications, helped to identify the potentially infested pathways. A decision support system enabled pathways ranking
according to the fruit flies hierarchy established using Promethée multi-criteria method®.

Results: 55 risky import pathways were ranked, linked with potential infestation by 16 fruit fly species belonging to the genera
Anastrepha, Bactrocera, Ceratitis, Dacus and Rhagoletis. Because of their high probability of entry and establishment, the
threatening species would be, in order of importance, B. invadens, C. rosa (the African strain), B. dorsalis (separated from B.
invadens), B. tryoni and D. vertebratus. The most risky pathways would be, in order of importance, fresh fruits from the genus
Citrus, Prunus, as well as Cucumis melo and Cucumis sativus, all coming from South Africa, then Citrus imported from
Madagascar and peaches from Zambia®.

Conclusion: The ranking of pathways allowed by our method enables the customs risk manager to better define border
management measures and to adapt the control of each pathway according to the threat linked to the fruit flies potentially
conveyed.

References:

®Martin P. & Silvie P., 2014. Computer Techniques To Assist Health Risk Manager. Invasive and Developing Pests and Insects
Conf., Montpellier (France), 13p.

bAnses, 2014. Opinion. https://www.anses.fr/fr/documents/SVEG2012sa0162Ra-01.pdf
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The Opportunities and Challenges: Review of the Invasion, Prevention and Control of Tephritid Fruit Flies in China
Z. Li

China Agricultural University, Department of Entomology, Beijing, China

zihuazhao@126.com

In the trends of economic globalization and integration, Tephritid fruit flies are spread more quickly and widely in the world,
which are causing significant economic and biological losing. Therefore, China has attached great importance to Tephritid
invasion, prevention and control. Continuing efforts have being made not only in the area of the management, but also scientific
research and higher education in the last decade. On the base of summarizing the Tephritid invasion and official control, this
paper reviewed the main research developments in China during the last 10 years, such as quantitative risk assessment, species
molecular identification, quarantine treatment, fields control, national monitoring of fruit flies. With that, the potential
opportunities and challenges are analyzed for Tephritid prevention and control in China against the backdrop of quickly inter-
connecting of China’s economy with the rest world. To properly deal with the challenges and seize the opportunities, it is
proposed to further streamline the prevention and control system, to strengthen the researches of scientific theory problems
and applied techniques, and to enhance the classified management of Tephritid fruit flies in China.
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Report on the occurrence of the peach fruit fly, Bactrocera zonata (Saunders) (Tephritidae) in Sudan

F. Salah, H. Abdelgader
UofG, Crop Protection, Wad Madani, Sudan

faizaruba@yahoo.com

Introduction: The peach fruit fly B. zonata is widespread and was reported in many countries, e.g. Asia: Bangladesh, India, Iran
(southern), Pakistan also in Oman,, Saudi Arabia, United Arab Emirates...etc, africa: Egypt, Mauritius, Réunion , North America:
Trapped in USA (California). The peach fruit fly, Bactrocera zonata (Saunders) (Tephritidae) was first identified from Sudan
through samples of fruit flies captured in Chempac bucket traps, containing methyl eugenol and an insecticide.

Materials and methods: In this study Chempac bucket traps were used to capture fruit fly species. Methyl eugenol was placed at
the bottom of the trap as well as Dichlorvos tablets to kill any attracted flies. Three traps were mounted at three different
locations in Wad Medani area at approximately 2 km apart. Two were mounted in Hantop and one in Gezirat Alfil.

Results: The results indicated that both species of fruit flies (B. invadens and B. zonata) were caught in all traps at the different
periods surveyed in Wad Medani area. The percentage B. zonata of the total fruit fly catch ranged between 32-82, 34-68 and 4-
34 for Hantop 1, Hantop 2 and Gaziret Alfil, respectively. In Singa area all traps in all periods contained B. invadens at levels
ranging from 197-1296 flies/trap. Bactrocera zonata was caught on only two observation dates in two traps with a very small
percentage of the total catch (1.4 and 0.2%). In Elkamlin area the catches of B. invadens ranged between 7-45 flies/trap.
Bactrocera zonata was caught in only one trap on one date and the percentage of the species was 11.8% of the total catch per
trap.

Conclusion: There is a need to develop a management program trying to limit the distribution of this species within Sudan and
the possible containment of the species in the infested areas such as Gezira and possibilities to eradicate it.

OFF4

Integrated Pest Management of Invasive Bactrocera Fruit Flies with Novel Biopesticide Approaches

R. Vargasl, J. Pineroz, L. Leblanc®

1USDA/ARS/DKIUSPBARC, Entomology, Hilo, Hl, United States

’Lincoln University, Cooperative Research and Extension, Jefferson City, MO, United States

3University of Hawaii, Department of Plant and Environmental Protection Sciences, Honolulu, Hl, United States
roger.vargas@ars.usda.gov

Introduction: The family Tephritidae, the true fruit flies, includes over 4000 species, many of which are among the most
economically important pests attacking soft fruits worldwide. Specifically, many species within the genus Bactrocera are major
pests of tropical fruits and have been rapidly spreading around the world. These new invasions can be attributed primarily to
increased global trade of fruits and vegetables and movement of people. For example, Bactrocera dorsalis (Hendel), oriental
fruit fly, B. cucurbitae (Coquillett), and B. zonata (Saunders), peach fruit fly, significant pests of a number of fruit commodities in
Asia are now found throughout many areas of Africa. Carambola fruit fly, B. carambolae Drew and Hancock, a sibling species of
oriental fruit fly, has invaded South America.

Objectives: These flies are typically difficult to control and conventional methods of control particularly in developing countries
rely heavily on broad-spectrum insecticides applied either as cover sprays or incorporated into protein baits. The Hawaii Area-
Wide Pest Management (AWPM) program through a 10-year research and development program promoted adoption of safer
and more effective methods of detection, monitoring and control.

Materials and methods: Evaluations were conducted by researchers at the United States Department of Agriculture (USDA),
Agricultural Research Service (ARS), Daniel K. Inouye, U.S. Pacific Basin Agricultural Research Center (MKIUSPBARC), Hilo, HI, USA
in conjunction with researchers from the University of Hawaii, Manoa and the Hawaii Department of Agriculture through the
Hawaii AWPM program.

Results: Over the past 15 years an arsenal of biopesticide treatments were developed and tested in Hawaii that include bait-
sprays, male annihilation treatments, and soil drenches.

Conclusions: Results from field demonstration trials suggest that these approaches offer safer and more effective treatments
with reduced-risk, environmentally friendly insecticides than conventional treatments against multiple species of fruit flies
throughout the world. These approaches can be used in conjunction with other fruit fly management tactics (sanitation, mass
trapping, parasitoids, and SIT) as components of integrated pest management (IPM) programs.
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Prospects for the use of the brewery yeast waste as an alternative attractant and bait for monitoring and controlling fruits
flies in Burkina Faso

D. Dona, O. Lenli Claude, S. Rabieta

INERA, National Centre of Specialization for Fruits and Vegetables (NCOS-FV), Bobo-Dioulasso, Burkina Faso
dakouo@hotmail.com

Question: Mango production ranks first in Burkina fruits production with more than 300 thousand tons produced annually, the
third of which has been exported. Several constraints among of which, diseases and insects pests are of major concern. Fruits
flies, with two main species (Bactrocera dorsalis and Ceratitis cosyra), represent the major biotic constraints with losses ranging
from 40-80%. In addition, several mango containers have been often blocked at the borders of European countries because of
fruit fly infestations, leading to their destruction at the owner risks. Three components of the fruits flies control strategy have
been successfully used in Burkina Faso, based on spot bait sprays of GF120, MAT using Timaye (made of methyl eugenol and
insecticide) and sanitation. However, even successful, the products used are not only expensive for mango growers but not
always available in the local market. Therefore, there was a need to work out alternative ways.

Methods: The brewery yeast waste which is always available from the local Breweries was tested as an attractant at six locations
using Mac phail traps compared to a reference product, the Torula yeast (Torulospis utilis). The process of obtaining the brewery
yeast attractant includes heating to remove the alcohol and excess of water. Then an enzyme (papain) and a food grade
preservative (potassium sorbate) were added. Brewery and Torula yeast replacement as well as trap catches counting were
done at weekly basis.

Results: Result showed that the brewery yeast was more attractive to the fruits flies compared to the Torula yeast. The index of
fruit flies catching ranged from 2 to 12 for the brewery yeast as compared from 0,2 to 1,8 for the Torula yeast over the six weeks
of trapping.

Conclusions: These first results indicated that the brewery yeast could be used as attractant in monitoring as well as bait in
controlling fruit flies. Prospects for its use in combination with other components (SIT, biological control, bio-pesticides) in the
development of a sustainable area wide management of fruit flies in Burkina Faso and in West Africa are discussed.

OFF6

Decis Trap - Platform Technology for the sustainable management of fruit fly and other diptera.
U. Rabe

Bayer CropScience AG, Strategy Fruit & Vegetable and Insecticides, Monheim am Rhein, Germany
uwe.rabe@bayer.com

Decis Trap is an innovative tool for monitoring, mass trapping as well as attracting and killing of insects. The unique trap design
combined with insect specific attractants and the insecticide Decis ensure the highest number of fly catches. It is a closed-
system device for maximum operator safety in a convenient ready-to-use concept with season long control and leaving no
residues. Decis Trap is available for Mediterranean Fruit Fly (Ceratitis capitata) since 2009. The Decis Trap platform technology is
under development for several further diptera species.
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Optimized infestation control and mycotoxin reduction strategies against Fusarium diseases of corn and wheat
J.-A. Verreet, T. Birr

University of Kiel, Phytopathology, Kiel, Germany
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Epidemic and damage dynamics of 13 Fusarium species on wheat (3 different susceptible varieties, 2008-2014) and corn (4
different susceptible varieties, 2011-2014) were recorded at 9 locations in Germany. In addition to yield factors, disease severity
were analysed by g-PCR and the F. toxins deoxynivalenol (DON) and zearalenone (ZEA) were analysed by LC/MS. The same F.
spp. spectrum was detected in wheat and corn. Based on year-long national results, a head blight forecast model for the
optimized control was derived for wheat. There was a close relationship between rainfall and temperature at flowering
(infection parameters) on the one hand and Fusarium DNA (R2 =0.78), DON (R2 = 0.80), and ZEA content (R2 = 0.76) of the grain
on the other. The correlation between mycotoxin contents and Fusarium DNA at harvest and predicted values which were
calculated on temperature and precipitation at flowering document the high quality of the model (DON R’=0.85, ZEA R=0.86,
Fusarium DNA R2=0.83). Both in susceptible and tolerant corn varieties, maximum values of > 26 000 micrograms DON and >
2000 micrograms ZEA per kg dry mass were measured in no-till cropping systems with monoculture. Plowing reduced DON
content by 82 % and ZEA content by 65 %. The triazole fungicide combined with strobilurine reduced mycotoxin levels in wheat
by > 60 %, and in corn by up to 90 % when applied at flowering and panicle stage, respectively.

O MYC 2

The effect of maize plant density on fumonisin producing Fusarium spp. infection and fumonisin synthesis.
B. Janse van Rensburg, B. Flett, J. Ramaswe, A. Schoeman

ARC-GCI, Plant protection, Potchefstroom, South Africa

belindaj@arc.agric.za

Maize (Zea mays L.) is one of the most important crops planted worldwide, and is a host of many plant pathogens, such as
Fusarium verticillioides. This fungus produces secondary metabolites, fumonisins, which cause mycotoxicoses in animals and
humans when ingested The aim of this study was to investigate the effect of plant density on F. verticillioides ear rot infection
and possible fumonisin contamination under field conditions. Plant density field trials (2011-2014) were planted at the ARC-GCI
experimental farm in Potchefstroom, South Africa. Soil analysis was conducted at individual experimental plots before planting.
Plant densities comprised of 10 000, 20 000, 30 000, 40 000 and 50 000 plants/ha. These plant densities (treatments) and
cultivars CRN3505 and PAN 6P-110 were planted in a complete randomized block design. The size of each plot was 12m X 8m. To
obtain the desired plant densities, kernels were planted at 0.9 m (inter-row) x 15 cm (intra-row), 0.9 m x 30 cm, 1.0 m x 30 cm,
1.2 m x 30 cm and 2.0 m x 30 cm, respectively. After emergence, maize seedlings were counted in each respective block to
determine actual plant densities. Grain from the individual trials were milled and subjected to qPCR (fungal biomass) and HPLC
(fumonisin quantification). ANOVA indicated a highly significant interaction (treatment x season x cultivar) regarding fungal
infection (P=<.001). Target DNA was the highest at 10 000 plants/ha (180.14 pg/ug) and the lowest at 50 000 plants/ha (53.29
pg/ug). Target DNA increased from 2011 to 2014 with target DNA concentrations of 5.89 - 294.06 pg/ug respectively. CRN3505
had a lower mean target DNA of 83.90 compared to 134.50 pg/ug in PAN6P-110. A weak treatment x season interaction could
be observed for fumonisin synthesis (P=0.06). Fumonisin synthesis was the highest at 10 000 plants/ha (1.53 ppm) and the
lowest at 50 000 plants/ha (0.72 ppm). Fumonisins declined from 2.15 ppm to 0.79 ppm during 2011-2014. Plant density had an
effect on fungal infection with a decrease of target DNA as plant densities increased. Similar to fungal biomass, fumonisins
decreased as plant densities increased although target DNA increased over seasons and fumonisins decreased. Weather data,
additional localities and genotypes will be included in future studies.

O MYC3

Fusarioses complex on maize ears: disease severity and mycotoxin accumulation in infected kernels

M. Sherifl’z, R. Splivalloz, K. Pfohll, P. Karlovsky1

lGeorg-August University Géttingen, Molecular Phytopathology and Mycotoxin Research, Géttingen, Germany
’Goethe University Frankfurt, Institute for Molecular Biosciences, Frankfurt, Germany
msherif@uni-goettingen.de

Maize (Zea mays) is an important cereal crop which provides staple food for human and livestock. Its cultivated surface area
covers more than 180 million ha (FAO, 2013). Maize plants are threatened by numerous diseases, one of the most important of
which is fusarioses, and caused by fungi of the Fusarium genus. Fusarioses is responsible for maize yield reduction and kernel
contamination with fungal toxins (mycotoxins) which are harmful to human and livestock.
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In nature maize plants are commonly infected simultaneously by more than one pathogenic Fusarium species. Virulence of the
pathogen, host genetic background and environmental conditions might contribute to the dominance of a single species over
the others. Which of these factors leads to this dominance is nevertheless unclear.

In our study, we investigated the interaction of F. graminearum and F verticillioides, two species which are frequently isolated
from maize fields and which produce distinct mycotoxins. Both species were inoculated on dwarf maize (var. Gaspe Flint) ears
under greenhouse conditions. Specifically we used two chemotypes of F.graminearum which produced either deoxynivalenol
(DON) or nivalenol (NIV) and one strain of F.verticillioides which produced fumonisins. Maize ears were either infected with a
single Fusarium species or co-inoculated with two species. Disease severity, fungal biomass and mycotoxins accumulation was
monitored on ears.

The individual inoculation experiment showed that F.verticillioides and F.graminearum NIV chemotype were the less aggressive
strains while F.graminearum DON chemotype was the most aggressive one. Interestingly co-inoculation experiments with
F.verticillioides inoculated prior to F.graminearum resulted in an inhibition of F. graminearum biomass but in an increase in
biomass of F.verticillioides compared to single inoculations. Mycotoxin accumulation varied widely within samples. Overall our
results suggest that mycotoxins might have a role in the competition among Fusarium species.

o MYC4

Healthy & Safe - Cropping factors influencing the occurrence of dominant Fusarium species and mycotoxins in barley and oats
from Swiss harves samples

T. Schirdewahnl, C. Martinz, F. Mascher?’, T.D. Buchelil, M. Bertossaz, R. Morisoliz, T. Musal, F.E. Wettsteinl, B. KeIIer4, S.
Vogelgsang1

lAgroscope, Institute for Sustainability Sciences, Ziirich, Switzerland

’Agroscope, Institute for Plant Production Sciences, Cadenazzo, Switzerland

3Agroscope, Institute for Plant Production Sciences, Changins, Switzerland

4University of Zurich, Institute of Plant Biology, Ziirich, Switzerland

torsten.schirdewahn@agroscope.admin.ch

Introduction: Small-grain cereals provide the major part of calorie intake of the Swiss population. Especially barley and oats can
contain interesting levels of health promoting compounds (HPCs). Some of these HPCs (e.g. anthocyanins) possess antioxidant
potential and thus can prevent various human diseases such as cancer and Parkinson’s. Hence, cereal varieties with elevated
contents of HPCs are desirable. However, cereals must be safe and therefore free of health threatening substances, such as
Fusarium mycotoxins. For Fusarium head blight in cereals, F. graminearum (Schwabe) is the most prominent species worldwide.
Still, cereal types differ in their susceptibility to different Fusarium species and various factors, such as weather and cropping
measures.

Objectives: The main aim of the project is to reduce the contamination of small-grain cereals by Fusarium toxins while
developing value added varieties containing higher levels of HPCs. Apart from assessing the most dominant Fusarium species in
barley and oats, epidemiological studies will serve to reveal the most favourable infection conditions for these species.
Moreover, different artificially infected barley, oat and wheat varieties with varying levels of HPCs will be investigated towards
their Fusarium susceptibility.

Materials and methods: In a first step, barley and oat samples from all over Switzerland have been collected in 2013 and 2014,
along with information on respective cropping factors. The incidence of different Fusarium species was obtained by using a seed
health test and qPCR. The mycotoxins were quantified by LC-MS/MS.

Results: Based on the current results, the main occurring species and mycotoxins were F. graminearum and deoxynivalenol in
barley and F. poae and T-2/HT-2 in oats, respectively. In depth analyses to reveal potential correlations between Fusarium
species/mycotoxins and cropping factors are presently running.

Conclusion: Results from the monitoring and epidemiological studies will be used to extend the forecasting system FusaProg for
wheat towards barley and oats. Thus, a system to reduce the application of fungicides and a tool for growers to decrease the
infection risk will be developed. Several partners along the food chain will contribute to implement the results for an improved
safety of healthy Swiss cereals.
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Integration of Biological Control, GMO Traits for Insect Control and Adapted Varieties for Management of Aflatoxin in Maize
T. Isakeitl, S. Murrayz, J. Pekarz, N. Wahlz, L. Pruter3, M. Brewer’

Texas A&M University, Plant Pathology, College Station, United States

*Texas A&M University, Soil and Crop Sciences, College Station, United States

*Texas Agrilife Research Center, Corpus Christi, United States

t-isakeit@tamu.edu

Aflatoxin contamination is a chronic problem in maize grown throughout most of Texas, USA, as well as in many developing
countries that threatens food safety. In recent years, two non-aflatoxigenic strains of Aspergillus flavus, Afla-Guard and AF-36,
have been commercially available in Texas for biological control of aflatoxin and represent one approach for its management,
but there is no information on how these biocontrol agents interact with other control approaches, particularly adapted hybrids
and insect-control traits in GMO hybrids. The objective of our field experiments was to evaluate such interactions in 32 hybrids
grown in two different climates of Texas. Hybrids were planted in two-row, 5.5 m-long plots in a split-split plot design. Afla-
Guard was applied at 11.2 kg/ha to the rows prior to flowering and all plots were inoculated with a toxigenic strain of A. flavus at
flowering to increase aflatoxin pressure. Overall, the location in Corpus Christi had higher levels of aflatoxin (209 ppb average,
range 0-1600 ppb) than College Station (27 ppb average, range 0-330 ppb). Hybrids differed significantly (P=0.05) in aflatoxin
accumulation at both locations. The Afla-Guard treatment reduced aflatoxin in some hybrids, but not others. A hybrid expressing
Cry1Ab and Vip3Aa20 Bt proteins accumulated less aflatoxin than hybrids from the same parent that expressed only Cry1Ab, or
no Bt proteins. Aflatoxin in a hybrid expressing Cry1A.105 and Cry2Ab2 was not less than the parent hybrid without these Bt
proteins. Several non-GMO hybrids derived from public breeding lines that accumulate less aflatoxin had lower levels of
aflatoxin than some of the GMO hybrids. The results at these locations suggest that Afla-Guard may perform better with some
hybrids than others and the insect-control traits in some GMO hybrids will not reduce aflatoxin. Additionally, hybrid selection
may be a significant component of aflatoxin management.

O MYC6

Developing Value Chain Teams to Address Aflatoxin Management Strategies in Peanut Production and Processing in Africa
R. Brandenburgl, D. Jordanl, A. Emmott’

'North Carolina State University, Entomology, Raleigh, United States

UK Nutsheller, London, United Kingdom

rick_brandenburg@ncsu.edu

Introduction: Aflatoxin is a major concern in peanut, maize, rice and cassava in semi-arid regions of the world. The management
of aflatoxin requires a comprehensive approach across disciplines and must take into consideration the disciplines of agronomy
and pest management, food science, health and nutrition, marketing and socioeconomics. This approach will provide incentives
necessary to promote change and reduce aflatoxin levels throughout the value chain.
Objectives:

e Assemble multidisciplinary teams that focus on reducing aflatoxin contamination throughout the value chain.

e Develop and implement a cohesive research plan addressing aflatoxin contamination and socioeconomics benefits from

planting the crop through harvest, drying and storage, processing, and entry into the market.

Materials and methods: The USAID Peanut Mycotoxin Innovation Labs funded two value chain projects in Africa in Ghana,
Malawi, Mozambique, and Zambia in 2013. Projects include scientists in pest management, agronomy, food science, agricultural
engineering, and socioeconomics involving 9 U.S. and African universities; 4 national and international research institutes in
Africa; and NGOs and private partnerships. Research targets factors that reduce aflatoxin contamination within each discipline,
but ultimately with a focus on the overall cumulative impact through the value chain and the appropriate marketing incentives
that motivate farmers to adjust practices.
Results: Projects with these comprehensive teams are underway and coordinated by an overall leader to ensure synergies are
developed amongst the projects. Annual meetings are held with collaborating scientists to adjust research objectives and
maintain project focus.
Conclusions: The value chain projects are fully underway with numerous agricultural, processing, and food science projects
initiated leading towards a comprehensive aflatoxin management program linked to socioeconomic village-level incentives to
mitigate aflatoxin, improve human health, and increase incomes in rural villages.
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A biochemical engineering approach to identify priming compounds

J. SchiIIingl, B. Schillheimz, S. Mahrl, u. Conrathz, J. Biichs
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’plant Biochemistry and Molecular Biology, Plant Physiology, Aachen, Germany
jana.schilling@avt.rwth-aachen.de

Introduction: An alternative crop protection strategy is needed since the resistance of pathogens and pests to agrochemicals is
increasing. Moreover, the extensive use of pesticides, fungicides. A promising alternative crop protection strategy is defense
priming [1]. This way of defense exploits the immune system of plants, and thus enhances the stress tolerance to biotic and
abiotic stress [1].

Objective: The demand for new compounds for an effective crop protection is increasing and so is the need for an effective

screening system. Until now, the identification of priming compounds relied on invasive approaches [2], or required the

detection of secreted furanocoumarin phytoalexins in parsley cell cultures [3] resulting in prolongation of the experiment. In this
work, a simple, fast, and noninvasive technique is established for identifying new priming-inducing compounds for plant
protection based on the oxygen consumption of parsley suspension cell cultures.

Materials and methods: The respiration activity monitoring system (RAMOS) [4] was used to on-line identify priming

compounds. The impact and dose-dependency of well-known priming compounds and the impact of non-priming compounds on

the oxygen transfer rate (OTR) was evaluated with the parsley model system. 2D-fluorescence measurements of the
furanocoumarin phytoalexins [3] served as validation.

Results: Treatment of parsley suspension cells with the known priming compound salicylic acid (SA) resulted in a dose-

dependent increase in OTR. The addition of putative priming-active and priming-inactive compounds confirmed that the

presence of priming correlates with an increase in OTR. The results were underlined by the determination of the
furanocoumarin phytoalexins via 2D-fluorescence spectroscopy.

Conclusion: The OTR was assessed to identify priming compounds immediately after addition of the compounds to parsley cell

cultures. The online signal enabled a robust and fast determination of priming compounds and can be applied to other plant cell

suspension cultures.

1 Conrath U, Beckers GJM, Langenbach CJG, Jaskiewicz MR. Priming for Enhanced Defense. Annual Review of Phytopathology.
2015;53.

2 Noutoshi Y, Okazaki M, Kida T, Nishina Y, Morishita Y, Ogawa T, Suzuki H, Shibata D, Jikumaru Y, Hanada A, Kamiya Y, Shirasu K.
Novel plant immune-priming compounds identified via high-throughput chemical screening target salicylic acid
glucosyltransferases in Arabidopsis. The Plant Cell. 2012;24:3795-804.

3 Siegrist J, Mihlenbeck S, Buchenauer H. Cultured parsley cells, a model system for the rapid testing of abiotic and natural
substances as inducers of systemic acquired resistance. Physiological and Molecular Plant Pathology. 1998;53:223-38.

4 Anderlei T, Blichs J. Device for sterile online measurement of the oxygen transfer rate in shaking flasks. Biochemical
Engineering Journal. 2001;7:157-62.
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Comparative analysis of Acholeplasmataceae genomes highlights the particular genetic repertoire of 'Candidatus
Phytoplasma' strains

M. Kubel, F. Quaglinoz, C. Siewertl, S. Holzl, C. Bittner'

"Humboldt-Universitét zu Berlin, ADTI, Berlin, Germany
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Introduction: Acholeplasmataceae comprises the genera Acholeplasma and ‘Ca. Phytoplasma’. Acholeplasmas are described as
saprophytic bacteria in general, while phytoplasma strains are characterized as obligate intracellular parasites of the plant
phloem associated to diseases in >1,000 plant species. Genome research enables the identification of effector proteins and the
reconstruction of the metabolism. The complete genomes of 5 phytoplasma strains and 4 Acholeplasma spp. have been
analysed (1,2).

Objectives: Comparative genome analyses provide insights into the evolutionary split of these two genera and the obligate
parasitism of phytoplasmas in comparison to the acholeplasmas.

Methods: Different technologies ranging from clone-based Sanger sequencing, pyro-sequencing, sequencing by synthesis and
single molecule real time sequencing were applied. Annotation included functional reconstruction and comparative analyses
accomplished by gene expression studies.

Results: The conserved gene core of phytoplasmas is also encoded by the analysed 4 acholeplasmas in majority. Phytoplasmas
are separated by a particular carboxylic acid metabolism, membrane proteins involved in host interaction and virulence factors.
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Conclusion: Particularities of the phytoplasmas such as the symporter for the uptake of carboxylic acids and their conversion to

pyruvate should be interpreted with respect to the Gram+ origin in contrast to genes encoding effectors, which may be derived

from horizontal gene transfers.

References

1 Siewert, et al. Complete genome determination and analysis of Acholeplasma oculi strain 19L, highlighting the loss of basic
genetic features in the Acholeplasmataceae. BMC Genomics 24 (2014), 15:931.

2 Kube, et al.. Analysis of the complete genomes of Acholeplasma brassicae, A. palmae and A. laidlawii and their comparison to
the obligate parasites from 'Candidatus Phytoplasma'. J Mol Microbiol Biotechnol 1 (2014), p.19-36.
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Pathogenicity of Erwinia amylovora on Host and Non-Host Plants
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Erwinia amylovora causes fire blight disease, a necrotic and invasive disease responsible for considerable economic losses in
host plants and to elicit the HR in nonhost plants depends on the presence of a functional type Il secretion system (TTSS)
encoded by the hrp gene cluster. The TTSS effector DspA/E is an essential pathogenicity factor of E. amylovora. In the study, a
wild-type and a TTSS mutant strains of E. amylovora, seeds of the A. thaliana, Col-5, Ler-0, Wseds, Ler-FIs2 ecotype and mutants,
and two year-old ‘Gala’ apple seedlings, and eight week-old tobacco plants, Nicotiana tabacum cvs. Xanthi, Benthamiana and
White Burley, were used. The leaves of A. thaliana, apple and tobacco seedlings were infiltrated with bacterial suspensions at a
concentration of 10° CFU ml™ using a needleless syringe. Bacterial counting was performed at 24 hpi on NA medium. Symptom
severity was scaled as described in our previously studies. Callose was stained with aniline blue and the leaf disks were
examined by fluorescence microscopy. Enzyme extractions and measurements of peroxidase, catalase, glutathione-S-transferase
activities and of total protein contents were assayed. We confirmed that DspA/E acts as a major cell-death inducer during
disease and HR, because the dspA/E mutant is severely impaired in its ability to induce electrolyte leakage in apple, A. thaliana
and tobacco leaves. Bacterial populations of the dspA/E mutant decreased immediately following inoculation. Wild type and
mutant strains of E. amylovora activated the antioxidative enzymes and activation reached to maximum level after 24 h later.
DspA/E repressesed protein synthesis and triggered a defence response. Mutant dspA/E strain induced a HR in tobacco cvs. with
different types and at 12-36 hours. In addition, wild-type strain led to a significant increase in electrolyte leakage in both host
and nonhost plants. This study showed that E.amylovora wild type and mutant strains played role at different levels in the
induction of cell death, activation of defense pathways, protein and ROS accumulation, the multiplication and survival in host
and nonhosts, apple, A. thaliana and tobacco. Knowing of further details on the pathogenicity of E. amylovora and of defense
mechanisms of the host and non host plants will be crucial for fire blight control strategies.

This study was supported by Selcuk University Coordinatorship of Scientific Research Projects
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Molecular characterization of the prehaustorial resistance against wheat leaf rust in Einkorn
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Leaf rust of wheat caused by Puccinia triticina f. sp. tritici causes yield losses worldwide. Triticum monococcum accessions are
valuable sources for improving leaf rust resistance in wheat. In screening programs accession Pi272560 has been identified
showing prehaustorial resistance (PHR). The race non-specific PHR prevents the infection by P. triticina prior to the formation of
haustorial mother cells (HMC).

Goals of our studies were (i) to analyze the biochemical background of this resistance by microscopy, the detection of H,0, and
the peroxidase and chitinase acitivity in leaves and (ii) to determine the molecular background by genome wide expression
studies using the massive analysis of cDNA ends (MACE) and a BlastX to identify gene ontology (Go) terms.

Microscopy was performed using a 1,3 Diaminobenzidine stain of H,0, and Uvitex 2B for the specific stain of fungal cells.
Concentration of H,0, was measured by a xylenol orange assay, peroxidase and chitinase activity was determined using assays
from Sigma-Aldrich (Taufkirchen). Within the first 24 hours after inoculation (hai) MACE was performed by the GenXpro GmbH
(Frankfurt), for Go-term identification “Blast2Go” software package was used.

Microscopy showed an inhibition of fungal growth after the generation of very few HMC in Pi272560 accompanied by auto-
fluorescence around infection sites and a reduced fluorescence of fungal cell walls. An increased concentration of H,0, 24-48
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hours after the inoculation (hai) and an enhanced peroxidase and chitinase activity in Pi272560 was detected. By MACE 288
turned out to be differential expressed between the resistant andsusceptible accession 0-24hai. Go-terms related to membrane,
oxidoreductase activity, metal ion binding and the oxidation-reduction process were identified. Genes matching this Go-terms
were determined as increasingly expressed in Pi272560 and comprised a peroxidase 8 hai, different peroxidases and f-1,3-
glucanases 8-16 hai and chitinases 16-24 hai.

Results give hint that PHR depends on early expressed peroxidases, B-1,3-glucanases and chitinases and an enhanced H,0,
production and peroxidase and chitinase activity which could be detected in enzyme assays.

Figure 1: Phenotype of resistant Pi272560 (A,B) and the susceptible accession (C,D). Arrows: Fungal structures. Bar 10 um

O PPII-5

Towards revealing the allelic diversity of the HYGER4 gene cluster and its role in host defence against the barley powdery
mildew
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The powdery mildew disease caused by the fungus Blumeria graminis f. sp. hordei (Bgh) serves as a model for studying PAMP
(pathogen associated molecular pattern) triggered immunity (PTI) in barley. Pathogen-induced genes of barley germin-like
protein 4 family (HVGER4) were found to be PTI components against Bgh. The encoded proteins with superoxide-dismutase
activity are proposed to be targeted to the plant cell wall at the site of attempted penetration where they may catalyze
production of H202. This molecule has been shown to be a signaling molecule for a range of defense reactions, including cell
death, and as a cofactor for cell wall reinforcement by cross-linking. A BAC clone containing a cluster of eight tandemly repeated
paralogs of the HYGER4 gene in barley cv. Morex was identified and the genomic locus was physically localized near the distal
end of chromosome 4HL of barley (Himmelbach et al. 2010).
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In frame of the project “BARLEY-fortress” 52 landraces of spring barley genotypes plus two cultivars and one wild barley
introgression line carrying QTL for Bgh resistance were checked for HYGER4 expression levels by quantitative RT-PCR analysis.
These genotypes were divided in 6 different groups: penetration resistant, late resistant, and susceptible, each of them
subdivided into highly and lowly HYGER4 expressing. Eight candidate genotypes from these groups were chosen for construction
of BAC libraries (in cooperation with INRA-CNRGV, Toulouse, France). Positive for HYGER4 signal BAC clones of each library were
sequenced on Illumina HiSeq 2000 platform and all but one contained germin-like sequences. In addition a parallel sequencing
approach using the Pacific Biosciences technology will be used in hope to resolve artefacts caused by the highly repetitive nature
of genomic DNA in the HVGER4 locus, and to provide a valuable comparison between the sequencing technologies. Obtained
sequence information will help to elucidate the organization and structure of the HVGER4 locus in different genotypes and its
role in the interaction with Bgh.

The same BAC clones were transiently expressed via biolistic transformation of detached barley leaves followed by Bgh
challenge. Preliminary results revealed enhanced resistance to Bgh in susceptible barley cultivars.

In a parallel approach 37 transgenic RNAi T1 events putatively silenced for HYGER4 genes were phenotyped regarding resistance
to Bgh and HVGER4 expression. Five T2 RNAi events and one T2 azygous event were chosen for to generate stable RNAi events at
T3 level for more detailed analysis of HYGER4 function.

O PPl I-6

Novel virulence factors in the vascular wilt pathogen Verticillium dahliae

A. Gkatzouni, A. Giannakopoulou, I. Stringlis, . Kalaitzoglou, A. Antoniadi, M. Vlachou, E. Paplomatas, D. |. Tsitsigiannis
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Verticillium dahliae is a soil-borne fungus causing severe wilt diseases in several hosts. Successful control measures of
Verticillium wilts do not exist and research is focused on unraveling the molecular mechanisms of V. dahliae - host interaction. G
Protein-Coupled Receptors (GPCRs) represent the largest family of transmembrane receptors. GPCRs are critical factors in
regulating morphogenesis, mating, infection and virulence in various organisms. Seven different groups of GPCRs emerged from
bioinformatics’ analysis in V. dahliae, varying in sensing putative different environmental signals. Fungal secondary metabolites
are compounds with various roles concerning toxin production, sporulation processes and biosynthesis of substances with
biotechnological interest. V. dahliae produces phytotoxins and other molecules that induce programmed cell death or other
forms of host resistance but the exact nature of these compounds remains unknown. In several species of Aspergillus spp. the
gene veA encodes a protein that regulates fungal secondary metabolism, induce differentiation of fungal development in
relation to light, and regulate reproduction and pathogenicity. Along with VeA, a second protein (LaeA) forms the nuclear Velvet
complex. LaeA is a global regulator of secondary metabolism encoding a nuclear protein required for the expression of
secondary metabolite genes while its presence is considered indispensable for mycotoxin, antibiotic and mycelial pigment
biosynthesis. BLAST analysis of V. dahliae genome led to discovery of the homologous genes VdSteA, VdLaeA and VdVeA.
Agrobacterium mediated targeted deletion of these three genes in V. dahliae were performed to study their role in virulence
and physiology of the fungus. Pathogenicity experiments revealed that the AVdSteA, AVdLaeA, AVdVeA mutants displayed
significant reduction in virulence in eggplants, tomatoes and Arabidopsis thaliana hosts. Deletion strains were also altered in
conidiation ability, rate of germinating conidia, mycelial development, microsclerotia formation and programmed cell death.
Gene regulation and expression data of VdLaeA, VdVeA and VdSteA in vitro and planta will be also presented. In conclusion,
pheromone responses and secondary metabolites are involved in virulence of V. dahliae.
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The impact of barley variety rotation, mixtures, and intercropping on leaf disease and silage production
T. Turkingtonl, K. Xil’z, K. N. Harkerl, J. O'Donovanl, R. BIackshawS, T. McAIIisters, N. Lupwayi3
!Agriculture and Agri-Food Canada, Lacombe, Canada
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Question: Western Canadian barley silage producers, whether they are meeting on-farm needs or local market needs, will often
look at continuous barley production, which leads to productivity issues related to leaf disease development. Although
fungicides could be used, they represent an added input cost for silage producers. The objectives of the current study were to
determine and contrast the effects of monocultures, mixtures, intercropping and rotational diversity on crop health,
productivity, and quality in a cereal silage production system.

Methods: Three year rotational treatments were established in 2008 at two Alberta locations in Canada with comparisons made
in 2010 and 2013. Treatments included: continuous barley, same variety; a mixture of the same three barley varieties each year;
a mixture of three different barley varieties each year; an intercrop of barley, oat, and spring triticale with the same or different
crop varieties each year; and an intercrop of barley, oat, and winter triticale with the same or different crop varieties each year.
In 2010 and 2013, all treatments had the six-row barley variety Sundre.

Results: For both locations leaf disease, primarily net-form net blotch, was generally highest for continuous Sundre, and lowest
for mixtures or intercrops with different varieties. At Lacombe in 2010 and 2013, silage yields were lowest for the continuous
Sundre, highest for the intercropping treatments with the same or different varieties, and intermediate for barley mixtures. At
Lethbridge in 2010 and 2013, continuous Sundre tended to have the lowest silage yield, although the intercrop treatments with
winter triticale also had lower yields. Barley variety mixtures and intercropping with spring triticale tended to have higher, but
similar yields.

Conclusions: Overall results indicate that the addition of diversity in terms of different crop types and perhaps barley genetics
can help to reduce the level of leaf disease and improve silage productivity. The current study also demonstrated that high-
quality silage can be generated for cereal silage produced from intercropping and that this approach could be a valuable asset in
terms of avoiding monoculture production systems and the buildup of plant diseases and reduced productivity that are
associated with this practice.

O NOC -2

Evaluation of the potential of Chaetomium species as biocontrol agents
E. Koch, H. Jelen

Julius Kiihn-Institut, Institute for Biological Control, Darmstadt, Germany
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Introduction: Species of the genus Chaetomium (Ascomycota) are widespread in the environment and have often been reported
as endophytes in different plant species. The production of various metabolites suggests that these endophytes interact with
their hosts and may affect the outcome of host-parasite interactions. Most of the literature in this respect refers to C. globosum
and its effect on fungal plant pathogens.

Objectives: The objective of the study was to characterize different Chaetomium species regarding their ability to grow
endophytically and to determine their antagonistic potential against fungal plant pathogens.

Materials and methods: The species studied were C. aureum, C. cochlioides, C. elatum, C. globosum, C. indicum, C. nozdrenkoae
and C. piluliferum. Dual cultures with different fungal plant pathogens were performed, and the latter were grown on media
amended with filtrates from liquid cultures of the Chaetomium species. In addition, the pathogens were directly cultured in
sterile culture filtrate. In greenhouse tests, potting substrate was amended with inocula of the Chaetomium species, and re-
isolation from different plant parts was attempted by placement on agar media.

Results: Clear differences between the species regarding the effect of temperature on mycelial growth were observed. The
results of the dual cultures and the experiments with culture filtrates indicated clear antifungal effects for most of the studied
Chaetomium species. Adverse effects were especially observed against Phytophthora infestans and Drechslera graminea. Most
of the species could be re-isolated from plants growing in inoculated soil. However, the frequency of re-isolation depended on
the crop and the Chaetomium species, and the endophytes were generally isolated from only some parts of a given plant.
Conclusions: The study confirmed the antagonistic potential and ability to grow endophytically for C. globosum but also showed
similar results for some of the other Chaetomium-species. While clear results were obtained regarding the production of
antifungal compounds, the data do not allow final conclusions regarding ability to grow endophytically. Therefore, further
studies in this respect involving different crops and fungal strains are required.
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Implementation of Aureobasidium pullulans pre-harvest application to control Botrytis cinerea decay in soft fruit production
B. Edlerl, A. Weissz, C. Donat’
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Botrytis gray mold decay in soft fruit, caused by the ubiquitous present fungus Botrytis cinerea, is known to occur frequently on
different kind of crops and throughout all climatic zones. A gray mold infection is still one of the major concerns to the soft fruit
producing industry worldwide. Research revealed that the fungus infect different plant sites, depending on the vegetative stage
of the crop. Most infections take place during the flowering period, and continue until harvest, if climatic conditions stay
favorable for disease development. Infections cause either the flowers to rot, or the pathogen can become dormant in floral
tissue. Dormant infections resume activity later in the growing season any time before, or after harvest, when sugar levels
increase in the ripening berry. Direct infection of berries and plant parts may also occur, if they are exposed during cooler
temperatures to free water. However, all three infection stage options are, if an outbreak is serious, resulting in significant
economic losses for growers.

To control Botrytis cinerea efficient and maintain a stable productivity, several plant protection treatments per season are
mandatory. In the last decades extensively used chemical fungicides forced a Botrytis resistance development against several
chemical active substances. A simple but effective measurement implements a biotechnological agent. Aureobasidium pullulans,
formulated as Botector® inhibits the growth of the pathogen by antagonism for space and nutrients on plant surfaces such as
blossoms, leaves, or micro scratches of the fruit skin.

Botector has been tested in several field trials in a number of situations in various countries and is demonstrating a high efficacy
against gray mold decay on soft fruit.

Results of some trials, the mode of action of the agent and application recommendations are clearly represented.

Botector can be used as a significant efficient stand-alone application, and it is simple to implement in strategy spraying
programs in alternation with other chemical fungicides. It provides therefore, an important tool for anti-resistance management
and is an ideal partner for IPM programs, in line with the needs of a modern control strategy. Furthermore, it holds no pre-
harvest intervals and leads to a reduction of chemical residues on the final crop and it is overall harmless to pollinators and
beneficials.

O NOCI-5

Olive mill waste composts: A source of resistance for plants against vascular wilts
V. Dimitrakas, S. Tjamos, D. I. Tsitsigiannis, E. Paplomatas
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Introduction: Biological control strategies based on the application of organic amendments have been explored intensively over
the past decades. Among the different soil amendments that have been evaluated for their suppressive effect against plant
pathogens are composts made from olive mill wastes (OMWs). Beyond the plant protecting effects of the OMW composts
(OMWCs), it is conceivable that for the olive producing countries the management and recycling of the OMW is vital for the local
agro-economies.

Objectives: The aims of this study were to investigate the efficacy and mode of action of threeOMWCsagainst Fusarium and
Verticillium wilt.

Materials and methods: Seeds of eggplant, cucumber and tomato were planted in pots containing soil amended with 20% of
OMWLC. At the third-leaf stage, eggplants, cucumber and tomato plants were transplanted to soil infested with V. dahliae
microsclerotia or Fusarium oxysporum f. sp. radicis-cucumerinum or Fusarium oxysporum f. sp. radicis-lycopersici
chlamydospores, respectively. Symptoms were recorded every 2 days after the onset of disease. The microbial nature of the
OMWCs suppressive effect was investigated by autoclaving the composts and performing the previously mentioned bioassay.
Potential antagonistic microorganisms against the pathogens were isolated from the rhizosphere of plants grown in soil
amended with the OMWs and tested in vitro and in planta against the pathogens.

Results: It was observed the efficacy of the OMWCs to protect plants against Verticillium and Fusarium wilt in cucumber. The
observed protection was mainly attributed to the microbial nature of the OMWCs and a number of microorganisms were
isolated with in vitro and in planta pathogen suppressive activity.

Conclusion: The olive producing countries face the need to valorise the huge amounts of OMWs generated every year, while at
the same time, their agriculture is challenged from destructive plant pathogens, like V. dahliae and F. oxysporum. In the present
study it was shown the potential of the olive mill wastes as a compost amendment to control V. dahliae and F. oxysporum f. sp.
radicis-cucumerinum and also the existence of microorganisms with significant plant protective effect.

68



Oral Presentations
Non-Chemical Control Options |

O NOCI-6

Incorporating Jatropha curcas Seed Waste into Soil for Controlling Root Knot Nematode Meloidogyne spp.
Y. Hidayat, M. Karmila, S. Natasasmita, D. Dono, T. Sunarto

Padjadjaran University, Department of Plant Pests and Diseases , Sumedang, Indonesia

ysphdyt@yahoo.com

Tomato is often attacked by the root knot nematode Meloidogyne spp.. Synthetic pesticides are usually used to control this
nematode but they have several negative effects. This study aimed to investigate the potency of the physic nut Jatropha curcas
seed waste in controlling Meloidogyne spp. in glass house. J. curcas seeds were ground into powder and pressed to release the
oil. Certain amount of J. curcas deoiled seed cake (waste) was then incorporated into the growing medium (soil) of tomato. The
result showed that the incorporation of J. curcas seed waste at doses of 10, 15 and 35 g/polybag significantly reduced the
number of root galls and the population of Meloidogyne spp. in both soil and root. At a dose of 5 g/polybag, J. curcas seed waste
also had a significant effect on the population of Meloidogyne spp. in both soil and root but it failed to significantly reduce the
number of root galls. This result suggests that J. curcas seed waste have a potency to be developed as soil amendment for
controlling Meloidogyne spp. on tomato.
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Response of pure versus mixed banana varietal stands to banana weevil Cosmopolites sordidus (Germar) (Coleoptera:
Curculionidae) infestation

J. W. Mulumbal, G. Kagezil, R. Nankyaz, C. Kiwukal, J. Adokorachl, L. Hanningtonl, P. Colangelos, C. Fadda4, D. I Jarvis™
"National Agricultural Research Organization, Plant Genetic Resources Center, Entebber, Uganda

2Bioversity International, Sub Regional Office SSA, Entebbe, Uganda

*Institute for Ecosystem Study, National Research Council, Verbania-Pallanza, Italy

4Bioversity International, Regional Office SSA, Nairobi, Italy

SBioversity International, Maccarese, Italy

GWashington State University, Crop and Soil Sciences, Pullman, Italy

iwmulumba@yahoo.comd.jarvis@cgiar.org
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Use of banana varietal diversity is a cost-effective and environmentally-friendly technique that is being explored for managing
the banana weevil, Cosmopolites sordidus, the most important insect pest of bananas in Uganda. Response of 14 banana
varieties including East African Highland Banana (AAA-EAHB) and dessert bananas (AAA and AABB) to weevil attack was
determined in an on-station trial. Additionally, varieties, Enzirabahima, M9, Grand Nain and Yangambi-Km5 were compared in
mixtures and pure stands. Weevil damage varied significantly (P<0.05) across varieties with higher levels on EAHB’s than
desserts. Total cross sectional damage (XT) was highest on Nakabululu (AAA-EA; 6.9) and lowest on Yangambi-Km5 (AAA; 0.1).
Weevil damage on susceptible varieties, Enzirabahima (AAA-EA) and M9 (AAA-EA hybrid) was higher in pure than mixed banana
varietal stands; but did not differ on resistant varieties, Grand Nain (AAA) and Yangambi-Km5 (AAA). This implies that mixtures
reduce C. sordidus attack more on susceptible than resistant varieties. Most of the preferred and marketable varieties (AAA-EA)
in Uganda happen to be susceptible. Thus, this strategy could be explored by our smallholder farmers who are already
maintaining substantial amount of Musa spp. diversity in their plantations. However, the best-bet arrangements, combinations
and ratios of resistant to susceptible varieties in mixtures are yet to be established. Our results further show that at plot level,
adult weevil densities at each trapping date were higher in pure than in mixed varietal stand but not significantly different.
However, weevil densities did not differ significantly across varieties at plant level. All growth and yield parameters assessed
differed significantly (P<0.05) across varieties but with no clear trend among clone sub-groups. However, most of these
parameters were not significantly (P<0.05) different in pure as compared to mixed stands. Multivariate analysis results show
that bunch weight was directly related to number of clusters, number and length of fingers. These are major attributes
contributing to yield and thus determining the market for bananas. In conclusion, use of varietal mixtures is a promising option
which could be incorporated into the existing Integrated Pest Management (IPM) strategies for the banana weevils.

OGRII-3

Olive breeding for resistance to Verticillium wilt

L. Ledn, R. Arias-Calderdn, J. Bejarano-Alcazar, A. Belaj, R. De la Rosa, D. Rodriguez-Jurado
IFAPA Centro "Alameda del Obispo", Cordoba, Spain

lorenzo.leon@juntadeandalucia.es

Introduction: Verticillium wilt (VW), a vascular disease caused by the soilborne fungus Verticillium dahliae Kleb., constitutes the
major constraint in many olive (Olea europaea L.) growing areas such as Andalusia (Southern Spain). This situation is getting
worse due to the rapid dispersion of highly virulent Defoliating pathotype (D) and the predominant use of cultivars highly
susceptible to the disease such as ‘Picual’, the main olive cultivar in Spain.

Objectives: An olive breeding program was initiated aiming at obtaining new cultivars displaying both high levels of disease
resistance and good agronomic characteristics. In this work, the resistance to VW was evaluated in new genotypes previously
selected, from wider initial progenies populations, for several agronomic traits. In addition, the potential usefulness of wild olive
trees as new sources of disease resistance has also been evaluated..

Materials and methods: VW resistance was evaluated in 146 genotypes from crosses, open pollination progenies and wild olive
trees. Inoculation experiments were carried out under controlled conditions by dipping roots in a conidial suspension of a highly
virulent D isolate of V. dahliae. A Relative Susceptibility Index (RSI) was developed to summarize information provided by
different disease parameters and used for final classification of genotypes. Two cultivars, ‘Picual’ (susceptible, S) and ‘Frantoio’
(resistant, R) were used as controls.

Results: According to RSI values, 21.2 % of the genotypes were classified as R, being this percentage similar for the different
genetic backgrounds evaluated (seedlings from crosses and wild genotypes). Similar vascular colonization by the fungus was
found in some genotypes classified as R and S, which supports the assumption of tolerance for olive-V. dahliae pathosystem.
Conclusions: The results of the study have contributed to improve our knowledge about the inheritance of VW resistance in
olive, the host-pathogen relationship and the implications to design efficient breeding strategies. Some interesting R genotypes
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were selected and future trials will be carried out to confirm the disease reaction of these genotypes under natural field
conditions.
Funding source: INIA project RTA2013-00019, partially funded by European Regional Development Fund (ERDF).

OGRII-4

Exploring crosstalk between biotic and abiotic stress responses to identify targets for resistance breeding
D. Schenke, D. Cai

CAU, Molecular Phytopathology and Biotechnology, Kiel, Germany

d.schenke@phytomed.uni-kiel.de

Research on plant stress responses in a globally changing environment has an important impact on agriculture. A thorough
understanding will help to predict crop yield and quality as well as adopting plants to extreme climate conditions. In the future
plants will be more often exposed to different stress combinations, such as pathogen pressure in combination with drought,
salinity or elevated UV-B levels. When facing e.g. increased UV-B radiation in both intensity and duration, sessile plants produce
UV-protective flavonol metabolites derived from the phenylpropanoid pathway. These secondary metabolites function not only
as UV-sunscreens, but have also strong antioxidant capacity making them interesting nutriceuticals. The flavonol production
involves activation of a set of genes, including chalcone synthase (CHS), the key-enzyme of the flavonol pathway. These genes
are strongly suppressed when plants sense pathogen attack, resulting in decreased defense towards UV-B stress but increased
defenses against pathogens, such as lignification and the production of antimicrobial secondary metabolites known as
phytoalexins. In order to determine the underlying molecular mechanism we did ChIP-analysis of selected flavonol pathway
genes (FPGs) and found that it involves chromatin remodeling and transcription factor interplay to fine-tune the plants
secondary metabolism. Since several transcription factors are regulated by small interfering RNAs (siRNAs), the potential role of
these molecules will be discussed and first insights into the complex regulatory network leading to pathogen-induced down-
regulation of FPGs will be presented. New methods such as TALEN or CRISPR-Cas9 for targeted genome editing will allow the
generation of new crop ideotypes with improved stress tolerance.

Dirk Schenke, Christoph Béttcher and Dierk Scheel (2011) Crosstalk between abiotic UV-B stress and biotic (flg22) stress signaling
in Arabidopsis prevents flavonol accumulation in favor of pathogen defense compound production. Plant, Cell Environ. 34(11),
1849-1864.

Dirk Schenke and Daguang Cai (2014) The interplay of transcription factors in suppression of UV-B induced flavonol
accumulation by flg22. Plant Signal Behav. 9(4). pii: e28745

OGRII-5

Marker saturation of the Sbm1 locus in hexaploid wheat conferring resistance to SBCMV and SBWMYV using the 90 K iSelect
array and KASP technology

D. Perovic, U. Kastirr, P. Deavaux, M. Koch, F. Ordon

Julius Kuehn-Institute (JKI) Federal Research Centre for Cultivated Plants, Institute for Resistance Research and Stress Tolerance,
Quedlinburg, Germany

dragan.perovic@jki.bund.de

Mosaic disease, caused by the closely related furoviruses Soil-borne cereal mosaic virus (SBCMV) and Soil-borne wheat mosaic
virus (SBWMV), is a serious constraint of winter wheat production in parts of Europe, North America and Asia. Both viruses are
transmitted by the plasmodiophorid Polymyxa graminis, a eukaryotic soil-borne microorganism. Chemical measures to control
these viruses are not applicable due to economic and ecological reasons and crop rotation is not efficient due to the long-term
survival of dormant Polymyxa graminis spores in the soil. Therefore, the only possibility of an efficient control of this disease on
infested fields is the growing of resistant cultivars. In previous reports, based on field phenotyping experiments, a single gene
controlling resistance to SBCMV and a major QTL controlling resistance to SBWMV, Sbm1 was assigned to the long arm of
chromosome 5D.

Objectives of this work were to (i) phenotype SBWMYV infected plants in green house experiment in two segregating populations
previously used for SBCMV mapping (ii) screen parental lines and bulks using the 90K iSelect SNP array, (iii) convert polymorphic
iSelect single nucleotide polymorphism (SNPs) into Competitive allele specific PCR (KASP) markers (iv) genotype two doubled
haploid (DH) populations and construct a consensus SBCMV/SBWMYV resistance map.

An efficient method for SBWMYV inoculation using NY isolate infected soil in the green house was established. Infection rate of
susceptible plants was between 70 and 90%. A set of 19 polymorphic iSelect SNPs was converted into KASP markers and
employed for map construction. Both resistances, SBCMV and SBWMYV, co-segregated revealing that resistance to both viruses is
most likely controlled by the same gene. Developed KASP markers can be efficiently employed in the transfer of resistance into
elite wheat lines and the construction of a high resolution map towards the isolation of this resistance gene.
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OGRII-6

Utilization of quantitative resistance to the fungal pathogen Sclerotinia sclerotiorum in canola (Brassica napus)

L. Buchwaldt, F. Fu, K. Puri, H. Garg, S. R. Rimmer, D. Lydiate, D. Hegedus, I. Parkin, J. Adam, M. Harrington, L. McGregor
Agriculture and Agri-Food Canada, Saskatoon, Canada

lone.buchwaldt@agr.gc.ca

Canola (Brassica napus) is produced in temperate regions of the world most extensively in Canada, China and Europe. Demand
for canola oil has increased profitability resulting in tighter crop rotations thereby increasing the risk of yield loss from diseases.
Sclerotinia sclerotiorum is a serious fungal disease of canola and many other broad leaved crops. Sources of resistance are rare
but have been identified in a few B. napus germplasm lines originating from Pakistan, South Korea, Japan and China. Resistance
is quantitative and conferred by several genes with additive effects.

Objective: To select germplasm resistant to the Canadian sclerotinia population, and develop molecular markers linked to
quantitative trait loci (QTL) conferring resistance to be used by canola breeders for transfer into canola.

Methods: Sclerotinia isolates were collected in the major canola producing area of Canada. A sub-set of 129 isolates were
genotyped using simple sequence repeat markers which revealed the presence of 17 clusters. One isolate from each cluster was
tested for pathogenicity by inoculating six B. napus lines shown to have quantitative resistance. Mapping populations were
developed from crosses with a susceptible line and lines with quantitative resistance, Zhongyou 821 (2Y821, China), PAK54 and
PAK93 (Pakistan). Populations were genotyped with 6000 single nucleotide polymorphism markers and linkage maps were
generated. Populations were phenotyped with a single virulent sclerotinia isolate and disease measurements were used for QTL
analysis. Meta-analysis was used to align sclerotinia QTLs in each population as well as QTL from the literature.

Results and discussion: Germplasm from Pakistan had the highest level of resistance against the Canadian pathogen population.
Five major QTLs were identified in PAK54 which were different from the five QTLs in PAK93. More QTLs were mapped in
Zhongyou 821, but the level of resistance was lower. A meta-analysis showed that some QTLs reported in the literature mapped
to our QTLs despite differences in disease phenotyping methods. Seed of sclerotinia resistant germplasm from Pakistan, Japan
and South Korea is available for cultivar development from Plant Gene Resources of Canada via the corresponding author under
a material transfer agreement.

72



Oral Presentations
Drosophila Suzukii |

ODSUI-1

Current status of the Drosophila suzukii management in Trentino, Italy, and research perspectives for sustainable control
G. Anforal, A. Grassil, V. Mazzonil, M. V. Rossi Stacconil, 0. Rota Stabellil, V. Waltonz, C. loriatti*

Fondazione Edmund Mach, Sustainable Agroecosystems and Bioresources, San Michele all’Adige, Italy

2Oregon State University, Department of Horticulture, Corvallis, United States

gianfranco.anfora@fmach.it

Unlike other Drosophila species, Drosophila suzukii is an economically damaging pest because the females have a serrated
ovipositor enabling them to infest ripening fruit before harvest. In September 2009 in Trentino, Italy, for the first time in Europe
both oviposition on wild hosts and economically important damage on soft fruits were reported. The increasing use of
insecticide against this species augments the pesticide residues on the harvested fruits and jeopardises the results obtained with
IPM on soft fruits. Development of alternative control methods is therefore urgent to ensure an economic future for the
concerned fruit industry. Researchers and technicians of Fondazione Edmund Mach responded rapidly to this new threat. We
considered that possible solutions would only arise from a coordinated and international network of diverse expertises, from
molecular biology and neurophysiology to pest management techniques. Accordingly, we have determined the genome
sequence of Italian D. suzukii in order to assist both basic and applied research and to provide information about genes involved
in processes such as intra- and inter-specific communication and overwintering. Considerable efforts have been also made at the
understanding of basic ecology of this pest. The population dynamics in different natural and agroecosystems have been
followed and temperature-dependent fecundity and survival data were integrated into a matrix population model in order to
forecast pest’s phenology. Mass trapping and physical crop protection by using anti-insect nets are under experimental
evaluation and seems the more promising alternative control strategies accessible in the near future. Improvement of the
attraction efficiency of the available baits is hence one of our main objective. Several indigenous parasitoids of larvae and pupae
were found in Trentino and are under investigation as possible biocontrol agents.

O DSU I-2

Drosophila suzukii: foraging, mating and host-finding in response to chemical signals
P. G. Becher, B. Mori, S. Revadi, P. Witzgall, T. Dekker

Swedish University of Agricultural Sciences, Plant Protection Biology, Alnarp, Sweden
paul.becher@slu.se

Introduction: The damage to fruit caused by the spotted-wing drosophila, Drosophila suzukii can be seen as a consequence of
insect behaviour. Foraging, mating and host-finding behaviours are basic for survival and reproduction of the fly. Such
behaviours are the output of chemosensory processes mediated or modulated by chemical signals.

Objectives: Our objective is to identify chemical signals of behavioural and ecological relevance for D. suzukii. In this context we
are interested to identify sex specific differences in odour-mediated behaviours like host attraction. We furthermore want to
know to which extent behavioural responses are modulated by internal factors like mating state of the flies. In addition we want
to understand the meaning of chemical signals for D. suzukii reproductive behaviour.

Materials and methods: We applied wind tunnel tests and mating assays to study odour mediated behaviour of male and
female D. suzukii. Fermentation odours and host odours were tested to study responses in the context of feeding and egg-laying.
Mating assays were performed to study the role of social signals on fly reproductive behaviour. Antennal recordings in response
to behavioural active odours and chemical analyses assisted the identification of chemical signals.

Results: We found distinct odour-mediated behavioural responses to fermentation compounds, fly odours and fruit cues.
Mating state has an effect on fly behavioural responses. We could identify a number of antennal active fruit and fermentation
compounds. The behavioural activity of synthetic blends of the identified odour compounds is under investigation. Flies were
studied for emission of sex specific signals and behavioural response to fly pheromones. Analyses of cuticular hydrocarbons
indicated that differences between sexes are small.

Conclusion: Chemical signals play important roles in the behavioural ecology of Drosophila suzukii. Behaviour-modifying
chemicals are potential tools to attract or confuse insects in their natural environment. Tests on the attraction to fermentation
products in the field are ongoing.
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Mating behaviour in spotted wing Drosophila species - example of coordination between visual and acoustic stimuli
V. Mazzoni, O. Rota Stabelli, S. Revadi, G. Anfora

Fondazione Edmund Mach, Sustainable Ecosystems & Bioresources, San Michele all’Adige, Italy
valerio.mazzoni@fmach.it

Understanding the mating behaviour of an insect pest is an important condition for developing successful control strategies. In
Drosophila suzukii, like in most other Drosophila, males produce several types of acoustic signals to facilitate female’s mating
acceptance; some of these signals are substrate-borne and are produced by abdominal vibrations. Compared to the common
model D. melanogaster, the suzukii subgroup, is further characterised by the emission of a specific vibration, the so called “toot”
signals, which is characterized by an harmonic frequency structure. This peculiar signal is associated with wing movements and
thus is likely produced in the thorax, rather than in the abdomen like all other acoustic signals. In this work we tested whether
the “toot” signal is a specific characteristic of the D. suzukii group, and if it co-evolved with another key sexual character, the
presence of spots on wings. To test this hypothesis we studied the courtship strategy and associated acoustic signals in several
members of the melanogaster group, by carefully comparing the behaviour of spotted wings species (D. suzukii, D. subpulchrella,
D. biarmipes, D. elegans) with the behaviour of unspotted species (D. takahashi, D. melanogaster).

Our results show that all species characterised by spotted wings, including D. elegans which does not belong to the suzukii
subgroup, can produce a toot signal. Conversely, the “toot” signal was never recorded from unspotted wing species. During
courtship, spotted wing males combine wing exposure with sound emission so that visual and acoustic cues work together to
increase female acceptance. Only in one case (D. biarmipes), wing exposure and “toot” emission appeared completely
unrelated.

This study advances our understanding of the toot signal in Drosophila and indicates that the “toot” signal is not a clade-specific
feature, but rather an ancient Dorosophila character associated with the presence of spots on wings.

OoDSUI4

Rapid spread of the invasive Spotted Wing Drosophila through Germany, its seasonal phenology and research approaches for
managing the pest

F. Brieml, M. Breuerz, C. WaIIingerg, M. Traugott?’, J. Grossl, H. Vogtl

!Julius Kiihn-Institut (JKI) - Federal Research Centre for Cultivated Plants, Institute for Plant Protection in Fruit Crops and
Viticulture, Dossenheim, Germany

“State Institute for Viticulture and Enology, Freiburg, Germany

3University of Innsbruck, Institute of Ecology, Innsbruck, Austria

felix.briem@ijki.bund.de

Introduction: Since its first record in Germany in 2011 the invasive Spotted Wing Drosophila (SWD), Drosophila suzukii (Diptera,
Drosophilidae), spread rapidly through the country which resulted in high levels of fruit crop damage. As it oviposits in healthy,
ripening and ripe fruits close to harvest, controlling the pest is extremely difficult.

Objectives: We tried to develop sustainable strategies to control the populations of SWD by identifying habitats during winter
and spring, when the number of individuals is lowered. Research on food resources at this period of the year and on olfactory
cues, used to orientate in the environment, are being explored to identify overwintering sites. This should lead to selective
control strategies.

Material and methods: We determined the occurrence of SWD at landscape level and its re-immigration into fruit crops in
spring by monitoring traps all year round. At locations with high captures at winter onset soil emergence traps were placed to
check for survival rates. Moreover, we investigated food resources used during winter and spring by classical ecological and
molecular methods. We tested, if odors of potential host plants or food resources were used for olfactory orientation by SWD in
a Y-shaped olfactometer.

Results: In fall to early winter, trap captures in orchards decreased while they increased in forests and forest edges. Significantly
higher numbers of SWD were caught in forest tree crowns compared to lower heights. In lab tests, flies survived several days
when feeding on mistletoe berries. We succeeded in detecting chloroplast DNA using general plant primers in the digestive tract
of field-caught SWD and started to establish olfactory studies.

Conclusion: Different trap captures in orchards, forests and forest edges during fall and early winter demonstrate the migration
behavior of adult SWD searching for sheltered overwintering sites. During a mild winter, continuous captures in forest traps
indicate the activity of SWD. We made progress in detecting food resources during winter and spring as well as in establishing
olfactory studies. This knowledge will significantly contribute to the development of new control strategies.
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O DSU I-5

Reflections about the Pest Status of Drosophila suzukii (SWD) in German Viticulture

C. Hoffmann

Julius Kiihn-Institut, Plant Protection in Fruit Crops and Viticulture, Siebeldingen, Germany
christoph.hoffmann@jki.bund.de

SWD was first observed in Germany in 2011. Only in 2014 the first damages in viticulture were attributed to D. suzukii. Early red
varieties were mainly attacked. Looking more into detail we often found damage that obviously had occurred before SWD-
attack.

With regard to the weather conditions of 2014 it is obvious that this year was a sour rot year even without SWD. The year was
characterized by a dry and hot summer and strong precipitations during veraison. As a consequence the berries swelled to an
extend that the skin was mechanical damaged, frequently near the peduncle. This damage was an optimal substrate for both, D.
melanogaster and sour rot.

We often observed that D. suzukii attacked single berries on clusters strongly smelling of vinegar, while the affected berries
themselves didn't smell of vinegar. Maybe the SWD attack was not the reason but the consequence of SWD attack.

Checking berries under the stereomicroscope for egg incidence, we often found hidden powdery mildew attack. Most varieties
which appeared to be highly susceptible to SWD in the field were not attractive for egg laying by SWD in laboratory trials as long
as berries were not damaged. We know that there are susceptible varieties like Vernatsch and non-susceptible ones like Pinot
Noir. For other German red varieties it is still unclear whether SWD is a primary or secondary pest.

O DSU I-6

Seasonal Dynamics of Drosophila suzukii on cultivated and non-cultivated areas of Blackberry (Rubus sp) and Preference of
Wild fruits, in Michoacan, Mexico

A. Rebollar-Alviter, P.-P. Monserrat, F.-G. Erick, A. C. Juarez-Gutierrez, S. Pineda-Guillermo, S. Segura-Ledesma

Universidad Autonoma Chapingo, Centro Regional Morelia, Morelia, Michoacan, Mexico

rebollaralviter@gmail.com

Introduction: Spotted wing Drosophila (SWD) was first reported in Mexico in November 2011. Since then this insect has been
one of the most important pest of blackberry and other Berry crops in Mexico.

Objectives: The objectives of the research was to determine the seasonal dynamics of SWD in cultivated blackberry (Rubus sp.)
and non-cultivated areas, and to define the preference of SWD for wild fruits growing in the blackberry producing region in
Michoacan Mexico.

Materials and methods: From 2013 to 2014 the seasonal dynamic of SWD was determined in blackberry producing areas in
Michoacan state using apple cider vinegar (ACV) in 1 L clear plastic containers with 200 ml. The ACV was replaced every 10 to 14
days. The traps were placed in blackberry commercial orchards, edges of the orchards, forest areas, and non-target wild fruits. In
addition, to determine if these wild fruits were potential host of SWD, a series of choice and no choice experiments were
conducted in laboratory at room temperature, on Crataegus mexicana, Rubus adenotrichos, Spondias mombin, Eribotrya
japonica, Byrsonimia crassifolia, Psidium guajava, Prunus serotina var capuli and Vitis tiliifolia.

Results: Results indicated that population of SWD varies throughout the blackberry growing season. Cultural practices such as
pruning, defoliation, and host plants surrounding commercial plots influenced the population dynamics. Higher peaks were
found at the edges of the orchards after the plantations were mowed down, in vegetative growth and green fruit stage of
development. During the harvest season, the population increased from November to February. Also, highest peaks of the
dynamic were obtained in the forest areas summer season when cultivated blackberry is not producing, but coinciding with wild
fruits in ripening stage. Of the wild fruits tested in choice and no-choice experiments, Rubus adenotrichos, Spondias mombin,
Psidium guava, and Prunus serotina var capuli, were the most susceptible to SWD infestation.

Conclusions: Our study indicated that seasonal dynamics in SWD, is not only influenced by wild plant species, as alternate host,
but also by the cultural practices and vegetation surrounding the blackberry crop. Spondias mombin and Prunus serotina var
capuli are new hosts not previously reported for SWD. Results will contribute to adjust an integrated management of this
invasive pest in Berry crops.
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The need for coordinated European efforts to fight invasive crop pathogens

M. St@vring Hovm(allerl, S. Walterl, R. Baylesz, A. Hubbardz, K. Flath3, N. SommerfeldtS, M. Leconte4, J. Rodriguez-AIgabal, J.
Grgnbech Hansenl, P. Lassenl, A. Fejer Justesenl, S. Alil’s, C.de VaIIavieiIIe-Pope4

"Aarhus University, Department of Agroecology, Slagelse, Denmark

’National Institute of Agricultural Botany, Cambridge, United Kingdom

3 Julius Kiihn-Institut, Federal Research Centre for Cultivated Plants, Institute for Plant Protection in Field Crops and Grassland,
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*INRA UR 1290 BIOGER-CPP, BPO1, Thiverval-Grignon, France

5University of Agriculture, Institute of Biotechnology & Genetic Engineering, Peshawar, Pakistan, Denmark
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Productivity in European agriculture can be severely hampered by plant disease. Research in the fields of resistance genetics of
plants, host-pathogen interactions, and pathogen evolution has progressed enormously in the last decades, aided by
technological and analytical advancements. However, the recent emergence of invasive rust fungi on wheat, Puccinia spp,
potentially of non-European origin, has demonstrated the need for understanding pathogen diversity, spread and evolution at
larger scales. Aggressive strains of yellow rust have resulted in escalating disease epidemics, so far peaking in 2014 where
significant losses and additional fungicide sprays were observed in many European countries. The epidemics also spread to new
areas in south and east Europe, where yellow rust was previously absent or scarce, and previous long-term effective host
resistance have been overcome. We studied the origin and level of diversity of yellow rust in Europe using virulence phenotypic
data of 2298 isolates sampled in seven countries between 2000 and 2013. A subset of 342 isolates was additionally investigated
by microsatellite markers. At least four race groups of exotic origin (Warrior, Kranich, Triticale-non-aggressive and Triticale
aggressive) were identified in the post-2010 populations, where the ‘Warrior’ race group was present in high frequencies in
most of the West European countries and often associated with rust epidemics. Significant genetic divergence was estimated for
‘Warrior’ and ‘Kranich’ race groups from the pre-existing European population. It was concluded that they were of non-
European origin being genetically related to sexual recombining populations from the pathogen centre of diversity in Asia. The
triticale-aggressive race was genetically related to populations in the Middle East and Central Asia.The Europe-wide
collaboration and compilation of data into a single dataset in a common database proved to be a major advance. It enabled us to
identify the current invasion at an early stage, and to assess its implications at field level in many countries. Future collaborative
efforts at the European scale should be continued and strengthened for timely early-warning of potential invasions of new
variants of important crop pathogens with the capacity to spread very far within a very short period of time.

O NEW [-2

Identification of a New Whitefly-transmitted Ipomovirus of Cucurbits in the Imperial Valley of California

E. Natwickl, 0. Batumanz, W. Wintermantel3, J. McCreighta, T. Tian4, R. Gilbertson®

1University of California ANR, UC ANR Cooperative Extension, Holtville, CA, United States

2University of California Davis, Plant Pathology, Davis, CA, United States

3United States Department of Food and Agriculture, Agricultural Research Service, Salinas, CA, United States
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A new and potentially damaging whitefly-transmitted virus of cucurbits was detected in the fall, 2014 in Imperial County,
California, USA, in squash (Cucurbita pepo L.) and melon (Cucumis melo L.) plants showing virus-like symptoms including leaf
yellowing and crumpling. The new virus is similar but not identical to Squash vein yellowing virus (SqQVYV), a Bemisia tabaci-
transmitted ipomovirus (family Potyviridae) that is present in Florida (Adkins et al. 2008). Sequence comparisons performed with
the cylindrical inclusion (Cl) and capsid protein (CP) encoding regions of this California ipomovirus revealed the highest
identities, 83% and 98%, respectively, with the Cl and CP genes of SqVYV (Batuman et al. 2015). Pumpkin and squash (Cucurbita
pepo L.) plants inoculated with sap prepared from leaves of pumpkin plants in which the California ipomovirus was detected by
RT-PCR, developed mild mottling, vein clearing and yellowing symptoms, similar to those reported for SqVYV (Fig.1); whereas
inoculated watermelons (Citrullus lanatus Thunb.Matsum. & Nakai var. lanatus) became infected, and showed stunting,
yellowing of the leaves, and approximately a month later, collapsed (Fig.2). Field and greenhouse studies are underway to
further investigate the biology of the California ipomovirus and to ascertain the potential for the virus to impact cucurbit
production in southern California.

References:

Adkins, S. et al. 2008 (Plant Dis. 92:1119,).

Batuman et al. 2015 (Plant Disease in press)
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Figure 1: Leaves of squash plant infected with California ipomovirus showing mild mottling, vein clearing and yellowing
symptoms at 30 days-post-inoculation.

Figure 2: Watermelon plant infected with California ipomovirus showing vine collapse symptoms (left) and mock inoculated
healthy watermelon (right) at 30 days-post-inoculation (White scale bar =10 cm).

O NEW I-3

Umbel browning and stem necrosis on carrot in France: isolation and characterization of the fungal pathogen

B. Franckl, G. VaIériel, S. Isabellel, P. Pascalz, S. PhiIippez, G. Julie3, M. EIise3, L. Emmanuelle3, K. Juliette4, G. Pierre louis®
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Introduction: Since 2007, symptoms of umbel browning and stem necrosis have been regularly observed in carrot seed
production areas located in France. The typical symptom is a triangular necrotic lesion on carrot umbel, compromising seed
development. The loss in seed production was estimated at approximately 8% of the harvested carrot umbels during the
cropping seasons of spring and summer 2007 and 2008 in France. The disease resembles the lesions on carrot umbels caused by
Phomopsis dauci and described in the Netherlands in 1951.

Objectives: The disease epidemiology is not well known and the characteristics of the fungal pathogen have not yet been fully
described. The aim of DIAPOCAR project is to constitute a reference isolate collection, to characterize these isolates, to study the
epidemiology of the disease and to define possible control methods.
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Materials and methods: In our study, more than hundred strains were isolated from lesions developed on carrot or parsley from
fields of seed production located in different French geographical areas. These isolates were characterized according to
morphological criteria (mycelial growth, production of pycnidia and size of conidia).

In order to confirm the identification at the genus level and determine the species, molecular criteria were used (sequences in
the ITS regions of the ribosomal DNA).

Results: Pycnidia produced alpha- and beta conidia that were typical of the genus Diaporthe. Results showed that 75 % of
isolates belong to the Diaporthe angelicae species. Artificial contamination methods were developed for use both in field and in
growth chamber on isolated umbels and Koch postulates were verified.

Conclusion: Tests are still under process and will contribute to a better understanding of the pathogen diversity and will improve
the control methods against this re-emerging disease. The efficiency of 10 different fungicides will be tested in-vitro on 9
different strains. We will be able to determine the IC50 of each fungicide. Moreover, experiments are underway to determine if
D. angelicae could be transmitted to the seeds.

O NEW I-4

Detection and epidemiology of Tomato leaf curl New Delhi virus in Spain
D. Janssenl, A. Simonl, L. VeIascoz, C. Garcial, L. Ruiz*
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Tomato leaf curl New Delhi virus (TOLCNDV) is member of the family Geminiviridae and genus Begomovirus. It was described for
the first time in India in 1995 but gradually it has been detected in parts of Asia (Pakistan, Bangla Desh, Thailand, Indonesia,
Taiwan) where it affects many species, both of the Solanaceae (tomatoes, peppers and potatoes) and Cucurbitaceae (cucumber,
melon, watermelon, pumpkin, luffa and lagenaria). The presence of TOLCNDV in Spain was officially declared in crops of zucchini
in the provinces of Almeria and Murcia during the summer of 2013. Afterwards it was detected in the provinces of Malaga,
Seville and regions along of the South-East coast of Spain. Symptoms of ToLCNDV consisted of leaf curl and yellowing with
deformation, cracking and skin roughness in fruits. As part of a study on the epidemiology of ToLCNDV in Spain, we evaluated
the transmission of the virus to and from tomato and zucchini by its natural vector, the whitefly Bemisia tabaci. We also
developed and compared techniques for its detection using molecular hybridization with non-radioactive probes, and
convectional as well as real-time PCR. These techniques have been validated in samples from zucchini and tomato crops affected
by ToLCNDV. During controlled transmission experiments using viruliferous whiteflies, symptoms of the virus consisting of
chlorotic mottle and leaf curl, were first observed between 9 and 15 days post inoculation, depending on the crop species
tested. The speed of virus detection varied between the host species and the detection technique used. The best technique for
virus diagnosis was the one based on real-time PCR, followed by molecular hybridization. Using this latter method to compare
the incidence of TOLCNDV in a number of naturally infected tomato cultivars, the results suggested that many of these cultivars
have different susceptibilities.

This research was financed by FEDER and FSE through IFAPA project AVA 201301.8 “Virus en horticultura” and E_RTA2013-
00020-C04-01 from INIA and co-financed by the European Union through the ERDF 2014-2020 "Programa Operativo de
Crecimiento Inteligente”.

O NEW I-5

Investigating the genetic structure and diversity of the barley pathogen Ramularia collo-cygni
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Ramularia collo-cygni (Rcc) is the biotic factor responsible for the disease Ramularia leaf spot (RLS) of barley (Hordeum vulgare).
The fungus is attracting interest in the scientific community as a result of the increasing number of economically damaging
disease epidemics. Still essential parts of the pathogen biology, in particular the life cycle remain poorly understood.

To understand more about its epidemiology, the knowledge of its genetic structure and diversity is essential. Sequence analysis
of four Rcc housekeeping genes, glyceraldehyde 3-phosphate dehydrogenase (GAPDH), B-tubulin (BTub), E2 ubiquitin-
conjugating protein (E2Ub) and a Thioesterase family protein (Thios) was used to further address the genetic diversity in Rcc
isolates from a selection of geographically distinct isolates as well as isolates from hosts other than barley. Analysis of the
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sequence data indicated substantial genetic diversity between the isolates and a possible Rcc population size expansion, which
might help explain the recent emergence.

Moreover, the genome of Rcc was sequenced completely and assembled using Allpaths-LG assembler. The finished assembled
genome of Rcc is about 32 Mb and is currently to be found in 78 scaffold. The complete annotation of this genome is underway
to generate consensus gene calls. The fungal RNA from 6 different conditions, especially one that mimics the plant environment
was also sequenced to help in one hand the annotation and in other hand to uncover putative gene of interest that might be
involved in the pathogenicity or the fungicide resistances for example.

To evaluate the true genetic diversity of this fungus, full genomes sequencing of Rcc isolates from multiple geographic locations
and non-barley hosts are underway. We hope by this approach to provide valuable insights in to the genetic diversity of this
organism and to address how this diversity has influenced the evolution of the fungus. The understanding of the diversity is
essential to identify sustainable control in Integrated Pest Management.

O NEW I-6

Inventory and validation of pathogenic fungi occurring on maize leaves in Central Europe
L. Ramos Romero, B. Koopmann, A. von Tiedemann

Georg-August-Universitdt Gottingen, Plant Pathology/Protection, Géttingen, Germany
Iramosr@gwdg.de

Introduction: In the last decade, the acreage of maize has increased continuously in Central Europe due to its high yield and
diverse uses as food, feed and bio-energy crop. This has led to more intense maize cultivation in many regions with narrowed
crop rotations and it is therefore likely that maize diseases will become more significant in the future. Nevertheless, the
knowledge about the occurrence and significance of fungal pathogens and their epidemic development in maize fields in Central
Europe is still scarce.

Objectives: The study aims at reviewing the phytosanitary state of maize crops in Central Europe, focusing on fungal leaf
diseases and their epidemiology, particularly regarding less known or novel pathogenic species.

Methods: A qualitative monitoring of occurring species of potentially leaf infecting pathogens in maize was carried out in
selected fields of Germany (28 locations), the Netherlands (five locations), the Czech Republic (six locations), Austria (three
locations), France (two locations) and Poland (two locations) during the years 2012 and 2013. Here, leaf samples were collected
and fungal isolates were isolated and analyzed morphologically. For a number of isolates, pathogenicity tests were conducted by
inoculating healthy plants in the greenhouse with spore suspensions prepared from single-spore cultures in order to fulfill Koch’s
postulates.

Results: The studies revealed that seven isolates of Kabatiella zeae (eyespot), five isolates of Bipolaris zeicola (Northern leaf
spot), two unidentified isolates of Bipolaris spp., two isolates of Colletotrichum graminicola (Anthracnose) and six isolates of
Phoma spp. (Phoma leaf spot disease) fulfilled Koch’s postulates. The resulting disease symptoms were described in detail. For
the Phoma isolates, which could not be clearly identified by morphological analysis, a taxonomical assignment based on
molecular genetic analysis was conducted.

Conclusions: The results of this study suggest that a large number of newly emerging maize pathogens may potentially threaten
maize cultivation across Central Europe. Due to the high frequency of detection of several pathogens, the importance of fungal
maize diseases is likely to become a challenge in the future and suitable strategies of control should be taken into consideration.
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O PPIII-1

Evidence for suppression of plant immunity by microRNA targeting in the plant-Verticillium interaction

F. Behrens, J. Menkhaus, D. Cai

Institute of Phytopathology, Christian-Albrechts University of Kiel, Molecular Phytopathology, Kiel, Germany
dcai@phytomed.uni-kiel.de

Verticillium longisporum, a soil-borne pathogen, causes devastating vascular disease in the cultivation of oilseed rape (Brassica
napus). Due to an extremely long and complex infection process, an intensive plant-fungus interaction is needed. Here report
that plant-derived miRNAs play an indispensable role in the modulation of plant-Verticillium interaction.

We demonstrate that the fungus is able to suppress plant resistance response by targeting a series of TIR-NBS-LRR type
resistance genes via miRNA1885, and by enhancing the gene silencing machinery via the modulation of miRNA168-AGO1
interaction.

Our data strongly support that the fungus V. longisporum has evolved a virulence mechanism by interference with plant miRNAs
to reprogram host gene expression. A mode of action is discussed.

O PPl 1I-2

The plant pathogenic fungus Verticillium longisporum suppresses plant immunity by miRNA1885-mediated regulation of TIR-
NBS-LRR resistance gene expression in oilseed rape (Brassica napus)

F. Behrens, G. Pandharikar, J. Menkhaus, D. Cai

Christian-Albrechts-Universitdt zu Kiel, Institute of Phytopathology - Section of Molecular Phytopathology and Biotechnology,
Kiel, Germany

f.behrens@phytomed.uni-kiel.de

The soil born pathogen Verticillium longisporum causes devastating vascular disease in the cultivation of oilseed rape (Brassica
napus). We demonstrate that plant microRNAs (miRNAs) are involved in regulating plant-V. longisporum interaction. By deep-
sequencing two small RNA libraries made from V. longisporum infected/noninfected roots, we identified 62 miRNAs, which were
responsive to the V. longisporum infection. Strikingly, the majority of miRNAs were down-regulated, while a few miRNAs were
up-regulated, of which one belongs to the miR1885 family. Genome analysis revealed that there are three loci of miR1885a,b,c,
which are located in the chromosome A06, A09 and C07, respectively. The validated target of miR1885 belongs to the TIR-NBS-
LRR resistance genes, which is one of the predicted donors of miR1885. Thus, understanding the expression regulation of
miR1885 and its targets provides a deep insight into how the fungus suppresses plant R-gene-mediated resistance. Here, we
present recent data for specific interactions and simultaneously reciprocal changes in the expression levels of miR1885 and their
targets in infected roots. Furthermore, we demonstrate that miR1885 regulates the TIR-NBS-LRR resistance gene expression and
consequently suppresses plant resistance response, which greatly benefits the fungus infection.

O PPl II-3

Transcriptome analysis revealed pathways controlling resistance against systemic colonization by Verticillium longisporum in
Arabidopsis thaliana

E. Haffner, E. Diederichsen

Freie Universitdt Berlin, Dahlem Centre of Plant Sciences/Applied Genetics, Berlin, Germany

haeffner@zedat.fu-berlin.de

Verticillium longisporum is an economically important pathogen of oilseed rape. It infects the host via the root and colonizes the
plant systemically through the xylem at the onset of flowering. QTL controlling quantitative resistance against systemic
colonization by the fungus have been identified in Brassica spp. and also in Arabidopsis thaliana.

The objective was to identify genes and pathways controlling resistance against systemic colonization in A. thaliana. Alignment
of candidate resistance genes to the Brassica napus genome was to show if the results can be transferred to the crop plant.

A major-effect QTL, the complex locus vecl, was fine-mapped in (BurxLer)-near-isogenic lines (NILs) and represented in a tailor-
made NIL (tmNIL) that contained an introgression of the resistant parent Bur in vecl. To study the effect of vecl on gene
expression and to prioritize candidate resistance genes within vecl, the transcriptome of the tmNIL was compared to a NIL that
contained only alleles of the susceptible parent Ler in the vecl-region.

The tmNIL showed a strong induction of defence-related genes after infection with V. longisporum at the onset of flowering. The
up-regulated genes were involved in the control of basal resistance, systemic acquired resistance, cell wall processes and
secondary metabolites. In the susceptible NIL, only few genes were differentially expressed after infection. Genes differentially
expressed between the lines within vecl were cloned as candidate resistance genes. Alignment of candidate gene sequences
with the B. napus genome revealed that these sequences co-localized with known QTL for V. longisporum resistance in Brassica.
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Resistance against systemic colonization by V. longisporum is controlled by a complex locus triggering various defence responses
in A. thaliana. Co-localization of candidate genes with resistance QTL in Brassica suggests that comparable mechanisms are
active in oilseed rape and could be exploited in resistance breeding.

O PPl II-4

Biotrophy-specific down-regulation of gene expression in the maize pathogen Colletotrichum graminicola is required for
escaping PAMP-triggered immunity and for the establishment of compatibility

E. Oliveira-Garcia, E. Albarouki, H. Deising

Martin-Luther-University Halle-Wittenberg, Faculty of Natural Sciences Ill, Institute of Agricultural and Nutritional Sciences, Halle,
Germany
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Exposure of invariable molecules by plant pathogenic microorganisms, collectively known as pathogen-associated molecular
patterns (PAMPs), triggers a broad spectrum of plant defense responses. Thus, in order to establish a compatible parasitic
interaction with their hosts, pathogens may modify the exposure of PAMPs at specific stages of the infection process. This likely
is particularly important for pathogens forming biotrophic infection structures, as these are growing in close vicinity of the plant
plasma membrane, which contains pattern recognition receptors mediating a PAMP response.

We investigated synthesis and exposure of different defense-modifying molecules in the maize pathogen Colletotrichum
graminicola. This fungus differentiates an infection cell called an appressorium, which invades the host primarily by force
exertion (Bechinger et al. 1999). In the plant the fungus sequentially forms biotrophic and necrotrophic hyphae indicative of a
hemibiotrophic lifestyle (Horbach and Deising 2013). Interestingly, we discovered synchronous infection structure-specific
regulation of two components involved in cell wall biogenesis and iron uptake, both affecting plant defense responses. Genes
encoding B-glucan and siderophore synthesizing enzymes are rigorously down-regulated during biotrophic development. Forced
expression of B-glucan synthesis during biotrophy dramatically induced plant defense responses, as indicated by microscopy and
RT-gPCR experiments. Maize leaves infiltrated with siderophores did not initiate defense responses unless C. graminicola had
invaded the leaf and formed biotrophic hyphae (Albarouki et al. 2014). Our studies show that infection structure-specific
regulation of genes involved in formation of defense-modulating compounds is indispensable for the establishment of a
compatible parasitic interaction between C. graminicola and maize.

Literature:

Albarouki E, Schafferer L, Ye F, von Wirén N, Haas H, Deising HB (2014) Biotrophy-specific down-regulation of siderophore
biosynthesis in Colletotrichum graminicola is required for modulation of immune responses of maize. Mol. Microbiol. 92: 338-
355.

Bechinger C, Giebel K-F, Schnell M, Leiderer P, Deising HB, Bastmeyer M (1999) Optical measurements of invasive forces exerted
by appressoria of a plant pathogenic fungus. Science 285: 1896-1899.

Horbach R, Deising HB (2013) The biotrophy - necrotrophy switch in fungal pathogenesis. In: Kempken F (ed) The Mycota - XI.
Agricultural Applications. Springer, Berlin, Heidelberg, New York, pp 343-360.

Oliveira-Garcia E, Deising HB (2013) Infection structure-specific expression of B-1,3-glucan synthase is essential for pathogenicity
of Colletotrichum graminicola and evasion of B-glucan-triggered immunity. Plant Cell 25: 2356-2378.
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O PPIII-5

Proof of concept: Stacking of defense related genes in a marker-assisted backcrossing vs. a transgenic approach to improve
disease resistance of barley elite cultivars
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Classical plant breeding and genetic engineering are both indispensable tools to equip crop plants with powerful traits against
abiotic and biotic stresses. Many elite cultivars, however, are still highly susceptible to major pathogens because they lack
favourable allele combinations for effective defence. The international research consortium BARLEY-fortress aimed at the
utilization of basal defense genes to provide broad and durable pathogen resistance to barley with special focus on the
improvement of fungal penetration resistance by re-enforcing attacked cell walls. Thereby, different strategies were followed: i)
introgression of functionally validated genes from landraces and wild barley by marker-assisted backcrossing in a German elite
variety and ii) a transgenic approach in which selected combinations of resistance associated genes are overexpressed or sets of
susceptibility related genes are silenced by RNAI, respectively. Combinations of genes were chosen on the basis of preexisting
knowledge within the consortium. Here, we report on success of the gene stacking approach validated by phenotypic and
genotypic characterization of backcross and transgenic lines for resistance to cereal blast (Magnaporthe oryzae). Molecular and
cytological data will provide insights into mechanisms accompanying this resistance.

O PPI II-6

Investigation of plant-pathogen interactions in the pathosystem Solanum tuberosum L. / Rhizoctonia solani Kiihn
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Rhizoctonia solani Kihn is a world-wide occurring soil-borne fungal pathogen which infects a broad range of plants including
important crops like potato (Solanum tuberosum L.). Various types of damage on infected underground potato organs lead to
economically relevant yield losses. The increasing occurrence of this disease and the lack of efficient control strategies
strengthen the necessity of new control mechanisms, e.g. the use of resistant cultivars. One of our future goals is the
development of a resistance breeding method. Presumably, potato cultivars differ quantitatively in their susceptibility to the
fungus. So far, little is known about the molecular background of these susceptibility differences. Therefore it seems to be
reasonable to investigate the interactions between potato and R. solani, from initial attack through recognition of the fungus by
the plant to an activation of plant defense mechanisms. The study of gene expression patterns is one way to get an insight into
the responses of organisms. In the beginning, RT-qPCR analyses for several defense-related genes were run at different time
points after an inoculation with R. solani to find the best sampling date for a subsequent RNA-Seq. Thus, we could detect an up-
regulation of PR proteins like 1.3-B-glucanase and PR1 in inoculated plants at 10 dpi. These pre-tests were carried out to
optimize the experimental methods in preparation of the RNA-Seq experiment. RNA-Seq is an excellent tool to simultaneously
investigate the gene expression of plant and fungus. Our aim was to analyze the differential gene expression between R. solani-
inoculated and non-inoculated potatoes. Hence, genes involved in the interactions between potato and R. solani are revealed
and this knowledge can be used e. g. for breeding of less susceptible cultivars. The results will also give better insight into the
plant-pathogen interaction.
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O NOCII-1

Does combining a wheat and pea mixture with methyl salicylate reduces aphid populations in both crops?
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Aphids are important pests of wheat and pea. Among the alternative methods to control them with less reliance on insecticides,
crop associations already proved to be efficient. However, if increasing the chemical and structural complexity of vegetation can
disrupt their host plants location, the searching efficiency of predators and parasitoids can also be reduced. Therefore, these
beneficials may not always be more abundant in such systems. Combining crop associations with attractive semiochemicals for
natural enemies can be interesting to solve this problem. In this research, we compared the effect of a wheat and pea pure
stand, wheat and pea mixture, and wheat and pea mixture combined with methyl salicylate (MeSA) formulated in alginate gel
beads, on the abundance and diversity of aphids and their natural enemies. These were weekly observed on plants during 2013
and 2014 growing seasons. Over these two years, significantly higher numbers of pea aphids (Acyrthosiphon pisum (H.)) were
observed in the pure stand of pea compared with both mixtures (with and without MeSA). No significant differences were
observed between treatments for wheat aphids (Sitobion avenae (F.), Metopolophium dirhodum (W.) and Rhopalosiphum padi
(L.)), which were significantly less abundant than pea aphids. Aphid natural enemies were mainly observed on pea plants.
Hoverfly larvae abundance was not significantly different between treatments during both years. The same phenomenon
occurred with hoverfly pupae in 2013, while these were significantly more abundant in both mixtures compared with the pure
stand in 2014. However, their number did not differ significantly between the mixture with and without MeSA. Few ladybirds
and lacewings were observed. No significant differences were observed between treatments for parasitoid mummies in 2013.
Their abundance was significantly higher in the pure stand of pea compared with both mixtures in 2014. Results from this study
show that mixing wheat and pea is an efficient method to maintain aphid populations at a very low level on pea. The use of
MeSA did not show significant effects on natural enemies. However, mixing these crops may be enough to reduce aphid
populations under an acceptable threshold.

O NOCII-2

Effect of Powder Prepration of Clove, Ginger, Garad and Galangal on the Infestation of Sorghum Grains Caused by Khapra
Beetle Larvae Trogoderma granarium

F. Salah'?, A. Bakheit®

1UofG, Crop Protection, Wad Madani, Sudan
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Introduction: Sorghum is the most important cereal crops in the Sudan, used for both human and animal diet. Khapra beetle
(Trogoderma granarium) is the major storage pest of Sorghum grains.

Objective: This study was conducted to reveal the efficacy of clove, Syzygium aromaticum, ginger zingiber officinale, Garad
Acacia nilotica and galangal Alppina officinarumon Khapra beetle larva.

Materials and methods: The experiment was carried out in the laboratory to rear Khapra beetle larvae on Sorghum grains
treated with powder of the above botanicals crops. Ten Khapra beetle larvae were added to each treatment. Five treatments
replicated five times arranged in Complete Randomized Design. The treatments were consisted of sorghum treated with powder
of clove, ginger, garad and galangal, and untreated sorghum grains taken as a control. Five parameters (weight losses of
sorghum grain, Khapra beetle larvae mortality, adults emerged, seed germination and seed damage) were used to show the
effect of these botanical crops on Khapra beetle larvae. Khapra beetle larvae mortality and weight losses were counted every
week, adults counted after their emergency (after ten weeks), seed damage and seed viability were done at the end of the
experiment.

Results: The result indicated that these botanical crops significantly (p &It; 0.05) reduced the damage level of Khapra beetle
larvae on Sorghum grains. clove powder showed the lowest weight losses, highest mortality, highest seed germination, and
lowest seed damage, followed by ginger, garad, galangal and untreated Sorghum grain.

Conclusion: From this study we can conclude that clove crop is the most important crop to control Khapra beetle larvae.
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Foliar Application of Microbial-Enriched Fermented Food 'Cheonggukjang' to Control Powdery Mildew in Organic Farming
M. J. Kim, C. K. Shim, Y. K. Kim, J. H. Park, S. J. Hong, S. C. Kim, J. H. Kim, E. J. Han
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Powdery mildew is one of common diseases occurred on organically cultivated crops under field and greenhouse conditions.
This study was conducted to evaluate control activity of 'Cheonggukjang' solution against powdery mildew caused by
Sphaerotheca fuliginea in cucumber, tomato, lettuce and squash. ‘Cheonggukjang' was naturally fermented soybean, Daepung
with rice straw for two days. The population density of fermentation bacteria was adjusted to 10™°*" cfu/ml and they were
applied as foliar-spray on the diseased cucumber, tomato, lettuce and squash leaves. Forty five days old seedlings of cucumber,
tomato, lettuce and squash were used and occurrence of powdery mildew was dependent on natural infection with S.
fuliginea.When the Cheonnggukjang solutions were foliar-applied with the concentration of 6, 7.5, 10, 15 and 30%, they
suppressed more than 72.7% incidence of powdery mildew in three crops for 14 days after their foliar application. When
Cheonnggukjang solutions contained with more than 6% of Cheonnggukjang were applied, they showed strong control effect.
Application of six percent of Cheonggukjang solution revealed more than 85.1% control value against powdery mildew of three
crops. However, more than 15% Cheonnggukjang solution showed the phytotoxicity on three crops leaves after four days of
spray.These results indicated that foliar application of 6~10% Cheonggukjang solution could be used for controlling powdery
mildews occurring on organically cultivated crops

1) Lee, M. Y., Park, S. Y., Jung, K. O., Park, K. Y. and Kim, S. D. 2005. Quality and functional characteristics of chunggukjang
prepared with various Bacillus sp. isolated from traditional chunggukjang. J. Food Sci. 70:M191-M196. 2) Lee, S. Y., Weon, H. Y.,
Kim, J. J.., Han, J. H. and Kim, W. G. 2013. Biological control of cucumber powdery mildew by Bacillus amyloliquefaciens M27.
Kor. J. Mycol. 41:268-273.

Figure 1: Population density of fermentation bacteria isolated from ‘Daepung’ cheonggukjang fermented with rice straw for two
days.
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Figure 2: Control effect of Cheonggukjang solution on cucumber, tomato, and squash powdery mildew occurred with
Sphaerotheca fuliginea in greenhouse
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O NOCII-4

Biological strategies for protecting maize from pratylenchus ZEAE and meloidogyne incognita

E. Oyekanmi, B. Fawole, D. Coyne

University of Ibadan, Nigeria, Crop Protection and Environmental Biology, Faculty of Agriculture and Forestry, Ibadan, Nigeria
eoyekanmi@yahoo.com

Pratylenchus zeae causes serious root necrosis of maize and severe grain yield reduction. Meloidogyne incognita is a
cosmopolitan pest of crops causing galling in infected roots. This research work involved the biological management of P. zeae
and M. incognita using an environmentally-friendly approach that could be adapted in organic crop production. A combination
of host plant resistance and arbuscular mycorrhizal fungi (AMF) was investigated on the field with the nematode resistant maize
variety Western Yellow, in two cropping seasons. A mixture of Glomus mosseae and Glomus clarum was used as the AMF
inocula. Rugby nematicide was applied to the field used for this experiment at the rate of 65kg/hectare. The experiments were
laid out in a split-plot design with nine treatments and four replications. Thirty plants were planted per plot. Treatments with
nematode and AMF were concomitantly inoculated one week after germination. Five thousand nematodes were inoculated per
plant, P. zeae and M. incognita were inoculated singly, for plants having nematode inoculation. There were two levels of AMF
spores inoculation, level one was 140 spores per plant and level two was 280 AMF spores per plant. Equal proportions of G.
mosseae was used with G. clarum. The experiments were terminated sixteen weeks after planting. Data were collected on
nematode density, reproductive factor (RF) percentage AMF colonization, grain yield, root length and root weight. Results
obtained showed that there was no significant reduction in nematode density at P<0.05. However, RF was limited to 0.95.
Percentage AMF colonization reduced nematode infection but not significantly. There was 36.9% and 12.0% significant increase
in grain yield respectively for P. zeae and M. incognita treatments. AMF inoculation improved root length by 35.7% and 20.5%
and root weight by 27.7% and 14.6% under P. zeae and M. incognita inoculation respectively. The resistant maize genotype used
limited the reproduction of the nematodes, thus the nematode density was keep within minimum threshold. The AMF enhanced
root biomass production and root elongation, which reduced the effect of root pruning and root termination caused by
nematodes. A combination of host plant resistance and AMF is a viable biological strategy in P. zeae and M. incognita
management and grain yield improvement.

O NOC II-5

Predator insects in organic and conventional production potato fields in Turkey
O. Alaoglu, B. Ayik

Selcuk University, Agriculture faculty, Plant protection, Konya, Turkey
oalaoglu@selcuk.edu.tr

Biological control of insect pests is more important in organic crop production than that of the conventional production.
Allowable organic and inorganic chemicals or other natural materials are used for pest control to provide natural enemies in
organic production. This can be accomplished through conserving and augmenting beneficial populations. In order to determine
abundance and biodiversity of predator insect species in organic and conventional potato production fields, it was conducted a
survey in Konya Province. Potato (Solanum tuberosum L.) is one of the most important field crops in Turkey, cultivated in 1.593
million ha with an annual yield of 4.397.305 tons. Konya was third province with production of 460 thousand tons potato in
2012. Konya is located at 1031 m (3383 ft) in altitude and in south- central Anatolia. It has a continental climate with cold, snowy
winters and hot, dry summers. The insects were collected with sweep net method in the potato fields between June and
October in 2013. To represent the district, two organic and two conventional potato fields were selected from each of three
villages. At the end of the study, it was determined totally 33 predator species. The species number and their families; 6 syrphid,
16 coccinellid, 3 anthocorid, 3 mirid, 2 lygaeid, 1 nabid, 1 chrysopid and 1 reduviid species. Among the collected predator
species; Orius niger and Orius minutus (1415 adults ), Hippodamia variegata (454 adults), Nabis pseudoferus (169 adults),
Sphaerophoria scripta (153 adults) were more abundant than the others. Interestingly, it was found only one sample from Adalia
decempunctata, Adalia bipunctata, Propylaea quatuordecimpunctata, Scymnus subvillosus, Subcoccinella vigintiquatuorpunctata
(Coccinellidae: Col.), Deraeocoris serenus, Deraeocoris ruber (Miridae: Het.). O.minutus, O. niger and N. pseudoferus were
effective on populations of psyllids, thripids and cicadellids which were collected on the potatoes. Coccinellid predators,
especially H. variegata, were found often on the weeds, containing many aphids, around the fields. Consequently, it was not
found remarkably differences between organic and conventional potato production fields in terms of abundance and
biodiversity of the predators. This result must be analyzed with further studies in larger fields of the district.
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O NOCII-6

Olfactometer screening of repellent essential oils against the pollen beetle (Meligethes spp.)
C. Daniel

Research Institute of Organic Agriculture (FiBL), Crop Sciences, Frick, Switzerland
claudia.daniel@fibl.org

In organic farming, pollen beetles (Meligethes spp.) are difficult to control due to the ban of insecticides. Alternative methods
are therefore needed. The beetles use olfactory cues to locate oilseed rape fields in early spring. Essential oils were shown to
have an impact on host plant location behaviour. Lavender oil (Lavendula angustifolia) showed the highest repellency value in a
laboratory study that compared five different essential oils (Mauchline et al., 2005). However, lavender oil is one of the most
expensive essential oils - a fact that could seriously hamper on-farm implementation of this strategy.

The objective of our experiments was to find a cheaper essential oil with comparable efficacy to lavender oil. We compared the
essential oils of Mentha arvensis, Eucalyptus globulus, Melaleuca alternifolia, Citrus sinensis, Citrus paradisi, Citrus limon,
Juniperus mexicana, Abies sibirica, lllicium verum, Gaultheria procumbens, Cymbopogon flexuosus, Syzygium aromaticum, and
Litsea cubeba using a Y-tube-olfactometer. Essential oils were diluted 1:10 in acetone and 40 pl of the dilution were applied on a
filter paper. Filter papers were placed in the odour containers of the olfactometer together with a flower cluster of spring
oilseed rape. Hungry pollen beetles were released individually into the olfactometer. The beetles’ choices were recorded.
Flowers and essential oils were changed between replicates. Six replicates with six beetles each were conducted.

Ten out of the 15 tested essential oils significantly repelled the pollen beetles; none of the tested essential oils was attractive for
the pollen beetles. Highest repellency values were obtained for Mentha arvensis (100% repellency), Cymbopogon flexuosus (92%
repellency), and Litsea cubeba (92% repellency). Lavender oil was less effective and repelled only 81% of the beetles.

With an average price of 17.5 and 18 € / kg, Cymbopogon flexuosus and Litsea cubeba oil are considerably less expensive than
lavender oil (104 €/kg). Mentha arvensis oil has an average price of 31.50 € / kg. Based on the results of the experiments and on
the prices of the essential oils, the development of a field application strategy will focus on Cymbopogon flexuosus, Litsea
cubeba and Mentha arvensis oil.

Mauchline, et al. 2005: Entomol Exp Appl 114: 181-188.
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RNAi-mediated Gene Silencing and Its Implications for Agriculture
A. Koch, K.-H. Kogel

Institute of Phytopathology, Giefen, Germany
aline.koch@agrar.uni-giessen.de

Given current trends in both food and energy demands of a growing population, as well as the changing climate, it will be
necessary to greatly improve crop yields worldwide during the coming years. Meeting this challenge will require developing
agronomic solutions that promote sustainable plant production systems despite conditions of increased biotic and abiotic
stresses, while significantly reducing negative side effects on the environment. RNA interference (RNAi) has emerged as a
powerful genetic tool for scientific research over the past several years. It has been utilized not only in fundamental research for
the assessment of gene function, but also in various fields of applied research, such as human and veterinary medicine and
agriculture. In plants, RNAi strategies have the potential to allow manipulation of various aspects of food quality and nutritional
content. In addition, the demonstration that agricultural pests, such as insects and nematodes, can be killed by exogenously
supplied RNAI targeting their essential genes has raised the possibility that plant predation can be controlled by lethal RNAi
signals generated in planta. Indeed, recent evidence argues that this strategy, called host-induced gene silencing (HIGS), is
effective against sucking insects (Abdellatef et al. 2015) and nematodes; it also has been shown to compromise the growth and
development of pathogenic fungi (Koch et al. 2013), as well as bacteria and viruses, on their plant hosts (Koch and Kogel 2014).
We present recent studies that reveal the enormous potential RNAI strategies hold for providing an environmentally friendly
mechanism for plant protection.

Abdellatef E, Will T, Koch A, Imani J, Vilcinskas A, Kogel KH (2015) Silencing the expression of the salivary sheath protein causes
transgenerational feeding suppression in the aphid Sitobion avenae. Plant Biotechnology Journal doi: 10.1111/pbi.12322.

Koch A, Kogel KH (2014) New wind in the sails: improving the agronomic value of crop plants through RNAi-mediated gene
silencing. Plant Biotechnology Journal doi: 10.1111/pbi.12226.

Koch A, Kumar N, Weber L, Keller H, Imani J and Kogel KH (2013) Host-induced gene silencing of cytochrome P450 lanosterol
Cl4a-demethylase-encoding genes confers strong resistance to Fusarium spec. Proceedings of the National Academy of Sciences
of the United States of America, doi: 10.1073/pnas.1306373110

OBT2

Interspecies gene transfer provides soybean resistance to Asian soybean rust, a major fungal pathogen
C. Langenbachl, R. Campel’z, M. Rosendahll, H. Schultheissz, N. Treschz, u. Conrathl, K. Goellner"
'RWTH Aachen University, Plant Physiology Department, Aachen, Germany

’BASF Plant Science Company GmbH, Limburgerhof, Germany

langenbach@bio3.rwth-aachen.de

Phakopsora pachyrhizi is the causative agent of the devastating fungal disease called Asian soybean rust (SBR) that poses a
major threat to food security. This is mainly because no soybean variety with durable resistance to all P. pachyrhizi isolates are
commercially available. Farmers need soybean varieties resisting SBR as these complement the use of fungicides for controlling
SBR epidemics. Since plant nonhost resistance (NHR) is remarkably durable, the transfer of NHR-linked genes to otherwise
susceptible soybean varieties is a promising strategy for genetically engineered SBR control. Here, we describe the identification
of designated Arabidopsis POSTINVASION-INDUCED NONHOST RESISTANCE GENES (PINGs) by global transcriptome analysis of
Arabidopsis genotypes with intact (wild type) and impaired NHR (pen2, pen2 pad4 sag101). We demonstrate that some of the
identified genes indeed contribute to Arabidopsis postinvasion NHR. Furthermore, we provide evidence for functionality of
identified Arabidopsis genes in soybean as expression of selected PINGs in soybean did confer enhanced resistance to SBR.
Hence, interspecies NHR gene transfer presents a powerful strategy to complement current breeding programs for providing
durable soybean rust resistance. We will also introduce a novel tool for controlling SBR and other plant diseases by
functionalizing the plant surface for providing plant protection in the field.
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Development of molecular markers for breeding for disease resistant crops

wl, Y. Liul’z, X. Wangl’z, K. Scheuermann3, M. Jial, A. McCIung1

us Department of Agriculture, Agricultural Research Service Dale Bumpers National Rice Research Center, Stuttgart, United
States

2Univer5ity of Arkansas, Rice Research and Extension Center, Stuttgart, Arknasas, USA, United States

3santa Catarina State Agricultural Research and Rural Extension Agency, Plant Pathology, Santa Catarina, Brazil
yulin.jia@ars.usda.gov

Rice blast disease caused by the filamentous ascomycetes fungus Magnaporthe oryzae (Fig. 1), and sheath blight disease caused
by the soil borne fungus Rhizocotonia solani (Fig. 2) are the two major rice diseases that threaten stable rice production in the
USA and worldwide. These two diseases have been managed with a combination of resistance (R) genes and fungicide
application integrated into diverse culture practices worldwide. Application of fungicides adds additional production costs and
excessive fungicide application brings increased environmental concern. Using R genes is the most economical and
environmentally benign method for crop protection. In an effort to aid classical plant breeding for improving resistance to blast
and sheath blight diseases, we have been developing DNA markers for use in marker assisted breeding. These molecular
markers were derived from closely linked DNA markers to major or minor R genes, portions of cloned R genes by association
analysis of disease reactions with DNA sequence variation of candidate genes, or cloned R genes in mapping populations and
selected rice germplasm. Consequently, USA rice cultivars have been developed with enhanced disease resistance using these
markers. Our current effort for DNA marker development using improved disease assays, and genotyping by sequencing (GBS)
using next gen sequencing will be presented.

References:

Jia, Y., McAdams, S. A,, Bryan, G. T., Hershey, H., and Valent, B. 2000. Direct interaction of resistance gene and avirulence gene
products confers rice blast resistance. EMBO J. 19: 4004-4014.

Jia, Y., Wang, Z., and Singh, P. 2002. Development of dominant rice blast Pi-ta resistance gene markers. Crop Sci. 42: 2145-2149.
Ma, J., Jia, M. H., and lJia, Y. 2014. Characterization of rice blast resistance gene Pi61(t) in rice germplasm. Plant Dis. 98: 1200-
1204.

Amei, A, Lee, S., Mysore, K.S., Jia, Y. 2014. Statistical inference of selection and divergence of rice blast resistance gene Pi-ta.
Genes, Genomes, Genetics. 4:2425-2432.

Jia, Y., Liu, G., Jia, Melissa, H., and McClung, A. 2015. Registration of a rice gene mapping population of Lemont x Jasmine 85
recombinant inbred lines. J. Plant Regist. 9:128-132.

Figure 1 Figure 2

OBT4

Some like it hot: transgene expression and Bt toxin concentration in Bt maize under stressful environmental conditions
M. Trtikova, A. Hilbeck

ETH Zurich, D-USYS, Zurich, Switzerland

miluse.trtikova@env.ethz.ch

Introduction and objectives: One of the two most widely used transgenic traits is insect resistance, conferred by insecticidal
toxins from Bacillus thuringiensis (Bt). In most countries, cultivation of Bt crops has been approved on the condition of installing
an insect resistance management (IRM) program. One of the prerequisites of IRM is that plants contain high and stable levels of
Bt toxins that are lethal not only to susceptible target insects but also to heterozygous resistant target insects that carry one
resistance allele. However, it was shown that the concentration of Bt toxin can be influenced by environmental conditions and
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may vary between different plant tissues. According to the IPCC report, the frequency of extreme climatic events, such as
protracted droughts or heavy rains and floods, is likely to increase in the future. But it remains unknown whether such stressful
environmental conditions influence transgene expression and the resulting Bt toxin concentration in Bt crops.

Materials and methods: Two Bt maize cultivars containing the same transgene cassette (MON810) were grown under optimal
and stressful environmental conditions. Stress treatments included cold/wet conditions simulating water-logged conditions, and
hot/dry conditions simulating water-limited conditions. Before and during stress, transgene expression and Bt toxin
concentration in the leaves of Bt maize plants were quantified using RT-PCR and ELISA.

Results: Under optimal conditions, Bt toxin concentration differed significantly between the two Bt maize cultivars but there
was no significant difference in the transgene expression. Transgene expression was correlated with Bt toxin concentration in
only one of the cultivars. Under stressful environmental conditions, transgene expression was similar as under optimal
conditions but Bt toxin concentration responded differently.

Conclusion: It is rather difficult to predict Bt toxin concentration in Bt maize under stressful environmental conditions. The
concentration of Bt toxin does not seem to be only controlled by transgene expression but also by genetic background of the
maize cultivar.

OBTS5

Mitigation of preharvest aflatoxin contamination in cottonseed and corn kernels by transgenic expression of a synthetic
peptide or a heterologous a-amylase inhibitor

K. Raiasekaranl, J. Caryl, R. SaerrZ, D. Bhatnagar1

JUSDA, Food and Feed safety, New Orleans, United States

ZUniversity of Arkansas, Fayetteville, AR, United States

rajah.rajasekaran@ars.usda.gov

Introduction: Successful conventional breeding of cotton or corn for resistance to aflatoxin-producing Aspergillus flavus is time
consuming and is dependent on the availability of native resistant genes in germplasm. Corn has several antifungal proteins that
can offer resistance to A. flavus but it is a quantitative trait involving several genes whereas cotton does not possess practical
levels of natural resistance to aflatoxin producing fungi in its germplasm base. Enhancement of resistance in susceptible crops
through safe expression of foreign genes provides an attractive means of addressing preharvest aflatoxin contamination. In this
regard, we have identified two promising antifungal proteins/peptides in our laboratory: a) a synthetic lytic peptide D4E1, with
broad-spectrum control of phytopathogens including A. flavus and b) a heterologous a-amylase inhibitor protein from Lablab
purpurea (AILP).

Objective: Evaluate transgenic cottonseed expressing the peptide D4E1 and transgenic corn expressing the a-amylase inhibitor
protein AILP for resistance to A. flavus infection and aflatoxin production.

Materials and methods: Agrobacterium-mediated transformation was applied to both cotton (var. Coker 312) hypocotyls and
immature embryos of corn (var. Hi-ll) to express the synthetic peptide D4E1 or AILP, respectively. Transgenic cottons were
assayed for resistance to A. flavus under laboratory, greenhouse and field conditions. Kernel screening assays (KSA) were
performed on transgenic corn lines and their segregation controls to evaluate resistance to A. flavus and aflatoxin
contamination.

Results: Transgenic cottonseeds expressing the peptide D4E1 demonstrated significant control of A. flavus infection (50-75%)
under laboratory and greenhouse conditions. Multiple field experiments are in progress. Transgenic corn kernels expressing AlLP
showed significant reduction in A. flavus growth (33%) and aflatoxin contamination (56%).

Conclusions: Transgenic expression of a synthetic peptide D4E1l in cottonseed or a-amylase inhibitor protein from Lablab
purpurea (AILP) in maize kernels provided significant control of A. flavus growth and aflatoxin production.

OBT6

Deoxynivalenol epimerization-A novel biotransformation with potential applications in improving crop resistance against
Fusarium diseases

Y. l. Hassan, J. He, X.-Z. Li, D. Lepp, H. Zhu, T. Zhou

Agriculture and Agri-Food Canada, Guelph Food Research Center, Guelph Ontario, Canada

ting.zhou@agr.gc.ca

Introduction: Deoxynivalenol (DON) plays a major role in the pathogenicity of Fusarium. Strains that produce DON efficiently are
more virulent and invade plants more aggressively. This emerges from the ability of DON to bind to target-molecules, inhibit
protein bio-synthesis, and supress plant-defense mechanisms. The role of C-3 carbon in DON potency as plant
immunomodulator is a well-documented. Targeting this group by enzymatic modifications, such as using Fusarium Tril01
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acetyltransferases for example, has been suggested as a strategy to enhance the plant’s resistance against Fusarium invasion.
Earlier trails showed mixed yet promising enhancement of plant resistance when Tril01 was introduced into transgenic plants.
Objectives: Our lab recently discovered a soil bacterium, Devosia sp. 17-2-E-8, that can epimerize the -OH group at C-3 within
DON and reduce its associated toxicity. The aim of this study is to identify the genes/enzymes/metabolic pathways responsible
for DON epimerization through genomic and transcriptomic analyses.

Materials and methods: Bacterial identification using various methods showed that the isolated strain belongs to the Devosia
genus hence Devosia riboflavina IFO13584 was adapted as a control strain. Molecular techniques including de novo genome
assemblies and entire transcriptomes profiling were utilized to highlight enzyme(s) and metabolic pathways that were up-
regulated in the due course of DON epimerization. Overexpression strategies in exogenous hosts, such as E. coli BL21, are being
perused to confirm the role of these enzymes. A recombinant Tril01 enzyme cloned from F. graminearum is also incorporated
as a positive control in the enzyme-kinetics studies.

Results and conclusions: The efficiency of C-3 epimerization in reducing DON toxicity was demonstrated in different testing
models. The epimerization process by Devosia sp. 17-2-E-8 is highly reproducible under wide-range of conditions with 100%
efficiency. Furthermore, the obtained data have showed that the stereochemistry of DON influences its molecular interactions
evident by the loss of 3-epi-DON ability to interact with Tri101 recombinant enzyme. The identification of such genes/enzymes
not only will help the food/feed industry to reduce the adverse effects of DON contamination but will also provide additional
opportunities for improving crop resistance against Fusarium diseases.
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ODSUII-1

Interactions of Drosophila suzukii with native parasitoids and Drosophila species
J. Collatz, T. Ellenbroek, V. Knoll, J. Romeis

Agroscope INH, Biodiversity and Environmental Management, Zurich, Switzerland
jana.collatz@agroscope.admin.ch

Outside its native range, the exotic pest species Drosophila suzukii enters ecosystems that comprise already numerous native
Drosophila species as well as their natural enemies. Interactions with these species may foster or impair the participating
organisms and may have implications for the success of pest control strategies, such as the deliberate release of native or exotic
parasitoids. To unravel the interactions of D. suzukii with native parasitoids we conducted a field survey in Switzerland. Sentinel
larvae and pupae of the native D. melanogaster were exposed in the field at different sites, habitats (agricultural and natural)
and times. Recollected samples were subsequently kept in the laboratory under controlled conditions until the emergence of
parasitoids. Among the collected parasitoids a strain of Pachycrepoideus vindemmiae was able to parasitize D. suzukii at a high
rate comparable to the parasitization of D. melanogaster when pupae of both species were directly exposed to the parasitoid
under no-choice conditions. To investigate the interaction of D. suzukii with native Drosophilids rearing experiments were
conducted. It was demonstrated that the native D. melanogaster and D. subobscura were able to utilize blueberry fruits after
infestation with D. suzukii. Therefore it is possible that native Drosophila species could benefit from the ecological niche that is
being created by the exotic invader. Taken together the results show that D. suzukii may influence native insect species on
different trophic levels. While populations of native Drosophila could be enhanced, native species of parasitoids could play a role
in suppressing populations of D. suzukii. These parasitoid species also have to be regarded for non-target effects when aiming
for classical biological control with parasitoids from the area of origin of D. suzukii.

O DSU 1I-2

Biological control of the spotted wing drosophila - current status of research and perspectives for the future
A. Herz, R. G. Kleespies

Julius Kiihn-Institut, Institute for Biological Control, Darmstadt, Germany

annette.herz@jki.bund.de

Introduction: Drosophila suzukii Matsumura is a fruit pest from Asia currently invading a wide range of habitats like woodland,
hedgerows, but also gardens and commercial fruit plantations in Europe. Females deposit their eggs into healthy, ripe fruits
which decay quickly due to larval development. The damaging risk for cultivated soft fruits and berries is extremely high,
whereas the application of pesticides is difficult or even impossible due to the waiting period before harvest.

Objectives: This urgent demand for environmental friendly as well as residual free control methods initiated our research on
invertebrate and microbial biological control agents since the last two years. We evaluated native parasitoid species and
predators, but also examined samples of D. suzukii from the area of origin for the presence of pathogens.

Materials and methods: Bait traps with fruit-based diet were exposed or infested fruits of different plants were collected in
various habitats to obtain parasitized Drosophila-specimen for subsequent cultures of parasitoids. Predatory species were
obtained from lab rearings. Beneficials were exposed to different developmental stages of D. suzukii in a step-wise manner from
petri-dish to "on fruit" bioassays to estimate host acceptance and control efficacy. Samples of larval and adult D. suzukii,
collected by Dr. Nakai (Tokyo University of Agriculture) and shipped to JKI, were subjected to dissection. Squash preparations
were investigated by phase contrast and some by electron microscopy.

Results and conclusions: Females of the parasitoid Leptopilina heterotoma readily oviposited into larvae of D. suzukii, but
parasitization was not successful. Larvae of Chrysoperla carnea and adults of Orius majusculus preyed on eggs, larvae and
puparia, directly exposed to them. However, developmental stages of D. suzukii within infested cherries and raspberries were
not sufficiently attacked by the predators. Laboratory bioassays with isolated fungi belonging to the Entomophthorales and with
selected bacteria against larvae of D. suzukii were not successful. Obviously, D. suzukii is still resistant against these natural
enemies. Our investigations will continue with the aim to find more effective antagonists, both in the native range but also in
the new invaded area.
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oDSsUII-3

IPM turned upside down: response to Drosophila suzukii in eastern United States berry crops
R. Isaacs, H. Burrack, G. Loeb, C. Rodriguez-Saona, V. Walton

Michigan State University, Entomology, East Lansing, United States

isaacsr@msu.edu

Introduction: Integrated management programs for insect pests in berry crops have been severely disrupted by the invasion of
Drosophila suzukii in the eastern US. This required a rapid search for pest management tools to prevent crop loss. The
immediate response has been to focus on pest ecology, design and development of trapping systems, investigation of cultural
controls, evaluation of crop protectants, and the treatment of infested fruit post-harvest.

Objectives: To develop integrated programs for effective management of Drosophila suzukii.

Methods: Studies are underway to explore pest phenology, distribution, and the relationship between fly capture and
infestation risk. This pest’s exploitation of wild hosts has been monitored and efforts are underway to identify species with the
potential to influence crop risk. Netting to enclose plantings has been tested in raspberry and blueberry plantings in New York
and Michigan. In high tunnel settings, a fixed application system has been developed to allow rapid treatment of raspberries,
providing high quality fruit with minimal infestation, and this was evaluated during 2013 and 2014. Laboratory and field studies
were conducted to identify the most effective insecticides for use in berry crops, also providing insights into the use of additives
to enhance efficacy. These results are being integrated with population modeling to explore different scenarios of chemical
control for controlling D. suzukii in fruit crops.

Results: The phenology of D. suzukii is proving to be generally consistent relative to fruit maturation, but with annual and local
fluctuations based on weather conditions. Traps are useful for initial detection of fly activity and for relative abundance across
farms and habitats. Netting to exclude D. suzukii is effective and is being adopted at small scale farms. The use of a fixed spray
system has allowed rapid treatment of plantings, with encouraging results for future optimization. Implementation of chemical
control programs based on knowledge of efficacy and residual activity has greatly reduced the levels of fruit loss.

Conclusion: This presentation will review the post-invasion changes to IPM in berry crops in our region, and will discuss future
directions to improve the sustainability of D. suzukii management.

oDSUII-4

Controlling Drosophila suzukii in Western North America sweet cherries

P. Shearerl, E. Beersz, H. Thistlewoodg, R. Van Steenwyk4

10regon State University, Mid-Columbia Agricultural Research Center, Hood River, United States
2Washington State University, Wenatchee, United States

>Government of Canada , Agriculture and Agri-Food Canada, Summerland, Canada

4University of California Berkeley, Berkeley, United States

peter.shearer@oregonstate.edu

Introduction: Drosophila suzukii Matsumura (Diptera: Drosophilidae) quickly became a serious pest of sweet cherries, Prunus
avium, in Western North America after its detection in California in 2008. D. suzukii damage was first reported from Hollister, CA
in March, 2009. Later that year, D. suzukii were found in Oregon, Washington and British Columbia, Canada. Since then, growers
have used intensive insecticide programs to control D. suzukii.

Objectives: Monitoring and control options for D. suzukii in sweet cherry were investigated.

Materials and methods: Trap designs and attractants for monitoring adult D. suzukii were compared. Several cherry cultivars
were evaluated for susceptibility when ripening. Cherry trees were treated with insecticides in the orchard, fruit and foliage was
collected and brought back to the laboratory, and adult D. suzukii mortality was then assessed in bioassay arenas. The optimal
timing of sprays to prevent D. suzukii damage to cherries was investigated. Studies are ongoing to relate D. suzukii emergence
and population levels to the previous winter’s temperatures.

Results: Studies demonstrated that red and yellow colored traps were the most effective for trapping adult D. suzukii in red-
fruited crops. Commercially manufactured attractants are available in addition to user-mixed baits, but effectiveness varies by
region and year. Cherries are susceptible to attack when they start to turn straw color. For three years successively, the early
ripening cultivar ‘Santina’ escaped attack while the late ripening cultivar ‘Staccato’ was always attacked pre-harvest. Insecticides
containing spinosad, spinetoram, OPs, carbamates, or pyrethroids are the most effective for controlling D. suzukii. Insecticides
applied close to harvest are critical. Mild winters are associated with increased risk of D. suzukii damage the following growing
season in cherry production regions north of California.

Discussion: Adult D. suzukii can be monitored but treatment thresholds are not currently available. Cherry growers are able to
control this pest with insecticides but to the detriment of established integrated pest management (IPM) programs for other
pests. Future research will focus on developing sustainable IPM programs for managing D. suzukii.
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Aiming to control Drosophila suzukii in the UK
A. Cuthbertson, N. Audsley

Fera, Entomology, York, United Kingdom
andrew.cuthbertson@fera.gsi.gov.uk

Introduction: The invasive pest, Spotted Winged Drosophila, Drosophila suzukii (Matsumura) has a wide host range, infesting
many varieties of soft fruits. Much economic damage has been caused in various regions around the world where D. suzukii has
become established. It has been recorded in the UK since the end of 2012.

Objective: To determine efficacy of a range of products, both chemical and biological, for the control of D. suzukii.

Materials and methods: Both direct and indirect exposure to chemical products was assessed. Direct effect of chemicals was
carried out using an automatic-load Potter precision laboratory spray tower. Indirect effects were assessed via fruit dipping
techniques. Invertebrate biocontrol agents were screened for efficacy against various life stages of D. suzukii using experimental
Tashiro cages.

Results: Spinosad, chlorantraniliprole and an experimental product TA2674 showed excellent potential as control agents when
used as either a pre or post-dipping treatment for blueberries with mortalities of 100, 93 and 98% mortality, respectively, being
achieved following pre-treatment. Direct spray application of all products tested had limited impact upon adult flies. Highest
mortality (68%) was achieved following direct application of TA2674. Entomopathogenic agents (nematodes and fungi) tested
appeared to reduce fly population development (ranges of 34-44% mortality obtained) but would seem unable to control
outbreaks. In regards to commercially available invertebrate predatory species Anthocoris nemoralis and Orius laevigatus
produced the highest mortality rates of 44 and 36% respectively.

Conclusion: Several chemical products, under laboratory testing, offer excellent control of D. suzukii. The biological agents also
offer much potential to be incorporated into integrated control strategies. The potential of developing integrated pest
management strategies against D. suzukii is discussed.

O DSU II-6

Efficacy of insecticides against Drosophila suzukii on cherries
R. Shawerl, L. Toninal, E. Gariberti 2, N. Mori *

University of Padova, Padova, Germany

2University of Verona, Verona, Italy
rady.shawer@studenti.unipd.it

Introduction: The Spotted Winged Drosophila, Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) is an invasive,
polyphagous and destructive fruit pest native to Southeast Asia, recently introduced into Europe. It is known to infest
commercial soft and stone fruits causing extensive economic damage as opposed to most species of drosophilids which only
infest overripe, fallen and rotting fruits. Development of integrated pest management strategies have become an urgent need
for the control of this serious pest.

Objectives: The approach undertaken is included in the DROPSA European Project which has been designed to develop
effective, innovative and practical strategies to protect major European fruit crops from D. suzukii.

Materials and methods: Considering the use of insecticides for the control of D. suzukii can be critical since they can damage
ripening fruits. We tested the efficacy of products that have a favourable toxicological profile. Eighteen insecticides with various
modes of action, belonging to different chemical groups, such as, organophosphates, pyrethroids, neonicotinoids, and biological
were applied to cherries under laboratory conditions. Adult mortality, oviposition and larval activity reduction following
application of the insecticides, was recorded over various time periods.

Results: In general, pyrethroid compounds showed good potential as control agents with mortalities of 79 and 94% respectively
following 24 and 72 hours after application. The results following 72 hours after application proved that superior oviposition
reduction was achieved by the treatment of lambda-cyhalothrin; giving a reduction of 99%. This was followed by deltamethrin
(98%) and spinosad (91%). The highest percentage of cherry fruit damage was recorded following thiamethoxam and
acetamiprid treatments.

Conclusion: It can be concluded that pyrethroids may have an important role in reducing infestations of D. suzukii in cherry
orchards. The efficacy of neonicotinoids was not satisfactory. Further investigations under open field conditions are
recommended.
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Pathogenicity and population structure of Magnaporthe oryzae causing barley blast in Brazil

A. Urashima, A. Alves, R. Gazaffi

Federal University of Sao Carlos, Biotechnology and Vegetal and Animal Production, Araras, Brazil
alfredo@cca.ufscar.br

Brazil is a hot spot for blast disease (Magnaporthe oryzae, anamorph Pyricularia oryzae) because severe epidemics occurred on
important winter crops such as wheat, triticale, rye, barley and oat. They are still confined to South America but considered a
global threat due to inefficacy of control and potential of spread to other continents. The first outbreak of barley blast occurred
in 1998 and is currently distributed all over the Country. One particular feature of this disease is symptoms on all aboveground
parts, distinguishing it from wheat blast, the first host among winter cereals. Due to little information, this work aimed to
examine pathogenicity and population structure of the causal agent of barley blast in Brazil. For pathogenicity, 25 M. oryzae
isolated from different tissues of barley were inoculated on five cultivars of barley, three of wheat, two of oat and rice, one of
rye, corn, sorghum, and triticale, besides weeds: Cenchrus echinatus, Setaria geniculate, Brachiaria plantaginea, Eleusine indica.
The genetic divergence of 41 blast isolates of barley was investigated through 15 RAPD primers. Also, five isolates of wheat were
included as reference. The similarity matrix was obtained using the Jaccard coefficient and the clustering method applied was
UPGMA, after converting the similarity in genetic distance. Pathogenic data showed that there was no resistant cultivar among
winter crops. On the other hand, rice and weeds were immune to all barley isolates whereas reaction of corn and sorghum
varied according to fungus isolate. The genetic divergence analysis identified four different groups, considering 0.5 as threshold.
The largest group encompassed 37 barley isolates and three of wheat, the second cluster gathered three barley isolates, the
third and fourth groups contained one single isolate each, from barley and wheat. Still, a simulation to examine if the number of
employed markers was adequate indicated that the 50 loci generated by these primers provided sound results, once 50% of the
estimated CV was below 25%. These results indicate high diversity among four groups, demonstrating that genetically different
populations are causing blast disease either on wheat and barley in Brazil.

O NEW II-2

Banana Fusarium wilt: Resurgence of a catastrophic plant disease
.le 1 . 2 .3

A. Viljoen, A. Molina“, F. Dusunceli

IStellenbosch University, Plant Pathology, Stellenbosch, South Africa

25. . . .. .

Bioversity International, Los Banos, Philippines

*Food and Agriculture Organization, Rome, Italy

altus@sun.ac.za

Half a century ago, one of the most destructive diseases in agricultural history was brought to an end. In Latin America, Fusarium
wilt has destroyed Gros Michel bananas to the point where it had to be replaced by Cavendish cultivars in order to save the
international export industry. Cavendish bananas now make up more than 40% of all bananas grown in the world to supply
consumers of the sweet dessert fruit globally. In most tropical countries, however, local banana varieties bananas are grown for
food and income to small growers, thereby ensuring their livelihoods. The discovery of a new strain of the banana Fusarium wilt
fungus, called Fusarium oxysporum f. sp. cubense (Foc) tropical race 4 (TR4) in Asia in the 1990s led to devastating losses of
Cavendish bananas planted in monoculture primarily, but also to varieties planted by small producers. Foc has a larger host
range than other races of Foc, and with a global replacement for Cavendish bananas not readily available, poses a significant
threat to production worldwide. Foc TR4 has been discovered in the Middle East in 2012 and soon thereafter in Mozambique.
The latter discovery was of significant concern, as banana serves as staple food to millions of people in east, central and western
African. Research efforts in Asia in the past two decades have developed somaclones of Cavendish bananas tolerant to Foc TR4,
and modified production systems in order to reduce the impact of the disease in small grower fields. It is, however, the
intercontinental spread from Asia which moved the FAO to call for international support and develop a global programme to
prevent a global epidemic. The objective is to manage Foc TR4 in areas where the disease is present, and to prevent its spread to
unaffected areas by awareness raising, the introduction or legislation, and the development of capacity to deal with the disease.
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Management of blackleg and slow wilt in seed potatoes: a supply chain perspective
A. Breukersl, L. Gel, W. Hennenl, W. van der Werfz, J. van der Wolf®

LEI Wageningen UR, Wageningen, Netherlands

ZWageningen University, Centre for Crop Systems Analysis, Wageningen, Netherlands
3plant Research International, Wageningen, Netherlands
annemarie.breukers@wur.nl

Introduction: Potato blackleg and slow wilt caused by bacterial species in the genera Pectobacterium and Dickeya threaten seed
potato production worldwide, causing massive economic damage. Up to now, research on disease control has focused on field
level. Yet, disease dynamics are multiannual and to a large extent determined by supply chain activities, which calls for a
different approach.

Objectives: We aim to provide insight into blackleg dynamics and control in the Dutch seed potato supply chain, by means of a
mathematical bio-economic model.

Materials and methods: The model follows a discrete-time state-transition approach commonly used in epidemiological
modelling (Frid et al., 2013). It monitors the fraction of infected lots in six compartments representing successive quality classes,
and calculates the direct costs of monitoring and control. It was parameterised in an iterative process with bacteriologists and
field experts.

Results: Three scenarios were simulated: a default scenario (current situation), a Hygiene+ scenario (reducing transmission), and
a Monitoring+ scenario (laboratory testing of S lots). Under the default scenario, the fraction of detected lots ranges from
almost zero in the S classes to 28% in class E (Fig. 1). The alternative scenarios significantly reduce these fractions, causing a net
decrease in costs (Table 1). However, producers of class S lots pay the price of achieving large savings in downstream classes.
The costs of increased hygiene were not quantified as its implementation is flexible and farm-specific, but they may reach up to
181 euro per hectare to still be cost-effective.

Figure 1: Annual fraction of detected lots per class.
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Table 1: Annual direct costs of blackleg prevalence (* 1,000 Euro).

Scenario Quality classes total
S1 S2 S3 sS4 SE E

Default 42 49 115 94 3,893 7,410 12,449

Hygiene+ 42 49 93 49 1,710 3,867 6,248

Monitoring+ 102 109 164 711 1,049 2,821 4,956

Conclusions: These results illustrate that blackleg control is cost-effective, but cannot always be justified from a private farmers’
perspective. By providing transparency into cost-effectiveness of particular control measures, the model contributes to
stakeholder support. Our approach is applicable to other diseases as well and facilitates a multi-disciplinary approach in plant
disease management.

References: Frid, L., et al. (2013). Using State-and-transition modeling to account for imperfect detection in invasive species
management. /nv. Plant Sci. Manage 6(1), 36-47.
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Slugs and Snails - Pest Status, Control and Future Prospects
M. Wilson

AgResearch, Innovative Farm Systems, Hamilton, New Zealand
michael.wilson@agresearch.co.nz

While numerous entomologists are deployed throughout the world to develop IPM programmes for insect pests, one group of
crop pests remains largely neglected by researchers. European slug species are frequent pests of a broad range of agricultural
and horticultural crops. In arable crops most damage is done to emerging seedlings, whereas in vegetable crops, slugs cause
severe economic damage throughout the cropping cycle. These European slugs, particularly the grey field slug Deroceras
reticulatum have become serious invasive pests in North and South America, Australasia, and parts of Asia. Other invasive
species of note include the South American golden apple snail that is a serious invasive pests of rice crops in many parts of South
East Asia, and the Giant African Snail that has spread to much of Asia and the pacific islands and parts of mainland USA.
Traditionally molluscs have been controlled with bait pellets containing either metaldehyde or carbamates, but recently
chelated iron phosphate compounds have developed. Much research has concentrated on improved formulations to increase
palatability of bait pellets and persistence in the field, particularly under wet conditions when molluscs are most damaging.
More novel approaches include use of nematode parasites as biological control agents, which are mass produced and sold in
Europe, and the development of molluscicidal seed treatments to protect newly emerged seedlings. This paper will review
current status and future prospects for pest control.

O NEW II-5

Emerging diseases associated with co-infection of phytoplasmas and other phloem limited pathogens in the state of Baja
California Sur, Mexico

A. Poghosyan, V. Lebsky, J. Hernandez-Gonzalez

CIBNOR, S.C., La Paz, Mexico

arevik04@cibnor.mx

In the Mexican state of Baja California Sur (BCS) during the last decade the phytoplasmas were revealed in different crops and
wild plants with multiple symptoms of yellow-type diseases. A high incidence of emerging diseases with symptoms of strong
foliar malformations, crinkled leaf veins and other diverse symptoms was noted in some tomato, pepper and citrus plantings,
suggested a possible mixed infection with different vascular pathogens, known to cause the similar symptoms. Disease indexing,
scanning electron microscopy (SEM) and molecular techniques were used to prove this hypothesis. Samples of foliar and floral
parts and roots were collected from symptomatic and asymptomatic field grown plants and grafted test-plants and processed
for SEM analysis. For molecular detection of phytoplasmas and begomovirus, the total DNA was extracted and nested PCR was
performed with phytoplasma and begovmovirus reported primer pairs. Selected PCR products were cloned and sequenced.
Sequence analysis was made in GenBank database using BlastN and ClustalV methods. Phytoplasma cells ranging from 400 to
1800nm were observed in phloem tissue of all analyzed symptomatic and some asymptomatic samples. In tomato and pepper
along with phytoplasmas groups of geminated particles characteristics of geminiviruses (Geminiviridae) were detected, as well
as some rod shaped bacteria. In samples from diseased citrus trees phytoplasmas were detected together with large (2500 nm)
rickettsia-like bacteria. A high content of crystals and starch granules were noted in diseased samples, a phenomenon reported
in the case of phytoplasma and liberibacter infection. Analysis of samples using molecular techniques proved the phytoplasma
infection and revealed a mixed infection with two begomoviruses in tomato and pepper along with phytoplasmas. Identified
phytoplasmas associated with emergent diseases in BCS belong to ribosomal groups 16Srl and 16Srlll. The application of SEM
together with molecular tools facilitate the diagnosis of some emerging diseases with a complex yellow-type symptoms,
detecting mixed infection of phytoplasmas with viruses and fastidious phloem inhabiting bacteria. The work is in progress to
prove by molecular techniques the cases of mixed infection with pytoplasmas and rod shaped bacteria in some citrus species.
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Controlling potato cyst nematodes: new challenges ahead

B. Nierel, S. KrUsseIz, K. Osmers’
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bjoern.niere@jki.bund.de

Potato cyst nematodes (Globodera rostochiensis and Globodera pallida) are highly damaging pests of potato. Despite the
restricted host range, they are extremely difficult to control because of their survival strategy. Long crop rotations will limit their
impact on the potato crop but in modern production systems this is economically not viable. Resistant cultivars play an
important role in the control of these pests. Cultivation of G. rostochiensis-resistant potatoes has led to the selection of G.
pallida in several regions and in some areas the latter species is the dominating species at present. Control of this species will
become the main challenge in the coming years: Whereas potato cultivars with full resistance to pathotypes or virulence groups
of G. rostochiensis are widely available for most production systems, this is not the case for G. pallida. Selection for virulent
populations of G. pallida has been hypothesized for more than 30 years. We present strong evidence that such selection has
occurred in production systems conducive to potato cyst nematode development.

Potato production is now challenged in a way that was not known for decades. Recent developments in selection processes
under field conditions will be presented and potential solutions that may limit the impact of these events will be discussed.
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Characterization of the infection stage-specific effector repertoire of the Asian soybean rust fungus Phakopsora pachyrhizi
M. Loehrer, C. Schlupp, Y. Flaskamp, U. Schaffrath

RWTH Aachen University, Department of Plant Physiology, Aachen, Germany

loehrer@bio3.rwth-aachen.de

Asian soybean rust (Phakopsora pachyrhizi, ASR) is a major threat to soybean cultivation worldwide. It differs from other rust
fungi by its broad host spectrum and a reduced life-cycle during which only urediniospores are formed. Soybean varieties with
resistance to all isolates of the pathogen are not yet available and therefore costly fungicide treatments are the sole option to
effectively control the disease. Our strategy to combat ASR is based on detailed knowledge obtained in our lab on ASR’s Janus-
faced infection process that starts with the induction of cell death of directly penetrated epidermal cells which is atypically for
an intrinsic biotrophic pathogen. Later on, ASR establishes biotrophy which is accompanied by haustoria formation inside
mesophyll cells. We hypothesise that ASR actively modulates plant responses in the early and late infection stages by secreting
different effectors that lead to cell death induction and repression of defence responses, respectively.

Aiming at the identification of these effectors, and hindered by the fact that the genome of ASR is not yet sequenced, we de-
novo assembled the transcriptome of axenically formed appressoria and compared it to the transcriptome of isolated haustoria.
In silico screening for transcripts encoding putatively secreted proteins revealed distinct sets of ASR specific effector candidates
in both infection stages. Mass spectrometry based investigation of the secretome of early infection structures led to the
identification of proteins that are likely involved in host penetration. Data on the functional characterization of these candidate
genes using transient expression and gene silencing assays will be presented.

O PP11II-2

Characterisation of sensor proteins important for infection structure differentiation and pathogenic growth in Botrytis cinerea
N. Miiller, M. Leroch, M. Hahn

TU Kaiserslautern, Biology, Kaiserslautern, Germany

nmueller@rhrk.uni-kl.de

Introduction: B. cinerea is an ubiquitous plant pathogen that infects a wide range of fruit, vegetable and flower crops.
Germination and differentiation of infection structures are triggered by plant surface signals. For these differentiation processes,
the BMP1 MAP kinase cascade is required. In several plant pathogenic fungi, the signaling mucin Msb2 has been shown to be
involved in surface recognition and MAP kinase activation. Another plasma membrane sensor protein, Shol, has also been
described to be involved in stress adaptation and cell wall integrity as well as surface sensing and penetration.

Objectives: By using molecular genetic, cytological and genomic/ transcriptomic approaches, we are studying the role of
signaling proteins in the infection process of B. cinerea.

Materials and methods: Mutants defective in the Msb2 and Sho1l sensors, as well as GFP-reporter strains were generated and
characterised, using growth and infection tests, microscopy, phosphorylation assays, and transcriptomic studies.

Results: BMP1 and Msb2 regulate an overlapping set of genes encoding secreted proteins during germination. BMP1
phosphorylation levels during germination on hard surfaces were strongly reduced in the B. cinerea msb2 mutant, compared to
the increasing phosphorylation in the wild type. The msb2 mutant showed abnormal germination and the germlings were almost
unable to form appressoria or infection cushions. Later stages of infection occurred normally in the msb2 mutant and infection
tests only revealed a moderate delay in lesion formation. In contrast, the B. cinerea shol mutants showed almost normal
germination and penetration but usually failed to form expanding lesions. Increased phosphorylation of the stress response
MAP kinase Sakl in the shol mutant, and enhanced H,0, levels in the infected tissue indicated that the shol mutant
experiences increased stress during infection. First data suggest that the shol mutants shows reduced acidification and altered
secretion of carbon acids during infection.

Conclusions: While Msb2 functions as a hard surface sensor that triggers appressorium formation via activation of the BMP1
MAP kinase, Shol plays no obvious role in BMP1-MAPK cascade activation and seems to have a different function than in other
plant pathogens.
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Genetic and phenotypic diversity of Botrytis cinerea and related species
M. Hahn, C. Plesken, L. Zhang, B. Reiss, K. Klug, S. Bergstein
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Introduction: Botrytis cinerea, a ubiquitous necrotrophic broad host range pathogen of fruit and vegetable crops, represents a
species complex, however, its genetic structure has remained elusive. B. cinerea is closely related to the host specific B. fabae
and B. calthae and the host non-specific B. pseudocinerea. The molecular basis for their different host range is unknown.
Objectives: We have investigated the phylogenetic relationships of B. cinerea groups and related Botrytis species, to correlate
them with differences in their phenotypic traits and infection behaviour.

Methods: Multilocus sequence typing (MLST) and genome sequencing was used for classification of strains from B. cinerea, B.
fabae, B. pseudocinerea and B. calthae.

Results: B. cinerea isolates from a large scale sampling revealed the existence of distinct genotypes, refered to as groups N, S, B
and |, based on genome sequencing and MLST. Although the groups are still interfertile, they have diverged from each other and
show different degrees of host preference. B. cinerea group N is widely distributed and highly prevalent on grapes, group S is
dominating in German strawberry fields, and group | is largely restricted to the monocot plant Iris pseudacorus. The dominance
of Botrytis group S seems to be correlated with their increased accumulation of multiple fungicide resistance mutations in the
fields, including a special efflux-mediated multidrug resistance phenotype, called MDR1h. Comparative genome analysis
revealed the existence of group- and species-specific genes and toxin biosynthesis gene clusters, inlcuding those for botrydial
and botcinic acid biosynthesis, in B. cineea and B. pseudocinerea. Knock-out mutagenesis was performed with these genes to
reveal their role in determining host preference.

Conclusions: The assessment of genetic diversity and comparative functional genomics are promising approaches to reveal the
molecular basis of host specificity in B. cinerea and related Botrytis species.

O PPI III-4

Expression changes in Hevea brasiliensis roots in response to Rigidoporus microporus infection

C. Middleton', N. Siddiqui’, S. Caim?, C. Ribeiro’, K.-S. Chow?, S. Atan®, M. Kolesnikova-Allen, A. Di Cola®
ITARRC Tun Abdul Razak Research Centre, Biotech, Hertford, United Kingdom

*TGAC The Genome Analysis Centre, Norwich, United Kingdom

3Malaysian Rubber Board, Rubber Research Insitute Malaysia, Kuala Lumpur, Malaysia
cmiddleton@tarrc.co.uk

Question: Hevea brasiliensis is the most widely cultivated species for commercial production of natural rubber. One of the major
threats to rubber plantations is the soil borne pathogen, Rigidoporus microporus. This fungus attacks root tissue causing rot and
eventual tree death. 5-10% of rubber planted land is lost due to White Root Disease (WRD) every year.

Diseased rubber trees are difficult to diagnose and those displaying above ground symptoms are most often beyond treatment.
Therefore, the ability to detect the pathogen infection at early stage is of crucial importance.

The aim of this study is to identify stress-related genes through the analysis of Hevea root transcriptomes infected by
Rigidoporus microporus.

Methods: One year-old rubber plants were grown in poly-bags and infected with two different Rigidoporus microporus isolates.
Roots from infected and control plants were harvested at 8, 12 and 15 days after infection resulting in 15 samples, biological
replicates inclusive. Total RNA was extracted for sequencing using the lllumina Hiseq system.

Data obtained were mapped to the annotated rubber genome (generated by MRB); differentially expressed genes were
identified using the Tuxedo protocol.

Results: Data identified 27,000 genes expressed in roots out of 45,000 annotated in the Hevea brasiliensis genome. In infected
plants 1,660 genes were found to be down-regulated and 1,300 up-regulated.

Results showed that a number of key enzymes involved in cell wall, lignin and pectin biosynthesis were significantly down-
regulated in the infected roots. The primary metabolism gene cluster such as PK (pyruvate kinase) and MDH (malate
dehydrogenase) genes appeared to be down-regulated, while R-genes (Resistance genes) were up-regulated. Genes for RNA-
mediated silencing components, ARGONAUTE and DICER, were up-regulated, suggesting pathogen-induced silencing of host
genes. Similar trends were observed in protein expression profiles of the same samples.

Conclusions: This study provides a general view of gene expression profile changes in Hevea brasiliensis roots when infected by
WRD. Our findings indicate a scenario where the host root is weakened at its primary defense (cell wall) 8 days after infection.
This is followed by a reduction of metabolic capacity; as a result, the host becomes debilitated and therefore easier ground for
colonisation.
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Signaling pathways activated after exposure to phytoalexins: an Achilles'heel for necrotrophic fungi?
S. Philippe, G. Thomas, B. Nelly, H. Jean-Jacques, R. Pascal, D. Jerome
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Question: Due to their infection strategy, fungal necrotrophs are exposed to several antimicrobial defense metabolites during
host infection. For successful colonization of host tissues, these fungal pathogens may have therefore developed efficient
adaptation responses to overcome such chemical stress. Better knowledge on these protection mechanisms should allow the
design of new strategies to control fungal diseases.

Methods: Alternaria brassicicola, the causal agent of the black-spot disease of Brassicaceae, was used as model fungal species.
Transcriptomic and functional genomic analyses were performed to unravel the key response regulators of the fungus exposed
to indolic phytoalexins. A toxicologic approach was used to interfere with some of these master regulators and identify chemical
compounds that act synergistically with phytoalexin to inhibit fungal growth in vitro and in planta.

Results: Signaling pathways involved in the response to cell integrity (CWI) and unfolded protein (UPR) stresses were found
activated in fungal cells upon exposure to indolic phytoalexins (Joubert et al., 2011a, b). Inhibitors of protein kinases C (CWI)
were showed to act synergistically with phytoalexins to inhibit fungal growth in vitro (Simoneau et al., 2013). Pathogenicity
assays conducted on cabbage in the presence or absence of these inhibitors revealed that they were very efficient to limit fungal
progression in planta (Figure 1). Similar results were obtained with other tested pathosystems (A. dauci and A. radicina on carrot
and B. cinerea on Arabidopsis)

Conclusions: Mixing inhibitors of fungal kinases involved in CWI and UPR pathways with plant defense elicitors might constitute
a good strategy to improve plant protection against fungal diseases caused by fungal necrotrophs

References

Joubert et al. (2011a) Molecular Microbiology 79: 1305-1324

Joubert et al. (2011b) Cellular Microbiology 13: 62-80

Simoneau et al. (2013) European Patent PCT/EP2013/063574

Figure 1: Effect of a PKc inhibitor on the development of the black spot disease on cabbage leaves inoculated with a virulent A.
brassicicola strain
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Breaking the spell - Are host hormone responses the key to parasitism of witchweeds and related parasitic plants?
T. Spallek, T. Wakatake, S. Yoshida, K. Shirasu
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thomas.spallek@riken.jp

Introduction: Parasitic plants and in particular species of the Orobanchaceae family are serious pests of many crop plants.
Among them witchweeds (Striga spp.) show persistent outbreaks in Sub-Saharan Africa. This often results in immense financial
losses and severe socio-economic consequences for affected communities. Potential hosts include major stable crops such as
sorghum, maize, pearl millet, rice or cowpeas. The interaction between the parasite and its host is complex and molecular
events remain largely elusive.

Objectives: We aim to unravel infection and disease promoting strategies of parasitic plants by using state of the art methods of
genome and transcriptome sequencing as well as non-invasive live cell imaging.

Material and methods: Our studies focus on S. hermonthica, S. asiatica and Phtheirospermum japonicum, a hemi-parasitic
Orobanchaceae plant, which is native to Japan and accessible to genetic modifications. We generated a comprehensive library of
genetic and transcriptomic resources and monitored host responses in the model plant Arabidopsis thaliana.

Results: Mutants in of the host auxin signalling module controlled by SOLITARY ROOT showed enhanced resistance to S.
hermonthica, S. asiatica and P. japonicum. Furthermore, downstream components of this signalling pathway were activated
during early stages of parasitism. Later stages of infections dramatically altered additional host hormone responses.
Conclusions: Our experiments provide insights in the complex interaction between host and parasitic plants. It highlights the
importance of host hormone responses and may represent a common phenomenon in plant-plant parasitism. Monitoring and
altering host hormone responses could promote development of early diagnosis methods and resistances.

Reference: Spallek T, Mutuku M, Shirasu K (2013). The genus Striga: a witch profile. Molecular Plant Pathology 14: 861-869
(Review).
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Biocontrol and botanical substances: Innovative methods for evaluation of essential oils on a triazoles resistant strain of
Venturia Inaequalis

C. Deweerl, J. Muchembledl, K. Sahmerz, P. Halama'

1IsA Lille, Institut of Life Science, BioGAP - Charles Viollette Institute, Lille, France

%ISA Lille, Institut of Life Science, Soil and Environmental Team, Laboratory of Civil and geoEnvironmental Engineering (LGCgE),
Lille, France

caroline.deweer@isa-lille.fr

Carried by the french Technical Institute of Organic Agriculture (ITAB) and financed by the Ministry of Agriculture, the CASDAR
project entitled "Evaluation of the interest of using essential oils in crop protection" (2013-2015) proposes to study the
biofungicide effectiveness in vitro and in planta of several essential oils on several biological models.

Here, the aim of the study is to test the efficacy of 7 essential oils on spores of Venturia inaequalis, the fungus that causes apple
scab (70% vyield loss). Two strains were used: a resistant strain to fungicides (triazoles) compared to a sensitive strain. A range of
concentrations of seven essential oils and two references fungicides (metconazole and copper sulfate (CuSQ,)) are tested on two
strains. The experiments were performed in a liquid medium in microplates and are carried out at least three times in
independent way. The fungicidal effectiveness is modeled by the calculation of the ICso. The ICsq values of the tested products is
compared by an F-test within a nonlinear regression approach. Among the 7 essential oils, the results show that some are
significaly more effective than others on the two strains. The results also show that the resistant strain to metconazole is much
more sensitive to copper than the sensitive strain. Similarly, the resistant strain seems sometimes to be more sensitive to
essential oils than the sensitive strain. If metconazole remains the most effective fungicide molecule on the 2 strains, essential
oils are as or more effective than copper on the sensitive strain. These results suggest that the behavior in the laboratory of the
R and S strains triazoles is different not only to copper but also to the essential oils. Tests orchards will show the interest to
essential oils in organic production methods (compared to copper) and in more conventional production methods.

O BOT2

New natural bioactive products against Fusarium sp on Food legumes

F. Bentata’, A. El Aissami’, J. Ibijbijen’, M. Labhilili®, H. El Ghayati’, N. El Saouaadi®*
llnra, Ocean, Rabat, Morocco

2University, Biology, Rabat, Morocco

3INRA, Biotechnology, Rabat, Morocco

*University, Biology , Kénitra, Morocco

bentataiav@yahoo.fr

In Morocco, Food legumes are more important in traditional dishes and for basal alimentation as source of proteins.
Unfortunately, abiotic and biotic stress are decreasing yield. The main stress is diseases especially due to fungus. During the
prospection done in two principals regions of production of food legumes in Morocco (Marchouch and Ain Sbit), we observed
that the wilt of chickpea and lens are due to two causal agents respectively Fusarium oxysporum f. sp. Ciceris and Fusarium
oxysporum f. sp. lentis. Unfortunately resistant genes are not effectives in our country. In order to control this disease, we look
for a new natural bioactive products acting against the Fusarium wilt of the two food legumes. They are four plants : Artemisia
herba alba, Lavandula stoechas, Daphne gnidium and Allium sativum, used in traditional medicine that are evaluated for the first
time in vitro towards these two forms of Fusarium.

The results obtained have shown that F. oxysporum f. sp. ciceris and F. oxysporum f. sp. lentis are sensitive to the four medicinal
plants extracts. However, their inhibitory powers are different. Indeed, Daphne gnidium followed by Artemisia herba alba
induced the higher inhibition percentage of radial growth. Allium sativum gave the lowest effect after Lavandula stoechas. These
results show a good antifungal activity to limit and even stop the development of the pathogen.
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OBOT3

Relationship Parlatoria ziziphi-Essential oil of Citrus aurantium leaves, its insecticidal activity and chemical characterization.
B. Rachidal, H. Zahiaz, H. Chaima’

"Naturel sciences, Biotechnology, Blida, Algeria

2University, Biotechnology, Blida, Algeria

belguendouzr@yahoo.com

The essential oil yield of four C. aurantium leaves samples, from March 17 to May 9, 2013 obtained by hydro-distillation. It varies
depending on plant health status from 0.4% to 0.8% in healthy, during the infestation per P. ziziphi it is stable (0.008%). Jean
Kuate et al., (2003) mentioned that Phaeoramularia angolensis is the origin of yield loss. GC-MS Analysis showed a rat of
essential oil components of healthy C. aurantium leave is (99.25%). Most of them are monoterpene hydrocarbons. Three
chemotypes are probable characterized by differentiated levels, the Linalyl acetate (68.69%), Linalool (10.50%) and Limonene
(6.20%) those represent 85.39% of the identified products. Three dilutions of this oil are used as treatment against the first
instars’ of P. ziziphi on lemon young glasshouse. The global rate of the first larval stage is reduced by D1 (0,4ul / ml) to 48.56%,
by D2 dose (0,2l / ml) to 69.3% and by D3 dose (0,1ul / ml) to 71.3% on the 3rd day. Dose and time contact of essential oil have
a highly significant influence on the abundances variation of residual populations of P. ziziphi (p is signaled by Regnault-Roger, et
al. (2008) on mosquito (M. Domestica L.) and by JUNG-Ok KONG, et al., (2006) on nematode B.s xylophilus that mortality reached
85% at 24H.

References: Jung-Ok Kong, Sang-Myung Lee!l,Yil-Seong Moon', Sang-Gil Lee! and Young-JoonAhn, 2006. Nematicidal Activity of
Plant Essential Oils gainst Bursaphelenchus xylophilus (Nematoda: Aphelenchoididae)School of Agricultural Biotechnology, Seoul
National University; Seoul 151-921, Republic of Korea[Southern Forest Research Institute, Korea Forest Research Institute; Jinju
660-300, Republic of Korea J. Asia-Pacific Entomol. 9(2): 173-178.

OBOT4

Protein hydrolysates as resistance inducers to Downy Mildew in Grapevine

N. Lachhabl, S. M. Sanzanil, M. Adrianz, A. Chiltz?’, S. Balaceyz, M. Boselli4, A. Ippolitol, B. Poinssot’

YUniversita degli Studi di Bari "Aldo Moro", Dipartimento di Scienze del Suolo, della Pianta e degli Alimenti, Bari, Italy
Université de Bourgogne, UMR 1347 Agroécologie, Péle Interactions Plantes Micro-organismes - ERL CNRS 6300, Dijon, France
3INRA, UMR 1347 Agroécologie, Péle Interactions Plantes Micro-organismes - ERL CNRS 6300, Dijon, France

*Universita degli Studi di Verona, Dipartimento di Biotecnologie, San Floriano, Italy

simonamarianna.sanzani@uniba.it

Downy mildew, caused by Plasmopara viticola, is one of the most important grape pathogen in Europe and North America.
Although the control is traditionally performed with fungicides, the appearance of resistant pathogen populations and the
possible adverse effects on human health and the environment are spurring the search for alternative strategies. In the present
investigation, two protein hydrolysates of soybean (soy) and casein (cas) origin were successfully tested against P. viticola. On
Vitis vinifera cv. Marselan plants, the application of soy and cas reduced the infected leaf surface by 76 and 63%, as compared to
the untreated control, respectively. Since both hydrolysates seemed to trigger the plant immunity, we investigated their effect
on selected grapevine defense responses. On treated grapevine cell suspensions, a different free cytosolic calcium signature was
recorded for each hydrolysate, whereas a similar transient phosphorylation of two MAP kinases of 45 and 49 kDa was observed.
These signalling events were followed by transcriptome reprogramming, including the up-regulation of genes encoding
pathogenesis-related (PR) proteins and the enzyme stilbene synthase responsible for the biosynthesis of resveratrol, the main
grapevine phytoalexin. Liquid chromatography analyses confirmed the production of resveratrol and its dimer metabolites, &-
and e-viniferins. Overall, soy effect was more pronounced than cas one. Both hydrolysates proved to be able to enhance
grapevine immunity against pathogen attack.

OBOTS5

Ovicidal and larvicidal activity of Mentha longifolia free and nanoencapsulated essential oils on Tuta absoluta (Meyrick)
(Lepidoptera:Gelechiidae)

M. Malekmohammadi, M. Jafaripoordaragahi

Bu-Ali Sina University, Plant Protection, Hamedan, Islamic Republic of Iran

m.malek172 @yahoo.com

Essential oil from Mentha longifolia was extracted by Clevenger-type water distillation, and analyzed using gas chromatography-
mass spectrometry. Nano hollow silica spheres were synthesized by sol-gel method as a Mentha longifolia essential oil carrier,
and functionalized with thiol groups. The success of Mentha longifolia essential oil encapsulation was clarified by Fourier
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transform infrared (FT-IR) spectroscopy, Energy Dispersive X-ray Microanalysis (EDX), ultraviolet-visible (UV-vis)
spectrophotometry, thermal gravimetry analysis (TGA), and X-ray diffraction (XRD) techniques. In addition, the shape and size of
the particles have been determined by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The
Fumigant toxicity of Mentha longifolia free and nanoencapsulated essential oils on second instar Tuta absoluta larvae and eggs
under laboratory conditions of 25 + 1 °C and 70 + 10% R.H. and a photoperiod of 16:8 h (L:D) were investigated. Each treatment
which consisted of five concentrations and a control was replicated at least six times with 20-25 larvae (or eggs) per replicate.
Probit option of SPSS was used for analyzing concentration-mortality data and estimating lethal concentrations. Mortality was
corrected based on control mortality using Abbott’s formula. If control mortality was more than 20%, the results were discarded
and the bioassay was repeated. LC50 values of Mentha longifolia free essential oil on second instar Tuta absoluta larvae and
eggs under laboratory conditions were 3.793, and 6.172 uL L-1 air after 24 h, respectively. Furthermore, LC50 values of the
fumigant test of nanoencapsulated essential oil on second instar Tuta absoluta larvae and eggs under laboratory conditions
were 1.68 and 3.679 uL L-1 air after 24h, respectively. LCsy values were judged as significantly different, if their 95% confidence
intervals did not overlap.

OBOT®6

Natural substances as non-toxic baits for trapping common voles (Microtus arvalis)

A. Schlételburg, J. Eccard, J. Jacob

Julius Kiihn-Institute, Institute for Plant Protection in Horticulture and Forestry, Vertebrate Research, Miinster, Germany
annika.schloetelburg@ijki.obund.de

Common voles (Microtus arvalis) can cause severe damage in agriculture due to their regularly occuring mass eruptions. To
manage populations, rodenticides are applied that pose the risk of affecting non-target species. Conventional and especially
organic production need practicable methods to protect crops from pest rodents.

Here we investigate how Trap success can be increased by using natural non-toxic substances as an attractive bait. These agents

could also improve the efficacy of rodenticide application because they may minimise the effcets of active ingredient and

alternative food supply on bait uptake by the target species.2

Substances attracting common voles could be oils and fatty compounds as well as sugars.a’4 Other observations indicate a

preference of rodents for familiar food sources that occur in their their environment. Especially protein rich plants are prefered

to gramineous plants, the usual nutrition of common voles.” A variety of these natural substances were screened in a T-maze
offering one vole at a time the choice between accessing a trap at the endpoint with or without an attractant. The three most
promising attractants are examined further under semi-natural conditions at population scale of 8 common voles.

Results of the T-maze and the enclosure experiments will be presented and the effect of natural substances on common voles

discussed.

This project is funded by Federal Office of Agriculture and Food (BLE) in the context of the federal program “Okologischer

Landbau und andere Formen nachhaltiger Landwirtschaft”.

References:

1 Jacob J and Tkadlec E. Rodent outbreaks in Europe: dynamics and damage. In Rodent outbreaks - Ecology and impacts, ed. by
Singleton GR, Belmain S, Brown PR and Hardy B. International Rice Research Institute: Los Bafos, Philippines, pp. 217-233
(2010).

2 Jacob J, Budde M and Leukers A, Efficacy and attractiveness of zinc phosphide bait in common voles (Microtus arvalis). Pest
Management Science; 66(2):132-136 (2009).

3 Hansson L, Fatty substances as attractants for Microtus agrestis and other small rodents. Oikos; 24(3): 417-421 (1973).

4 Marsh RE, Bait additives as a means of improving acceptance by rodents. EPPO Bulletin; 18:195-202 (1988).

5 Lantova P and Lanta V, Food selection in Microtus arvalis: the role of plant functional traits. Ecological Research; 24(4):831-838
(2009).
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OWSFILM 1

Film presentation 'Highlights of hidden insect worlds'

U. R. Wyss

Institute of Phytopathology, Kiel University, Kiel, Germany
uwyss@phytomed.uni-kiel.de

The film (duration 62 minutes) documents the behaviour of various small insects at high magnification, thus providing a
fascinating insight into a hidden world barely visible to the human eye.

Under the title ,from monsters to divas’ the film first shows, how hoverfly and lacewing larvae turn into beautiful ladies after a
ferocious and greedy aphid-devouring youth. Another example is presented by the antlion Myrmeleon formicarius. Subsequent
sequences show how the gladiator or heel-walker Mantophasma zephyrum, endemic inSouth Africa andNamibia, catches prey
with amazing skill. This kind of behaviour is then compared with that of a young praying mantid.

Especially impressive are the strategies evolved by parasitic wasps (parasitoids). It is shown how aphelinid and aphidiid wasps
attack their aphid hosts and how the hyperparasitoid Alloxysta vicrix has to calm down aphids in order to climb onto their back
for oviposition. The tiny egg- parasitic wasp Trichogramma brassicae recognises mated Pieris brassicae females and then climbs
upon them to be carried to the oviposition site. Amazing host feeding strategies are used by the ectoparasitic wasp Lariophagus
distinguendus when it attacks larvae of the granary weevil Sitophilus granarius inside wheat grains.

The caterpillars of the moths Plutella xylostella and Lyonetia clerkella behave like ingenious architects when they construct their
pupation cocoons on the leaves of their host plants.

The hole in hazelnuts is well known but little is known about how it is formed. The film shows how the hazelnut weevil Curculio
nucum deposits an egg into a young nut and how progeny develops until the massive, fully grown larva squeezes its way out of
the nut by biting an exit hole through the hard shell. The film closes with an amusing story, showing the behaviour of two
brothers of a parasitic wasp (Nasonia virtipennis) that compete for the favour of a sister. Finally the loser becomes the winner.
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Introduction to Workshop: Implications of Insect Pest Movement and Behavior on Designing Insect Resistance Management
Strategies for Transgenic Crops

T. Hunt

University of Nebraska-Lincoln, Entomology, Concord, United States

thunt2@unl.edu

Genetically-engineered (GE) crops that express insecticidal proteins from Bacillus thuringiensis (Bt) have revolutionized the
control of several lepidopteran and coleopteran crop pests (e.g. Ostrinia nubilalis, Spodoptera frugiperda, Diabrotica spp.). The
concern that the high selection pressure applied by widespread adoption of GE crops will lead to the evolution of insect
resistance has resulted in the design of several resistance management approaches that rely on the presence of refuge to delay
the evolution of insect resistance to Bt proteins. Refuge configurations range from blocks of refuge plantings within a given
distance to the GE crop, block refuge plantings adjacent to the GE crop, strips of refuge planted within the GE crop, mixtures of
Bt and non-Bt seed in the bag (i.e., refuge in the bag), to reliance on natural refuge. Recent research, however, has indicated
that as the target pest range of some GE crops expands, the species-specific behavior of some pests may favor one approach
over the other, or compromise the existing refuge strategy currently in place for a given GE event. We intend to present current
research on the movement and behavior of select lepidopteran and coleopteran pest species and discuss these findings with
respect to resistance management strategy design. Also, research needs related to pest biology and behavior that affects
resistance management design will be considered. This information will be useful to consider for improving IRM plans for
existing GM crops and developing IRM approaches for future GM crops.

O WS ECO 2

A tale of two insects: challenges managing insect resistance to genetically-engineered crops
R. Hellmich

USDA-ARS, Corn Insects & Crop Genetics Research Unit, Entomology, Ames, United States
richard.hellmich@ars.usda.gov

Genetically-engineered (GE) plants with resistance to insect pests were first commercially sold in the U.S. in 1996. These maize
hybrids were unique because they produced their own insecticide, a protein from the bacterium, Bacillus thuringiensis (Bt), that
targeted the European corn borer, Ostrinia nubilalis. Since then several types of Bt crops have been produced that target
important lepidopteran (moth) and coleopteran (beetle) pests. One of the primary benefits of these crops has been reduced use
of synthetic chemical insecticides. However, insect resistance to Bt threatens sustainability of this technology, particullary in the
tropics. Currently a high-dose refuge strategy has been used for insect resistance management (IRM). Yet, some insects have
become resistant to Bt crops, while others have not: two distinctive types. In the U.S. efforts are underway to take a more
integrated approach to managing insect resistance to Bt crops. In short, this means that Bt maize should be considered just one
tool in the toolbox for managing this insect pest. This talk will provide an overview of lessons learned regarding insect resistance
with a focus on the importance of larval movement, toxin dose and refuge, and current developments toward managing insect
resistance in GE crops.

O WS ECO 3

Movement and Behavior of European Corn Borer Larvae on Non-Bt and Bt Corn
C. Mason

University of Delaware, Entomology and Wildlife Ecology, Newark, United States
mason@udel.edu

European corn borer females deposit clusters of approximately 25 eggs on their host plants. The movement and behavior of
neonates and later instars that result differs depending on whether the natal plant is non-Bt or Bt corn. These differences in
outcome for developing larvae resulting from egg clusters may influence how we design refuges for this and perhaps other
lepidopterans on crops with genetically incorporated insect protection.
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Movement of Larval Western Corn Rootworm and Implications for Management of Resistance to Bt Corn
A. Gassmann

lowa State University, Department of Entomology, Ames, IA, United States

aaronjg@iastate.edu

In the United States and elsewhere, management of resistance to Bt crops by pest insects uses the refuge strategy, in which a
non-Bt host plant serves as a refuge that enables the survival of Bt-susceptible genotypes. In recent years, the configuration of
refuges within fields has moved from a stand-alone block (i.e., structured) refuge to an integrated refuge in which Bt and non-Bt
plants are interspersed within a field. An integrated refuge increases compliance of farmers in planting of a refuge and places
insects from refuge plants in closer spatial proximity to Bt-selected insects. Both of these factors are expected to delay the onset
of resistance. However, movement of insects between refuge and Bt plants can increase the survival of heterozygous resistant
insects and accelerate the rate of resistance evolution. In this talk, | will review data on the interaction between larval corn
rootworm and Bt maize with respect to feeding preference, movement and survival. | will synthesize these results and discuss
the implications for the use of integrated versus structured refuge in management of resistance to Bt corn by western corn
rootworm.

O WS ECO 5

Effect of Cry1F corn on the behavior of susceptible and resistant fall armyworm and European corn borer
A. M. Velez, B. D. Siegfried

University of Nebraska-Lincoln, Entomology, Lincoln, NE, United States

anamaria.velez@gmail.com

Understanding the behavior of pests targeted with Bacillus thuringiensis (Bt) crops is important to define resistance
management tactics. Particularly, the study of larval movement between plants is important to determine the feasibility of
different refuge configurations. Studies suggest that exposure to Bt corn increases larval movement in several lepidopteran
species. However, few studies have examined the potential for resistance to interact with behavioral responses to Bt toxins.
Choice and no-choice experiments were conducted with Spodoptera frugiperda and Ostrinia nubilalis to determine if Cry1F
resistance influences neonate movement. Leaf discs of CrylF corn TC1507 and the corresponding isoline were used to
characterize behavioral responses. In both experiments the location (on or off of plant tissues) and mortality of susceptible and
Cry1F resistant neonates was recorded for five days. Analysis of larvae location was performed up to 7h after transfer to avoid
mortality. Our results indicated that there is not a strong difference between resistant and susceptible phenotypes in S.
frugiperda and O. nubilalis, although, a small percentage of susceptible neonates in both species abandoned corn tissue
expressing CrylF. However, significant behavioral differences were observed between species. O. nubilalis exhibited increased
movement between leaf discs, while S. frugiperda selected plant tissue within the first 30 minutes and remained on the chosen
plant regardless of the presence of CrylF. S. frugiperda behavior observed in this experiment suggests that lack of larval
movement may have implications to refuge configuration. This study represents the first step towards understanding the effects
of CrylF resistance on larval behavior. Information regarding behavioral differences between species could aid in developing
better and more flexible resistance management strategies.

O WS ECO 6

The role of pest movement and behaviour in resistance development of the African maize stem borer (Busseola fusca) to Bt
maize

J. Van den Bergl, A. Erasmus’

"North-West University, Potchefstroom, South Africa

ZAgricu/tura/ Research Council, Potchefstroom, Germany

johnnie.vandenberg@nwu.ac.za

The African maize stem borer (Busseola fusca) developed resistance to Bt maize (Cry 1Ab) in South Africa. Several factors that
may have contributed to resistance development have been identified. Although poor compliance to refuge requirements was
blamed for resistance development, several other factors could also have contributed to the evolution of resistant populations,
7-8 years after release of Bt maize in the country. Resistance development highlighted huge gaps in knowledge of pest biology
(for example migration patterns) and interactions in the wider agro-ecosystem (indigenous host plants) and resistance
inheritance patterns. Seed mixture strategies that are being considered as IRM strategy have previously been considered not to
be suitable for migrating pests. Results will be presented on migration patterns of B. fusca larvae inside different seed mixture

107



Oral Presentations
Workshop e Implications of Insect Pest Movement and Behavior on Designing Insect Resistance Management Strategies for
Transgenic Crops

treatments over time. Increased damage over time in seed mixtures is associated with migration of older larvae, indicating that
the expressed dose does not kill larvae above a certain developmental stage. Migration of larger larvae late in the season may
result in survival of individuals that developed on non-Bt plants and then migrated to Bt-plants, thereby contributing to survival
of RS individuals and resistance development. IRM in Africa is faced by challenges unique to farming in subsistence and small
scale systems where refuge requirements are unrealistic and difficult to manage and monitor. Furthermore, factors such as seed
management practices, gene-flow to maize land races could be contributing factors to resistance development. Alternative IRM
strategies such as seed mixtures may be more practical but have its own challenges and have not been proven successful yet.
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Description of a new predatory mite species of the genus Agistemus (Agistemus burewalaensis) Acari Stigmaeidae:
Prostigmata as biocontrol agent from Pakistan.

B. Khan, M. Afzal, M. Bashir

University of Agriculture, Entomology, Faisalabad, Pakistan

dr.bilal.saeed @uaf.edu.pk

Mites comprise a large group of arthropods belonging to subclass acari of the class arachnida. They are biologically most diverse
tiny creatures, microscopic in size and worldwide distributed. Mites of family stigmaeidae have widely been focused due to their
predatory potential to regulate plant feeding mites and insect pest complex. A survey was conducted to explore the predatory
mite fauna of Punjab. Permanent slides of collected specimen were prepared by using the Hoyer’s medium and drawn with the
help of phase-contrast microscope. The identification of species was done with the available keys & literature. The holotype of
new species was collected from Gossypium hirsutum (Burewala) and has been described in this manuscript. Five (05) paratypes
were collected from the same collection data & six (06) from the city Khanewal. All specimens were deposited in the Acarology
Research Laboratory, Department of Entomology, University of Agriculture, Faisalabad, Pakistan.
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OIPMI-1

IPM Components and Packages for Tropical Vegetable Crops
R. Muniappan

Virginia Tech, IPM Innovation Lab, Blacksburg, United States
rmuni@vt.edu

The most common vegetable crops grown in the tropics are tomato, eggplant, and pepper in Solanaceae; cucumber, bitter
gourd, bottle gourd, pumpkin, and chayote in Cucubitaceae; head cabbage, Chinese cabbage, broccoli, and radish in
Brassicaceae; beans in Fabaceae; and okra in Malvaceae.

In the last decade, the IPM Innovation Lab has pioneered in developing IPM packages for these crops by stacking tactics
developed for the pest problems of a crop from the time of planting the seeds to the harvest. Some of the components
developed are: solarization of the seed bed, use of coconut pith and plastic trays for seedling production, treatment of
seeds/seedlings with Trichoderma spp., Pseudomonas fluorescens and Bacillus subtilus for combating soil pathogens and
inducement of defense, grafting seedlings of solanaceous crops on resistant rootstock to overcome bacterial wilt, use of
pheromone traps for caterpillar pests, use of microbial and botanical pesticides, area wide management for fruit fly control, and
adoption of conservation biological control in addition to augmentative and classical biological controls when needed.

IPM is crop, site and season specific and the components of the packages also need to be adjusted accordingly. It is dynamic and
requires changes when pest scenarios change or a new pest is introduced.

OIPMI-2

A shift from Integrated Pest Management to Integrated Crop Management: a multilocation evaluation through farmers’
participatory approach

P. Chintalapati’, S. B>, K. D°, S. M", L. D>, M. K. R, S. P. M, K. Gururaj"

’ICAR - Directorate of Rice Research, Entomology, Hyderabad, India

’ICAR - Directorate of Rice Research, Agronomy, Hyderabad, India

%ICAR - Directorate of Rice Research, Plant pathology, Hyderabad, India

chintalapatipadmavathi68@gmail.com

Rice is the staple food of 65% of the total population in India. India has the largest area under rice in the world and is grown in
extremely diverse environments. Of the 45 million ha of rice area, about 28% is rain fed lowland, 46% irrigated, 12% rain fed
upland, and 14% flood-prone. Biotic stresses are a major production constraint in rice causing large yield losses. The pest
spectrum is dynamic and unique for different ecosystems. Pests are found infesting rice crop from nursery till harvest resulting
in a yield loss of about 20 - 25%.

Integrated Pest Management (IPM), known since three decades was evolved from the concept of “Integrated Control” wherein
only biological and chemical methods were employed for the pest control. The convergence of the concepts of integrated
control and pest management, and the ultimate synthesis into integrated pest management, opened a new era in the protection
of agricultural crops against the attack of arthropod pests, plant diseases and weeds. IPM is defined as a decision support system
for the selection and use of pest control tactics, singly or harmoniously coordinated into a management strategy, based on
cost/benefit analyses that take into account the interests of and impacts on producers, society, and the environment (Kogan,
1998). IPM strategy includes a combination of cultural, biological, physical and chemical methods in a compatible way that
minimizes economic, health and environmental risks while managing pests. In any IPM, the emphasis is on creating hostile
conditions for the pest growth and development while conserving natural resources. This includes crop management practices
like tillage, crop rotation, trap crops, soil fertility and water management. Thus, IPM has become an integral component of
integrated crop management (ICM). ICM is based on a good understanding of the interactions between biology, environment
and land management systems. It is particularly appropriate for small farmers because it aims to minimize dependence on
purchased inputs and to make the fullest possible use of indigenous technical knowledge and land use practices. IPM
implementation at farmers level involves certain skills and knowledge that help in identification of pest and also their
susceptible stages for effective management. As IPM involves a number of components, farmers must have capability of taking
decisions and selecting IPM options accordingly for economical and long term management. Most of these options also need to
be refined at individual farm level keeping in view the availability and feasibility of farmers. The present study was conducted
under All India Coordinated Rice Improvement Program (AICRIP) at various locations across India in different rice ecosystems
with an objective to validate IPM practices from a basket of options available and demonstrate to farmers the management of
rice crop in a holistic way.

Experiments were carried out in farmer’s fields with a local popular variety and in 4000 sg.m area of two blocks viz., IPM block
and farmers’ practices block. Each block was divided into five equal sized units, each representing a replication. Pest
management practices were adopted depending on the prevailing pest problem and available options in IPM block and as per
the farmers practice in another block. Observations on pest incidence were recorded on five randomly selected hills in each
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replication at weekly interval, starting from 15 days after transplanting. Thus, at each observation, data was recorded from 25
hills in IPM block and 25 hills in farmers practice block. The details of practices followed in both IPM and farmers practice plots
were also documented. At harvest, yield was recorded from 5 x 5 m” area in each replication. Finally, cost involved for each
practice taken starting from nursery to harvest in both the blocks was recorded to estimate the cost of cultivation and benefit
cost (BC) ratio.

The study was conducted at 13 locations during 2012 wet season and at 10 locations during 2013 wet season (Fig.1a). Incidence
of stem borer (Scirpophaga incertulas), leaf folder (Cnaphalocrocis medinalis), brown planthopper (Nilaparvata lugens), white
backed planthopper (Sogatella furcifera), gall midge (Orseolia oryzae), whorl maggot (Hydrellia philippina), hispa (Dicladispa
armigera), thrips (Stenchaetothrips biformis), blast (Magnaporthe oryzae), sheath blight (Rhizoctonia solani), bacterial leaf blight
(Xanthomonas oryzae), brown spot (Bipolaris oryzae) and false smut (Ustilaginoidea virens) grassy weeds like Echinochloa sp.,
Digiteria sanguinalis, Paspalum distichum, Ichochaemum rugosum, Dactyloctenium sp., sedges like Cyperus sp., Fimbristylis
miliaris, Scirpus maritimus and broad leaved weeds like Commelina benghalensis, Celosia argentea, Amaranthus sp., Ludwigia
octovalvis, Eclipta sp., Ageratum conyzoides, Trianthema portulacastrum were observed in both IPM and farmers practice
blocks. Stem borer damage varied from 1.3 to 23.2% with maximum damage in Coimbatore followed by Ranchi (19.9%) in
farmers practices block during 2012 while minimum damage was observed in Raipur and Jagdalpur during 2013 (Table 1). Leaf
folder damage ranged between 1.6 and 24.86% in different locations. Brown planthopper (BPH) population fluctuated between
0 and 107 per hill while white backed planthopper (WBPH) population varied from 4 to 136 numbers per hill at different
locations. Both these pests were found high in farmers’ practices as compared to IPM block. Disease incidence was low during
2012 as compared to 2013 wet season. Both leaf and neck blast damage was high (233 & 138, respectively) at Gangavathi in
farmers block while IPM block had high brown spot damage of 43.4 (Fig. 1b). Sheath blight (55), bacterial leaf blight (BLB-361),
false smut (9) occurrence was high in farmers block at various locations. Maximum weed population of 300 numbers per sq. m
was recorded in farmers practice block at Sakoli while minimum population of 4 numbers per sq. m was observed in IPM at two
locations (Table 1). Similarly weed biomass was found high in farmers’ practices. Grain yields were significantly higher in IPM
plots compared to Farmers Practice blocks. The IPM block farmers reaped better net returns because increased yields along with
reduced input costs resulted in higher benefit cost ratios ranging from 1.3 to 6.6 (Fig.1c).

The study created awareness among farmers about pests, symptoms of damage and stages observed in the field for easy
identification. They were also apprised of the various management options available so that they can choose from them
depending on the economic feasibility and accessibility. This paper also discusses about the lessons learnt during this
experiential learning while working with farmers. About 90% farmers are adopting the management practices suggested during
this study.

Figure 1
Table 1 Insect pest incd and weed ters at
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] 28| &% 72 32 73 | 108 S8 | A7 | 42 13 | 13 35 35 7A
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ADT= i; CBT =Coi - CHN = Chia DRR = Directorate of Rice Research; GGV = Gangavathi; 1DP = Jagdalpar; KIT =Karjat; KUL = Kaul;
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Figure 2

Fig. 1b Incidence of rice diseases in different treatments across locations
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Developing a sustainable pest management strategy for lowland brassica production systems in Asia
S. Ramasamy, M.-Y. Lin, F.-C. Su, C.-C. Huang

AVRDC - The World Vegetable Center, Entomology, Shanhua, Taiwan

srini.ramasamy@worldveg.org

Introduction and Objectives: Diamondback moth (Plutella xylostella) is the predominant pest in brassicas worldwide. However,
it can be brought under reasonable control in highlands by a guild of parasitoids including Cotesia plutellae, Diadegma
semiclausum, Microplitis plutellae and Diadromus collaris in Asia. Cabbage head caterpillar (Crocidolomia binotalis), cabbage
web worm (Hellula undalis), common army worm (Spodoptera litura), imported cabbage worm (Pieris rapae) and striped flea
beetle (Phyllotreta striolata) are pests of secondary importance in most vegetable brassica crops. These secondary pests often
lack ‘soft’ control measures, thus vegetable growers rely on chemical insecticides for control. Indiscriminate pesticide use
inadvertently kills the natural enemies of P. xylostella, which results in P. xylostella resurgence, especially in tropical lowlands.
This has triggered a growing interest in alternative pest management techniques. Hence, the objective of the study was to test
bio-pesticides and pheromones against secondary pests of brassicas.

Materials and methods: Bacillus thuringiensis 6-endotoxins and formulations were evaluated against secondary lepidopterans
under laboratory and field conditions. Improved sex pheromone lures for monitoring DBM were evaluated in the field. Other
approaches including trap cropping, host plant resistance and aggregation pheromones have been validated against P. striolata.
Results and Conclusion: The toxins CrylA and Cry1C were equally toxic to P. xylostella. However, C. binotalis was susceptible to
Cry1lA toxins only, whereas H. undalis was highly susceptible to Cry1C only. Field trials with B. thuringiensis formulations also
confirmed that secondary lepidoterans can be effectively controlled on vegetable brassicas. The number of P. xylostella adults
attracted by pheromone lures which included host plant volatiles was the highest. This type of lure can be used as a monitoring
tool to finalize the timing of bio-pesticide applications. Although other components are not as encouraging, aggregation
pheromones show promise against P. striolata. Thus, bio-pesticides and pheromones combined with the natural enemies of P.
xylostella could offer a sustainable pest management strategy against the major pests on brassicas in tropical lowlands.

112



Oral Presentations
Integrated Pest Management |

OIPMI-4

Field testing of IPM-based cropping systems: a diversity of experimental approaches in Europe
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Integrated Pest Management (IPM) emphasizes physical and biological regulation strategies to control pests while reducing the
reliance on pesticides. It is often based on combinations of control measures, because each available alternative measure might
have a moderate efficiency. Field experiments are required to analyse the interactions between control measures, and to
evaluate the sustainability of IPM-based cropping systems (CS). A network of European agronomists managing field experiments
at the CS level was set recently, aiming at sharing data and expertise to enhance our knowledge on IPM.

Comparing methodologies highlighted a diversity of approaches in CS design and experimental layouts. This diversity is partly
related with the research context and objectives. Some experiments intend to explore really innovative strategies and gain
scientific knowledge about how such innovative CS behave, while others aim at providing quickly adoptable solutions for local
farmers. In some research programs, the experiment is part of the CS design process, and tested CS are regularly revised, while
in other cases CS are kept stable across years so as to be able to evaluate cumulative long term effects. The concept of CS itself
is viewed differently across scientists, and this affects protocols: some consider each CS as a sequence of techniques, which has
to be similar across repetitions, others define a CS as a set of decision-making rules that allows a flexibility in the actual
sequences of techniques. The main difference among experiments differentiates factorial layouts from systemic approaches:
factorial experiments make it possible to quantify the effects of each IPM factor, and to analyse the interactions, without
particular attention for the consistency among components constituting each CS. On the contrary, system approach focuses on
the overall evaluation of CS designed with a great attention paid to their consistency, hence maximizing the chance to meet the
system objectives (in the case of IPM, to use little amount of pesticide while maintaining the CS sustainability).

Such field experiments are costly, so preliminary reflections defining the experimental strategy have a critical importance.
Networking at the European level may constitute a useful exchange platform with potential scientific added value.

OIPMI-5

Implementation of plant protection in vineyards of the Sarigél District, Manisa, Turkey
M. Cinkilic', Y. E. Ertiirk?, A. Uludag"’

JCanakkale Onsekiz Mart University, Faculty of Agriculture, Canakkale, Turkey

Zlg“d/r University, Faculty of AGriculture, Igdir, Turkey

*Diizce University, Faculty of Agriculture and Nature Science, Diizce, Turkey
ahuludag@yahoo.com

Question and methods: This presentation covers one out of four main components of a comprehensive survey study which was
conducted using face to face discussions with randomly selected 373 grape producers from the Sarigol District of the Manisa
Province in Turkey out of 5800 enterprises in September-December 2014. Questions were included personal data such as age,
gender, education level, and family size etc., enterprise characteristics such as land size, type of enterprise etc. as well as
implementation of plant protection measures.
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Results: Diseases were considered the most important plant protection problem in vineyards, which was followed by
entomological problems and weeds. The most prevalent diseases for enterprises is powdery mildew (64.1 %), mildew (16.4%),
grey mould (15.0%), or esca diseases (4.6 %). Chemical control is the main control method although farmers apply some
secondary methods removing diseased plant parts from the field, weed control and use of biological preparations respectively.
The European grapevine month is the main pest in 75.1 % of enterprises. Two-spotted red spider mite and aphids are the other
main pests according to 20.9 % and 4 % of farmers, respectively. Biotechnical method for control grapevine month is the main
method by 61.9 % of producers. Glyphosate is the most applied herbicide (83.9 % of farmers prefer). The total number of
pesticide application was over 10 times and reached to 30 in some fields. Mixing 3-4 pesticides is a common way although all
farmers have stated that they prefer registered and less residual products. However, issues such as using pesticide at
recommended rate and observing natural enemies have less attention.

Conclusion: There is a need for further extension, education and awareness raising activities for grape farmers in the region. In
addition, their problems should be studied further and approachs should be developped.

O IPM I-6

The development of a protocol for non-target risk assessment studies with Spodoptera exempta and Bt maize
R. Erasmus, H. Du Plessis, J. Van den Berg

North West University, Potchefstroom, South Africa

22746080@nwu.ac.za

The African Armyworm, Spodoptera exempta, is a sporadic but destructive pest of maize. It occurs over most of tropical Africa
and, as a result of wind convergence, spreads seasonally into southern Africa. These polyphagous larvae feed on a wide range of
plants and occur in a solitary and gregarious phase. Severe crop damage is caused during the gregarious phase, but it is not
known if the density at which larvae occur has an effect on the quantity of food that individual larva consumes. In East African
countries such as Kenya and Ethiopia preliminary trails with Bt maize have been conducted, all aimed at the maize stem borers
complex, however, no varieties have yet been approved for release. A prerequisite for approval of a GM crop is an ecological risk
assessment. The aim of this study was to develop a protocol for conducting non-target risk assessment studies with S. exempta
on Bt maize. Larvae were divided into different densities, viz. 1, 2, 4, 8 and 12 larvae per container and provided with a
predetermined mass of non-Bt maize leaves daily. Results indicated no significant difference in food consumption per larva at
the respective densities. future risk assessment studies can therefore be done with one larva per container.
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Needle microfungi from Picea glauca from a boreal treeline ecotone display different biodiversity patterns between a dense
forest stand and nearby scattered trees above the timberline with potential responses to long-term growth dynamics of the
trees

M. Unterseher

Ernst-Moritz-Arndt University, Institute of Botany and Landscape Ecology, Greifswald, Germany
martin.unterseher@uni-greifswald.de

The nature of plant-associated fungal communities in extreme and remote habitats is largely unknown in comparison to their
biodiversity in more common environments, such as temperate forests. In the present study, Illumina-generated fungal ITS
sequences of white spruce (Picea glauca) from the boreal treeline ecotone of the Central Alaskan Brooks Range were analysed
to assess biodiversity patterns of needle-inhabiting microfungi. Fungal community patterns were correlated with various
environmental parameters and host traits. Among others, the precise position of the trees, contrasting a forest plot with densely
standing trees and a treeline plot above the timberline with comparatively unprotected scattered trees, was used to explain
observed patterns of fungal communities. The influence of the trees' long-term responses to climatic warming was also
analysed.

A highly significant positive correlation was observed for fungal community patterns and the geographical distance of their host
trees. In general, neighbouring trees shared more fungal taxa with eachother than with trees in farther distance. Moreover
fungal composition of the entire forest trees was significantly different from that of the treeline samples.

When analysing fungal community patterns with respect to the above mentioned long-term tree responses, data interpretation
was less straightforward. On the one hand, fungal species composition of positive and negative responders was almost identical
for forest trees. On the other hand significant differences in fungal species composition were observed for the two responder
groups in the treeline plot.

It is well known that secondary plant metabolites, such as condensed tannins directly influence richness and composition of
needle-inhabiting microfungi. Whereas the biochemical constitution of needles was not studied here, the present results point
towards long-term responses of fungal communities to their host trees, overlaid by environmental forces which act on narrow
spatial and temporal scales.

O MIC2

The possible use of AHL-priming in crop protection

S. T. Schenk, C. Hernandez-Reyes, E. Stein, K.-H. Kogel, A. Schikora
JLU Giessen, Phytopathology, Giessen, Germany
adam.schikora@agrar.uni-giessen.de

The communication between diverse organisms in the rhizosphere is based on a complex exchange and perception of molecules
originating from the interacting organisms. In many Gram-negative bacteria, N-acyl homoserine lactones (AHLs) are the chemical
base of quorum sensing (QS). Bacteria can detect AHLs and such detection influences gene expression and consequently the
behavior of individual cells within a population. Not only bacteria, also plants perceive and react to AHLs with diverse responses.
Objectives: Our aim was to characterize the impact of long chain AHLs on plant immune system and to understand the
physiological changes upon AHL-priming with pure molecules and AHL-producing bacteria.

Material and methods: We used a plethora of physiological and phytopathological assays to test the AHL-induced resistance,
diverse plant mutants and bacterial strains.

Results: In plants, the N-3-oxo-tetradecanoyl-L-homoserine lactone (oxo-C14-HSL) reinforced the resistance towards biotrophic
and hemibiotrophic pathogens. In plants treated with oxo-C14-HSL, secondary challenge with flg22 promoted stronger
activation of mitogen-activated protein kinases, followed by increased expression of WRKY transcription factors as well as some
defensin genes. The induced resistance was eventually reflected in modified composition of the cell wall. Similarly to pure
molecules, AHL-producing bacteria, e.g. Sinorhizobium meliloti, were able to induce AHL-priming in model and crop plants.
Conclusions: AHL-priming may be of great importance for understanding the interplay between plants and bacteria, as well as
for new applications based on induced resistance.

References:

Hernandez-Reyes C et al., (2014) N-acyl-homoserine lactones-producing bacteria protect plants against plant and human
pathogens. Microb Biotechnol. Nov;7(6):580-8

Schenk ST et al.,, (2014) N-Acyl-Homoserine Lactone Primes Plants for Cell Wall Reinforcement and Induces Resistance to
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The endophytic community from several wheat accessions characterized by different longevity of their seeds

F. Trognitzl, K. PiIIerl, B. Mitterl, A. Bérnerz, M. Nagelz, L. Antoniellil, A. Sessitsch®

AIT Austrian Institute of Technology, Health and Environment, Tulln, Austria

’Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Genebank, Stadt Seeland, OT Gatersleben, Germany
friederike.trognitz@ait.ac.at

Seed longevity is defined as seed viability after seed dry storage (storability). Seed longevity is of practical importance to
preserve plant genetic resources for future agricultural crops in seed gene banks. The mechanisms that determine the longevity
of the seeds are not known. Therefore four wheat accessions with different longevity stored either under room temperature or
at -20°C where analyzed for the bacterial endophyte communities. Endophytes are microorganisms, which live part of their live
time inside the plant and do not cause any symptoms of disease in the plant. In the last years there is growing evidence that
endophytes play an important role in plant growth and health. The role of seed endophytes is still underestimated. It is likely
that every plant species harbors a different set of endophytes, but like in maize a core microbiome exists across boundaries of
evolution, ethnography and ecology. Seed associated bacteria have shown to be involved in plant performance like germination
and seedling growth.

Using the cultivation-dependent approach, endophytes were isolated from all four accessions (figure 1) stored either at room
temperature or -20°C. The isolates were characterized by 16S rRNA sequencing. From the wheat accessions 125 bacterial
isolates were identified in total. Most isolates were obtained from the short living landraces under both storage conditions and
from the short living cultivar stored under cold temperature (-20°C). The highest diversity of different bacterial genera was
found in the short living cultivar stored under cold. 45 isolates were tested for the ability to improve the germination rate. Two
isolates increased the germination rate significantly in different wheat genotypes. Additional under non-sterilized conditions it
was observed that the seeds inoculated with the endophytes showed significantly less fungal growth then the seeds without
endophytes.

In the cultivation independent approach the microbiome of the four wheat accession where analyzed at different germination
stages by next generation sequencing. The DNA from the seeds were isolated from non-germinated seeds, seeds with a radicle
of 1cm, seeds with a cotyledon length of 1cm and 5cm. The bacterial communities were compared between the accessions,
storage conditions and developmental stage.

Figure 1
Figure I: Spring wheat samples obtained from IPK Gatersleben (TS = total seedlings germination;
NS =normal seedlings germination)

Genotype Storage Salnlljple H??aibt Origin1 TS (%) NS (%)
Long-living landrace =~ Room temperature LLA 2003 ARM 80.5 64.0
Long-living landrace ~ -20°C LLC 2003 ARM 92.5 76.5
Short-living landrace =~ Room temperature KLA 2003 ARM 9.0 3.0
Short-living landrace ~ -20°C KLA 2003 ARM 2.0 85.0
Long-living cultivar Room temperature LZA 1998 ARG 425 20.0
Long-living cultivar -20°C LZC 1998 ARG 86.5 80.0
Short-living cultivar Room temperature KZA 1998 MEX 21.5 335
Short-living cultivar ~ -20°C KzC 1998 MEX 89.0 81.5

' ARG, Argentina; ARM. Armenia; MEX. Mexico

oMmica

Taxonomic analyses of microbial communities in stored sugar beets using high-throughput amplicon sequencing of different
marker genes

S. Liebel, D. Wibbergz, A. Winklerz, A. PUhIerz, A. SchlUterz, M. Varrelmann®
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Introduction: Root rots are a serious problem during storage of sugar beets due to enhanced sugar losses. Storage trials
conducted under controlled conditions revealed that the root rot severity is severely affected by the storage temperature, site
of cultivation and genotype. Based on these results, it was hypothesized that these factors also influence the microbial
community in stored beets.

Objectives: To prove this hypothesis, a high-throughput amplicon sequencing approach was applied to analyze the microbial
communities of stored beets with particular focus on fungal, oomycetes and Fusarium species.
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Materials and methods: Sugar beet samples used in this study were obtained from a storage trial conducted under controlled
conditions. PCR amplicons generated from different marker genes were sequenced using the MiSeq llumina platform. High
quality reads for analysis were imported in the CeBiTec in house amplicon analysis pipeline written in Perl that is based on the
tools Usearch, RDP classifier and Krona.

Results: Rarefaction curves indicated nearly saturation by the plateau phase. Up to 150 OTUs were identified in freshly
harvested beets. After storage, the number of OTUs showed a tendency to decrease, but this was strongly affected by the
storage temperature. For fungi, the lowest number of OTUs was found after storage at 8°C (if the sample was highly infect by
Botrytis cinerea), whereas the number reached the highest level when beets were stored at 20°C. The most frequently found
OTU at 8°C could be assigned to Botrytis cinerea, a well known storage pathogen, whereas Penicillium paneum seems to be
abundant in most of the 20°C samples. Apart from that, important mycotoxin producing Fusarium strains were also detected in
stored beet samples.

Conclusion: Taken together, high-throughput amplicon sequencing has been demonstrated to represent a valuable tool for
elucidation of the microbial community in stored sugar beets. Prevalent species found in this study are well known as generalists
and ubiquitous spoilage fungi. This might explain the weak effects of environment and genotype on the species spectrum. In
contrast, the storage temperature clearly affected the species composition. This shift is likely be explained by enhanced
microbial growth accompanied by displacement effect.

O MIC5

Diversity of olive tree fungal phyllosphere and their influence in tolerance to Olive leaf spot (OLS)
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The Olive leaf spot (OLS) is one of the most important olive diseases worldwide, including in the Northeast of Portugal. The yield
losses caused by this disease in this region are variable according to the cultivar, being the cv. Cobrangosa more tolerant to OLS
than Verdeal-Transmontana.

The present study aimed to clarify the effect of endo- and epiphytic fungal communities present in above-ground parts of olive
tree in the mediation of host tolerance to OLS. .

Twigs and leaves were collected from seven olive trees of each cultivar Cobrangosa and Verdeal-Transmontana, located in
Mirandela (Tras-os-Montes region).The plant material collected was used to isolate both endo- and epiphytic fungi in PDA
media. The isolates obtained were further identified by sequencing the ITS region of rDNA. OLS incidence was assessed by
evaluating the percentage of infected leaves per tree.

Statistical analyses and community ordinations revealed significant differences in endo- and epiphytic fungal community
composition between cultivars, especially within endophytes (97% dissimilarity). The majority of differences associated with the
tolerant cv. Cobrangosa were attributed to Penicillium crysogenum, Coprinopsis gonophyla, Ulocladium dauci and Cladosporium
iridis within the epiphytic community, and Phaeosphaeria avenaria, Penicillium crustosum, Alternaria sp. and Penicillium sp.
within the endophytic community. Verdeal-Transmontana was distinguished by the species Prosthemium intermedium and
Arcyria nigella within the endophyte and epiphyte community, respectively. Disease incidence (% infected leaves) was
significantly (p<0.001) greater in cv. Verdeal-Transmontana (18%) than in cv. Cobrangosa (3%). A multivariate analysis between
fungal diversity and disease incidence, over the two cultivars, allowed the identification of candidate’s taxa that may influence
the tolerance of cv. Cobrancosa to OLS.

Acknowledgements: This work is funded by FEDER funds through COMPETE (Programa Operacional Factores de
Competitividade) and by national funds by FCT (Fundagdo para a Ciéncia e a Tecnologia) in the framework of the project
EXCL/AGR-PR0O/0591/2012.
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Rhizobacterial community structure in Mahikeng rhizospheric soil and associated plant growth promoting potential
0. 0. Babalola
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Background: DGGE profiles of Mahikeng soil can indicate dominant soil bacterial types and Plant Growth Promoting Rhizo-
Bacteria (PGPR) can stimulate the growth of the host plant.

Methods: The aforementioned were examined in relation to nine rhizospheric soils. Rhizobacteria with PGPR traits were
selected for use in pot experiments on tomato and spinach.

Results: The rhizobacterial isolates tested were found to produce ammonia; several of them produced indole acetic acid (IAA;
38%) and hydrogen cyanide (HCN; 38%). Also exhibited are 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity (48%),
phosphate solubilisation (48%) and antifungal activity (21%) against test pathogen Fusarium solani. All the HCN-producing
bacteria belong to the genus Bacillus. B. amyloliquefaciens indicated high cyanogenic potential compared to other strains. The
treatment of both crops with the bacterial inoculants promoted plant growth in terms of increased shoot length at PB.
amyloliquefaciens MR16 had significantly higher growth at PBacillus sp. (94%), Rubrobacter sp. (90%), Rhizobiales bacterium
(95%), and soil bacterium (87%) besides the culturable B. megaterium (97%) and Cohnella sp. (84%).

Figure 1: Ethidium bromide stained agarose gel (2%) showing PCR amplification of 16S rRNA gene of bacterial isolates obtained
from the farming sites in Mafikeng. M= DNA marker (500 bp); Lanes 1 to 9; = rhizosphere of lettuce, cabbage, tomato, green

peas, beetroot, maizel, maize 2, onion and spinach.
M 1 2 3 4 5 6 7 8 9

Figure 2: 16S rRNA gene PCR-DGGE patterns of 16S ribosomal DNA (rRNA) fragments profiles of rhizosphere bacteria on a
polyacrylamide gel with a 40-60% denaturation gradient of Urea-Formamide DGGE patterns fragments from samples of
rhizosphere plants collected at different crop plants. Lanes 1-9, represents bacterial community of the rhizosphere of maizel,
spinach, tomato, cabbage, maize2, lettuce, onion, beetroot and green peas respectively and numbers 1-8 indicate the excised

bands sent for sequencing
1 2 3 4 5§ 7 8 9

40%

60% |
Figure 3: Amplified 200 bp ribosomal gene product from excised bands on the DGGE profile, Lanes 1-8; =PCR amplification of the
fragments from isolates excised from DGGE gel.

No attachment submitted

Conclusions: PGPR can be used to make reliable and accessible products such as biofertilizers for farmers. Metagenomics holds
the promise to reveal several important questions regarding the unculturable fraction of the rhizosphere community.
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Building Crop Health into Water Recycling Systems

P. Kongl, P. Richardsonl, X. Yangl, H. Zhangl, S. Ghimirel, G. Moormanz, J. Lea-Coxs, W. Copes4, D. Ross3, A. Ristveya, K. BoerS, D.
Boschs, J. Peases, C. Hong1

1Virginia Tech, Hampton Roads AREC, Virginia Beach, United States

2Pennsy/vcmia State University, University Park, PA, United States

3University of Maryland, College Park, MD, United States

*USDA ARS, Poplarville, MS, United States

5Virginia Tech, Blacksburg, VA, United States

chhong2 @vt.edu

Introduction: Plant pathogens in irrigation water present a growing threat to crop health as agriculture increasingly depends
upon recycled water for irrigation. A variety of decontamination technologies have been adapted from municipal water
treatments to mitigate this risk, but their technical and economic performance is often compromised in agricultural settings due
to greater turbidity, organic and inorganic content in recycled water. There is an urgent need for long-term solutions to this
emerging crop health issue of global significance.
Objectives: The ultimate goal of our studies was to help farmers build science-based water recycling systems that capture and
reuse agricultural runoff without recycling pathogens. Specific objectives included:

e Investigating pathogen distribution in water recycling systems using Phytophthora species as an example

e Developing a better understanding of recycled water quality dynamics

e Elucidating zoosporic responses to major water quality stresses in a simulated aquatic system.
Materials and methods: Pathogen dynamics were tracked by baiting irrigation reservoirs with rhododendron leaves, followed by
plating onto selective media, and identification of resultant cultures by DNA fingerprinting and sequencing, plus morphological
characters. Water temperature, pH, dissolved oxygen, oxidation-reduction potential, electrical conductivity, salinity, total
dissolved solids, turbidity, chlorophyll a, blue-green algae were continuously monitored at multiple reservoirs in different U.S.
states. Using these field data as a framework, zoosporic responses to major water quality stresses were assessed for a number
of Phytophthora species including P. ramorum, P. kernoviae, P. alni.
Results: Pathogen populations declined along water path from runoff entrance to outlet in the reservoirs. Water quality
changed diurnally and during the growing season. Most Phytophthora species assessed are intolerant of water quality stresses.
Conclusions: Many pathogens including some Phytophthora species, perceived as “water molds” for the past 71 years, are not
well adapted to agricultural water environments. Crop health risk associated with irrigation water may be effectively managed
by extending the runoff water path and increasing turnover time in recycling irrigation systems.

OIRR 2

Permanence in artificial soils and transmission through irrigation of Cucumber green mottle mosaic virus in cucumber crops
L. Ruiz, A. Simon, A. Belmonte, C. Garcia, D. Janssen

IFAPA, Centro La Mojonera, La Mojonera, Spain

dirk.janssen@juntadeandalucia.es

Cucumber green mottle mosaic virus(CGMMV) is a tobamovirus that was detected in Spain first in the 1990ies in cucumber
grown in the province of Almeria. During the following years, several small outbreaks took place which jeopardized greenhouse
crops. The high infectivity of the virus and its transmission by contact urged the need to investigate following two aspects of the
epidemiology of CGMMV: a) the permanence of CGMMYV in different growth substrates, and b ) the possibility of virus
transmission by irrigation water. The former issue was addressed during the fall of 2013 (October-January 2014 ), when
cucumber cv . Estrada plants were grown in 5 different substrates: perlite, rockwool, coconut fiber, peat, and sand. Plants were
inoculated manually and grown until the end of the cultivation period. The substrates were preserved in their original containers
and used to plant a new crop at the start of the spring campaign (March-June 2014) in order to investigate the persistence of
virus in the soil. To evaluate the transmission of the virus by potentially infected water, drainage liquid was collected during fall
and spring campaigns from infected crops and used for irrigation on healthy cucumber plants. The collected drainage was
analyzed by ELISA for CGMMV. Preliminary results suggested that, under conditions corresponding to the autumn campaign in
Almeria, there was no risk of CGMMV contagion through irrigation water for cucumber. As for the persistence in soils, the
percentage of plants infected during the spring campaign reached 100 % regardless of the type of soil substrate that was
previously infected.

L.R. was financed by research contract of IFAPA and Programa Operativo FSE de Andalucia 2007-2013. “Andalucia se mueve con
Europa”. The research was financed with Project INIA RTA 2012-00003-00-00.
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Potential of electrolytic disinfection of nutrient solution to hamper dispersal of plant pathogens
M. Bandtel, H.-M. Rodriguezl’z, G. Fischer 3, u. Schmidt4, C. Biittner®

"Humboldt-Universitit zu Berlin, Division Phytomedicine, Berlin, Germany

*Francisco de Paula Santander University, Agricultural Sciences Faculty, San José de Cucuta, Germany
*National University of Colombia, Agricultural Sciences Faculty, Sanafé de Bogotd, Colombia
*Humbolt-Universitdét zu Berlin, Division Division Biosystem Engineering, Berlin, Germany
martina.bandte@agrar.hu-berlin.de

Introduction: Closed irrigation systems conserve resources and minimize production costs, but they increase the risk of root
diseases owing to the dispersal of waterborne plant pathogens by recirculation of the nutrient solution. A considerable number
of pathogens is of significant concern as those are stable, difficult to combat and cause economic losses. Different physical and
chemical techniques have been described to decontaminate irrigation water and nutrient solution. Beside cost effectiveness and
ecological concerns none is suitable to inactivate the multitude of relevante plant pathogens, in particular viruses.

Objective: The potential of a sensor based disinfection procedure to inactivate fungual, bacterial or viral plant pathogens in
hydroponic systems in greenhouse production was determined and evaluated.

Materials and methods: An electrolytic disinfector (newtec Umwelttechnik GmbH, Germany), especially developed for
disinfection of irrigation water in greenhouses was used. It produces low concentrated potassium hypochlorite (0.6-0.8%) by
electrolysing a potassium chloride solution. The efficacy of the disinfectant to inactivate selected plant pathogens was tested in
vitro according to the standard (OEPP/EPPO, 2008). First trials under practical conditions were initiated focusing on the potential
of the disinfection procedure to prevent the spread of PepMV by recirculating nutrient solution in tomato.

Results: Dose-effect relations were calculated for different plant pathogens. As expected, contact time and dose required to
eradicate pathogens varies with pathogen species and life stage. A sensor based disinfection procedure was sucsessfully
established in tomato cultivated in NFT (nutrient film technique). Although the dispersal of plant viruses was hampered in all
experimental approaches plants showed a phytotoxic reaction to chlorid dependant on injection intervals.

Conclusion: The sensor based injection of a disinfectant gained by electrolytic oxidation has shown its potential to suppress the
dispersal of plant viruses by recirculating nutrient solution in diverse experimental set-ups. It's efficiency and suitability has to
be tested and verified in large scale horticultural production sites.

OEPP/EPPO, 2008: Disinfection in plant production. EPPO Bulletin 38, 311-315. doi: 10.1111/j.1365-2338.2008.01235

OIRR4

Water disinfestants interacting with nutrient solutions and substrates

R. Raudalesl, P. Fisherz, J. Huangz, D. Meador®

1University of Connecticut, Plant Science and Landscape Architecture, Storrs, United States
2University of Florida, Environmental Horticulture, Gainesville, United States

Center for Applied Horticulture Research, Vista, United States

rosa.raudales@uconn.edu

Chemical disinfestants are commonly used in greenhouse operations to control plant pathogens in irrigation. The effective dose
to target plant pathogens in water is typically determined with clean water and under controlled environmental conditions.
However, in commercial operations irrigation water can contain chemical and physical variables which may interact with
disinfestants. With increasing recirculation of water, it is fundamental to understand how water disinfestants interact with other
water quality parameters. The objectives of this research were to quantify the persistence of chlorine, chlorine dioxide,
activated peroxide, copper, and quaternary ammonium chloride in the presence of peat; quantify the persistence of free and
total chlorine in the presence of water soluble fertilizers; and evaluate the efficacy of chlorine to control Phytophthora
nicotianae in the presence of peat and nitrogen in the water. The persistence of chemical disinfestants in the presence of peat
was evaluated by preparing solutions with 50 mg:L" peat and then measuring the concentration of active ingredients after 2 and
10 min contact time. The persistence of chlorine in the presence of fertilizers was evaluated by preparing solutions with 200
mg-L'1 nitrogen with 11 commercial fertilizers and then measuring free and total chlorine after 2 and 60 min contact time.
Efficacy of chlorine to control P. nicotianae in the presence of peat or nitrogen was evaluated by mixing five solutions with peat
from 0 to 80 mg-L'1 or 50 mg-L"1 nitrogen and then combining with 0, 2, or 4 mg-L'1 chlorine. Zoospore mortality and infectivity
were measured after 10 min and 24 h contact time. Peat in the solution resulted in a rapid decline of chlorine and chlorine
dioxide, whereas less effect was observed on copper, activated peroxygen and quaternary ammonium. Free chlorine decreased
rapidly in the presence of fertilizers containing any concentration of ammonium-N. Efficacy of chlorine to control P. nicotianae
was sustained despite the presence of peat or nitrogen in the solution. The concentration of some chemical disinfestants in
solutions may significantly and rapidly decrease with common water contaminants. Therefore, a multiple barrier approach
should be implemented to reduce the risk of waterborne pathogens in irrigation.
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Practical improvements to slow sand filtration for cleaning recycled irrigation water

T. Pettittl, I. Diaz Arimayz, M. CutIerS, R. Woodcock”
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’Earth University, San Jose, Costa Rica
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Introduction: Slow sand filtration (SSF) is a successful biofiltration method used since the early 1990s by horticultural nurseries
to remove pathogens, especially oomycetes, from irrigation water. Uptake of SSF has been hindered by two important factors;
1) slow flow rates and 2) the frequent filter clean-ups needed if treating dirty water. Several commercial SSF constructed in the
UK Westcountry utilised china clay waste sand (CCS). This sub-angular sand, derived from degraded granite, tends to retain an
open structure, unlike the compaction normally seen with rounded river-sand grains, and also appeared able to maintain
efficacy at faster flow rates than normal.
Objectives: A CCS of coarser grade than normally used for SSF (ES,o =, marketed as ‘Horticultural Grit’), was assessed to:

e Investigate potential increases in SSF flow rate, including assessing the attributes of CCS.

e Increase SSF run-times by reducing clogging- either by deploying the sand throughout a filter column or as a protective

top layer on established SSF

e Test sand cleaning by disruption of, and backwashing the protective top layer
Results: The flow rate of a medium sized SSF was increased to >0.5 m/h without loss of efficacy against oomycetes. This filter
ran continuously for three years before being cleaned.
Microbial activity per unit sand surface area was significantly greater in CCS than a conventional quartz SSF sand.
A layer of CCS placed on top of a large commercial SSF successfully reduced the number of clean-ups required from once every
2-3 weeks to once per year. A novel cleaning protocol, involving disruption and backwashing significantly reduced the staff time
required for cleaning and eliminated sand lost to scraping - efficacy was restored 24h post clean-up.
Conclusions: Coarse CCS is promising as a SSF medium. Work is needed to determine whether the structural properties (sub
angular grains) or the mineralogy of CCS contribute to its efficacy.

OIRR6

Interactions between organic and inorganic water quality parameters and Pythium ultimum in greenhouse irrigation systems
A. K. Rosberg, W. Wohanka, B. Alsanius

Swedish University of Agricultural Sciences, Dept of Biosystems and Technology, Alnarp, Sweden

beatrix.alsanius@slu.se

Introduction: Oomycetes are ubiquitous in soilless cropping systems and display a considerable threat to hydroponically grown
crops in closed cropping systems. Carbon is a driving factor for growth of heterotrophic organisms, and readily available in the
rhizosphere. However, numbers of heterotrophic microorganisms oscillate both in the rhizosphere and in the nutrient solution
of hydroponically grown crops. In order to stabilize closed cropping systems with respect to the resident and transient
microbiota, the impact of other nutritional factors has to be investigated. This is of particular interest as the nutrient solution of
closed hydroponics is a eutrophic environment.
Objective: The general goal of our studies is to increase root health of crops grown in closed hydroponic greenhouse systems.
The specific goal was to

e Study the dynamics of total (TOC) and dissolved (DOC) organic carbon in the nutrient solution in a closed hydroponic

cropping system with tomato from small plant stage to fruit-bearing plants and to

e Investigate the impact of oscillating organic and inorganic nutrient levels on the growth of heterotrophic microorganisms.
Materials and methods: Tomato was grown in closed liquid hydroponic systems under controlled conditions either with or
without artificial infection with a kanamycin resistant isolate of Pythium ultimum (PU). During a 14-week-period, the
heterotrophic microbiota inhabiting the nutrient solution was assessed by viable count using semi-selective media (R2A:
heterotrophic culturable bacteria; 0.5x MA: culturable fungi; King B Agar: fluorescent pseudomonads). PU was reisolated in CMA
supplemented with kanamycin (200 ug ml™) and rifampicin (50 ug ml™). In parallel, the nutrient solution was analyzed with
respect to TOC and DOC as well as macro- and micronutrients.
Results: Irrespective treatment, C/N and C/N/P ratios as well as numbers of all assessed microbial groups rose with increasing
crop age and Log TOC explained variations of all assessed groups. However, its impact was lower in the presence of PU.
Manganese explained 54.5%, 77% and 60% of the variation of assessed microbial groups in the nutrient solution of healthy
plants. Considerable interactions between most monitored mineral elements and fluorescent pseudomonads were stated in
systems inoculated with and without PU.
Conclusions: Nutritional interactions in closed hydroponic greenhouse systems need further attention to favor root health.
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Intelligent spray system development and evaluation in Oregon Nursery Production
R. Rosettal, H. zhu®

JOregon State University, Horticulture, Aurora, United States

2USDA/ARS, Application Technology Research Unit (ATRU), Wooster, United States
robin.rosetta@oregonstate.edu

Question: A team of scientists from USDA/ARS, Oregon State University, The Ohio State University, and University of Tennessee
developed and evaluated two different types of intelligent variable-rate spray systems in nursery production with a goal of
determining whether these sprayers increase pesticide application efficiency and minimize environmental impact in field
nursery production sites.

Methods: In Oregon evaluations were conducted for the two prototype spray systems in commercial nurseries from 2011-2014.
The first prototype, a modified hydraulic vertical boom system, utilizes ultrasonic sensors to detect the size and volume of
plants, and the second prototype is an air-assisted system utilizing a laser scanning sensor to measure plant structure and foliage
density. This technology allows the sprayers to match nozzle outputs to the crop structures and to avoid the pesticide waste that
occurs when a constant volume of pesticide is applied.

Results: In nine separate efficacy trials in commercial shade tree nurseries in four years, reductions in spray volume of the
variable rate spray applications compared to the constant rate applications ranged from 34% to 76.8% while maintaining
equivalent control of the insects and diseases sampled. Economic analyses of two trials in 2014 showed the use of the intelligent
sprayer resulted in reductions of chemical costs, in a range from 32.5% to 53.2% to control insects and by 58.6% to control
diseases, when compared with a conventional air-blast sprayer using best management practices.

Conclusions: The new spray systems significantly advanced the technology for efficient pesticide spray applications to increase
growers’ production, profitability, worker safety and environmental stewardship while maintaining tree quality.

O FARM 2

Influence of different spraying parameters on the spray liquid distribution of sprayers in vertical crops
J. K. Wegener, H.-J. Osteroth, T. Pelzer, D. von Hérsten

Julius Kiihn Institute, Institute for Application Techniques in Plant Protection, Braunschweig, Germany
jens-karl.wegener@jki.bund.de

Question: Streaking can be a problem during the application of pesticides if the nozzle formation comes too close to the target
area. This problem is mainly known in vineyards, if the sprayer which is used is too large compared to the narrow rows or if
there are problems with the adjustment of the sprayer (Knewitz 2009). We were interested to find out what spraying
parameters are influencing the occurrence of streaking and which combination of these parameters can be used to optimize the
adjustment of the sprayers.

Method: Therefore, we considered five different parameters (distance from nozzle to target, distance in between the nozzles,
application pressure, type of nozzles and air-assisted spraying) and analyzed their influence onto the quality of the vertical
distribution using a vertical patternator to measure the variation coefficient of the spray liquid distribution.

Results: We came up with the result, that the quality of the vertical distribution is influenced by all these parameters
mentioned, but that the impact of the specific parameters can be quite different. The distance from nozzle to target, the type of
nozzles used and if the application was air-assisted or not had the greatest impact on the quality of the vertical distribution.
Furthermore, the direction of these impacts are mostly in the same way. Also the distance in between the nozzles and the
application pressure had an impact on the quality of the vertical cross distribution, but the direction of that impact was not
clearly visible in all cases.

Conclusions: The tentative experiments demonstrated, that it could be very useful to investigate these and maybe some more
parameters in order to optimize sprayer adjustment in future. Therefore, a lot of different parameter combinations have to be
analyzed in further experiments.
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Figure 1: Streaking after the application in vineyards (Knewitz 2015).

Movable basis

Literature:
Knewitz, H. (2009): Die richtige Einstellung [The right adjustment]. Das deutsche Weinmagazin, Issue 11 (30. Mai), pp. 25-27.
Knewitz, H. (2015): Picture from a personal communication via e-mail (5.01.2015).

O FARM 3

An optimized gap detection and switching system (GDS) to reduce the amount of plant protection products (PPP) in orchards
T. Pelzerl, C. Kémpferl, J. Huhsz, J.-P. Ralfs?
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Introduction: Plant protection products (PPP) in orchards help to maintain the crop healthy and ensure a good product quality.
To reduce unnecessary environmental pollution a reduction of the amount of PPP and drift minimization are important social
and political goals.

Objectives: Therefore, the main objective of this study in orchards is to evaluate the reduction potential of plant protection
products by the use of a high precise application technique. Another goal is to evaluate the influence on the drift potential.
Materials and methods: For this purpose, the system of sensor controlled application had been optimized with a strong focus
on the needs of practical fruit cultivation. A sprayer (NH 63) with a radial fan was equipped with improved optical infrared
sensors. The number of sensors was, compared to commercially available products, increased and the optical scanning has been
improved. By the optimized sensor system, target surfaces and gaps can be detected more precisely compared to sprayers in
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use. Consequently, the associated nozzles can be switched off. Field experiments in Jork (Altes Land) were conducted to
determine the saving potential of applied PPP, when using the GDS system compared to a deactivated GDS system. The two
different sets of trials were conducted in different development stages of orchards.

Results: In young plants with sharp-edged application [precisely with no overlay: +/- 0 cm] a saving of almost 70% could be
achieved. In older plantations and dense foliage stocks or with a strategy of advanced safety application [overlay: +/- 20 cm] at
least a PPP saving of approx. 40% could be achieved.

Conclusion: The application with a GDS system can help to save PPP und accordingly protect the environment. In young orchard
plantations with large gaps in the foliage, the saving potential is the highest. It can be suggested, that a reduced PPP output
reduces the drift of PPP onto non target areas.

O FARM 4

Pesticide application and dewfall - from basic research towards a practical approach
H. Fréschle, S. Kiefer

Amazonen Werke , Process Information Technology, Hasbergen-Gaste, Germany
heike.froeschle@amazone.de; Stefan.Kiefer@amazone.de

Introduction: Due to limitation of pesticide use, further interest on the optimisation of the application process, via adjustment
methods of the carrier substance considering the amount of dew, is induced.

Objectives: Based on a related study [1] regarding the feasibility of pesticide application during the nightly period of dewfall, the
demand for a more practical approach, using standar machinery, is examined. Previously, a model based control system, aiming
at an online adjustment of carrier substance, depending on the current amount of dewfall on plants, was developed [1]. Thus,
the current main objective is to adapt the existing model control towards a state-of-the-art offline scheme, focusing on
assistance and documentation.

Material and methods: First, the system is altered to meet the new requirements. Then, the functional model is tested in vivo.
The measuring scheme, regarding temperature, humidity and leaf surface temperature, and the internal data logic [1] could be
transported to the standard sprayer. The novel filling assistance comprises a sensor station, providing reference data for the
related dew algorithm. A corresponding sensor scheme is mounted on top of the standard sprayer, providing actual field data as
well as emending the reference data to present in vivo conditions.

Figure 1: Simplified scheme
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Results and conclusions: During testing, the new system was found to be easily applicable and valid during spraying. Further
advances have to be made on a possible integration into a sprayer terminal or further assistance by means of measured
information, or daytime applications. Further research on biological effectiveness, pesticide agents and other crops is required.
Site specific data of humidity leaf temperature and wetness offer additional data on the microclimate and is seen as a guide for
farmers or advisors to an enhanced understanding of fungal diseases and the success of applications. Presuming further
research on special applications knowledge concerning the application during dewfall could be constituent.

Reference:

[1] Froschle, H.K. (2015). Tausensor - Entwicklung von Sensorsystem und Algorithmik zur Steuerung frei regelbarer
Applikationsgerate anhand des Klimaparameters Tau im Pflanzenschutz. Dissertation zur Erlangung des Grades eines Doktors
der Agrarwissenschaften der Universitdt Hohenheim. Not published.
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Development and field test of a direct injection system without delay times for site-specific pesticide application
M. Krebsl, D. Rautmannl, H. Nordmeyerz, J. K. Wegener:L
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mathias.krebs@jki.bund.de

Weed populations, as well as animal and fungal pathogens form spatial distribution pattern within agricultural land. To this
effect areas are characterized by more or less heterogeneity. Precision farming makes it possible to carry out plant protection
site-specifically according to this heterogeneity. But up to now in agricultural practice in Germany, it is common practice to
apply plant protection products (PPP) on the entire field as single product or as a tank mix to save passes. With the existing farm
equipment available it is impossible to apply different PPP site-specifically in a single operation. The solution for this problem
can be a field sprayer with direct injection technology. In this way PPP can be sprayed individually where it is needed. This was
the reason why the company Herbert Dammann GmbH and the Julius Kiihn-Institute have started a joint research project. In this
project, a sprayer with direct injection without delay time has been developed and tested in field trials. The direct injection
without delay times is realized through a new direct injection system with three parallel nozzle lines at the boom. A great
advantage of the direct injection system is that this technique allows an individual application of PPP according to varying field
situations. Thus it is achievable to use different PPP with different necessary application rates in a single pass. In the sense of: as
much as necessary, as less as possible.

O FARM 6

Research and Development of Precision Plant Protection in China

C. Zhao, M. Li

China National Engineering Research Center for Information Technology in Agriculture (NERCITA), Intelligent System, Beijing,
China

lim@nercita.org.cn

Question: Plant diseases, pests and weeds are major problems in agricultural production, where they lead to significant losses of
yield and quality. Attention to the pesticides used to control these problems has been increased, as they can have detrimental
effects on the product quality safety and environment sustainability. Therefore, an optimal solution that would lead to a
reduction in the use of pesticides is desirable but requires real time data and detailed knowledge of the potential occurrence
and precision distribution of diseases, pests and weeds in the field.

Methods: Internet of Things would be a kind of solution, which are developing so fast and changing the agricultural system
including plant protection.

Results: We think the most important issues for precision plant protection are following: First, Monitoring the pest tetrahedron,
including plant, pest, environment and cultivation. In practice, the precise, low-cost and robust equipment for collecting,
identifying, counting and transferring the information of pathogens plus pests are fewer, which may need intelligent analysis of
hyperspectral image, microscope image, and flow cytometry, etc. Also with the extreme weather due to the climate change, and
rapid development of facility agriculture, the plant production environment has changed a lot. So the digital models that
describe quantified relationship of plant-environment-pest are essential for understanding the emergency of diseases and pests.
This point also leads to the second issue: Model establishment. Although there were so many models for predicting the diseases,
pests and weeds in different areas, their accuracy could not satisfied the users while extending to other areas. One of the
reasons may be the lack of validation with huge data from different time and space scale. Big data simulation would be a
possible solution with the characteristics of high volume, high velocity, and high variety information. Third, Decision and
Conducting. The mobile internet has changed our life, and also marvelous app would contribute the decision support service for
more and more farmers. The different platform, such as fixed-wing aircraft, unmanned aerial vehicle, ground equipment, which
can provide conducting machine for precision crop protection.

Conclusions: Finally, we introduce the recent research and application of precision plant protection in NERCITA. These
achievements could contribute to the precision plant protection.
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Herbicide-resistant weeds - a global threat to sustainable farming

B. Rubin

Hebrew University of Jerusalem, Inst. Plant Sciences and Genetics in Agriculture, Rehovot, Israel
rubin@mail.huji.ac.il

Herbicide-resistant weeds are now widely spread all over the world due to misuse of herbicides in annual and perennial crops.
Lack of crop and herbicide rotations combined with reduce tillage and over reliance on chemical control results in evolution of
many weed species virtually resistant to all herbicidal mode of actions. Lack of a novel mode of action of herbicides worsens the
situation. Weeds resistant to triazines, ALS and ACCase inhibiting herbicides have evolved in all continents threatening the
sustainability of crop production. Altered target site (TS)' caused by point mutation in the binding site sequence and a non-target
site (NTS) mechanisms may render weeds resistant to herbicides. The evolution of glyphosate-resistant (GR) weeds was
inevitable due to the strong selection pressure employed by the repeated use of the herbicide. The mechanism of GR in most
plants is associated with sequestration of the herbicide away from the target site in the chloroplasts whereas in some weeds
such as A. palmeri the resistance is based on over expression of the target enzyme - EPSPS. Glyphosate resistance is observed
wherever repeated application of high doses of glyphosate is practiced; including nurseries, perennial crops such as orchards
and plantations, roadsides and chemical fallow. The fact that GR has evolved in countries where GM crops are not grown
indicates that the resistance is not crop-dependent but rather a direct result of misuse of the herbicide by the farmer. The
dimension of the damage caused by aggressive, herbicide resistant weeds such as Lolium rigidum, Alopecurus myosuroides in
cereal crops, Conyza spp., Ambrosia spp. Amaranthus palmeri and Sorghum halepense in soybeans, maize and cotton, seriously
threatens the sustainability of these crops. Similarly, The situation will be more complicated when the new GM crops stacked
with three (or more) herbicide resistance traits (e.g., glyphosate, HPPD, 2,4-D, dicamba, glufosinate) will be offered to the
farmer. Misuse of these important traits may increase the selection pressure on the weed populations and may enhance the
evolution of multiple resistant weeds. Integration of non-chemical weed control methods into the management practices is
crucial in order to slow down or prevent the harmful evolution of more herbicide-resistant weeds.

OHR2

Influence of tillage systems and herbicide regimes on population dynamics and resistance evolution of blackgrass (Alopecurus
myosuroides). - Presentation of a long term field trial Il

D. Kerlen

Bayer CropScience Deutschland GmbH, Langenfeld, Germany

dirk.kerlen@bayer.com

In autumn 2011 a long term field trial was started for about minimum of 6 years in Erwitte-Anrochte with the aim to assess the
population development and resistance evolution of blackgrass. The site was chosen while it represents a typical German
growing region with enough blackgrass infestation.

The trial is divided in two crop rotations. One with growing of winter oilseed rape - winter wheat - winter wheat and the other
with corn - winter wheat - winter wheat. For each crop rotation there are two blocks sized 36 to 84 m. In each of these blocks
three different tillage systems are used: One with ploughing, one with deep tillage without ploughing and one as shallow tillage
system. In the oilseed crop rotation the blocks differentiate also in two sowing timings early and late for winter wheat. Further
on there are different herbicide regimes practised which range from reduced usage of herbicides not changing the mode of
action to intensive herbicide use on different mode of actions.

In each of the 120 plots the density and the efficacy on blackgrass are assessed. If the efficacy against blackgrass is not complete
for each plot the metabolic and target-site resistance status will be researched.
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Resistance of Ammannia arenaria to bensulfuron-methyl and its competition with paddy rice
J. Zhu', R. Liu", G. Zheng®, Y. Liu®, G. Zhou?, W. Shen?, S. Li*, X. Chen'

JZhejiang University, College of Agriculture and Biotechnology, Hangzhou, China

’Northeast Agricultural University, College of Agriculture, Haerbin, China

*Shaoxin Academy of Agricultural Science, Shaoxin, China

*Huzhou Academy of Agricultural Science, Huzhou, China

zhjw@zju.edu.cn

Ammannia arenaria has been becoming one of the most harmful weeds in paddy rice field in China in recent years, the object
was to detect the sensitivity of the weed to mainly used bensulfuron-methyl(BSM), and to compare the competition ability
between resistant biotype(RB, NB143) and susceptible biotype(SB, HZ001) to rice. For the 140 biotypes tested, 96.4% of them
were resistant to BSM, the average resistance index of biotypes from Zhejiang, Jiangsu, and Anhui provinces and Shanghai city
were 31.3, 20.7, 6.9 and 16.8, respectively. The seeds of the two biotypes were sowed simultaneously with rice in a basin in
field, respectively, and were thinned to 58 pIants/m2 after emergence. The emergence dynamic of RB seeds were similar to SB
with two peaks in 2-6 and 10-12 days after seeding (DAS). The weed grew slowly within 15 DAS but tremendously fast in the
following time. Both the two biotypes were lower than rice plant before 45 DAS but much higher than it after 55 DAS. The RB
plant was 14.7% lower than SB finally, and the rice yield was decreased by 50.8% under competition with RB and 73.1% for SB
compared to the control, respectively.

The results indicated that the resistance of A. arenaria to BSM was first confirmed and widely distributed in China, and that the
interfering of the resistant weed to rice reduced to some extent because of its fitness cost in height, even though it is still very
noxious. It is helpful for the resistant weed risk evaluation and its management strategies making (The work was funded by
National Natural Science Foundation of China (N0.31171863), andSpecial Fund for Agro-scientific Research in the Public Interest
(201303031, 201303022)).

OHR4

Next Generation Sequencing Based Approach to Reveal Non-Target-site Herbicide Resistance Mechanisms.
R. Beffal, S. Iwakamil, T. Gainesl’2’3, F. Maiwald4, M.-C. Ott4, H. Hans, R. Busi3, Q. Yu3, S. Powles®

lBayer CropScience, Weed Control, Frankfurt am Main, United States

2University of Colorado State, Fort Collins, United States

3University of Western Australia, AHRI, Perth, Australia

4Bayer CropScience, Bioinformatic, Monheim, Germany

roland.beffa@bayer.com

Weed-herbicide-resistance is a worldwide problem impacting crop-yield. Herbicide-resistance due to enhanced-herbicide-
metabolism (EMR) in weeds is a threat which can confer broad spectrum herbicide resistance. EMR is not genetically well
characterized. An RNA-Seq transcriptome analysis was used to identify genes conferring EMR in a population (R) of a major
global weed (Lolium rigidum), in which herbicide-resistance to diclofop-methyl was experimentally evolved through recurrent
selection from a susceptible (S) progenitor population. A reference transcriptome of 19,623 contigs was assembled (454 and
Mysequ sequencing). Transcriptomic-level gene-expression was measured using lllumina 100 bp reads. In a forward genetics
validation experiment, nine contigs, found overexpressed in R vs S plants, co-segregated with the resistance phenotype in an F,
population, including 3 CytP450, 3 GST, and 1 GT. In a physiological validation experiment where 2, 4-D induced diclofop-methyl
protection in S individuals due to increased metabolism, seven of the nine genetically-validated contigs were significantly
induced. Finally 4 of these genes were found over-expressed in resistant populations collected in fields. Further studies aiming
to characterize the physiological and biochemical function of these gene products will be discussed.
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A genome approach for understanding herbicide resistance and developing new herbicides
L. Fan', D. Cai’

JZhejiang University, Institute of Crop Science, Hangzhou, China
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Question: Long time and mass utility of herbicides has resulted in the widespread herbicide resistance in weed populations. A
large number of resistant biotypes in the rice weeds have been detected in at least 30 different species, including several species
of the genus Echinochloa, which are major weeds in different rice cropping systems worldwide. Since, beside of target-site
resistance, non-target-site herbicide resistance and multiple-herbicide resistance have been reported in many cases, it is difficult
to detect the genetic basis for such resistance only using the target gene-based approach.

Methods: Recently, we sequenced/analyzed for the first Echinochloa genome and compared with rice and other cereals.

Results: The Echinochloa genome analysis provided us a series of novel insights into the herbicides resistance mechanisms, e.g.
we found extremely high copy numbers of Cytochrome P450 monooxygenase (CYP450) and glutathione S-transferase (GST) in
the genome, which are two key enzymes for the detoxification of synthetic herbicides or allelopathic compounds and therefore
probably responsible for the increasing non-target-site herbicide resistance in weeds. Furthermore, the comparative genome
analysis identified more than 10,000 Echinochloa-specific genes, which present a unique and unrivaled resource for target
screening to develop new generation of herbicides.

Conclusion: Our Echinochloa genome and genome analysis illustrate the potential use for the rice weed management in the
future.

OHRG6

Integrated weed management in the northern grain region of Australia
B. Chauhan

University of Queensland, QAAFI, Toowoomba, Australia
b.chauhan@ug.edu.au

Weeds are a major biotic constraint for growers and advisors in the northern grain region (NGR) of Australia, resulting in
reduced crop production. The increased use of herbicides has resulted in the evolution of herbicide resistance in weeds, weed
species shifts, and environmental pollution. These issues have led weed scientists around the globe to develop weed
management strategies based on knowledge of weed ecology and biology, and integrating chemical, non-chemical and
agronomic tactics. Some of the tactics are the use of weed-competitive cultivars with early vigour, the use of an optimum crop
row orientation, the use of narrow crop row spacing and high crop seeding rate, the use of harvest weed seed control practices,
and integration of herbicides with cultural practices to improve the sustainable use of herbicides. In addition, improved weed
management strategies during fallow periods can substantially reduce weed problems in the subsequent crop. The use of cover
crops before planting of the main crop, for example, can help in managing weed populations, especially herbicide-resistant. The
improved weed management approaches should aim to reduce the weed seed bank before crop sowing and reduce weed
emergence and weed growth in crops. Improved weed management techniques should focus on shifting the crop-weed balance
in the favour of crop by integrating possible weed management tools with judicious use of herbicides. Together, these
approaches may comprise the component of future integrated package to slow down the evolution of new weed problems in
the NGR.
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Managing wild ungulates in forest ecosystems: goals and methods

S. Herzog, J.-U. Polster

Chair of Wildlife Ecology and Management, Dresden University of Technology, Tharandt, Germany
jens-ulrich.polster@forst.tu-dresden.de

Wildlife management, especially large ungulates management, is a challenge but also a continous source of conflicts between
different groups of stakeholders, such as forest estate owners, foresters, wildlife managemers, hunters, tourists and others. The
reasons for that phenomenon are manifold, but in many cases they are resulting from the fact that wildlife itself underlies
certain utilization and/or conservation interests beside the silvicultural goals. Thus, the success or failure of silvicultural
management in many cases critically depends on the question, as to how the large ungulate management question will be
solved and if the wildlife management concept is well established and integrated into the general concept of forest
management. The present paper gives a survey of the actual status of ungulate management concepts in forest ecosystems and
it deals with the question, how actual wildlife management concepts including monitoring systems are to be developed for
different goals of cultivated as well as protected forest areas, how the different approaches will fit into the forest management
concepts and what instruments such as participatory processes are to be engaged to accomplish acceptance in the public as well
as from the different stakeholders.

O IPM 1I-2

Production of vegetables on rice straw bales in Egypt saving in soil pesticises, water and fertilizers

M. M. El Husseinil, M. M. Shaheenz, H. E. Abou Bakra, E.A. Agamy3

ICairo University, Faculty of Agriculture, Biocontrol & IPM Center, Cairo, Egypt

*Cairo University, Department of Horticulture, Cairo, Egypt

3Cairo University, Faculty of Agriculture, Department of Economoc Entomology & Pesticides, Cairo, Egypt
biologicalcontrol@elhusseini-monir.com

Farmers in Egypt are facing water shortage, increased prices of pesticides, fertilizers and high paid labor power. Besides, vast
areas of Lower Egypt suffer from seasonal serious air pollution when the farmers dispose the rice straw by burning. Moreover,
traditionally desert land reclamation consumed large amounts of water, fertilizers and pesticides in addition to expensive labor
power. In the present study, compacted rice straw bales (CRSBs) are used successfully for the first time in Egypt in production of
vegetable crops, e.g. cucumber, tomato, pepper, squash, salad, onion, potato and strawberry under dripping irrigation system. It
is a new approach in reclaiming the new desert land for agriculture. Compared to traditional agricultural practices, this approach
saved 40-50% of water, 50% of fertilizers, completely avoiding the use of three groups of soil pesticides, i.e. fungicides,
nematicides and herbicides, with short capital return cycle; and thus contributing to the production of economic healthy
agricultural products either for local consumption or for export with fair prices. This approach could be also used for
rehabilitation of vegetable production in the heavily infested soil with soilborn diseases, weeds and nematodes in the old land in
the valley and Nile delta. When producing vegetables on CRSBs, the return per each 1 Egyptian pound (L.E.) reached 3.0 for
producing squash, 10.2 for salad and 5.08 for strawberry compared to 1.3, 7.8 and 1.1 L.E. for the same crops produced
traditionally in the soil with flooding irrigation, respectively.

O IPM II-3

Integrated cropping systems approach to arthropod pest management in Texas cotton
M. Parajulee

Texas A&M University AgriLife Research, Cotton Entomology, Lubbock, United States
m-parajulee@tamu.edu

Texas High Plains is the home of the largest contiguous cotton patch in the world, with 4% of the world cotton produced in this
region, encompassing 41 counties (=150,000 kmz). The High Plains cotton production consists of both irrigated (40%) and
dryland (60%) cotton. Irrigation practices include center pivot (70%), furrow (25%), and subsurface drip (5%) irrigation systems.
An integrated cropping system approach has been used to address pest management issues in the Texas High Plains, consisting
of agronomic, cultural, biological, chemical, plant physiological, and spatial (landscape) methods. This presentation will highlight
the spectrum of current knowledge, both fundamental and applied, of biological and ecological crop pest management
approaches, in cotton as a model system. Lygus hesperus, an emerging plant bug pest, is used to illustrate the integrated
cropping systems approach to arthropod pest management in cotton.

129



Oral Presentations
Integrated Pest Management Il

OIPMII-4

The incidence of wheat crown rot depending on soil tillage and crop rotation
B. Bankinal, A. Ruial, G. Bim§teine1, L. Paural, A. Rogaz, D. Fridmanis’

Latvia University of Agriculture, Jelgava, Latvia

’Latvia Biomedical Research and Study Centre, Riga, Latvia
Biruta.Bankina@Ilu.lv

Reduced soil tillage and wheat monoculture have become widespread in Latvia over the last years, but development of diseases,
especially soil and plant residue born, can become an important risk factor. The aim of this study was to estimate the
development of wheat crown rot depending on soil tillage and crop rotation and to identify the main causal agents of the
disease. Two-factor experiments were carried out in 2009-2014: 1) crop rotation, and 2) soil management. The incidence of the
complex of wheat crown rot was determined after wheat harvesting. Causal agents were determined according to
morphological features, and the results were confirmed by sequencing of ITS region and comparison of acquired sequences to
the ones available at NCBI nucleotide databases. The average incidence of wheat crown rot was around 40%. The most
important factor influencing the development of this disease was year (p<0.001) - incidence fluctuated from 14 to 56%. Soil
tillage method significantly affected the level of the disease. Under reduced soil tillage, the incidence of crown rot was 45%; if
conditional ploughing was performed, the incidence was lower - 41% (p<0.05). The disease incidence was higher in continuous
wheat sowings (47%) compared to fields with other pre-crops, where the average incidence was only 40% (p<0.5). In the fields
where wheat was sown without interruption, the disease incidence was 47% under conventional tillage, and 54% if reduced soil
tillage was conducted. The disease symptoms were unspecific, and isolation of pathogens was necessary to identify the
pathogens. The most important causal agents were different species from Fusarium, mainly F. avenaceum, but also F. culmorum,
F. graminearum, F. Oxysporum and Microdochium nivale were found. Another important group was Oculimacula spp., and co-
existence of O. yallundae and O. acuformis was confirmed. Other pathogens, Gaeumannomyces graminis, Cochliobolus sativus
and Rhizoctonia spp., were found only occasionally. The influence of soil tillage and crop rotation on the spectrum of pathogens
was not clarified; the results obtained were inconsistent. The results confirmed the importance of soil tillage method and crop
rotation on the development of wheat crown rot - continuous wheat sowings and reduced soil tillage increase the level of this
disease.

OIPMII-5

Cultivar resistance and fungicide application in German winter wheat in the network “Reference farms plant protection”
(2007-2013)

B. Klocke, B. Freier

Julius Kiihn-Institute, Institute for Strategies and Technology Assessment, Kleinmachnow, Germany
bettina.klocke@jki.bund.de

Introduction: Winter wheat is the most cultivated crop in Germany with an area of 3,2 million hectares in 2014. Plant protection
measures are an important tool to ensure yield stability and product quality in agricultural production by reducing yield losses
caused by pathogens. In accordance to the strategy of integrated plant protection the application of pesticides should be limited
to the necessary minimum of pesticide use. Therefore the cultivation of resistant cultivars becomes increasingly important.
Objectives: The network“Reference farms for plant protection”, a joint project of the Federal Ministry of Food and Agriculture,
the plant protection services of the German States and the Julius Kiihn-Institute has been operating since 2007. The underlying
objective of the network is the annual analyses of data on the intensity and application schemes of pesticides (treatment
frequency index TFI) in major crops and regions. In combination with otherrepresentative, practice-oriented datathe TFI is
evaluated by experts with regard to the necessary minimum of pesticide use. The combination of retrospective information
about weather conditions, infection pressure and TFI allowpointing out links between cultivar resistance and fungicide
application in practice.

Materials and methods: The plant protection measures on wheat fields of 89 reference farms were documented by the growers
in detailed field records and assessed by local experts. For further analysis the information was transferred in an Oracle
database and linked to regularly updated quality, yield and resistance data of European cultivars.

Results: The number of grown cultivars ranged between 49 and 52 cultivars. In all years, at most 7 cultivars with a high quality
but only a medium resistance level dominated on 50% of the cultivated area. Grain quality is an important criteria for the
cultivar choice for farmers. The fungicide TFl ranged between 1,8 (2011) and 2,3 (2013) depending on the annual infection
pressure. The percentage of resistant cultivars varied in the years between 15 and 19%.

Conclusion: The assumption that resistant cultivars show a lower fungicide TFI than susceptible ones was not confirmed. The
reasons have not yet been completely clarified but will be processed in further analysis.
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Pest management and precision agriculture in irrigated crops in the USA

S. Rondon, P. Hamm

Oregon State University, Crop and Soil Sciences-Hermiston Agricultural Research and Extension Center, Hermiston Oregon,
United States

silvia.rondon@oregonstate.edu

Precision management of center pivot irrigated fields requires a knowledge of spatial variation within the field related to
nutrient management, insects, disease and weeds presence. Mapping of soil properties, using site specific weed management,
remote sensing, correlation between potato yields and physical and chemical soil properties, insect and disease distribution, are
a few of the general concepts that are being evaluated at the Hermiston Agricultural Research and Extension Center (HAREC), in
Hermiston, Oregon. The HAREC serves over 500,000 acres of irrigated agriculture in Oregon and Washington's Columbia Basin.
The center concentrates on research, teaching, extension and outreach, implementing new tecnology based on basic and
applied research. The objective of this presentation is to discuss precision agriculture related to pest management in irrigated
potatoes in western USA.
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Assessment of endophytic bacteria diversity in olive tree: a search for biocontrol agents against Verticillium wilt
D. Mina, J. Pereira, A. Bento, P. Baptista

Polytechnic Institute of Braganga, School of Agriculture, Braganga, Portugal

jdmina89@gmail.com

Endophytic microorganisms, living in inner tissues of plants, are recognized to confer positive effects to its host, including
increase resistance to diseases caused by phytopatogens. This feature has encouraged the scientific community to search and
explore these microorganisms as biological control agents against an array of phytopathogens. Verticillium wilt, a vascular
disease caused by the soil-borne fungus Verticillium dahliae, is one of the major constraints for olive cultivation worldwide, for
which there is no cure. To the best of our knowledge, bacterial endophytic community associated to olive tree was never
studied, and its exploitation as biological control agents was never investigated. Before commencing the search for biological
control agents it is firstly need to know the diversity of native endophytes inhabiting olive trees. Therefore, the aim of this work
is evaluate endophytic bacteria associated to cv. Picual and its distribution through the organs (leaves, twigs and roots) of the
host tree.

Endophyte bacterial were isolated from roots, twigs and leaves of 21 trees from 3 olive orchards (Olea europaea cv. Picual)
located in Granada, Spain. Samples were collected in autumn 2013 and spring 2014, and isolation was performed in PDA and
PCA culture medium. Pure bacteria cultures were identified morphological- and molecularly through sequencing of V1 to V4
regions from 16S rDNA.

From a total of 630 roots, twigs and leaves segments analyzed, was identified 35 species belonging to 14 genus. The species
Serratia plymuthica and Alcaligenes faeccalis were the most frequent, each one representing 9,5% of the isolates. Only 3% of the
species were found in twigs and 1% in leaves (fitting in Alcaligenes and Bacillus genus). The remain 96% were isolated from
roots, being the species Alcaligenes faeccalis the most frequently isolated. Similarly, the frequency of bacteria colonization was
greater on roots (43%) followed by twigs (5%) and leaves (2%). The greatest diversity of bacteria endophytes in roots opens new
perspectives for the exploitation of these microorganisms as biological control agents of V. dahliae. Further work will include the
evaluation of the antagonist capacity of the isolates obtained against this phytophatogen.

This work is funded by FEDER through the Operational Competitiveness Program - COMPETE - and by national funds through the
Foundation for Science and Technology - FCT - in the scope of the project PTDC/AGR-PRO/4354/2012

OENDI-2

Persistent fungal root endophytes isolated from a wild barley species suppress seed-borne infections in a barley cultivar
B. Murphy, T. Hodkinson, F. Doohan

Trinity College Dublin, Botany, Dublin 2, Ireland

murphbl6@tcd.ie

Introduction: Barley is subject to many pathogenic infections which cause significant economic losses. Growers have used an
ever-changing arsenal of chemicals in an effort to control these pathogens. As well as being economically costly, chemical crop
treatments for pathogens can have severe and long-lasting negative effects on the environment and reduce biodiversity. While
these chemicals can be effective in controlling pathogens in a single cropping season, infections which are transmitted vertically
offer more of a challenge. Alternative control measures using biological organisms may provide a more environmentally-friendly
and long lasting solution.

Material and methods: Fungal root endophytes were isolated from wild populations of Hordeum murinum ssp. murinum L. and
inoculated onto untreated seeds of a barley cultivar using five artificial and one soil-based growth media.

Results: A co-inoculant of ten isolates as well as two individual isolates successfully suppressed the development of seed-borne
fungal infections on germinated and ungerminated seed. The two most successful isolates were also the most persistent as re-
emergents and may provide real potential for development as crop inoculants. All isolates were more persistent in barley
exposed to light after germination. The soil-based compost was associated with the greatest degree of seed-borne infection
suppression, and the most successful artificial medium for suppressing seed-borne infections was also the medium with the
most similar pH to the soil at the sampling sites. The endophyte isolate with the greatest suppression of seed-borne infections
also appeared to retard the growth of the serious barley disease ‘take-all’, which is normally transmitted through the soil.
Conclusion: The results are important because the seed-borne infections that emerge from control seeds with no inoculant are
some of the most devastating pathogens of barley, and suggest a direct antagonistic effect of the endophyte(s) on seed-borne
pathogens without the induction of plant defences, such as systemic acquired resistance (SAR). To our knowledge, this is the
first time that fungal root endophytes isolated from roots of any wild Hordeum species have been shown to control vertically
transmitted infections in a barley cultivar.

132



Oral Presentations
Endophytes |

OENDI-3

Below and above ground beneficial effects of a root associated Fusarium oxysporum endophyte.
R. Sikora A.l, J. Eschweilerl, A. Schoutenl, G. Messelink’
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Fusarium oxysporum is a well-known global soil inhabiting fungus. Although being saprophytically competent and infamous for
it’s plant-pathogenic activity on some plants, the majority are non-pathogenic, living on soil organic matter while other isolates
colonize the endorhiza of plants without causing disease symptoms. Some of these endorhiza colonizing endophytic isolates
were reported to be beneficial for plants. We have focussed on a highly active isolate, which induces resistance towards both
sedentary and burrowing nematodes in various plant species, like tomato and banana. Besides the potential direct effects by its
presence, split-root experiments and synchronized infection studies have shown that the isolate initiates certain systemic plant
defense responses that affect both penetration and overall development of nematodes. Although colonization of the endophyte
is restricted to the root system, the beneficial effect of the same endophyte can also be found in the leaves by negatively
affecting herbivorous and omnivorous insects. The results of these diverse pest-beneficial interrelationships will be present and
their importance for IPM discussed.

OENDI-4
Screening of wheat endophytes against Fusarium head blight
C. Morganel'z‘g, G. Mariez, R. Mathildez, R. Fanjaa, P. Sebastienz, B. Fabiennes, D. Joéllel, P. Camille’
"Museum National d'Histoire Naturelle, Paris, France
’Etablissements J. Soufflet, Nogent sur Seine, France
3 . . . .
University of Reims, Reims, France
mcomby@mnhn.fr

Introduction: Fusarium head blight (FHB) is one of the most important diseases on wheat crops worldwide caused by
phytopathogenic fungi, Fusarium culmorum and Fusarium graminearum being the most common and most pathogenic species.
In the present context of pesticides’ use reduction, biological control is promising against diseases such as FHB but requires
finding new effective microorganisms as biological control agents (BCA). Microorganisms naturally occurring within plants,
without causing any damage to their host, can be good candidates as BCA. Indeed such microorganisms, called endophytes, are
well adapted to their host and are considered as good producers of secondary metabolites, required for their survival facing host
defense responses.

Objectives: The aim of the present study was to isolate fungi and bacteria from inner tissues of wheat plants and screen them
for their ability to protect wheat against FHB.

Materials and methods: Endophytes have been isolated from roots and aerial organs of wheat plants. Isolates were identified
by DNA sequencing. One hundred strains were selected and screened in vitro for their ability to inhibit the growth of Fusarium
spp. Then, some strains have been selected to conduct in planta screening tests to study their ability to control FHB in controlled
conditions. Quantitative PCR was developed to quantify the pathogen. Wheat defense genes expression was also studied.
Results: Many isolates have shown in vitro promising potential to control Fusarium spp. Two of the selected strains
demonstrated high protection rate in planta against F. graminearum.

Conclusion: The screening of wheat endophytes in order to find new BCA against FHB might be promising. Our results suggest
that in planta screening is more relevant than in vitro tests to find new BCA.

OENDI-5

Evaluation of biological control strategies against soilborne pathogens: from lab experimentation to farming industry
application

V. Dimitrakas, S. Tjamos, D. I. Tsitsigiannis, E. Paplomatas

Agricultural University of Athens, Plant Pathology, Athens, Greece

epaplom@aua.gr

Introduction: Vascular wilt diseases caused by soil borne pathogens like Verticillium dahliae and Fusarium oxysporum, result to
billions of dollars in crop losses worldwide. Management of Fusarium and Verticillium wilt is mainly through chemical soil
fumigation and use of resistant cultivars. However, the biocides used to fumigate soil are environmentally damaging and
resistance appears to be genetically complex. Therefore, the development of alternative control methods, such as the use of
biocontrol agents (BCAs) seem an appealing management strategy for the farming industry.
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Objectives: The aims of this study were to investigate the efficacy of two different BCA release strategies: seed coating and
incorporation in the transplant soil plug, of the already known BCAs Paenibacillus alvei strain K165 and Fusarium oxysporum
strain F2 against Fusarium and Verticillium wilt, along with the molecular aspects of the interaction with the host plant.
Materials and methods: Seeds of eggplant and cucumber were either coated with a powder formulation of K165 or F2 or
planted in pots containing soil amended with powder formulation of each BCA at a rate of 5 and 10% (v/v). At the third-leaf
stage, eggplant and cucumber plants were transplanted to soil infested with V. dahliae microsclerotia or Fusarium oxysporum f.
sp. radicis-cucumerinum chlamydospores, respectively. Symptoms were recorded every 2 days after the onset of the disease.
K165 and F2 rhizosphere colonisation was followed at 20, 27 and 34 days after sowing. RNA was isolated from the stem tissues
of the various treatments at 5 and 10 dpi to monitor the expression of PR genes.

Results: K165 and F2 colonised efficiently the root system of plants and reduced significantly Verticillium and Fusarium wilt
symptoms. In the case of Verticillium,the most suppressive treatment of both BCAs was the incorporation of the BCA in the
transplant soil plug;while in the case of Fusarium, the two BCA release strategies were similarly effective. Both BCAs upregulated
PR expression upon pathogen inoculation.

Conclusion: It was revealed that applying a bacterial and fungal BCA strain as a soil amendment of the transplant plugor seed
coating agentconfers an adequate BCA population size in the rhizosphere and primes plant defence resulting in reduced
Verticilliumand Fusariumwilt symptoms.

OENDI-6

Attempts to biologically control Fusarium Head Blight of wheat and the associated trichothecenes
A. El-Hasan, B. Hoglinger, F. Walker, R. T. Voegele

University of Hohenheim, Institute for Phytomedicine 360a, Stuttgart, Germany
aelhasan@uni-hohenheim.de

Fusarium graminearum is regarded as the primary causal agent of Fusarium Head blight (FHB) of wheat. In addition to the
extensive yield losses, kernels can also be qualitatively affected by contamination with trichothecenes which exhibit acute
toxicity for humans and livestock. In the present study, the antagonistic potential of seven strains of Trichoderma (2 x T.
harzianum, 3 x T. hamatum, T. virens and Trichoderma sp.) against the mycotoxigenic strain FG260 of F. graminearum were
investigated both in vitro and under greenhouse conditions. All antagonistic strains were able to substantially inhibit mycelial
growth of F. graminearum in dual culture, volatile and cellophane membrane assays. Two strains (T16 of T. harzianum and T23
of Trichoderma sp.) proved to be highly effective in the different assays used. For instance, in the presence of volatile
metabolites emitted by T23 or T16, mycelial growth of the pathogen was retarded by 89.3% or 76.4%, respectively. Similar
suppression of mycelial growth were detected when F. graminearum was inoculated on agar containing metabolites secreted by
both Trichoderma strains. Formulations of all Trichoderma strains were prepared and investigated for their potency to minimize
incidence of FHB and trichothecenes accumulation in wheat kernels under greenhouse conditions. The results revealed that FHB
incidence was reduced when T23 or T16 were applied during anthesis by 78.6 or 66.4%, respectively. Moreover, thousand kernel
weight (TKW) was negatively correlated with FHB incidence. An increase in TKW was observed in kernels treated with T16 or
T23. However, all other strains showed no distinct increase in TKW compared to the infected control where Trichoderma strains
were absent. Furthermore, trichothecenes analysis in the harvested kernels confirmed that some Trichoderma strains were able
to degrade or inhibit the synthesis of trichothecenes. In the presence of the strain T23, deoxynivalenol (DON), 15-A-DON and 3-
A-DON accumulation in the kernels were reduced by 48.2%, 45.9%, and 88.2%, respectively. All other antagonistic strains
however, distributed between either moderate or slight trichothecenes inhibitors.
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Towards production of active bioinsecticides with plant cell cultures and endophytes from Azadirachta indica
P. Sgiethl, R. Lohsel, H. Bednarzz, K. Niehausz, A. V. Patel'

1University of Apllied Sciences, Fermentation and formulation of biologicals and chemicals, Bielefeld, Germany
2Bie/efe/d University, Center of Biotechnology (CeBiTec), Bielefeld, Germany

peter.spieth@fh-bielefeld.de

All parts of Azadirachta indica show a broad spectrum efficacy against insect pests including insecticidal, anti-feedant or insect
repellent activities. The commercial products are obtained only in low concentrations via complex extraction procedure. In light
of the increasing reports on endophytes it can be hypothesized that some of these compounds like Azadirachtins are either
directly produced by endophytic microorganisms or their production is linked to the plant metabolism. Further on, there is
increasing evidence that plant cell cultures can produce Azadirachtin. Both strategies allow to by-pass the cost intensive
transport and extraction of plant metabolites.

Consequently, the overall aim of a BMBF-supported project is to develop a competitive process to produce high amounts of
bioinsecticidal compounds with Neem plant cell cultures and endophytes. Here, we present data on isolation of endophytes and
induction of callus as well as first results of our screening approach.

First, we induced plant cell cultures from various plant tissues with a medium that allows a callus proliferation in more than 50 %
of cultures. Besides, in total 303 endophytes (107 bacteria and 196 fungi) were isolated from plant material of different origins.
Furthermore we developed a method to bind and stabilize more than 85% of the produced Azadirachtin in liquid medium as well
as a high throughput bioassay in 96 well plates based on Spodoptora frugiperda (Sf9) cell cultures. Furthermore, we report first
cultivation data obtained with the prototype of a novel automated pipetting and screening system (RoboLector® with an
integrated BioLector Pro from m2p-labs GmbH). Besides, we will present results on classification of selected endophytes as well
as induced cell lines, submerged cultivation and classification of metabolites via UHPLC-DAD-MS/MS. Finally, we will show
effects of extracted metabolites on Sf9 cell cultures.

OINS I-2

Evaluation of a botainical insecticide for the control of the major cocoa insect pest, Sahlbergella singularis HAGL (1895)
(Hemipera:Miridae) around Ondo Town, Nigeria

0. Awe

Adeyemi College of Education, Biology, Ondo, Nigeria

omolaraawel4@yahoo.com

Mirids, especially Sahlbergella singularis, are the most economically important insect pests of cocoa in West Africa. Their
effective control relies on synthetic insecticides with the attendant challenges including elimination of beneficial natural
enemies and pollinators, development of resistance and unacceptably high pesticide residues in cocoa. An effective and
environmentally friendly control measure is needful. This study was carried out to investigate the efficacy of a new bio-
insecticide BioneemEC in controlling mirids.

Phytotoxicity tests were conducted bimonthly by spraying cocoa seedlings and mature trees with the bio-insecticide at 1L/ha.
Laboratory bioassays included direct and indirect (impregnated filter paper) contact toxicity and antifeedant (paired choice test)
tests, using 0.5, 1.0 and 2.0 % concentrations. Pyrinex48EC (an organophosphate standard miridcide) and distilled water served
as positive and negative control respectively. Small and large scale field trials of the bio-insecticide were conducted for two mirid
seasons. Residue analyses of cocoa beans after harvesting were determined by HPLC. Descriptive statistics, ANOVA and
regression were used for data analysis.

BioneemEC did not induce any adverse phytotoxicity on cocoa seedlings and mature trees. Total mirid mortality by direct
contact toxicity test was recorded in four minutes at 1.0 and 2.0 % concentrations. This occurred in three minutes for
Pyrinex48EC. Total mortality for indirect contact toxicity test at 2.0 % concentration was achieved in 7 hr. 20 min. Total mortality
at 1.0 % concentration of Pyrinex48EC occurred in 3 hours. Negative control recorded no mortality. BioneemEC treated pods, on
exposure to mirids yielded an average of 8 lesions compared to 17 lesions for Pyrinex48EC and 93 lesions in the negative control
for the antifeedant test. In the small scale field trial, 100 % reduction in pod infection was recorded in 14 and 56 days for
BioneemEC and Pyrinex48EC respectively. BioneemEC was significantly different (p

BioneemEC can successfully replace Pyrinex48EC for mirid control.
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OINSI-3

Utilization of Salicylic Acid for the Control of Pod Sucking Bug, Clavigralla tomentosicollis Stal. (Hemiptera: Coreidae) on Four
Pre-hardened Cowpea cultivars

A. Audi, F. Mukhtar

Bayero University Kano, Biological Sciences, Kano, Nigeria

audigenesis@yahoo.com

The experiment was conducted at the Agric Research farm Bayero University Kano (Lat 11° 58 ‘N, Long 8° 25’ E and 457m above
sea level) from September-November, 2014 to evaluate the potential of SA-treatment in the control of Pod sucking bug. The
mean annual rainfall was within the range of 865-1250mm with mean annual temperature of about 22-38°C and relative
humidity of 65-90mmHg. Four different cowpea varieties (IT97K-1069-6, IT98K-205-8, IT89KD-288 and Dan’ila) pre-hardened
with Salicylic acid were established in various replicated field cages in completely randomized pattern. Five-pairs each of fresh
pre-mated bugs were introduced into the various cages. The different cowpea varieties screened showed variable response to
the bug attack (P

OINSI-4

Toxicity of Eucalyptus globulus and Achillea millefolium essential oils and their nano-formulations on tomato leaf minor, Tuta
absoluta (Meyrick)

M. Saber, N. Razzaghi

University of Tabriz, Plant Protection, Tabriz, Islamic Republic of Iran

saber@tabrizu.ac.ir

Tomato leaf miner moth, Tuta absoluta (Meyrick) (Lep: Gelechiidae) is one of the most dangerous pest of tomato in Iran and in
many other countries. Essential oils of some plants can be used as an alternative to conventional insecticides due to their
insecticidal properties and the required safety for humans and environment. Essential oils from Achillea millefolium and
Eucalyptus globulus can be used as insect pest control agent due to consisting secondary metabolites with wide range of suitable
properties including killing, repellency effects on insects and low toxicity to humans. Fumigant toxicity of E. globulus and
A.millefolium essential oils and their Nano-formulations were determined against the second instar larvae of T. absoluta under
laboratory conditions at 25 + 1 °C, 65 + 5% RH and a photoperiod of 16L:8D with 24, 48, and 72 h exposure time. The essential
oils were extracted from dried leaves of E. globulus and flowers of A. millefolium by using Clevenger apparatus. Nano-
formulations were prepared by synthesis SBA-15 loaded with different concentrations of essential oils. The results showed that
by increasing the concentration of essential oil and Nano-formulations, the morality was increased at all exposure times. Based
on Probit analysis, the LCsy values of essential oils for E. globulus and A. millefolium were 0.34 and 0.53 pl/L air, respectively. The
LCs, values for nano-formulations of E. globulus and A. millefolium were 1.05 and 1.33 pl/L air. After 72 h exposure, the obtained
LCs values for essential oils of E. globulus, and A. millefolium were 0.47, 0.80 pl/L air and 0.35, 0.49 pl/L air for their nano-
formulations, respectively. The results showed that the pure essential oils present more efficiency at short time (24<h)
compared to their nano-formulation and their effectiveness gradually reduced. But nano-formulations of the oils preserve their
lethality for longer time (72 h or more) because of slow releasing of active compound. Overall, it seems that preparing nano-
formulations of the essential oils may improve the efficacy of botanical insecticides and can be used as alternative for
conventional pesticides.

O INS I-5

Insecticidal Joint Action of Mixtures of Piper aduncum Fruit and Tephrosia vogelii Leaf Extracts against the Cabbage Head
Caterpillar, Crocidolomia pavonana

D. Prijono, N. Nailufar

Bogor Agricultural University, Plant Protection, Bogor, Indonesia

priyonojoko@gmail.com

One of the attempts to improve the performance of botanical insecticides is by mixing a certain botanical insecticide with other
botanical insecticides containing compounds that can inhibit the activity of insecticide detoxifying enzymes (Scott et al. 2008).
This study was conducted to assess the insecticidal joint action of P. aduncum fruit and Tephrosia vogelii (Leguminosae) leaf
extract mixtures on the cabbage head caterpillar, Crocidolomia pavonana.

P. aduncum fruit and T. vogelii leaf powder was extracted with ethyl acetate (1:8 w/v) four and three times, respectively, by
immersion method. The number of immersion was determined based on extract yield and insecticidal activity among the
extracts obtained with two to six times immersion of plant materials. P. aduncum and T. vogelii extracts were tested separately
and in mixtures at three concentration ratios (1:5, 1:1, and 5:1) by a leaf-feeding method against second-instar larvae C.
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pavonana. Larval mortality data at 72 hours post-treatment were analyzed by the probit method. The combination index of the
test extract mixtures, calculated based on the independent joint action model (Chou & Talalay 1984), was used as the basis for
determining the type of joint action of the mixtures.

Based on LCsy 72 hours after treatment (HAT), P. aduncum and T. vogelii extract mixtures at 1:1, 5:1, and 1:1 concentration
ratios (w/w) were 3.28, 3.13, and 4.55 times, respectively, more toxic than P. aduncum extract alone and 2.51, 2.40, and 3.48
times more toxic than T. vogelii extract alone (Table 1). Based their combinations index, P. aduncum and T. vogelii extract
mixtures at the three concentration ratios were strongly synergistic on C. pavonana larvae, at both LCsy and LCqys levels. Thus, the
use of synergistic P. aduncum and T. vogelii extract mixtures will be more efficient than P. aduncum or T. vogelii extract applied
separately.

References:

Chou TC, Talalay P. 1984. Quantitative analysis of dose-effect relationships: the combined effects of multiple drugs or enzyme
inhibitors. Adv Enzyme Regl 22:27-55.

Scott IM, Jensen HR, Philogene BJR, Arnason JT. 2008. A review of Piper spp. (Piperaceae) phytochemistry, insecticidal activity
and mode of action. Phytochem Rev 7: 65-75.

Figure 1: Toxicity of P. aduncum and T. vogelii extracts and their mixtures against C. pavonana larvae at 72 hours after treatment

Extract b + SEa LCsg (95% CI)P (%) LCys (95% CIIP (%)

P. aduncum (Pa) 4.68 + 0.38 0.141 (0.110-0.173} 0.317 (0.235-0.742)
T. vogelii (Tv} 3.95+ 0.33 0.111 (0.072-0.163} 0.290 (0.186-2.014)
Pa+ Tv 1:5 5.19 + 0.42 0.047 (0.037-0.057) 0.097 (0.075-0.190})
Pa+Tv 1:1 4.47 + 0.32 0.045 (0.029-0.059}) 0.104 (0.075-0.232)
Pa+ Tv 5:1 4.49 + 037 0.033 (0.021-0.043) 0.077 (0.057-0.162)

ah: intercept of probit regression line, SE: standard error, PCI: confidence limit

Figure 2: Type of joint action of P. aduncum and T. vogelii extract mixtures against C. pavonana larvae at 72 hours after
treatment

Combination index Type of joint action
Extract®
LCsa LCos LCso LCos

. Strongly Strongly
Pa+Tv 1:5 043 0.34 synergistic synergistic

. Strongly Strongly
Pa+Tv 1:1 0.39 0.37 synergistic synergistic

. Strongly Strongly
Pa + Tv 5:1 0.25 0.26 synergistic synergistic

apa: Piper aduncum, Tv: Tephrosia vogelii.

OINSI-6

Efforts to use soft Pesticides for the Control of cotton Insect Pests in Sudan
H. Abdelgader

Agricultural Research Corporation, Entomology Section, Wad madani, Sudan
abdelgaderh@yahoo.com

Introduction: In the last decades during the post-war period, the agriculture has developed towards methods that are more
intensive. Among these is increased use of agrochemicals. In the Sudan Gezira, as an example, cotton spraying started as early as
season 1945/46 when only 1% of the cotton area was sprayed once. By 1978/79 the problem caused by the cotton insect pests,
particularly the cotton whitefly (Bemisia tabaci) flared up. The number of sprays per season went up, reaching 9.25 sprays in
season 1978/79, which might be attributed partly to the rapid resurgence of insects' pests as a result of the use of non-selective
insecticides, which badly affected the natural enemies of these pests.

Objective: The joint use of natural enemies and selective pesticides might attribute to environmentally combating insect pest
problems.
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Materials and methods: Studying the side effects of pesticides is of prime importance to save natural population and encourage
their role as biological control agents. This paper discuss the various methods which can be used to study the side effects on
natural enemies and the results of some studies carried on the side effects of some insecticides on natural enemies both at small
and large scale levels in Sudan. The study includes testing the side effects of some insecticides and their impact on bio-safety
(Talstar, Polo, Metasystox, Marshal and the mixture Reldan + Endosulfan) on two Predators at small-scale level at the Gezira
Research Farm, Wad medani. The Impact of Polo (diafenthiuron) on natural enemies in the cotton-based ecosystem of the
Gezira Scheme (Large Scale) was tested in the Study.

Results: The results indicated that Polo was relatively safe both at small scale and large-scale level to the natural enemies
observed during the study.

Conclusion: This study can be considered as a begin of regional testing program in Africa with collaboration of international
organization interested on conserving bio-agent such as the international biological control organization and united nations
agencies.
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Sensing of plant diseases - potential and limitations

E.-C. Oerke, A.-K. Mahlein, U. Steiner

University of Bonn, INRES - Phytomedicine, Bonn, Germany
ec-oerke@uni-bonn.de

Automatable detection, identification 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
combination with informatics and modern application technologies may enable disease control where and when actually
needed. Sensors have to spot specific symptoms at early stages of epidemics in order to enable the operator to initiate effective
disease control. Sensor technologies tested for their suitability and reliability in disease sensing include mechanical, optical
(spectral reflectance, thermography, chlorophyll fluorescence), and (bio-)chemical (e.g. electronic nose) sensors. Independent of
the pros and cons for the technical systems, the biological systems limit sensor use in (decision making for) disease control. As
early symptoms are often inconspicuous, spatial resolution of sensors should be high at the plant level. Pathogens may produce
first symptoms near the ground and subsequently spread to canopy top in relevant intensities. Sensors have to inspect the
relevant lower plant parts, also in case upper parts interfere with the system. Polycyclic diseases caused by airborne pathogens
require other sensing intervals than diseases from stationary pathogens. Pathogen spread and latent infections have to be
considered by using additional safety distances in disease control. The huge amount of data produced by imaging systems has to
be reduced to the essential features in order to facilitate rapid processing. These requirements affect the sensor type and the
way it may be used (e.g. offline vs. online). In case the action threshold for disease control is zero, precision crop protection
technologies may be used for more accurate disease forecasting and the sensing of inoculum (e.g. molecular diagnosis of
airborne inoculum).

ODIS2

Hyperspectral imaging for the detection of plant diseases in precision crop protection and plant phenotyping
A.-K. Mahlein

University Bonn, INRES-Phytomedicine, Bonn, Germany

amahlein@uni-bonn.de

Hyperspectral imaging is one of the promising methods for a precise, reproducible and objective estimate of plant diseases for
integrated pest management, precision crop protection or in plant breeding for the selection of disease resistant genotypes. This
technique can further support the decision making process for integrated pest management practices in the field or in the
greenhouse. Here the timing of pesticide application has to be precise with an appropriate active ingredient. For this purpose a
detection and identification of plant diseases in an early stage is requisite. Since the response of visual disease rating by the
human eye is not reproducible and depends on several factors, optical hyperspectral sensors are promising tools for detection
and monitoring of plant diseases. One advantage of these measuring methods is the non-invasive and non-destructive nature.
Innovative sensor systems can provide detailed and highly resolved information on crop systems and single plants. Plant
diseases impact the optical properties of host plants depending on the host pathogen interaction in different ways. These
modifications in plant biochemistry or physiology or pathogen specific structures can be assessed by hyperspectral imaging. The
disease specific spectral pattern in time and space can be used for a monitoring of plant diseases.

The potential of hyperspectral imaging was evaluated using the model crops barley and sugar beet and their relevant foliar
diseases. Spectral signatures were assessed with a hyperspectral VIS/NIR camera and with a hyperspectral SWIR camera from
400 to 2500 nm. The spectral data cubes were analysed with advanced automatic classification methods for a differentiation
and quantification of diseased leaf tissue with high accuracy. First results further underline the potential of hyperspectral
imaging for the detection of diseases resistant crop plants. In a next step the developed models will be carried forward to other
crop plants and their relevant fungal diseases. It is assumed, that hyperspectral sensing in combination with powerful data
analysis methods will be of essential support for Integrated Pest Management programs and the selection of resistant crop
plants in a sustainable crop production.
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Metabolite Profiling and Hyperspectral Imaging of Sugar Beet Genotypes Responding to Fungal Pathogen Cercospora beticola
N. Arensl, A. Backhausz, u. Seiffertz, H.-P. Mock®
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The fungal pathogen Cercospora beticola is the cause of severe loss of sugar beet root yield worldwide. The infection of the leaf
canopy with C.beticola is resulting necrotic lesions (leaf spot disease). Therefore the plants photosynthetic performance and the
allocation of sucrose to the taproot is heavily reduced. The major toxin produced by C.beticola is a photosensitizer called
cercosporin, which is essential for pathogenicity.

Our aim is to establish a fast non-invasive screening approach for C. beticola resistant cultivars using hyperspectral imaging.
Further we characterize metabolite profiles of sugar beet genotypes with differing level of resistance and investigate the
molecular mechanisms behind compatible and incompatible plant-pathogen interaction.

We conducted metabolite profiling with LC-PDA-Q-TOF-MS (liquid chromatography coupled with photodiode array detection
and quadrupole time-of-flight mass spectrometry) and hyperspectral imaging of three genotypes with different degree of
resistance towards C.beticola.

Comparison of the semi-polar metabolite (e.g. phenylpropanoids) showed distinct profiles for the genotypes. The total phenolics
content could be correlated to the level of C.beticola resistance displayed by the genotypes. Additionally, hyperspectral imaging
enabled a non-invasive method to distinguish between genotypes. We investigated the contribution of phenylpropanoids to the
hyperspectral signature.

We also compared the abiotic stress response of the selected genotypes using different light intensity to mimic oxidative stress
reaction and evaluate the genotypes’ reaction to modified light conditions as cercosporin is light activated and pathogenicity is
heavily depending on illumination. High resistance levels were associated with a pronounced phenylpropanoid metabolism and
a strong reaction to increasing light intensity.

OoDIS4

The impact of infected spikelet position on the epidemiology of Fusarium head blight (FHB) evaluated by IR-thermography
A Al Masril, E.-C. Oerkel, P. Karlovskyz, H.-W. Dehnel, A. Al Masri™?

1University of Bonn, Institute of Crop Science and Resource Conservation (INRES), Department of Plant Pathology and Plant
Protection, Bonn, Germany

zGeorg-August University of Goettingen, Department of Molecular Phytopathology and Mycotoxin Research, Goettingen,
Germany
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Precision plant protection involves non-invasive sensors for the detection of plant diseases. Implementing these sensors enables
the site-specific application of pesticides and contributes significantly in rationalizing the use of pesticides. The threat of
Fusarium head blight (FHB) is not only limited to quantitative yield but also includes the contamination with mycotoxins. The
position of the primarily infected spikelet of wheat ears influences the development of FHB and consequently affects the grain
yield and its contamination with mycotoxins. IR-thermography was used for detecting and assessing FHB of spring wheat (cv.
Passat) in small scale measurement. Three spikelet within ears were chosen for inoculation with Fusarium graminearum: tip,
middle and base. Randomly infection, resulting from spray inoculated ears, was also included in this study as additional control.
Disease development was measured with a thermal imaging sensor and simultaneous visual ratings (FHB index). The
temperature span within ears proved the best possibility in detecting FHB. Tip infected ears showed the highest temperature
span 14 dpi. Exponential function showed high goodness of fit to diseased kernels gradients over single ears inoculated at the tip
and base. There was no significant difference in thousand kernel weight in comparison to non-infected only in the case of tip
infected ears. FHB index and AT (ear temperature -air temperature) were negatively correlated. The correlation varied from
strong for randomly infected ears to weak for middle and base infected ears. Evaluating the yield loss and the potential
contamination with mycotoxins caused by FHB is proved to be promising with the application of IR-thermography.
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New approaches for remote reading the information on the heterogeneity of the distribution of weeds in the areas of the
field for a discrete application of plant protection products
1 2
A. Lysov', V. Fedchenko
All-Russia Institute of Plant Protection, Lab of Integrated Plant Protection, St.-Petersburg, Russian Federation
ZSaint-Petersburg State University of Aerospace Instrumentation, St.-Petersburg, Russian Federation
lysov4949 @yandex.ru

As part of the concept of intellectual crop, reduce pesticide load on agrocenosis actively working on the creation of high-
precision technology differentiated application of plant protection products. These technologies are based on the concept of
precision farming to geocode for the output of information processing field, taking into account the heterogeneity of the
distribution of pests and weed infestation on the treated field.

Existing methods of information retrieval based on two approaches:

1. Geocoding mapping and data processing using geostatistical methods;

2. Removing the data on the distribution of harmful objects in the areas of the field and process control spraying is carried out in
a single process mode. To implement this approach uses the sensitivity of optical or opto-electronic sensors and a database of
reference samples of weeds for image processing. However, these methods of processing information received quite time-
consuming. Therefore, for the processing of the data is discrete distribution of weeds in the field a new method for decrypting
removable media.

Since the shape and color of weeds heterogeneous, automated its allocation is not a simple task. Simply solve the inverse
problem. Typically, crops cultivated plants have uniformly periodic structure and strongly contrasted with the surrounding
objects. In this regard, it is proposed to remove the original image is geocoded primary culture and then determine the level of
infestation areas of the field. To solve these problems is an effective method of image analysis in the frequency domain. To
convert the original image into the frequency domain using the device direct discrete Fourier transform. In the analysis of the
original images and their representations in the spectral region can be seen that the objects with a periodic structure in the
Fourier transform of the given pronounced light spots at some distance from the origin. whereas no such spots periodic missing
objects. This property conversion furer proposed for the analysis of agricultural fields with crops of the periodic structure.

Figure 1: Photo of cabbage field before treatment with filters.

Figure 2: Photo of cabbage field after treatment with filters.
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Monitoring of chestnut health condition using an Unmanned Aerial Vehicle
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3Polytechnic Institute of Braganga , CIMO-ESAB, Braganga, Portugal

Imartins@utad.pt

Chestnut ink disease (Phytophthora cinnamomi) and chestnut blight (Cryphonectria parasitica) are diseases that cause important
damages to European chestnut (Castanea sativa).

After two decades from the first occurrence of chestnut blight in Portugal, the hypovirulence began to be observed in some
locations. The population of these strains is characterized by low diversity. Many of the sub-populations belong to the EU-11
group, which appears only in some orchards in Italy.

Successful treatment depends on the way the population of the fungus extends in the area to be treated. This study refers to the
monitoring of inoculations in Padrela region (north Portugal).

The field evaluation was compared to remote sensing techniques that have the ability to collect information from various
samples over a large area in a short time, especially with recent developments in sensors on spectral and spatial image
resolution. The aerial images obtained by Unmanned Aerial Vehicles (UAVs) for vegetation monitoring has been motivated by
the benefits as compared to full size airborne operation, namely the combination of high image quality and quick turnaround
times together with lower operation costs and complexity.

For monitoring and evaluating the treated area and know the chestnut decline, were made in June 2014 aerophotogrammetric
flights, covering 483 ha. It was used an UAV (eBee, SenseFly) and were obtained color and near infrared aerial photographs (Fig.
1). Those photographs were compared to aerial images obtained by piloted aircrafts in 2006.

In the period 2006-2014 occurred new chestnut plantations (67 ha), due to the eight multifunctional value of chestnut tree.
However, in the study area the decline of chestnut was 56%. The biotic agents were the principal causes of the mortality and C.
sativa decline, who was confirmed by field observations.

There are advantages on using UAV for the study purposes. Due to the low flying heights, resulting high resolution imagery, and
lower image acquisition costs, compared to piloted aircraft or satellite images. UAV cover wide areas, and are virtually
undetectable (flights 300 m, up ground), so animals won’t be disturbed. The electric UAVs, do not have polluted emissions,
resulting in benefits to the environment.

Figure 1: Chestnut tree affected by C. parasitica and aerial images obtained by UAV.

Chestnut blight (n267)
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Glyphosate-use in North German arable farming differs regionally
S. Andert, J. Birger, B. Gerowitt

University of Rostock, Crop Health, Rostock, Germany
sabine.andert@uni-rostock.de

Glyphosate (N-(phosphonomethyl)glycine) is worldwide the most used herbicidal substance. Insouci-ant use of glyphosate in
farming is currently criticized in science, society and politics. We conducted an on-farm study and analysed regional use of
glyphosate in North German arable systems. Objective of our research is to reveal influencing factors on glyphosate use
intensity. We hypothesisethat the use depends on cropping systems, which are influenced by regional differences in farm man-
agement and socio-economic characteristics. We collected data on glyphosate use in four administrative districts of Northern
Germany. All districts (Diepholz, Uelzen, Flaming and Oder-Spree) have similar sizes. Two regions (Diepholz, Uelzen) are located
in West Germany and two regions (Flaming, Oder-Spree) are in East Germany. Especially farm structures differ between the
West districts and the East districts. Data of all crops cultivated in the region were collected from 15 farms per district for the
period 2005-2014, in total data of 20.000 fields are included in our study. We used the Standardised Treatment Index (STI) to
quantify pesticide use intensity (RoRberg et al., 2002). Variance components of Stand-ardised Treatment Index (STI) were
analysed with a linear mixed-effects model. Glyphosate use intensity differs substantially between the study districts. Farmers in
the Eastern dis-tricts (Flaming and Oder-Spree) used significantly larger amounts of glyphosate. We further prove thatthe
variability of glyphosate use was mainly influenced by the factor “Farm”. Glyphosate use was lowerwhen conventional ploughing
was applied. Hence, Glyphosate use and non-inversion tillage is strongly attributed to large farms. From the result, that non-
inversion tillage and glyphosate use co-incidences mainly on large farms in the East German Regions we conclude that these
farms either regionally adapt their cropping systems due to climatic reasons or profit economically. The latter is very likely,
because these cropping sys-tems enable farms to save labor and hence, reduce costs. We analysed application, not motivation
data - therefore, we cannot argue whether farmers in the Eastern region are more concerned to take care of their soil by
implementing non-inversion tillage.

O HERB 2

Agronomic Consequences of Glyphosate Use - Field and Farm studies from Germany
H. Steinmannl, A. Wiesel, M. Schultel, L. Koningz, L. Theuvsenl, B. Gerowitt’
TUniversitdt Géttingen, Gottingen, Germany

2Universitdt Rostock, Rostock, Germany

hsteinm@gwdg.de

Herbicides containing the active ingredient glyphosate are important components of vegetation management in annual and
permanent cropping systems worldwide. The German domestic market for glyphosate products, which are predominantly used
in the aforementioned cropping systems, has shown a positive trend in recent years. Considering that the agricultural structure
in Germany has not changed much in the last few years, the growing market must be due to changes in cultivation practices.

The current re-evaluation process by the European Union of glyphosate has been able to produce little evidence for health or
environmently-relevant problems related to glyphosate; nevertheless, there is an increasing insistence to turn around the trend
in the domestic market. This would mean that cultivation practices would need to re-orient to strategies avoiding or minimising
the use of glyphosate products. There is good reason to reverse the domestic trend when one considers preventing herbicide
resistance in weeds towards glyphosate products, since long-term use in other countries has shown that it can lead to the
development of resistance.

The conference paper attempts to provide an analysis of the current lively debate about glyphosate, outlines possible strategies
to reduce the use of glyphosate products and identifies potential best management practices in the use of glyphosate products.
The discussion takes place on the basis of weed and crop production aspects as well as economic and business aspects.
Therefore, regional field studies and German-wide farm inventories were set up. The current inventory was carried out amongst
2000 professional farmers during winter 2014/15 and reflects the most recent status of glyphosate use and its interactions with
farm management structure.
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Detoxification of chloroacetamide herbicide metazachlor and its relation with short- and long-term trade-off in yield and
quality of Brassica napus

H. Vercampt, J. Vangronsveld, A. Cuypers
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hanne.vercampt@uhasselt.be

Introduction: With the growing world population, the agricultural sector is increasingly relying on pesticide-use to ensure food
production. However, the short- and long-term effects of herbicides on crop quality are not yet fully understood. Herbicides
contain active compounds, which act specifically on plant physiology possibly inducing short-term chemical stress in crop plants.
Objectives: In this study, the occurrence of short-term phytotoxic effects of the pre-emergent chloroacetamide herbicide,
metazachlor, are linked to the long-term life history parameters of Brassica napus (rapeseed).

Materials and methods: A semi-controlled mesocosm experiment was set up to study the short- and long-term effects on plant
growth and development and cellular responses; such as pigment and nutrient profile, lipid peroxidation, antioxidative
responses and detoxification processes in the leaves.

Results: In the short term, the aboveground biomass of Brassica napus was affected adversely by metazachlor, accompanied by
morphological changes of the leaf disc. At cellular level, no signs of membrane lipid peroxidation nor changes in the pigment
profile were detected. Total antioxidant capacity measurements in the leaves pointed towards an increase of hydrophilic
antioxidants and a decrease of lipophilic antioxidants. Metabolite measurements of ascorbate (AsA) and glutathione (GSH)
suggest the activation of the AsA-GSH cycle, which plays an important role in the antioxidant defense mechanism. At the end of
the growing season, treated and non-treated crop plants are equal in stem length, aboveground dry weight and seed yield,
suggesting B. napus crop does recover during its growing season from initial chemical stress induced by metazachlor.
Conclusion: Brassica napus displays clear signs of phytotoxicity under pre-emergent application of metazachlor, in the short-
term, in the long-term, treated crop plants seem to recover during the growing season, resulting in comparable stem length,
biomass and seed yield as non-treated crop plants. The results of this study can contribute to select a set of early response plant
parameters, which reflect long-term effects on crop quality and which are consequently useful for herbicide development and
selection of crop varieties.
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ALS inhibiting herbicides are characterized by a broad weed control spectrum, low mammalian toxicity, high selectivity and high
activity with low application rates. There are now over 30 herbicides belonging to this group of herbicides that are registered for
use all over the world. These herbicides act by inhibiting the enzyme acetolactate synthase (ALS), a key enzyme in the branched
chain amino acid biosynthesis pathway leading to the formation of leucine, valine and isoleucine. Tomato plants are sensitive to
these herbicides, except some herbicides of the sulfonylurea group which are detoxified by a P450-type oxidase in tomato leaves
and therefore are not effective in root parasites management. Development of a tomato variety resistant to the imidazolinones
herbicides may serve as a reasonable approach for broomrape control, the most troublesome tomato pest in the Middle East.
EMS (ethyl methane sulfonate) mutagenesis was conducted on 20,000 seeds of the commercial tomato line M82. About 100,000
tomato second generation seedlings were screened for resistance to pulsar (imazamox). As a result, a novel tomato mutant HRT-
1 was obtained. The mutant is resistant to high rates of imidazalinone herbicides pulsar, cadre (imazapic) and arsenal (imazapyr)
in all stages of it vegetation, tissue culture, germinating seeds and tomato plants grown in the field. Several field experiments
demonstrated that even a rate highas 144 gai. ha™' did not cause any visual damage or yield loss of HRT1 tomato plants. The
resistance is due to a change in the herbicide’s target site on the ALS molecule as a result of point mutation in the ALS gene
located on chromosome three. The substitution of Alanine to Valine in position 194 which corresponds to Alanine,s in
Arabidopsis confers HRT1 resistance to the imidazolinones.
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Owing to the environmental and toxicological concerns coupled with fast appearing herbicidal resistance in weeds due to
indiscriminate use of synthetic herbicides, a pressing need has arisen for searching new alternatives. The plant essential oils with
little or no mammalian toxicity, less persistence in the environment and chemically and structurally diverse chemical
constituents serve as the obvious choice. Though their use as pure components is uncommon, but their herbicidal formulations
have become quite common especially in organic farming. The use of essential oils on the patterns of herbicides has another
advantage as their active constituents may help in finding novel scaffoldings for the development of new herbicides. The
essential oils extracted from Eucalyptus citriodora, Callistemon viminalis and Melaleuca leucadendra have been found to be
promising for the management of weeds like Echinochloa cruss-galli, Avena fatua, Cyperus rotundus and Phalaris minor that
interfere with rice and wheat crops. The oils were active both at the post and pre-emergence level and their activity increased in
a dose-response manner. In general, the effect was seen more on the grassy weeds compared to broad-leaved ones. Their effect
at post-emergence level was comparable to that of synthetic herbicides. The mode of action of these essential oils has also been
evaluated through various biochemical pathways. During the deliberations of the conference, it is proposed to discuss various
aspects of essential oils as herbicides.
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Many of the world’s worst weeds use C, photosynthesis whereas many economically important crops exhibit C; photosynthesis.
One of the differences between these two photosynthesis modes is the enzyme for the first steps of carbon assimilation: C,
plants use phosphoenolpyruvate carboxylase (PEPC) while C; plants use ribulose-1,5-bisphosphate-carboxylase/oxygenase. This
difference provides the potential for developing novel and selective herbicides specifically controlling C, weeds infesting C;
crops.

The aim of our project is to identify compounds that selectively inhibit PEPC of C, plants, whereas C3 plants should remain
unaffected; such compounds could become candidates for herbicide development. The project partnership consists of two
groups at the HHU Disseldorf as well as of two groups at Forschungszentrum Jilich and is placed within the strategy project
BioSC funded by the State of North Rhine-Westphalia [http://www.biosc.de/c4-psh].

The project partners focus on identifying compounds through molecular modelling and screening of databases, as well as on
identifying their binding mode, and mechanism of action and selectivity of the compounds in in vitro assays. Furthermore, the
toxicology of selected compounds on soil bacteria is investigated. At IBG-2: Plant Sciences at Forschungszentrum Jilich, we
screen pre-selected compounds on C, weeds and C; crops in leaf disc-assays using chlorophyll fluorescence measurements.
Potential PEPC inhibitors are investigated in detail regarding their effect on plant growth. Gas exchange measurements and an
automated phenotyping platform equipped with a hyperspectral line-scanner are used to assess the effect of the compounds on
the physiological state of C3 and C, plants.

Several compounds have been identified as potential PEPC-inhibitors in in vitro assays (Paulus et al., 2014) which are now
screened and tested on a whole-plant level.

The development of selective PEPC inhibitors could contribute to solving the problems of lack of new herbicide modes of action
and herbicide resistance development in weeds and broaden the options for effective weed control.

Paulus JK, Forster K, Groth G (2014). Direct and selective small-molecule inhibition of photosynthetic PEP carboxylase: New
approach to combat c4 weeds in arable crops. FEBS Letters 588 (12), 2101-2106.
[http://dx.doi.org/10.1016/j.febslet.2014.04.043]

145



Oral Presentations
Integrated Pest Management lli

OIPMIII-1

Environmentally friendly apple fruits management system
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Growers participating in the “Agri-environment payments” program shall follow requirements of Regulation 1782/32003 as well
as minimum requirements for fertilizer and plant protection product use and other relevant, mandatory requirements
established by national legislation. According these requirements the same active ingredients of plant protection products must
be used not more than two times per vegetation season and preharvest interval should be 1.5 times longer than indicated on
the label. Plant protection products labelled as "Very toxic" and (or) "Toxic" are forbidden. At the same time, forecasting models
should be incorporated in plant protection system.

The objective of trial is to achieve sustainable application of pesticides by reducing the risks and impacts on human health and
the environment.

The research was carried out at the LRCAF Institute of Horticulture in 2011-2013 in intensive apple orchard. Seven cultivars
'Auksis’, 'Alva’, 'Connell Red', 'Ligol', 'Lodel', 'Rubin' and 'Shampion' were tested.

Diseases control program was based on internet supported forecasting system iMETOS®sm (Pessl Instruments, Austria). This
system recorded meteorological conditions and calculated apple scab infections at three levels: light, medium and high.
Susceptible to apple scab cultivars were sprayed when the risk of ascospores release or conidia light infection rea