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ABSTRACTS

Abstracts of invited talks, oral and poster presentations given at the
15th Congress of the Mediterranean Phytopathological Union, June
20-23, 2017, in Cordoba, Spain

The 15th Congress of the Mediterranean Phytopathological Union entitled “Plant health sustaining Mediterra-
nean Ecosystems”, was held in Cérdoba, Spain on June 20-23, 2017. The mission of the meeting was to promote
dissemination of the latest scientific advances and encourage dialogue, interaction and collaboration between
researchers from different disciplines interested in all aspects of Phytopathology. More than 200 participants
from 26 countries attended the congress, making this an outstanding scientific event. The presentations cov-
ered a broad range of aspects related to plant diseases including Genome Analysis, Invasive Emerging Patho-
gens, Integrated Disease Management, Food Safety, New Tools In Diagnostics and Management, Molecular
Pathogen-Host Interactions, Biocontrol, Epidemiology and Modelling, and Microbiomes and their Role in Plant

Health. Abstracts of the invited talks, and the oral and poster presentations are given in this issue.

Key note lectures

Olive quick decline and Xylella fastidiosa in
Southern Italy: the state of the art. D. BOSCIA, M.
SAPONARI. CNR - Institute for Sustainable Plant Pro-
tection, University of Bari, Via Amendola 122/D, 70126,
Bari, Italy. E-mail: donato.boscia@ipsp.cnr.it

The identification in 2013 of an outbreak of Xylella
fastidiosa (Xf) in olive groves in the Salento penin-
sula (southern Italy) resulted in a plant health emer-
gency of unprecedented proportions for the EU.
Infected olive trees show extensive canopy desic-
cation and severe quick decline symptoms. In the
outbreak area, the bacterium was found to be effi-
ciently spread by the meadow spittlebug Philaenus
spumarius, abundant on the olive canopies during
the dry season. The initial demarcated foci rapidly
expanded over the following 4 years, establishing a
new demarcation line 80 km from the first reported
outbreak; while few species were found infected in
2013 the currently known susceptible hosts reached
approx. 30 different plant species. Phytosanitary
measures to combat the spread and mitigate the im-
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pact of the bacterial infections, included restrictions
for new plantations and movement of propagating
materials, and removal of infected trees. The severe
damage and the imposed phytosanitary restrictions
caused severe economic and social impacts in the lo-
cal community, raising concerns against the contain-
ment measures and failure to implement timely, ef-
fective and coordinated preventive measures. Due to
the novelty of the Xylella-associated disease in olives
and the new outbreak in the EU, the EU Commis-
sion mobilized dedicated resources to build research
activity to address research gaps for this emerging
pathogen. Between 2015 and 2016, two projects in
the H2020 framework have been funded. These are:
“Pest Organisms Threatening Europe” (POnTE) and
“Xylella fastidiosa Active Containment Through a
multidisciplinary-Oriented Research Strategy” (XF-
ACTORS), the latter exclusively targeting Xf. From
the increased research activity developed in the past
3 years, new knowledge is providing data on the ge-
netic and biological properties of the Xf population,
the host range, vector identification and biology, and
identification of olive cultivars with promising re-
sistance traits.

www.fupress.com/pm
© Firenze University Press

© 2017 Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY-4.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


http://creativecommons.org/licenses/by/4.0/

15th Congress of the Mediterranean Phytopathological Union, June 20-23, 2017, Cérdoba, Spain

Keeping up with the plant destroyers in the post-
genomics era. S. KAMOUN. The Sainsbury Labora-
tory, Norwich Research Park, Norwich, United Kingdom.
http:/fwww.KamounLab.net

Infectious plant diseases cause severe losses in world
agriculture, and threaten to slow laudable efforts to
launch a second green revolution to meet the food
security needs of a rapidly increasing world popula-
tion. Pathogens such as the rice blast fungus, wheat
stripe and stem rusts, the Irish potato famine patho-
gen, and many others continue to trigger recurrent
epidemics with far-reaching consequences. When
faced with these threats, knowledge of the patho-
gens is essential. The genome sequence of a plant
pathogen is a deep look into its soul. From important
and often unexpected insights into the biology of the
pathogen to the tools for surveillance and diagnosis,
the genome is an invaluable resource that accelerates
research and output delivery. The costs of genome
sequencing are rapidly decreasing, and genome se-
quences can rapidly provide knowledge to develop
DNA markers, outline population structures, and in-
dicate pathogen origin. These This paper discussed
ways in which genome biology impacts plant pa-
thology, particularly, how pathogen genomics drive
basic and applied plant pathology, and how new
findings on pathogen biology can be exploited for
development of new approaches to breeding disease-
resistant crops. Detailed knowledge of pathogen ge-
nomes coupled with novel methods of plant genome
editing is ushering the era of next-generation disease
resistance breeding in plants.

Fusarium pathogenomics: understanding fungal
pathogenicity through genomics. L.-]. MA. Depart-
ment of Biochemistry and Molecular Biology, University
of Massachusetts Amherst, Amherst MA, USA. E-mail:
lijun@biochem.umass.edu

The root-infecting fungal pathogen Fusarium oxyspo-
rum causes vascular wilt in over 100 different plant
species. These pathogens produce thick-walled
resting structures that remain viable for long peri-
ods, making disease control challenging. This study
takes a systems biology approach to dissect the mo-
lecular mechanisms underlying fungal pathogenesis
and host defense using the F. oxysporum-Arabidopsis
pathosystem. Comparative genomics and compara-

tive meta-transcriptomics were employed to study
compatible (inoculation of a F. oxysporum strain
results in diseased plants) and incompatible (F. ox-
ysporum inoculation has no negative effect on plant
health) interactions by inoculating the same plant
host (Col-0) with different F. oxysporum isolates. The
study focused on the “primary determinative phase”,
including fungal penetration and colonization from
the cortex to xylem. Comparative study enables
identification of genes and pathways that contribute
to the co-evolutionary arms race between wilt patho-
gens and their hosts. Distinct sets of genes from two
E. oxysporum strains contribute to the different dis-
ease phenotypes. Plant genes involved in pathogen-
associated molecular patterns triggered immunity
(PTI) were induced in compatible and incompatible
interactions, while there were more distinct expres-
sion profiles for genes involved in effector-triggered
immunity (ETI) in two different interactions.

This research was supported by a National Science Foun-
dation CAREER award (1652641), a Burroughs Wellcome
Fund Investigator award (1014893), a National Institute of
Food and Agriculture National Research Initiative Hatch
Grants Program grant (MAS00441), competitive Grants
(2008-35604-18800 and MASR-2009-04374) and a seed
grant from Massachusetts Green-energy High Perfor-
mance Computing Center.

Understanding host specificity via comparative
genomics. D.S. GUTTMAN. Department of Cell &
Systems Biology. University of Toronto, Toronto, Ontario,
Canada. E-mail: david.guttman@utoronto.ca

The Pseudomonas syringae species complex includes
diverse lineages that can infect numerous agricul-
tural and wild plant species. The recent widespread
application of next-generation sequencing technol-
ogy has greatly expanded understanding of the
genetic structure of this species complex, although
there is still limited understanding of the specific ge-
netic factors underlying niche specificity. We present
a comparative and evolutionary genomic analysis
of >400 strains of P. syringae, including 62 type and
pathotype strains. We specifically focussed on the
compositional dynamics of the genome, the impact
of selection and recombination on genes associated
with host adaption, and the use of association tests
to identify previously unrecognized genes with host-
specific associations. We found that virulence-associ-
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ated genes are more likely to be recombinogenic and
under selection, and that there is a strong signal for
inter-pathogroup recombination. This inter-patho-
group recombination of niche-associated genes is
likely to be critical for maintaining genetic cohesion,
and thereby delimiting the species complex.

Will climate change affect IPM in the Mediter-
ranean environment? I. PERTOT'?, E. ECCEL? A.
ALIKADIC?, C. DOLCI, C. ZARBO? A. CAFFA-
RRA? R. DE FILIPPI?, C. FURLANELLO®. Center
Agriculture Food Environment, University of Trento via
E. Mach 1, 38010 TN, Italy. 2Predictive Models for Bio-
medicine and Environment, Fondazione Bruno Kessler,
via Sommarive 18, 38123 Povo, Trento, Italy. 3Research
and innovation Centre, Fondazione Edmund Mach, via
E. Mach 1, S. Michele all’Adige, 38010 Tn, Italy. E-mail:
ilaria.pertot@fmach.it

In the nearfuture, climate change is expected to have
significant influences on the agricultural sector, and
particularly on plant protection, due to temperature
increase and variation in precipitation. Temperature,
rain and relative humidity are the main environmen-
tal factors influencing disease epidemiology. Several
studies have assessed, global and regional scales, the
effects of temperature increase in the last century, and
predicted future trends of climate change. Although
there is uncertainty in climate-modeling, especially
at the regional scale, there is general consensus that
global average surface temperature will increase and
precipitation will vary. However, translation of cli-
mate prediction into accurate quantification of the
impacts on biological systems, particularly forpatho-
gens and related diseases, has not been attained. This
is for several reasons including: i) incomplete under-
standing of short and long term effects of climate on
the complex interactions among plants, pathogens
and their biocontrol agents, and the lack of accurate
models that capture this complexity; ii) the natural
seasonal variability of weather; iii) inability to ac-
curately predict temperature and relative humidity
changes at local and microenvironment levels; and
iv) unpredictable or unrecognized factors that may
affect disease epidemiology (e.g. variation in patho-
gen virulence). The uncertainty of predictions and
the impacts of climate change on the efficient imple-
mentation of IPM in the Mediterranean region will
be discussed.
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Forest pathogen invasion: pathways, surveillance
and early detection. A. SANTINT', L. GHELARDI-
NI** D. MIGLIORINI? A.L. PEPORI', N. LUCHI".
nstitute for Sustainable Plant Protection, CNR, Via
Madonna del Piano, 10 50019 Sesto Fiorentino, Italy.
*Dipartimento di Scienze delle Produzioni Agroalimen-
tari e dell’ Ambiente DiSPAA, Universita di Firenze, Pi-
azzale delle Cascine 28, 50144 Firenze, Italy. * Depart-
ment of Microbiology and Plant Pathology, Forestry and
Agricultural Biotechnology Institute (FABI), University
of Pretoria, Pretoria, South Africa. E-mail: alberto.san-
tini@cnr.it

Human-driven species expansion has greatly in-
creased during the last century, as a consequence
of the unprecedented growth of international travel
and trade, resulting in disturbance to ecosystems and
severe socio-economic impacts. In plants, emerging
infectious diseases (EIDs) are tightly linked to bio-
logical invasions. More than half of the world plant
EIDs in the last few decades have resulted from the
arrival of previously unrecognized pathogens. Many
studies confirm that the main pathway of entrance
of pathogens was the trade of living plants, and the
trade of ornamental woody plants plays a role of
primary concern. These observations should focus
attention on the risk inherent in the trade of orna-
mental plants for planting in soil, which also consti-
tutes the main pathway of introduction of pests. This
pathway is particularly insidious because invasive
harmful organisms are not easily detectable in soil,
and they are, in addition, almost unknown and ne-
glected in their native ranges. Several unexpected
introduction pathways are becoming of increasing
importance. Eradication is likely to to be impossible,
so increasing surveillance and prevention by early
detection of new introductions are among the few
reliable prevention measures, although detection is
difficult in the face of global mobility and climate
change.

Emerging pathogens as a consequence of globali-
zation and climate change. M.L. GULLINO", G.
GILARDI', A. GARIBALDI". 'Centre of Competence for
Agro-Environmental Innovation (AGROINNOVA) and
’Department of Agricultural, Forest and Food Sciences
(DISAFA), University of Torino, Largo Paolo Braccini 2,
10095 Grugliasco, Torino, Italy. E-mail: marialodovica.
gullino@unito.it
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Many new diseases caused by soil-borne and fo-
liar pathogens have been recorded for the first time
worldwide, on a number of crops, resulting from
globalization and climate change. The horticultural
sector is one of the most affected by the spread of
new diseases. Production of leafy vegetables (includ-
ing lettuce, rocket, spinach, basil and lamb’s lettuce,
grown as ready-to-eat sector products, is a good case
study. Italy is the second largest producer of fresh-
cut leafy vegetables in Europe. During recent years
many new pathogens have been recorded, causing
severe losses. Among foliar diseases, those caused by
Fusarium equiseti on wild and cultivated rocket and
lettuce, Allophoma tropica on lettuce, Colletotrichum ka-
hawae on cultivated rocket, Myrothecium roridum on
lamb’s lettuce and M. verrucaria on spinach and wild
rocket were observed. Fusarium oxysporum £. sp. lactu-
cae, present in Europe since 2002, is spreading in new
countries. A new race has been recently isolated from
lettuce for the first time in the Netherlands, while race
1 of this pathogen has been found very recently in
France. Some of these new pathogens are seed trans-
mitted. The globalization of the seed market is a ma-
jor cause of the rapid spread of such pathogens. Some
of the newly introduced pathogens, tytical of warmer
areas, are spreading due to the increased in tempera-
tures. The possible influences of globalization and
climate change on the appearance and spread of new
pathogens will be discussed.

This research was supported by the European Union’s Ho-
rizon 2020 research and innovation programme “Effective
Management of Pests and Harmful Alien Species - Inte-
grated Solutions”(EMPHASIS).

Integrated management strategies for prevention
and control of mycotoxins. M.D. KAMINIARIS,
M.C. ILIADI, CS. LAGOGIANNI, O. RAFTO-
POULOU, 1. DANELI, M. ANDRIOLATOU, A.A.
GKATZOUNI, E.F-N. VARVOUNI, A.S. ARSENI],
A. BENAKIS, M.G. DIMAKOPOULOU, D.I. TSIT-
SIGIANNIS. Laboratory of Phytopathology, Department
of Crop Science, School of Agricultural Production, In-
frastructure and Environment, Agricultural University
of Athens, lera Odos 75, 118 55 Athens, Greece. E-mail:
dimtsi@aua.gr

Mycotoxin contamination of agricultural commodi-
ties poses one of the greatest threats for safety and
quality of food and feed. There is a continuous risk

of mycotoxins “from the farm to the fork”, and cli-
mate conditions and/or production practices have
impacts by favouring growth of mycotoxigenic fungi
and mycotoxin production. The economically effec-
tive solutions are those that, with assistance from ag-
ricultural precision technology, will contribute to the
exclusion of fungi from the plant hosts. Restriction of
mycotoxin production in plants, or downstream in
production lines, with Integrated Pest Management
(IPM) systems, will provide effective, durable and
environmentally sustainable mycotoxin control. IPM
strategies of mycotoxigenic fungi and mycotoxins
in pistachios (aflatoxins), grapes (ochratoxins), corn
(aflatoxins, fumonisins) and barley are outlined, that
are based on epidemiology, breeding of less suscep-
tible plant genotypes and evaluation of resistant/
tolerant varieties, evaluation of biocontrol products
and fungicides. For biocontrol, a large number of en-
demic isolates of yeasts, bacteria and non-toxigenic
Aspergillus flavus were tested in laboratory and field
studies. Isolates were found to inhibit production of
mycotoxins. Additional experiments to evaluate sev-
eral fungicides of different chemical groups led to ef-
fective commercial formulations that can reduce the
aflatoxin contamination by up to 100%. Epidemiolog-
ical data and identification of critical pre- and post-
harvest control points points that influence the myco-
toxin production is crucial for developing predictive
systems to reduce the mycotoxin biosynthesis.

Carbon regulation of environmental pH by se-
creted small molecules that modulate pathogenic-
ity in phytopathogenic fungi. F. BI'>, S. BARAD',
A. DUBEY', D. KUMAR!, V. CASADO’, J. DIAZ
MINGUEZ?, E. ESPESO*, D. PRUSKY". 'Department
of Postharvest Science of Fresh Produce, Agricultural
Research Organization, the Volcani Center, Bet Dagan
50250, Israel. *Institute of Fruit Tree Research, Guangdong
Academy of Agricultural Sciences, Guangzhou 510640,
and Key Laboratory of South Subtropical Fruit Biology
and Genetic Resource Utilization, Ministry of Agricul-
ture, Guangzhou 510640, China. *Department of Micro-
biology and Genetics, CIALE, Universidad de Salamanca,
Salamanca, Spain. *Department of Molecular and Cellular
Biology, Centro de Investigaciones Biologicas (C.1.B.), Ma-
drid, Spain. E-mail: dovprusk@uolcani.agri.gov.il

Fruit pathogens can contribute to acidification or al-
kalization of host environments. This capability has
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been used to categorize fungal pathogens into acidi-
fying and / or alkalizing classes. We have shown that
diverse classes of fungal pathogens, including Colle-
totrichum gloeosporioides, Penicillium expansum, Asper-
gillus nidulans, and Fusarium oxysporum, secrete small
pH-affecting molecules. These molecules modify en-
vironmental pH that dictates acidic or alkaline colo-
nizing strategies, and induce expression of PACC-
dependent genes. In many organisms, acidification
is induced under carbon excess, i.e. 175mM of su-
crose (the most abundant sugar in fruits). In con-
trast, alkalization occurs under conditions of carbon
deprivation, i.e., less than 15mM sucrose. The carbon
source is metabolized by glucose oxidase (gox2) to
gluconic acid, contributing to medium acidification,
whereas catalyzed deamination of non-preferred
carbon sources, such as the amino acid glutamate,
by glutamate dehydrogenase 2 (gdh2) results in the
secretion of ammonia. Sucrose concentration also af-
fects secondary metabolite accumulation, suggesting
the importance of fruit sugar content for fungal me-
tabolism. Our results have indicate that differential
pH modulation by fruit fungal pathogens is a host-
dependent mechanism, affected by host sugar con-
tent, which modulates environmental pH to enhance
fruit colonization.

Using population genomics to identify genes af-
fecting pathogen adaptation. B.A. McDONALD'.
'Plant Pathology Group, Institute of Integrative Biology,
ETH Zurich, 8092 Zurich, Switzerland. E-mail: bruce.
mcdonald@usys.ethz.ch

Zymoseptoria tritici causes Septoria tritici blotch, the
most damaging wheat disease in Europe. This fun-
gus is globally distributed and is well adapted to a
wide range of climatic conditions. Zymoseptoria tritici
populations in Europe and North America evolved
rapidly to become resistant to fungicides and viru-
lent on resistant wheat cultivars. Little is known
about the genetic basis of pathogen adaptive traits
such as melanization, thermal sensitivity, host spe-
cialization and fungicide resistance. We used QTL
mapping, based on 700 progeny from two crosses
among four Swiss parental strains, and analyses of
genome-wide associations (GWAS) based on 150
strains drawn from four global field populations, to
elucidate the genetic architecture of these and oth-
er adaptive traits. Finished genome sequences and
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extensive RNA-seq profiles from across the infec-
tion cycle were obtained for all four parents used to
make the mapping populations. RADseq generated
more than 17,000 segregating SNP markers for the
QTL mapping analyses, while comparisons of entire
genome sequences provided over 700,000 informa-
tive SNPs for the GWAS. While genotyping has be-
come easy, phenotyping remains difficult and limits
progress in most marker-trait association studies. We
developed high-throughput phenotyping methods
to accelerate progress. Automated analyses of digi-
tal images generated approx. 2.7 million phenotypic
measurements associated with melanization, viru-
lence, host specialization, fungicide sensitivity and
thermal adaptation. Significant QTLs and marker-
trait associations were found for every trait, and sev-
eral candidate genes were identified. Several of the
candidate genes have been functionally validated,
including three encoding small secreted proteins act-
ing as pathogen effectors.

This research was supported by the Swiss National Science
Foundation and ETH Zurich.

Pseudomonas syringae pathogenesis of plants: ef-
fectors and immunity. ].R. ALFANO. Center for Plant
Science Innovation, University of Nebraska, Lincoln, Ne-
braska, 68588 U.S.A. E-mail: jalfano2@unl.edu

The bacterial pathogen Pseudomonas syringae uses
a type IIl secretion system to inject type III effec-
tor proteins into plant cells to favour pathogenicity.
When plants are infected by pathogens, two types
of plant immunity can be triggered. Conserved mol-
ecules, known as pathogen-associated molecular
patterns (PAMPs), can be recognized by surface-
localized receptors known as pattern recognition re-
ceptors (PRRs), which induce pattern-triggered im-
munity (PTI). Pathogen effectors can be recognized
by specific NOD-like receptors (NLRs) leading to
effector-triggered immunity (ETI). The majority of
type Ill effectors in P. syringae pv. tomato DC3000 can
suppress PTI and/or ETI. An update is presented on
type Il effectors currently being investigated. One of
these is HopE1, which was recently shown to use the
calcium sensor calmodulin as a co-factor, and to tar-
get MAP65-1, a microtubule-associated protein 65,
which functions in the Arabidopsis microtubule net-
work. A recently commenced project is focussing on
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Arabidopsis orosomucoid (ORM) proteins and their
involvement in plant immunity. ORMs are known
regulators of sphingolipid biosynthesis. Arabidopsis
plants over-expressing ORM1 or ORM2 lack signal-
ing from the FLS2 PRR, and are of increased suscep-
tibility to P. syringae. Moreover, plants over-express-
ing ORM1/2 are greatly reduced in their FLS2 levels;
ORM1/2 mutants have enhanced levels of FLS2. The
molecular explanation behind these phenotypes is
presented.

New bio-inspired treatments derived from micro-
biome and metabolome studies. M. LORITO?, S.L.
WOQ?. 'Department of Agricultural Sciences, and * De-
partment of Pharmacy, University of Naples Federico II,
Via Universita, 100, 80055 Portici (Naples) Italy. E-mail:
lorito@unina.it

A new generation of bio-inspired products, useful
for disease control and bio-fertilization, is reach-
ing market development phases. Some are derived
from formulations and technologies, mainly based
on microbes and bioactive molecules, applied for a
long time in biological control. However, the new
products have been optimized for efficacy, reli-
ability and cost, also using data generated by re-
cent -omics and plant-microbe interaction studies.
Other products are based on novel concepts, which
may be designed and constructed by assembling
small beneficial microbiomes, where microbe com-
binations are defined by using new knowledge on
factors and molecular mechanisms positively af-
fecting crop vigour, yield and resistance to biotic
and abiotic stresses. Two new formulations have
been recently marketed in about 70 countries for
specific application on wheat and corn. More prod-
ucts are in the pipeline, particularly for applica-
tion on Mediterranean crops. Their development
will be supported by the recently established ini-
tiative Partnership for Research and Innovation in
the Mediterranean Area (PRIMA), a large (approx.
500M Euro) research programme involving about
20 countries. PRIMA is devoted to the use of “in-
novative solutions” and to”“promote their adoption
for improving the efficiency and sustainability of
food production and water provision” in Mediter-
ranean agriculture. The programme has a major fo-
cus on novel and sustainable approaches to reduce
the impacts of pests and pathogens.

Can we breed for durable disease resistance in
pea and faba bean? The cases of broomrapes and
powdery mildews. D. RUBIALES, M. FERNAN-
DEZ-APARICIO, AM. VILLEGAS-FERNANDEZ,
S. FONDEVILLA. Institute for Sustainable Agriculture,
CSIC, Avda. Menendez Pidal s/n, 14004, Cérdoba, Spain.
E-mail: diego.rubiales@ias.csic.es

Legume crops, such as pea and faba bean, can be
damaged by a number of diseases, but insufficient
levels of host resistance are available in most instanc-
es. As a result, only cultivars with moderate levels
of resistance are available to farmers. Two important
groups of diseases are caused by distinct groups of
biotrophic pathogens: parasitic weeds (the broom-
rapes) and airborne fungi (the powdery mildews).
Several clearly distinct species of these pathogens
are known (the broomrapes Orobanche crenata, O.
foetida and O. aegyptiaca; or the powdery mildews Er-
ysiphe pisi and E. trifolii). These pathogens can infect
the same legume crops. Historic and recent achieve-
ments are reviewed for pea and faba bean, and com-
pared with those experienced in other non-legume
crops. Implications in resistance breeding will be
critically discussed, with a special focus on potential
durability of host resistance.

This research was supported by the Project AGL2014-
52871-R.

Plant disease epidemics and food security. S. SA-
VARY. AGIR, INRA, Université de Toulouse, INPT,
INP-EI PURPAN, Castanet-Tolosan, Centre Inra Occit-
anie-Toulouse, France. E-mail: serge.savary@inra.fr

There is increasing interest in linking plant disease
epidemics and crop health with global food security.
Recent studies have revisited the possible linkages
between the occurrences of plant disease epidemics
and major historical events. Aside from their dra-
matic effects on food systems, plant disease epidem-
ics may also cause regular, progressive attrition in
agrosystem performance. A useful way to address the
impacts of plant diseases on food security is through
the different components of food security, including:
(1) primary food production; (2) imports and stock-
piles; (3) physical access to food; (4) economic access
to food; (5) stability of food availability; and (6) qual-
ity and nutritive value of food. All six components
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can be affected by plant diseases, to varying degrees,
depending of individual cases. Another approach
considers different spatio-temporal types of plant
disease epidemics, including: (1) chronic (occurring
regularly over very large areas, usually leading to
moderate losses); (2) acute (occurring occasionally
over limited areas, leading to important losses); or
(3) emerging (occurring over expanding areas, lead-
ing to variable losses). Epidemiological modelling
can contribute to assessment and comparison of
plant disease impacts on food security. This assess-
ment can then contribute to informing decisions in
policy-making and research prioritization and plan-
ning. Examples of epidemiological analyses are pro-
vided for some major world food crops.

Role of epidemiological models in decision mak-
ing for crop protection. V. ROSSI'. 'Department of
Sustainable Crop Production, Facolta di Scienze Agrarie,
Alimentari e Ambientali, Universita Cattolica del Sacro
Cuore, Via Emilia Parmense, 84 29122 Piacenza, Italy.
E-mail: vittorio.rossi@unicatt.it

Traditionally, growers strongly rely on calendar ap-
plications of chemical pesticides. Directive 128 /2009 /
EC makes integrated pest management (IPM) man-
datory across Europe, to reduce the negative impacts
of pesticides on human health and the environment.
A key principle of IPM is to protect crops only when
it is necessary, i.e., when there is risk for pathogens
to develop, attack plants and cause damage. Weather
is one of the main drivers for disease development.
Relationships between weather conditions and pests
and diseases have long been studied. In recent years,
however, new approaches have increased our ability
to investigate and understand these complex rela-
tionships. Similarly, advanced modeling techniques
have made it possible to incorporate this knowledge
in a new generation of mechanistic models, able to
produce accurate and robust disease predictions. Ad-
vances in information and communication technolo-
gies have allowed incorporation of models into deci-
sion support systems (DSSs), and to effectively deliv-
er these to growers. DSSs are now characterized by:
(i) holistic vision of crop management problems and
their interactions; (ii) incorporation of mathematical
prediction models for plant growth and develop-
ment, disease development, and fungicide modes of
action of fungicides; (iii) provision of information on
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the focus of decisions as easy-to-understand decision
supports; (iv) easy and fast access through the Inter-
net; and (v) two-way communication between users
and providers. These characteristics make it possi-
ble to consider context-specific information, such as
crops and varieties, and soil characteristics, in addi-
tion to weather data.

The plant microbiota: mycorrhizal fungi and all the
others. P. BONFANTE. Department of Life Science and
Systems biology, University of Torino, Viale Mattioli 25,
1025, Torino, Italy. E-mail: paola.bonfante@unito.it

Plants have specific microbiotae, which may exert
powerful effects on their health. Several studies of
plant microbiota have focused on identification of
microbial biodiversity on roots or epigeous organs,
and have detected influences of plant genotype on
the microbiota composition. Bacteria and fungi
with beneficial functions, such as root symbionts
and plant growth-promoting rhizobacteria, coexist
with endophytes, saprotrophic microbes, and also
with some pathogens. However, studies seeking to
understand how plants build up their microbiota,
or whether there are relationships between the mi-
crobiota and plant genotypes, are rare. Arbuscular
mycorrhizal (AM) fungi are common members of
root microbiota in wild and agricultural ecosystems,
where they improve mineral plant nutrition, and in
turn receive reduced carbon. They offer good tools
for unravelling how plants respond to beneficial mi-
crobes. Using a combination of cellular, genetic and
molecular approaches, we have demonstrated how
phosphate is uptaken by the AM Gigaspora marga-
rita, and is released to host plants through activity
of fungal and plant phosphate transporters active
in different rhizospheric and root compartments. A
transcriptomic data set developed for tomato fruit
led to the characterization of an additional phos-
phate transporter, which well responds to phosphate
availability and mycorrhization. We conclude that
improving the nutritional status and by affecting the
source-sink relationships of whole plants, mycorrhi-
zal fungi, as plant microbiota members, have strong
impacts on plant nutrition and health.

This research was supported by the Project Mycoplant
(CSP and Unito), Mycoceres, Green-Rice and 60% UNITO
funds.
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The plant microbiome: beyond collecting stamps.
JM. RAAIJMAKERS">, M. MEDEMA’, V. TRAC-
CANA®’, M. DE HOLLANDER', J. PEREZ-JARA-
MILLO!, V. CARRION BRAVO!. Netherlands Insti-
tute of Ecology (NIOO-KNAW), Netherlands. *Institute
of Biology, Leiden University, Netherlands. *Wageningen
University, Department of Bioinformatics, Netherlands.
E-mail: ].Raaijmakers@nioo.knaw.nl

Plant roots are colonized by many microorganisms,
poulations of which can reach cell densities much
greater than the number of plant cells. Various stud-
ies have shown that members of the plant micro-
biome contribute to plant tolerance to abiotic (e.g.
drought) and biotic (e.g. pathogens) stress factors,
but also to plant nutrition, growth and development.
For the majority of plant-associated microorgan-
isms, however, there is limited knowledge on their
support functions and the mechanisms involved.
Novel -omics technologies have provided in-depth
knowledge of the diversity and functioning of plant
microbiomes and significant advances are being
made to uncover mechanisms, genes and metabo-
lites involved in the multi-trophic interactions in
these microbiomes. To better understand this com-
plexity, reductionist and systems approaches are
needed to identify the biotic and abiotic factors in-
volved in microbiome assembly and activity. New
results are presented on the role of rhizosphere and
endosphere bacteria in protection of plants against
soil-borne pathogens. For rhizosphere bacteria, we
have shown that representatives of the Proteobac-
teria protect plants from pathogen infection by the
production of chlorinated peptides and alteration
of root architecture and plant growth via modula-
tion of sulfur assimilation. In-depth metagenomic
sequencing of the endosphere allowed de novo as-
sembly of high quality bacterial genomes, and re-
vealed various yet unknown biosynthetic genes and
pathways with potential for plant protection and
antibiotic discovery. An overview is presented on
the wealth of genes and functions of the plant mi-
crobiome.

Innovative remote sensing and species distribution
modeling to detect and predict the potential spread
of Xylella fastidiosa.].A. NAVAS-CORTES. Institute
for Sustainable Agriculture (IAS), Spanish National Re-
search Council (CSIC), Menéndez Pidal s/n, 14004 Cér-
doba, Spain. E-mail: j.navas@csic.es

Control of Xylella fastidiosa, once established in a ter-
ritory, is difficult to attain, so efforts should focus on
development of preventive measures. Remote sens-
ing has been shown to be a useful decision support
tool for crop management, through early detection
and implementation of surveillance programmes
that assist limitation of pathogen spread to new ar-
eas. A collaboration between JRC-European Com-
mission and the POnTE consortium was established
to develop a robust and accurate method for the
automatic classification of X. fastidiosa infection and
disease severity at large scales. Remote sensing in-
formation can be combined with species distribu-
tion models (SDMs), that determine relationships
between sampled locations for a species and asso-
ciated environmental variables, and these are used
to estimate the ecological requirements of the spe-
cies. SDMs provide realistic scenarios to explain the
influence of bioclimatic variables on the epidemiol-
ogy of plant diseases, particularly those caused by
“new” plant pathogens. We used correlative niche
models to quantify and map the global patterns of
the potential geographic distribution of Xylella fasti-
diosa. Overall, projected potential distribution from
estimated models conformed well with the current
known distribution of X. fastidiosa. The application
of SDMs to the most prevalent X. fastidiosa subspe-
cies will be discussed.

This study was supported by the European Union’s Ho-
rizon 2020 research and innovation programme, under
grants agreement No. 635646 Pest Organisms Threatening
Europe (POnTE) and No. 727987 Xylella fastidiosa Active
Containment Through a multidisciplinary-Oriented Re-
search Strategy (XF-ACTORS).

Grapevine trunk diseases: a need for clarity in con-
cepts and definitions. G. SURICO, L. MUGNAL Di-
partimento di Scienze delle Produzioni Agroalimentari e
dell’ Ambiente, University of Florence, Piazzale delle Cas-
cine 28, 50144 Firenze, Italy. E-mail: giuseppe.surico@
unifi.it

Grapevine wood diseases (more than 20 of these can
be listed), usually called Grapevine Trunk Diseases
(GTD), became a major and increasing problem for
vinegrowers in the last decades. Besides the econom-
ic impacts of GIDs, there is in recognition, descrip-
tion, attribution and nomenclature for some of them.
At the beginning of the 20" century, several authors
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paid considerable attention to various grape diseas-
es, but there was confusion in their attempts to ex-
plain symptoms and development over time. Exam-
ples include “mal nero”, folletage and California dis-
ease. Symptoms of what are now known to be virus
diseases were frequently attributed to the actions of
fungal pathogens. In the case of esca, all symptoms
recorded on the leaves (i.e., the well-known “leaf
stripes” and others) were thought to be the effects
of white rot of vine wood. Something similar is hap-
pening today with the introduction of some “new”
GTDs. Different reports and lack of knowledge has
led to the introduction and use of disease names that
should now be revised and updated in the light of
new knowledge for the esca complex, and for grape-
vine trunk diseases in general. It is important to clar-
ify what was traditionally linked to wrong interpre-
tations, and to use disease names that can be useful
to share knowledge. These disease names should be
based on official parameters applied in the naming
of plant diseases.

Communications

Invasive pathogens and new emerging
plant diseases

Establishment potential of citrus black spot, caused
by Phyllosticta citricarpa, in Mediterranean envi-
ronments. J. MARTINEZ-MINAYA?, D. CONESA?,
A. LOPEZ-QUILEZ? A. VICENT". 'Centro de Protec-
cién Vegetal y Biotecnologia, Instituto Valenciano de In-
vestigaciones Agrarias (IVIA), Moncada 46113, Valencia,
Spain. *Departament d’Estadistica i Investigacié Opera-
tiva, Universitat de Valencia. Burjassot 46100, Valencia,
Spain.

Citrus black spot (CBS), caused by Phyllosticta citri-
carpa, is the main fungal disease of citrus worldwide,
causing external fruit blemishes and yield losses.
The Mediterranean Basin is free of the disease, so
phytosanitary measures are in place to avoid the en-
try of P. citricarpa in the EU. However, the suitabil-
ity of Mediterranean climates for CBS establishment
is debated. As a case study, an analysis of climate
types and environmental variables in South Africa
was conducted to identify potential associations
with CBS distribution. In 1950, CBS was confined
to climates with summer rainfall (Cw, Cf). The dis-
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ease later spread to drier regions, and the hot arid
steppe (Bsh) is the main climate region where CBS
now develops. The disease was not detected in the
Mediterranean-type climates (Csa, Csb). Arid steppe
(Bs) climatesare common in important citrus areas
in the Mediterranean Basin. Hierarchical Bayesian
analyses were also conducted by considering latent
Gaussian models, which allowed the use of the inte-
grated nested Laplace approximation (INLA) meth-
odology. The spatial effects were implemented with
the stochastic partial differential equation (SPDE)
approach. Spatial models outperformed non-spatial
models in the 1950 dataset. Problems of model con-
vergence were detected in 2014 due to the strong
spatial structure of CBS. Spatial models with prin-
cipal components for 1950 had better classification
accuracy of CBS distribution in 2014 than non-spatial
ones. Therefore, previous models based solely on cli-
mate may underestimate the potential geographical
distribution of this disease.

DC and ALQ were supported by the research grant
MTM2016-77501-P from the Spanish Ministry of Econo-
my and Competitiveness, and JMM by the grant VALi+d
ACIF/2016/455 from the Generalitat Valenciana.

Advances on the study of emerging Southern toma-
to virus infecting tomato crops in the Mediterrane-
an basin. L. ELVIRA-GONZALEZ!, C. CARPINO'?,
A.V.PUCHADES', A. ALFARO-FERNANDEZ ?, M.1.
FONT-SAN AMBROSIO?, L. RUBIO"*, L. GALIPIEN-
SO nstituto Valenciano de Investigaciones Agrarias
(IVIA), Ctra. CV-315, 46113 Moncada, Valencia, Spain.
*Department of Agricultural and Forestry Science, Uni-
versity of Palermo, Piazza Marina 61, 90133 Palermo,
Italy. *Instituto Agroforestal Mediterrdneo, Universidad
Politécnica de Valencia, Camino de Vera s/n, 46022-Va-
lencia, Spain. *Euro-Mediterranean Institute of Science
and Technology (IEMEST), Via Michele Miraglia 20,
90139 Palermo, Italy. °Departamento de Biotecnologia,
Escuela Técnica Superior de Ingenierin Agrondmica y
del Medio Natural, Universidad Politécnica de Valencia,
Camino de Vera s/n, 46022-Valencia, Spain.

Southern tomato virus (STV; genus Amalgavirus, family
Amalgaviridae), has a double stranded RNA genome.
STV has been detected in different tomato (Solanum
lycopersicum) varieties showing symptoms of stunt-
ing, and fruit discoloration and reduced size. This vi-
rus was first detected in North America, and recently
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in Asia and the Mediterranean basin (Italy, France
and Spain). The role of STV in symptom develop-
ment remains unclear, since the virus is frequently
detected in mixed infections with other viruses, and
it has been found in some asymptomatic tomato
plants. STV is seed transmitted at high rates, but
“horizontal” transmission by vectors is unknown.
We developed sensitive methods for STV detection
and quantification, to study the role played by STV
in symptom development, to test horizontal trans-
mission by insect vectors, and to implement sanita-
tion programmes. Molecular hybridization and nu-
cleic acid isothermal amplification (RT-LAMP) ena-
bled sensitive detection of STV from different tomato
plant tissues. The virus was detected in field samples
collected from different production regions of Spain
and Italy. A real time PCR assay after reverse tran-
scription (RT-qPCR) was also developed for STV de-
tection and quantification. STV titre remained con-
stant over time, as for other persistent viruses. The
virus was detected in individual tomato seeds, and
in seed coats and embryos, making seed disinfection
difficult. Nucleotide sequencing of different STV iso-
lates showed very low genetic variation, which may
be related to a strong symbiotic-mutualistic interac-
tion between STV and the tomato host.

This research was supported by the INIA project E-
RTA2014-00010-C02 (Instituto Nacional de Investigacién y
Tecnologia Agraria y Alimentaria, INIA, Spain) co-funded
by FEDER 2014-2020 funds.

Development of new potato varieties with late
blight and potato cyst nematode resistance, re-
duced bruising and improved processing quality.
M. PAIS', K. WITEK', L. TOMLINSON', A. WITEK',
F. JUPE', M. SMOKER', S. PERKINS', S. MARIL-
LONNET?, PE. URWIN?, N. CHAMPOURET?, C.
RICHAEL', ].D.G. JONES'.'The Sainsbury Laboratory,
Norwich Research Park, Norwich, United Kingdom. *De-
partment of Cell and Metabolic Biology, Leibniz Institute
of Plant Biochemistry, Halle, Germany. *Centre for Plant
Sciences, University of Leeds, Leeds, United Kingdom.
*Simplot Plant Sciences, J.R. Simplot Company, Boise,
Idaho, USA. E-mail: marina.pais@tsl.ac.uk.

Solutions were sought for several important prob-
lems faced by potato industries, including: late
blight (LB), potato cyst nematodes (PCN), potato
browning, acrylamide formation and blackening

upon cooking. These are linked to significant crop
losses, increased production costs, extensive use of
agrochemicals and food wastage. We followed a ge-
netic modification approach, based on: the use of a
3-resistance (R)-gene stack that combines genes from
Solanum venturii (Rpi-vnt1) and Solanum americanum
(Rpi-amr3i and Rpi-amrle) to control LB; the use of
genes encoding a rice cystatin and a synthetic repel-
lent peptide that confer resistance to PCN by two
different mechanisms; and the use of silencing con-
structs to reduce browning, the cold-induced accu-
mulation of reducing sugars and the levels of aspara-
gine (therefore reducing the potential for acrylamide
formation and blackening). The Golden Gate cloning
technique is used to generate constructs for potato
transformation, and the binary vector was used to
decrease chances of backbone integration. Several
constructs are in the transformation pipeline. The
three LB-resistance genes have been cloned indi-
vidually or as a 3-R-gene stack, and the two genes
conferring resistance to PCN as a single module
or in combination with the 3-R-gene stack, with or
without the silencing modules for improved tuber
quality. The first transgenic lines obtained have been
evaluated for resistance to different isolates of the
LB pathogen in detached leaf assays, and some are
being tested with PCN in glasshouse conditions. A
field trial is planned to assess resistance against LB
strains in field conditions.

This research is supported by the British Biotechnology
and Biological Sciences Research Council (BBSRC) and by
The Gatsby Charitable Foundation.

Screening of European potato varieties for resist-
ance to pathotype 18(T1) of Synchytrium endobi-
oticum in Greece. I. VLOUTOGLOU!, K.B. SIMO-
GLOU? H. ELEFTHERIADIS?, D. TSIROGIANNIS',
C. KRITIKOS', I. SARIGKOLI? N. NIKOLAIDIS? A.
KOTZAMPIGIKIS', A. THEOCHARIS', M. KON-
STADINIDOU? C. ARAMPATZIS’, I. KAGIAS?, D.
GKILPATHI". 'Benaki Phytopathological Institute, De-
partment of Plant Pathology, Laboratory of Mycology, 8
St. Delta Street, 145 61 Kifissia, Athens, Greece. > Region
of Eastern Macedonia & Thrace, Regional Unit of Drama,
Rural Economy & Veterinary Directorate, Department
of Quality and Phytosanitary Control, Dioikitirion, 661
00 Drama, Greece. *Hellenic Ministry of Rural Develop-
ment and Food, Directorate General of Plant Produce,
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Directorate of Plant Produce Protection, Department of
Phytosanitary Control, 150, Syggrou Avenue, 176 71
Athens, Greece. *Hellenic Ministry of Rural Development
and Food, Directorate General of Plant Produce, Direc-
torate of Plant Produce Protection, Department of Plant
Protection, 150, Syggrou Avenue, 176 71 Athens, Greece.
E-mail: i.vloutoglou@bpi.gr

The quarantine pathogen Synchytrium endobioticum
(which causes potato wart) was detected for the first
time in Greece in two commercial potato (Solanum
tuberosum L.) fields, in Kato Nevrokopi (Regional
Unit of Drama, Northern Greece), during the 2011 of-
ficial surveys. The pathotype in both fields was iden-
tified as 18(T1), an aggressive and rare pathotype.
In compliance with the EU and National legislation,
phytosanitary measures were implemented in the
area, including demarcation of a buffer zone (c. 200
ha) around the infested fields. In addition, field trials
and bioassays (pot tests) were carried out according
to the EPPO Standard PM 07/28(1) for identifying
resistant potato varieties to be used in the buffer
zone. A total of 50 commercial potato varieties, eight
of which were reported by other EU Member States
and/or European potato breeding companies to
be resistant to pathotype 18(T1), were evaluated in
field trials over four consecutive years (2013-2016).
Results showed that most of the commercial potato
varieties tested were very susceptible to this patho-
type. Only four varieties, out of the eight varieties
reported elsewhere as resistant, constantly exhibited
field resistance to pathotype 18(T1). Based on the
results of the bioassays conducted under controlled
environment conditions using very high S. endobio-
ticum inoculum pressure, only two of the varieties
constantly showing field resistance to pathotype
18(T1) could be potentially used in the buffer zone,
as, in line with Council Directive 69/464/EEC, they
provided adequate protection against secondary in-
fections by S. endobioticum.

This research was supported by the Hellenic Ministry of
Rural Development and Food.

Is Calonectria pauciramosa established in Por-
tugal? Occurrence in ornamental nurseries and
in public gardens. A.P>. RAMOS', T. VALADA? F.
MAIA?, B. FERREIRA?, M.F. CAETANO?, A. LIMA'.
'LEAF Linking Landscape, Environment, Agriculture
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and Food, Instituto Superior de Agronomia, Universidade
de Lisboa, lapada da Ajuda, 1349-017 Lisboa, Portugal.
*Laboratério de Patologia Vegetal “Verissimo de Almei-
da”, Instituto Superior de Agronomia, Universidade de
Lisboa, Tapada da Ajuda, 1349-017 Lisboa, Portugal. E-
mail: pramos@isa.ulisboa.pt

Muyrtus communis plants, from an historical garden
and from an ornamental nursery, showing severe
symptoms of chlorosis and wilting of growing tips,
root and crown rot, were received for diagnosis in
2016. Cylindrocladium-like isolates were obtained
from roots, crowns, branches and leaves of diseased
plants. Eight representative isolates were selected to
confirm their identity using morphological, cultur-
al and molecular methods. Sporulating cultures on
synthetic nutrient-poor agar, incubated in darkness
at 25°C, had macroconidiophores with stipe exten-
sions terminating in broadly ellipsoidal to obpyri-
form vesicles, with the widest dimension below the
mid-points and a penicillate arrangement of fertile
branches each terminating in 2-6 phialides. Phialides
produced clusters of cylindrical conidia (38.1-64.4 x
3.5-5.4 um), rounded at both ends, 1-sepate (thirty
structures measured). On malt extract agar, the iso-
lates grew faster at 25°C (growth rate 6.3 mm d™)
than at 15°C (3.0 mm d). None of the isolates grew
at 35°C. These features agree with descriptions of
Calonetria pauciramosa. To further confirm the iden-
tity of the fungus, the rDNA-ITS and the p-tubulin
gene regions were amplified. Comparison of the se-
quences with other sequences available in the Gen-
Bank database showed they were identical to the Ca.
pauciramosa 1031-1TS6 isolate from M. communis in It-
aly (AM749819), and to the Ca. pauciramosa CYL1/04
isolate from Polygala myrtifolia in Spain (AY923867).
After the first record of Ca. pauciramosa in Portugal in
2003, our results indicate that the disease may now
be spread in ornamental nurseries as well as in his-
torical gardens.

Spread of Tomato leaf curl New Delhi virus in
Italy: a new challenge for the cultivation of zuc-
chini squash. S. DAVINO', M. LUIGI? S. BERTIN?,
A. MANGLLP, S. PANNO', A. CARUSO', E. TROI-
ANO’, L. OTGIANU*, M. NANNINI‘, G. PAR-
RELLA®, L. TOMASSOLI. "Universita degli Studi di
Palermo, Dipartimento Scienze Agrarie e Forestali, Viale
delle Scienze ED. 5 - 90128 Palermo, Italy. *Consiglio per
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la ricerca in agricoltura e I'analisi dell’economia agraria,
Centro di ricerca Difesa e Certificazione (CREA-DC), Via
C.G. Bertero 22 - 00156 Roma, Italy. *Consiglio Nazionale
delle Ricerche, Istituto per la Protezione Sostenibile delle
Piante (CNR-IPSP), Sede di Portici, via Universitia 133,
Portici, Napoli, Italy. *Agris Sardegna, Servizio Ricerca
Studi ambientali, Difesa delle colture e Qualita delle pro-
duzioni, Viale Trieste 111 - 09123 Cagliari, Italy. E-mail:
sabrina.bertin@crea.gov.it

Tomato leaf curl New Delhi virus (TOLCNDV) is a bipar-
tite begomovirus (family Geminiviridae) that was first
identified in Asia in tomato plants, and then spread
to several countries worldwide. The virus is responsi-
ble for economic damage to cucurbitaceous and sola-
naceous crops. After the virus was first recorded in
Spain (2012) and Tunisia (early 2015), TOLCNDV was
detected in Italy in October 2015. The rapid spread
of the virus through the Mediterranean region was
likely mediated by the vector, Bemisia tabaci. In Italy,
the first TOLCNDV outbreak occurred in Sicily on zuc-
chini squash, and immediately prompted intensified
monitoring in the southern and central regions where
B. tabaci occurs. In summer 2016, TOLCNDV-infected
zucchini plants were found in Sardinia, Campania
and Lazio regions. Phylogenetic analyses of the coat
protein (CP) sequences showed that Italian TOLCNDV
isolates split were in two well-supported groups. A
cluster grouped all isolates from Sicily together with
the reference isolates from Tunisia and Spain and a
few isolates from Campania and Lazio. This cluster
included a subgroup represented by the Sardinian
isolates. The second cluster only included isolates
from Campania and Lazio. These results suggest that
in Sicily at least two independent introductions of
ToLCNDV occurred; the first in 2015 from Spain and
the second in 2016 from Tunisia. The pathogen spread
from Sicily to Sardinia and to Campania and Lazio,
but divergent isolates have been introduced in these
regions through a different route, likely from Spain.

This research was supported by the Italian Ministry of
Agriculture (MiPAAF) in the frame of Project ASPROPI
(Azione a supporto della protezione delle piante), and by
Regione Campania, 2016 Plan of Phytosanitary Action,
URCOFI project.

Deciphering copperresistance in Xanthomonas citri
pv. citri. D. RICHARD"*?, V. RAVIGNE', A. RIEUX',
B. FACON*’, C. BOYER', K. BOYER', P. GRYGIEL,

S. JAVEGNY!, M. TERVILLE!, B. I. CANTEROS®,
I. ROBENE!, C. VERNIERE’, A. CHABIRAND?
O. PRUVOST!, P. LEFEUVRE!. ! CIRAD, UMR PVB-
MT, F-97410 St Pierre, Réunion, France. > ANSES, Plant
Health Laboratory, F-97410 St Pierre, Réunion, France.
3 Université de la Réunion, UMR PVBMT, F-97490
St Denis, Réunion, France. * INRA, UMR PVBMT,
F-97410 St Pierre, Réunion, France. ° INRA, UMR
CBGP, F-34090 Montpellier, France. © INTA, Estacién
Experimental Agropecuaria Bella Vista, Argentina. ’
CIRAD, UMR BGPI, F-34398 Montpellier, France. E-
mail: olivier.pruvost@cirad.fr

Copper-based compounds are widely used in inte-
grated pest management (IPM) programmes aiming
to control important plant bacterial pathogens, which
have adapted in response to this selective pressure.
Copper resistance of Xanthomonas citri pv. citri (Xcc),
a major citrus pathogen worldwide causing Asiatic
citrus canker, was first observed in Argentina two
decades ago, and was subsequently reported as a
copLAB-based, plasmid-encoded system. The emer-
gence of resistant strains has since been reported in
Réunion (South West Indian Ocean) and Martinique
(Eastern Caribbean Sea). Disease severity was mark-
edly increased in groves established with suscepti-
ble cultivars and infected with copper-resistant Xcc.
Using tandem repeat-based genotyping and copLAB
PCR, we demonstrated that the genetic structure of
the copper-resistant strains from these three regions
included two distant clusters, and varied for the de-
tection of copLAB amplicons. We sequenced six cop-
per-resistant Xcc strains from Argentina, Martinique
and Réunion, together with reference copper-resist-
ant Xanthomonas and Stenotrophomonas strains, using
long-read sequencing technology. Genes involved in
copper resistance were found to be strain-depend-
ent, with the novel identification in Xcc of copABCD
and a cus heavy metal efflux resistance-nodulation-
division system. The genes providing the adaptive
trait were part of a mobile genetic element similar to
Tn3-like transposons, and included in a conjugative
plasmid. The mining of all bacterial genomes avail-
able from public databases suggested that the mo-
bile elements containing copper resistance genes and
their plasmid environments were primarily detected
in the Xanthomonadaceae family.

This research was supported by The European Regional
Development Fund (ERDF project number GURDTI 2016-
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1731-0006632) and European Agricultural Fund for Rural
Development (EAFRD), Conseil Départemental de la Ré-
union, Région Réunion, Ftat Frangais, the French Agropo-
lis Foundation (Labex Agro — Montpellier, E-SPACE pro-
ject number 1504-004), ANSES and CIRAD.

Is Xanthomonas citri subsp. citri (Xcc) knocking at
the doors of the Mediterranean region? P. CARU-
SO', R. PAVONE!, C. LICCIARDELLO', M.P. RUS-
SO!, V. CATARA? G. LICCIARDELLO? O. PRUV-
OST®, I. ROBENE’, J. CUBERO?, C. REDONDO? Y.
AYSAN’, R. CETINKAYA-YILDIZ®, S. HORUZ’, A.
URSO?, G. TIMPANARO? 'Consiglio per la ricerca in
agricoltura e 'analisi dell’economia agraria, Centro di
Ricerca per I’Agrumicoltura e le Colture Mediterranee,
Corso Savoia 190, 95024 Acireale, Italy. 2Dipartimento
di Agricoltura Alimentazione e Ambiente, Universita de-
gli Studi di Catania, Via Santa Sofia 100, 95130 Catania.
’CIRAD, UMR Peuplements Végétaux et Bioagresseurs
en Milieu Tropical (PVBMT), 7 chemin de l'irat - 97410
Saint Pierre, La Réunion, France. * INIA, Departamen-
to de Protecciéon Vegetal, Ctra De La Coruna Km 7.5,
28040 Madrid, Spain. °PPD-CU, 01330 Balcali, Sari-
cam - Adana, Turkey. ’BCRI, Kisla Mah. Yuregir - 01321
Adana-Turkey. "Erciyes university Kosk Mahallesi, Talas
Blv., 38030 Melikgazi/Kayseri, Turkey. E-mail: paola.ca-
ruso@crea.gov.it

The Mediterranean region is free of citrus bacterial
canker (CBC), a disease caused by Xanthomonas ci-
tri subsp. citri (Xcc) and X. fuscans subsp. auratifolii
(Xfa). In 2014, EFSA highlighted ornamental ruta-
ceous species (ORS) as a possible pathway for CBC
entry. The ORPRAMed research project is underway
to evaluate the risk of introduction of Xcc and Xfa
through ORS in Europe. ORPRAMed partners are fo-
cusing on ORS not covered by 2000/29EC Directive
through phytopatological, molecular, genetic, detec-
tion and economic approaches. We have analysed
the trade flows in vegetal material for non-food uses.
We have considered the import flows from countries
where Xcc is classified as present. From the UN-
ComTrade dataset (2015), with Code 06, Mediterra-
nean countries reported imports of over 8.7 million
kg from areas where Xcc is present, for an overall
value of $46.0 million. The re-exportation from these
countries of plant material must also be included,
which is estimated at 156,384 kg for a value of $0.276
million. A field survey was also conducted in Turkey,
to exclude the presence of CBC, due to its vicinity to
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infected areas. In the survey carried out in Adana,
Mersin and Hatay provinces, 61 commercial nurs-
eries and approx. 8500 ha of citrus orchards were
screened, and disease symptoms were not observed.
Growers and the nurserymen were also informed
about the possible introduction risk of this severe
citrus disease.

This research is part of the ORPRAMed Project, funded
through the ERA-NET - ARIMNet2 2015 Call (EU FP7
grant no. 618127) by the following funding agencies: MI-
PAAF,; INIA; ANR; GDAR.

Phytophthora capsici emerging simultaneously in
different greenhouse crops in Southeast Spain. M.
DE CARA-GARCIA!, AM. AGUILERA-LIROLA?,
A. PEREZ-HERNANDEZ', I. ESPITIA-VAZQUEZ/,
JM. GOMEZ-VAZQUEZ'. 'IFAPA Centro La Mo-
jonera, Camino de San Nicolds, 1, 04745, La Mojonera,
Spain. °S.C.A. Campoadra, Avda. de la legién espaiiola,
2, 04779, Adra, Spain. E-mail: franciscom.cara@juntade-
andalucia.es

From 2014 to 2017, a general survey of greenhouse
crops in western Almeria province (Spain) was
performed to detect soil-borne pathogens associ-
ated with wilting and/or root and crown rot. Fifty-
three farms with diseased plants were surveyed.
Four symptomatic plants and rhizospheric soils per
greenhouse were sampled and analyzed. Sympto-
matic plants were only observed in sweet peppers
for the first season, but extended to other crops (mel-
on, watermelon, cucumber, tomato and zucchini) in
the following three years. The prevalent pathogen
isolated was Phytophthora sp., showing distinguish-
ing features of P. capsici. Phytophthora sp. was isolat-
ed from 44.1% of pepper greenhouses, 90% of mel-
on greenhouses and 100% of greenhouses with the
other crops. One fourth of the surveyed greenhouses
had been partially or completely flooded before the
occurrence of symptoms and subsequent sampling,
and greater association was noted between symp-
toms and the presence of Phytophthora sp. in these
greenhouses. Wilted plants and Phytophthora sp.
were present in 75% of flooded pepper greenhouses,
80% for melon, and 100% for flooded greenhouses
containing watermelon or zucchini. Mating type was
checked for 57 Phytophthora sp. isolates (obtained
from all the host species). All isolates belonged to the
A1l group. Molecular identification as P. capsici was
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confirmed for 24 isolates by sequencing ITS-rDNA
region. These isolates were inoculated on pepper,
and four on the other plant species. All of the isolates
were pathogenic. These results demonstrate simul-
taneous emergence of P. capsici causing soil-borne
diseases in different economically important green-
house crops in Almeria.

This research was supported by European Regional De-
velopment Fund (ERDF) and European Social Fund (ESF)
through the research project PP.AVA.AVA201601.7 and the
fellowship granted to M. de Cara by IFAPA.

Assessment of the host status of ornamental ruta-
ceous species to Xanthomonas citri pathovars caus-
ing citrus bacterial canker. G. LICCIARDELLO',
O. PROUVOST?, 1. ROUBENE? ]J. CUBERO’, C.
REDONDCQ?, A. CARUSO?, C. LICCIARDELLO®, P.
CARUSOY, V. CATARA'. 'Dipartimento di Agricoltu-
ra Alimentazione e Ambiente, Universita degli Studi
di Catania, Via Santa Sofia 100, 95130 Catania, Italy.
’CIRAD, UMR Peuplements Végétaux et Bioagresseurs
en Milieu Tropical (PVBMT), 7 chemin de l'irat - 97410
Saint Pierre, La Réunion, France. ’INIA, Departamento
de Proteccion Vegetal, Ctra De La Coruna Km 7.5, 28040
Madrid, Spain. *Consiglio per la ricerca in agricoltura
e l'analisi dell’economia agraria, Centro di Ricerca per
I’Agrumicoltura e le Colture Mediterranee, Corso Savoia
190, 95024 Acireale, Italy. E-mail: vcatara@unict.it

Xanthomonas citri pv. citri (Xcc) and X. citri pv. au-
rantifolii (Xca) cause citrus bacterial canker (CBC), a
severe disease responsible for defoliation and fruit
blemish and drop, requirings costly control meas-
ures. Xcc and Xca are quarantine pathogens for the
UE, and are not recorded in the Mediterranean re-
gion. The probability of their entry, via import of or-
namental rutaceous plants, through the commercial
trade and passenger pathways, is rated as likely by
EFSA (2014). To provide useful information for pest
risk assessment, 25 ornamental rutaceous plants in
the genera Atalantia, Balsamocitrus, Clausena, Ere-
mocitrus, Glycosmis, Melicope, Microcitrus, Murraya
and Vespris, not covered by Directive 2000/29EC,
as well as Citrus and Fortunella, were tested for re-
sistance to strains of Xcc (pathotypes A, A* and A")
and Xca (pathotypes B and C), in controlled environ-
ment detached leaf assays. Nine plant species were
presumptively classified as non-hosts, among them
Murraya paniculata. Only M. ovatifoliolata and Eremoc-

itrus glauca were susceptible to all pathotypes. The
remaining species were susceptible at least to one of
the pathotype A strains. Bacterial population densi-
ties ranged from 10° to 10° cfu mL™" in plants showing
HR or no response, and 107 to 10° cfu mL" in plants
showing typical CBC lesions. Crystal violet staining
showed aggregation of citrus canker strains on M.
paniculata leaves similar to that on citrus species but
different to that found for a non-citrus Xanthomonas.
A de novo sequencing of the M. paniculata genome,
already completed, will serve for RN Aseq studies on
both Murraya species.

This research is part of the ORPRAMed (Ornamental Ruta-
ceous Plants Xcc Risk Assessment in Mediterranean) Pro-
ject funded through the ERA-NET - ARIMNet2 2015 Call
(EU FP7 grant no. 618127) by the following funding agen-
cies: MIPAAF, INIA, ANR and GDAR.

Evaluation of the presence of Gnomoniopsis smith-
ogilvyi (syn. castanea) in chestnuts, rootstocks and
grafts of six varieties of chestnut trees. M. CONTT',
J. CROVADORE', B. COCHARD', R. CHABLAIS/,
M. JERMINP, F. LEFORT'. 'Plants and Pathogens
Group, Institute Land Nature Environment, hepia, Uni-
versity of Applied Sciences and Arts Western Switzerland
(HES-50), 150 route de Presinge, 1254 Jussy, Switzer-
land. 2Agrosco;ae, Cadenazzo Research Centre, A Ramél
18, 6593 Cadenazzo, Switzerland. E-mail: francois.le-
fort@hesge.ch.

Gnomoniopsis smithogilvyi is an endophytic fungus,
recently identified in Europe and Switzerland as the
main cause of chestnut brown rot and as a cause of
chestnut canker. The pathogen causes high plant mor-
tality in chestnut nurseries and orchards. The pres-
ence of this fungus and of the chestnut canker agent
Cryphonectria parasitica was assessed in the propaga-
tion material of six chestnut varieties, used by the
Ticino Cantonal Nursery to restore fruit orchards.
Sixty root samples, 41 shoot samples from germinat-
ed chestnuts and 17 chestnut rootstock samples were
analysed, along with 112 samples from 56 rootstock /
graft pairs, to determine whether the pathogen was
transmitted by rootstocks or grafts. DNA extraction
was followed by specific amplification primers for G.
smithogilvyi and C. parasitica. Gnomoiopsis smithogil-
vyi was detected as an endophyte, but C. parasitica
was never detected. Six of the 60 roots analysed from
seed chestnuts were contaminated with G. smithogil-
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vyi (in varieties Liiina, Torcione Nero, Marrone Michel-
angelo, Marrone Lattecaldo and Bouche de Bétizac), as
well as two of 41 shoots from seed chestnuts (Liiina
and Bouche de Bétizac), and two of 17 rootstocks (Liii-
na and Torcione Nero varieties). For 112 samples from
56 rootstock / graft pairs, G. smithogilvyi was found in
12% of the rootstocks and 60% of the grafts. These re-
sults showed low incidence of G. smithogilvyi in root-
stock propagation material, and high contamination
of grafting material in all varieties, and confirm that
G. smithogilvyi is an endophyte.

This research was supported by the strategic research fund
of the University of Applied Sciences and Arts Western
Switzerland.

Characterization of Elsinoé ampelina, the causal
agent of grapevine anthracnose in Brazil. R.F. SAN-
TOS, M. CIAMPI-GUILLARDI, L. AMORIM, N. S.
MASSOLA JUNIOR, M. B SPOSITO. Departamento
de Fitopatologia e Nematologia, Escola Superior de Ag-
ricultura “Luiz de Queiroz”, Universidade de Sdo Paulo,
13418-900 Piracicaba, SP, Brazil. E-mail: ricardofeli-
ciano@usp.br

Anthracnose, caused by Elsinoé ampelina, is an im-
portant disease in vineyards in South and South-
east Brazil, the main grape-producing regions in
the country. This study characterized E. ampelina
isolates associated with grapevine anthracnose in
Brazil through molecular analysis, morphological
characterization and pathogenicity tests. Thirty-nine
E. ampelina isolates were obtained from leaves, stems
and berries with anthracnose symptoms collected in
the Rio Grande do Sul and Sao Paulo States. Fungus
characterization was carried out using molecular
analysis based on ITS, TEF 1-a and HIS3 regions, in
combination with cultural and conidial morphology.
For pathogenicity tests, ten isolates were inoculated
onto Vitis labrusca cv. Niagara Rosada. ITS sequences
showed only two polymorphic sites within the 602
bp sequenced and TEF 1-a sequences were mono-
morphic. However, HIS3 was the most informative
region showing 55 polymorphic sites. Haplotype net-
work analysis based on multilocus alignment (ITS,
TEF 1-a and HIS3) grouped the isolates into seven
haplotypes. Colonies of E. ampelina isolates showed
slow growth (23 to 28 mm diam. at 30 d), variable
colouration and wrinkled texture on PDA medium.
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Conidia were cylindrical to oblong with rounded
ends, hyaline, aseptate, 3.6 to 7.0 um long and 2.0 to
3.4 um wide. Inoculations on ‘Niagara Rosada’ con-
firmed the pathogenicity of all isolates inoculated.
These caused reductions of shoot dry weight by up
to 80%, and severity of leaf disease reached a maxi-
mum of 72%.

This research was supported by Sdo Paulo Research Foun-
dation (FAPESP Projects 2013/24003-9 and 2014 /24472-1).

Genetic and phenotypic diversity of Verticillium
dahliae populations from sunflower in Europe.
A. MARTIN-SANZ!, A. GARCIA-CARNEROS?, S.
RUEDA!, P. MIRANDA-FUENTES? L. MOLINERO-
RUIZ% 'Pioneer Hi-Bred International, Inc., Campus
Dupont — Pioneer, Ctra. Sevilla-Cazalla (C-433) km 4.6,
41309 La Rinconada, Spain. *Department of Crop Protec-
tion, Institute for Sustainable Agriculture (IAS), Spanish
National Research Council (CSIC), Alameda del Obispo
s/n, 14004 Cérdoba, Spain. E-mail: Imolinero@ias.csic.es

The incidence of Verticillium dahline (Vd) affect-
ing sunflower in France, Italy, Spain and countries
around Black Sea has greatly increased in the last
five years, becoming a major constraint for sunflow-
er production in some regions. Twenty Isolates of Vd
collected in these countries, and one from Argentina,
were characterized under a multidisciplinary study.
The isolates were inoculated, by root immersion in
suspensions of conidia, to seven sunflower geno-
types with different phenotypic responses according
to previous experiments. Some of the isolates were
also inoculated onto different hosts (artichoke, egg-
plant, cotton, tomato and lettuce) to determine the
host pathogenicity spectrum of Vd from sunflower.
The vegetative compatibility groups (VCGs) were
determined through complementation between nit
mutants of the fungal isolates and VCG reference
strains. Phenotypic and genetic data indicated that
the isolates from Black Sea countries were distin-
guishable from those from West Europe and Argen-
tina, which could be due to the presence of at least
two different races. Artichoke was very susceptible
to all the isolates and significant crop x Vd isolate in-
teractions were found for disease variables. Ongoing
experiments using SSR reference markers for Vd will
provide extensive information about the molecular
structure of populations from sunflower and the re-
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lationships with populations from other crops. This
study is the first attempt to increase understanding
of the genetics, virulence and phenotypic character-
istics of the Vd isolates affecting sunflower in Europe.

This research was partially supported by grants from the
Spanish Ministry of Economy, Industry and Competitive-
ness (AGL2010-17909 and AGL2016-80483-R) and the Eu-
ropean Regional Development Fund (ERDF).

Identification of two species belonging of Polero-
virus in hot pepper (Capsicum spp.) in Italy: a new
phytosanitary risk. A. TIBERINI', . ADAMS?, A.
FOX?, A. FOWKES?, S. DAVINO’, L. TOMASSO-
LI*. "Universita degli Studi “Mediterranea” di Reggio
Calabria, Feo di Vito, 89121 Reggio Calabria (RC) Italy.
?Food and Environmental Research Agency (FERA), Sand
Hutton, York, UK. *Universita degli Studi di Palermo,
Dipartimento Scienze Agrarie e Forestali, Viale delle Sci-
enze ED. 5, 90128 Palermo, Italy. *Consiglio per la ricerca
in agricoltura e l'analisi dell’economia agraria, Centro
di ricerca per la patologia vegetale, Via C.G. Bertero 22,
00156 Roma, Italy. E-mail: antonio.tiberini@unirc.it

Diseases caused by aphid-borne poleroviruses (ge-
nus Polerovirus, family Luteoviridae) are emerging
threats to the production of important crops. During
the current decade, several first outbreak and sur-
vey studies have been reported for poleroviruses in
Capsicum annuum. In Italy, two simultaneous detec-
tions of Pepper vein yellows virus (PeVYV) occurred
in 2015 in central Italy (Lazio) in hot pepper in open
fields, and southern Italy (Sicily) in greenhouse-
grown sweet pepper. During recent investigations,
hot pepper has been found affected by multiple vi-
ruses, causing a range of symptoms including leaf
yellowing, brittleness, crinkling, mosaic and necro-
sis. Most of the viruses were endemic (Tomato spot-
ted wilt virus, Alfalfa mosaic virus, Broad bean wilt virus
2, Potato virus Y, Pepper mild mottle virus) but Chilli
veinal mottle virus (ChiVMV) and PeVYV were new
for Italy. The concern that other alien viruses could
be introduced through intensive but free exchange
and trade of foreign germplasm has led to the use the
NGS technique to analyse the whole viroma of some
severely symptomatic chilli plants of other Capsicum
spp. A new isolate has been identified sharing high
nucleotide sequence similarity with the putative spe-
cies Pepper yellow leaf curl virus (PYCV) in the ge-
nus Polerovirus, for which taxonomy is under debate

to be considered as new species or a PeVYV strain.
On the basis of preliminary partial genome analysis,
this isolate showed a mosaic sequence related to Pe-
VYV and Tobacco vein distorting virus as previously
reported in the first PYCV outbreak in Israel. This
study aims to clarify the taxonomic position of this
putative Polerovirus.

Range of expansion and genetic diversity of Be-
misia tabaci populations in Italy, under the recent
threat of Tomato leaf curl New Delhi virus spread.
S. BERTIN', G. PARRELLA’>, M. GIORGINI’, M.
NANNINP, S. DAVINO*, M. LUIGI' and L. TOMAS-
SOLI'. 'Consiglio per la ricerca in agricoltura e I'analisi
dell’economia agraria, Centro di ricerca Difesa e Certifi-
cazione (CREA-DC), Via C.G. Bertero 22 - 00156 Roma,
Italy. *Consiglio Nazionale delle Ricerche, Istituto per la
Protezione Sostenibile delle Piante (CNR-IPSP), Sede di
Portici, via Universita 133, Portici, Napoli, Italy. Agris
Sardegna, Servizio Ricerca Studi ambientali, Difesa delle
colture e Qualita delle produzioni, Viale Trieste 111 -
09123 Cagliari, Italy. *Universita degli Studi di Palermo,
Dipartimento Scienze Agrarie e Forestali, Viale delle Sci-
enze ED. 5 - 90128 Palermo, Italy. E-mail: sabrina.ber-
tin@crea.gov.it

After the introduction of Tomato leaf curl New Delhi
virus (TOLCNDV; Begomovirus: Geminiviridae), the in-
sect vector Bemisia tabaci (Hemiptera: Aleyrodidae)
strengthens its harmfulness to the horticultural crops
in the Mediterranean basin. Within the B. tabaci com-
plex, Mediterranean (Med) and Middle East-Asia
Minor 1 (MEAM]1) species (formerly referred to as
biotypes Q and B) are widespread in the endangered
areas, and are regarded as the main vectors responsi-
ble for TOLCNDV transmission. In Italy, B. tabaci has
raised the status of the virus in warm areas, includ-
ing the southern regions, Sicily and Sardinia, and the
north-western coast (Liguria). During the last dec-
ade, the level of Med populations has progressively
increased, and Med displaced MEAML1 in those are-
as where intensive farming occurs. Following ToLC-
NDYV outbreaks in Italy, surveys were carried out to
investigate the infestations of B. tabaci in the affected
areas. TOLCNDV-associated Med populations of B.
tabaci were found to be established in the Lazio re-
gion (central Italy), where begomovirus epidemics
had never occurred and vector presence was thought
to be only occasional. Nevertheless, single and mixed

Vol. 56, No. 2, August, 2017 293



15th Congress of the Mediterranean Phytopathological Union, June 20-23, 2017, Cérdoba, Spain

populations of Med and MEAM1 species were found
in other TOLCNDV-free locations, suggesting that
agro-ecological factors still limit Med outbreaks in
this central region. Further south, in the Campania
region, MEAMI1 has been displaced for a long time
and only Med was found. The spreading pattern and
the genetic diversity of B. tabaci populations are also
under investigation in other regions (Sardinia and
Sicily), in view of their effects on TOLCNDV epide-
miology and disease management.

This research was supported by the Italian Ministry of
Agriculture (MiPAAF) in the frame of Project ASPROPI
(Azione a supporto della protezione delle piante), and by
the Regione Campania, 2016 Plan of Phytosanitary Action,
URCOFI project.

New emerging viruses in pepper crops in Tur-
key. N. BUZKAN', B.B. ARPACI. 'Department of
Plant Protection, Faculty of Agriculture, University of
Kahramanmarag Siit¢ii Imam, 46060 Kahramanmaras,
Turkey. *Kilis Yedi Aralik University, Department of Hor-
ticulture, Kilis, Turkey. E-mail: nbuzkan@gmail.com

In Turkey, pepper (Capsicum annuum) is economically
cultivated in 81,500 ha producing approx. 2-2.5 mil-
lion tons per year. High incidence of yellow dwarfed
pepper plants was observed in major pepper grow-
ing areas from the summer of 2013 onwards. Infected
plants were mostly found in open-field crops, with
symptoms of leaf interveinal yellowing and narrow-
ing, suggestive of polerovirus infections. The fruits
of diseased plants were smaller than normal and
discoloured, resulting in reduced commercial value.
Total RNA was extracted from the infected samples
using Trizol. Two-step reverse transcription poly-
merase chain reaction (RT-PCR) was then performed
with primers Pol-G-F/Pol-G-R designed for univer-
sal detection of poleroviruses. PCR amplicons were
directly sequenced with both primers and subjected
to a BLASTn search to identify which virus species
each presented. Some sequences were similar to that
of Pepper vein yellows virus (PVYV) (9%) and oth-
ers that of Beet western yellows virus (BWYV) (10%)
in the genus Polerovirus. However, some sequence
chromatograms showed double peaks, suggest-
ing mixed infections with Paprika mild mottle virus
(PaMMYV) (Tobamovirus) and Broad bean wilt virus -2
(BBWV-2) (Fabavirus). cDNAs from all samples were
then subjected to RT-PCR using a primer pair spe-
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cific to PAMMYV and a universal primer pair to detect
fabaviruses. BLASTn analysis of the sequenced PCR
amplicons proved the presence of PAMMYV (4%) and
BBWV-2 (6%) for the first time in pepper plants in
Turkey.

This research was partly supported by TUBITAK (113 O
423).

Races of Fusarium oxysporum f. sp. niveum in the
Aydin Province, Turkey. B. GECIOGLU ERINCIK"
M.T. DOKENX ' Adnan Menderes University, Kogarli Vo-
cational School, 09100, Aydin, Turkey. 2Adnan Menderes
University, Faculty of Agriculture, Department of Plant
Protection, 09100, Aydn, Turkey. E-mail:bgerincik@adu.
edu.tr

Fusarium wilt, caused by Fusarium oxysporum f. sp.
niveum (Fon), is a common soil-borne disease in the
watermelon production areas of the Aydin Province
in Turkey. A total of 73 pathogenic Fon isolates were
sampled from that Province in 2010 and 2011. Races
of Fon isolates were determined using the differen-
tial watermelon cvs ‘Sugar Baby’, ‘Charleston Gray’,
‘Calhoun Gray’ and ‘PI-296341-FR’. Two-week-old
seedlings of the cultivars were root-dipped in spore
suspensions (1 x 10° microconidia mL" of each iso-
late. Plants were incubated in a growth chamber and
evaluated for the presence of disease symptoms (yel-
lowing, vascular discolouration, and wilting) at 14d
after inoculation. Three races of Fon were detected
from the Aydin Province. Among of 73 isolates, 21
were designated as race 0, 27 as race 1 and 25 and as
race 2. No race 3 isolates were identified.

This research was supported by the Scientific Reseach
Fund of Adnan Menderes University through the project
no: ZRF-12011.

Polyphasic characterization of Ralstonia solan-
acearum strains isolated in Spain from different ge-
ographical origins. P. CARUSO', E.G. BIOSCA? E.
BERTOLINT, E. MARCO-NOALES*, M.T. GORRIS?,
C. LICCIARDELLO!, M.M. LOPEZ*. 'CREA-Centro
di ricerca per I'agrumicoltura e le colture mediterranee
(CREA-ACM), Corso Savoia, 190 — 95024 Acireale (Cat-
ania) Italy. *Departamento de Microbiologia y Ecologia,
Universitat de Valéncia, Av. Dr. Moliner 50, 46100-Bur-
jassot, Valencia, Spain. 3Departamento de Fitossanidade,
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Faculdade de Agronomia, Universidade Federal do Rio
Grande do Sul (UFRGS), Avenida Bento Gongalvez 7712,
91540-000 Porto Alegre, Brazil. * Centro de Proteccién
Vegetal y Biotecnologia, Instituto Valenciano de Investi-
gaciones Agrarias (IVIA), Carretera Moncada-Ndquera
Km 4.5, 46113-Moncada, Valencia, Spain. E-mail: paola.
caruso@crea.gov.it

Potato brown rot and bacterial wilt are caused
by the bacterium Ralstonia solanacearum, that at
global level is one of the world’s most important
phytopathogenic bacteria. An extensive survey
revealed presence of this quarantine pathogen in
some Spanish regions. We report the characteriza-
tion and intraspecific diversity of a selection of 48
R. solanacearum strains isolated in Spain, from dif-
ferent sources and geographical origins. Pheno-
typic and genotypic analyses were performed by a
polyphasic approach, to evaluate the influence of
site and host on strain diversity. All the strains were
compared using biochemical and metabolic pro-
files, and serological relationships were evaluated
by Indirect-ELISA using polyclonal and monoclo-
nal antibodies. Molecular analyses included partial
sequence analysis of hrpB and egl genes, repetitive
sequences (rep-PCR), amplified fragment length
polymorphism (AFLP) profiles and macrorestric-
tion with Xbal and Spel followed by pulsed field gel
electrophoresis (PFGE). Biochemical and metabolic
characterization showed that all analysed strains
belonged to phylotype II sequevar 1, and shared
homogeneous profiles. Strain homogeneity was
confirmed by serological tests, rep-PCR typing and
phylogenetic analysis. However, differences among
strains were found by AFLP and PFGE techniques,
some profiles being related to the geographical ori-
gins of the strains. Our results support the hypoth-
esis that several clones of the pathogen have been
introduced into Spain.

First report of cobweb disease on shiitake and
oyster mushrooms in Spain caused by Cladobot-
ryum dendroides and C. mycophilum. FJ. GEA',
M.J. NAVARRO', L.M. SUZ?. Centro de Investigacion,
Experimentacion y Servicios del Champifion (CIES),
16220 Quintanar del Rey, Cuenca, Spain. *Comparative
Plant and Fungal Biology, Royal Botanic Gardens, Kew,
Richmond Surrey TW9 3DS, UK. E-mail: fjgea.cies@
dipucuenca.es

Several species of Cladobotryum cause cobweb dis-
ease in mushroom-growing countries worldwide.
Recently, C. mycophilum was detected in Agaricus
bisporus (white button mushroom) and Pleurotus
eryngii (king oyster mushroom) crops from Castilla-
La Mancha (Spain). In 2016, symptoms of cobweb
were also observed on Lentinula edodes (shiitake) and
Pleurotus ostreatus (oyster mushroom) crops. The dis-
ease appeared at the end of the shiitake crop cycle,
first on the substrate before spreading to the nearest
fruit bodies by means of a fine grey-white mycelium.
In oyster mushroom crops, cobweb appeared on
fruit bodies at the end of the crop cycle. Eight isolates
of Cladobotryum recovered from the substrate and
diseased fruit bodies of shiitake, and two isolates
from diseased oyster fruit bodies, were used to iden-
tify the cobweb causal agent. Genomic DNA from
the fungal cultures was isolated, and the ITS DNA
barcode region was amplified and sequenced. The
obtained sequences were combined with sequences
from Cladobotryum spp. isolated from different ed-
ible mushroom crops for phylogenetic analysis.
Cladobotryum dendroides was identified as the cause
of cobweb in shitake, and C. mycophilum in oyster
mushroom. Pathogenicity tests on fruit bodies of
shiitake were performed using conidial suspensions
of two C. dendroides, and two C. mycophilum isolates
on oyster mushroom. Cladobotryum dendroides and
C. mycophilum were re-isolated from the inoculated
fruit bodies, while the control mushrooms remained
symptomless. This is the first report of C. dendroides
and C. mycophilum causing cobweb in shiitake and
oyster mushroom in Spain.

This research was supported by Project E-RTA2014-
00004-C02-01 (Instituto Nacional de Investigacién y Tec-
nologia Agraria y Alimentaria, INIA, Spain), the European
Regional Development Fund (ERDF) and by the Royal Bo-
tanic Gardens, Kew (London, UK).

Phytophthora mekongensis and P. prodigiosa, two
new species associated with citrus in Vietnam. M.
EVOLIY, F. LA SPADA!, F. ALOI', B. SCANU®, D.
RUANO-ROSA?, M. HORTA JUNG®, S. WRIGHT’,
A. PANE', GE. AGOSTEQ?, L. SCHENA?, G. MAG-
NANO DI SAN LIO? T. JUNG%, S.0. CACCIOLA".
"Department of Agriculture, Food and Environment, Uni-
versity of Catania, Catania, Italy. *Dipartimento di Agrar-
ia, Universita Mediterranea di Reggio Calabria, Localita
Feo di Vito, 89122 Reggio Calabria, Italy. *Dipartimento di
Agraria, University of Sassari, Viale Italia 39, 07100 Sas-

Vol. 56, No. 2, August, 2017 295



15th Congress of the Mediterranean Phytopathological Union, June 20-23, 2017, Cérdoba, Spain

sari, Italy. *Department of Crop Protection, Institute for
Sustainable Agriculture (IAS), Spanish National Research
Council (CSIC), Alameda del Obispo s/n, P.O. Box 4084,
14080 Cérdoba, Spain. *Phytophthora Research Center,
Mendel University, Zemedelska 1, 613 00 Brno, Czech
Republic. *Phytophthora Research and Consultancy, Am
Rain 9, 83131 Nufdorf, Germany. "Department of Elec-
tronics, Mathematics and Natural Sciences, University of
Gavle, Gavle, Sweden. E-mail: olgacacciola@unict.it

Two new Phytophthora species were found to be as-
sociated with brown rot of pomelo (Citrus grandis)
and root rot of trees of ‘King’ mandarin (Citrus no-
bilis) and pomelo in the Mekong River Delta area od
Vietnam. The two species were characterized from
morphological traits, and using the ITS1-5.8S-ITS2
region of the rDNA and the cytochrome oxidase sub-
unit 1 (COI) as barcode genes. One of the two spe-
cies clustered in the Phytophthora Clade 2 and was
designated as P. mekongensis. It was closely related
to, but distinct from, P. meadii and produced papil-
late, often bi- and tri-papillate, caducous sporangia.
The second species resided in Clade 9 and was des-
ignated as P. prodigiosa. It was closely related to, but
distinct from, P. insolita, and like P. insolita produced
non-papillate, internally and externally proliferating,
persistent sporangia, chlamydospores and hyphal
swellings with bizarre shapes. In pathogenicity tests,
both species induced fruit brown rot on various cit-
rus species. In contrast, only P. mekongensis induced
typical symptoms of Phytophthora gummosis on ar-
tificially inoculated citrus trees. Phytophthora mekon-
gensis can be regarded as an aggressive pathogen of
citrus, while P. prodigiosa, although quite common as
a soil inhabitant in citrus groves of the Mekong River
Delta area, is likely to be an opportunistic pathogen.
This is the first report of a Phytophthora species from
Clade 2 other than P. citricola and P. citrophthora, as
causal agents of citrus diseases worldwide and the
first report of a species in Clade 9 in Vietnam.

This research was funded by an initiation grant of STINT
(The Swedish Foundation for International Cooperation
in Research and Higher Education) and the Project SA-
MAGRUMI (Sensori Ambientali per il Miglioramento
della Qualita delle Produzioni Agrumicole}—PO. FESR
2007-2013-Sicily.

First Report of ‘Candidatus Liberibacter solan-
acearum’ in carrot in Italy. V. CATARA, G. LIC-
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CIARDELLO, M. LINGUAGLOSSA, F. SALONIA,
C. RAPISARDA, R. LA ROSA, , G.E. COCUZZA
MASSIMINO. Dipartimento di Agricoltura Alimentazi-
one e Ambiente, Universita degli Studi di Catania, Via
Santa Sofia 100, 95130 Catania, Italy. E-mail: vcatara@
unict.it

In Europe, ‘Candidatus Liberibacter solanacearum’
has been found, with its various psyllid vectors, as-
sociated to members of the family Apiaceae, includ-
ing carrot, celery and parsnip. Symptoms on carrot
plants include leaf yellowing or purpling, stunting
and hairy growth of secondary roots. No such prob-
lems were reported by carrot growers to date in a
large area of cultivation in Sicily (Southern Italy).
Nevertheless, a survey was undertaken in spring
2017, due to the report of ‘Ca. Liberibacter solan-
acearum’ associated to carrot in countries border-
ing the Mediterranean Sea, such as France, Greece,
Spain, Israel and Morocco. Leaves showing yellow-
ing and purple discoloration were observed in three
out of five carrot fields visited, although with a very
low incidence. Total DNA was extracted from petiole
tissues of symptomatic and asymptomatic plants us-
ing the DNeasy Plant Mini Kit-Qiagen. DNA extracts
positive for ‘Ca. L. solanacearum’ by real-time PCR
with the Lso-HLBp-HLBr primer-probe set, and with
cycle threshold values between 21.75 and 36.59, were
obtained from three field carrot samples. Positive
amplifications for ‘Ca. L. solanacearum’ were also
obtained by conventional PCR using primer pairs
LsoF/OI2¢ targeting a portion of the 16S rDNA.
Amplicons obtained from the PCR assays were di-
rectly sequenced (BMR, Italy). BLAST analysis of
the 16S rDNA sequences (approx. 1000 bp) showed
99% nucleotide identity with ‘Ca. L. solanacearum’
strains amplified from carrot in Finland (GenBank:
GU373048.1). To our knowledge, this is the first re-
port of ‘Ca. L. solanacearum’ in Italy. Numerous
psyllids (Hemiptera), presently under identification,
have been also collected in the investigated fields.

Exploring the potential invasiveness of Hymenos-
cyphus fraxineus in Mediterranean mountains. C.
AGLIETTI, F. CANTINTI, P. CAPRETTI', N. LUCHP,
S. PAPINT!, A. SANTINI? L. GHELARDINI"*. 'De-
partment of Agrifood Production and Enviromental sci-
ences (DiSPAA), University of Florence, Piazzale delle
Cascine 18, 50144, Firenze, Italy. ’Institute for Sustain-
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able Plant Protection-National Research Council (IPSP-
CNR), Via Madonna del Piano 10, I-50019, Sesto Fioren-
tino, Firenze, Italy. E-mail: luisa.ghelardini@unifi.it

Hymenoscyphus fraxineus is an aggressive Ascomy-
cete that quickly invaded Central and Northern
Europe, causing dieback in Fraxinus excelsior and F.
angustifolia. The fungus was recently discovered in
the Northern Apennines, currently the southernmost
recorded disease focus. The pathogen’s potential to
adapt and spread in Mediterranean mountains is
unknown. Tests were carried out to ecologically and
genetically characterize the population in the Italian
Apennines. In vitro growth tests were performed to
understand the population’s reaction to warm sum-
mer temperatures that might limit fungal growth
or survival in the Mediterranean mountains. These
tests on leaf enriched media were performed to un-
derstand how leaf age influences mycelial growth,
providing circumstantial evidence about the rela-
tionship between host phenology and fungal infec-
tion, which might change with climate either impair-
ing or increasing disease development. Vegetative
compatibility between local and non-local isolates
of the fungus was also assessed, to determine the
population’s genetic variability. A number of isolates
had optimum growth temperatures above 20°C, the
most common value also in Central-European popu-
lations. All isolates resumed growth with no appar-
ent damage after prolonged thermal stress. Large
genetic variability was found in the population that,
with tolerance to warm temperature, may increase
the population’s potential to adapt to the Mediterra-
nean environment. The competence of host leaves to
support fungal growth was maximum in late spring
declining during summer. Synchronization between
optimal sporulation pressure and leaf receptivity in
this climate will affect the capacity of the pathogen
to become invasive in this area.

New emerging viruses in the genus Polerovirus in
vegetable growing areas in Turkey. N. BUZKAN',
B.B. ARPACP, F. YARALP,, M. KOC? A. APALAK’.
"Department of Plant Protection, Faculty of Agricul-
ture, University of Kahramanmarag Siitcii Imam, 46060
Kahramanmarag, Turkey. 2Kilis Yedi Aralik University,
Department of Horticulture, Kilis, Turkey. *Directorate of
Provincial Food Agriculture and Livestock, Kilis, Turkey.
E-mail: nbuzkan@gmail.com

There are 17 formally accepted virus species in the
genus Polerovirus (Luteoviridae) (ICTV released in
2014). Two poleroviruses, Pepper vein yellows virus
(PVYV) and Beet western yellows virus (BWYV) were
recently detected in field-grown pepper plants in
Turkey. During an extensive survey in June 2015,
symptoms including chlorosis of young leaves and
bright yellow colour of older leaves, suggestive of
polerovirus infections, were observed in plants of
spinach (Spinacia oleracea), muskmelon (Cucumis
melo), cuacumber (Cucumis sativus), lettuce (Lactuca sa-
tiva), field bean (Phaesolus vulgaris), summer squash
(Cucurbita pepo var. pepo) and broad bean (Vicia faba)
in some provinces of the eastern Mediterranean and
Southeast Anatolia regions. Leaf tissues from symp-
tomatic plants were first tested in DAS-ELISA for
the presence of poleroviruses, then in RT-PCR to
amplify a 1.1-kb portion of the polerovirus genome
with the general polerovirus primer pairs. PCR am-
plicons were subsequently sequenced and subject to
a BLASTn search to identify the polerovirus species.
According to multiple alignment of the obtained nu-
cleotide sequences from RdRp region, some broad
bean isolates showed nucleotide identity to Cucurbit
aphid-borne yellows virus (CABYV) and Chickpea chlo-
rotic stunt virus (CpCSV) isolates. Broad bean and
squash isolates also had nucleotide identity with
BWYYV isolates from Capsicum annuum plants from
Turkey (HE978259.1). To our knowledge, this is the
first report in Turkey of CpCSV and CABYV in broad
bean, and BWYV in broad bean and squash plants..
CABYYV infection in broad bean is also the first global
record of this association.

This research was partly supported by TUBITAK (113 O
423).

Daylily rust (Puccinia hemerocallidis), a new dis-
ease of Hemerocallis spp. in Europe that entered
through the West. P. TALHINHAS, R. CARVALHO,
E. SILVA, J.P. MELO E ABREU, A. MONTEIRO, A.P.
RAMOS. LEAF-Linking Landscape, Environment, Agri-
culture and Food, Instituto Superior de Agronomia, Uni-
versidade de Lisboa. Tapada da Ajuda, 1349-017 Lisboa,
Portugal. E-mail: ptalhinhas@isa.ulisboa.pt

Daylilies (Hemerocallis spp.) are garden plants appre-

ciated for their dense and bright green foliage and
their long flowering periods. While originating from
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East Asia, they are adapted to diverse climates, from
the tropics to high latitudes, and very many cultivars
are available in catalogues. Daylily rust (Puccinia
hemerocallidis) also originated in East Asia, and was
reported in Oceania, Africa and the Americas in the
early years of the 21* century. The European Plant
Protection Organisation has listed this fungus in the
“EPPO A1 List of pests recommended for regulation
as quarantine pests”, and recognised the existence
of routes for its potential introduction into Europe.
Starting in November 2015, rust symptoms were ob-
served on daylily plants in several gardens in Portu-
gal, in the Lisbon area and in the Algarve region, as
well as in Madeira island, attaining high prevalence,
incidence and severity. In cool climates in Europe the
disease cycle is naturally broken in the absence of the
aecial host (Patrinia spp.), because daylilies lose their
leaves and urediniospores are not able to survive.
However, in Mediterranean conditions, most Hemero-
callis spp. genotypes retain their leaves, providing
conditions for the maintenance and multiplication of
inoculum. The relevance of this disease for European
ornamental horticulture industry and its potential
spread according to agroecological conditions will
be discussed.

This research was supported by the Project PTDC/BIA-
MIC/1716/2014 (Fundagao para a Ciéncia e a Tecnologia,
Portugal).

Integrated management of almond witches’ broom
in endemic areas: does grafting represent a promis-
ing control measure? P. TAWIDIAN, Y. ABOU-JAW-
DAH. Department of Agriculture, Faculty of Agricul-
tural and Food Sciences, American University of Beirut,
Beirut 1107 2020, P.O.Box 11-0236 / (AGSC), Riad El-
Solh, Lebanon. E-mail: abujawyf@aub.edu.lb

Almond witches’” broom (AImWB), caused by “Can-
didatus Phytoplasma phoenicium”, is an invasive
disease infecting almond peach and nectarine. In
Lebanon, the disease spread rapidly leading to death
or complete yield loss of over 200,000 trees. Severe
yield losses were also reported in Iran. Planting re-
sistant varieties would be the best approach for en-
vironmentally sound management of the disease.
Since resistant or tolerant almond cultivars have not
yet been identified, grafting on resistant non-host
stone fruit rootstocks was assessed. Preliminary field
results showed that no symptoms develop on the
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growth emerging from apricot or plum scions graft-
ed on severely infected almond trees, for more than
2 years post-grafting with one exception: one of the
apricot cultivars, initially developed symptoms but
recovered 2 months later and remained symptomless
thereafter. Preliminary results from greenhouse tri-
als showed that when AImWB-infected scions were
grafted on plum and apricot seedlings, they devel-
oped symptomless shoots, except in one case which
recovered after 3 months. One year post-grafting the
phytoplasma was not detected by PCR in almond
grafted on two out of three plum cultivars, and in
one apricot cultivar out of the two tested. Results of
real time PCR (qPCR) showed significant reductions
of phytoplasma titre in the recovered tissue as com-
pared to titres before recovery. These preliminary
grafting results look promising, and long term field
trials are planned in phytoplasma infested regions.
Further studies are recommended to unveil the
physiological /molecular mechanisms underlying
the recovery phenomenon, which may pave the way
for effective curative control measures.

This work was partially supported by a joint project (AID
9627) between the Ministry of Agriculture, the Italian co-
operation and the Association of Volunteers in Interna-
tional Service (AVSI) and project LNCSR 03-06-14 of The
Lebanese National Council for Scientific Research.

A deep characterization of Grapevine Pinot Gris
Virus by molecular and ultrastructural approaches.
G. TARQUINI}, G.L. BIANCHI? F. DE AMICIS? M.
MARTINI}, A. LOSCHI}, G. FIRRAO!, N. LOL, R.
MUSETTI', P. ERMACORA'. 'Department of Agricul-
tural, Food, Environmental and Animal Sciences. Uni-
versity of Udine. via delle Scienze, 206, 1-33100 Udine,
Italy. ’ERSA, Plant Protection Service. via Sabbatini, 5,
1-33050 Pozzuolo del Friuli, Udine, Italy. E-mail: giulia.
tarquini@spes.uniud.it

In 2003, an emergent disease characterized by symp-
toms of stunting and chlorotic mottling and deforma-
tion of leaves, has been reported in several grapevine
varieties in different regions of Northern Italy. A new
Trichovirus, named Grapevine Pinot gris virus (GPGV),
was discovered in 2012 using an NGS approach. De-
spite increasing reports worldwide, the aetiology of
GPG-disease is still unclear, since the virus was de-
tected both in symptomatic and asymptomatic sam-
ples. The GPGV morphological and genetic charac-
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teristics were investigated, to allow differentiation
of virus isolates associated with symptomatic plants
from those associated with asymptomatic plants.
Ultrastructural observations and immunogold label-
ling detected filamentous flexuous viruses in phlo-
em parenchyma cells, which also contained enlarged
mitochondria, and vesicles hypothetically associated
with endoplasmic reticulum alterations. No cyto-
logical differences were observed between sympto-
matic and asymptomatic tissues. Genome sequences
of nine GPGV isolates from Friuli Venezia Giulia
were obtained by Sanger sequencing and subjected
to phylogenetic analysis, together with those avail-
able in GenBank. Results showed that GPGV isolates
from asymptomatic plants clustered in a distinct
clade, whereas isolates associated with symptomatic
grapevines showed greater diversity. Further analy-
sis of the sequence dataset highlighted features such
as recombination breakpoints in the RdRp gene and
a positively selected codon site in the CP gene. These
analyses may assist understanding the population
structure of the virus and the temporal dynamics of
its interaction with hosts, although further studies
are required to clarify the significance of these evo-
lutionary events in the expression of disease symp-
toms.

This research was supported by Regione Friuli Venezia Gi-
ulia (CUP: F22115000110002).

A new race of Fusarium oxysporum f£. sp. lactucae
that causes Fusarium wilt of lettuce. S. FRANCO
ORTEGA', G. GILARDI', P.CJ VAN RIJSWICK?,
G.ORTU!, M.L. GULLINOY, A. GARIBALDI"
'!AGROINNOVA, Centre of Competence for Agro-Envi-
ronmental Innovation, University of Torino, Largo Paolo
Braccini 2, 10095, Grugliasco, Torino, Italy. 2DISAEFA,
University of Torino, Largo Paolo Braccini 2, 10095 Grug-
liasco, Torino, Italy. 3National Plant Protection Organiza-
tion, National Reference Centre, P.O. Box 9102, 6700 HC
Wageningen, The Netherlands. E-mail: sfrancoo@unito.it

Fusarium oxysporum f£. sp. lactucae, the causal agent
of Fusarium wilt of lettuce (Lactuca sativa L.) oc-
curs in most countries in which lettuce is grown,
and causes serious economic losses. Three races (1,
2, and 3) of the pathogen have been previously de-
scribed, based on their ability to cause disease on
differential lettuce cultivars as well as by molecular

tools developed to characterize different races of this
pathogen. Only race 1 has been detected in Europe.
Two isolates of Fusarium oxysporum, obtained from
lettuce plants grown in the Netherlands showing
symptoms of wilt, were characterized in this study,
by combining pathogenicity tests using differential
cultivars and molecular assays. Phylogenetic analy-
sis of elongation factor 1-alpha (EF1-a) gene and in-
tergenic spacer region (IGS region), IGS-Restriction
Fragment Length Polymorphism (RFLP) and Inter-
Retrotransposons Amplified Polymorphisms (IRAP)
using primers designed within the LTRs of the Skippy
element and LTRs of Han solo-LTR retrotransposons,
were carried out to determine whether the isolates
were different from the known races of Foxysporum
f. sp. lactucae. This is the first report of F. oxysporum f.
sp. lactucae in Netherlands, and identifies a new race
of F oxysporum f. sp. lactucae using the IRAP tech-
nique. The primers FPUF and FPUR were designed
based on a polymorphic band of the IRAP specific
for the two Dutch isolates determined as a new race
the pathogen.

This project was supported from the EU Horizon 2020 re-
search and innovation programme under grant agreement
no. 633999 (EMPHASIS).

Plectosphaerella species as new pathogens of bas-
il and parsley cultivation. M.L. RAIMONDO, A.
CARLUCKCI. Department of Science of Agriculture, Food
and the Environment, University of Foggia, Via Napoli
25, 71122 Foggia, Italy. E-mail: antonia.carlucci@unifg.it

Since 2012, several basil and parsley samples collect-
ed from local markets in Foggia province (South Ita-
ly) were subjected to laboratory analyses to ascertain
the main fungal pathogens occurring. The sampling
consisted of young parsley and basil plants showing
leaf yellowing, necrotic lesions on stems, collars and
roots, and in some cases stunting of the entire plants.
Mycological analyses revealed mainly a common
presence of fungal isolates belonging to Plectosphaerel-
la genus. Morphological and molecular studies iden-
tified four different species of Plectosphaerella includ-
ing P. cucumerina, P. pauciseptata, P. plurivora and P.
ramiseptata. To understand the pathogenic roles of
these Plectosphaerella species, and another five ref-
erence species (P. alismatis, P. citrulli, P. delsorboi, P.
melonis and P. oratosquillae), pathogenicity tests were
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performed in vitro and in vivo, using basil cv. ‘Na-
poletano’ and parsley cv. ‘Gigante di Napoli’. Patho-
genicity tests were carried out on detached leaves (in
vitro conditions), and on 30-d-old basil and parsley
plants grown in plots in a greenhouse (in vivo con-
ditions). All four species isolated during this study
caused symptoms both on basil and parsley leaves
and on young plants, although producing different
symptoms (necrotic spots, parenchimatic patches,
hydropic areas, collar and root disclorations) and at
disease severities. Plectosphaerella ramiseptata was the
most aggressive species. To our knowledge, this is
the first report of P. cucumerina, P. pauciseptata and P.
ramiseptata on parsley, and the first report of P. pauci-
septata, P. plurivora and P. ramiseptata on basil.

Occurrence of Xanthomonas campestris pv. campes-
tris isolates on wheat in Algeria. This pathosystem
has never been seen. B. KHENFOUS-DJEBARI!, M.
KERKOUD?, C. BRAGARD?, Z. BOUZNAD'. 'Labo-
ratoire de Phytopathologie et Biologie Moléculaire, départe-
ment de Botanique, ENSA EI Harrach, Alger, Algérie. *Di-
agGene, 8, Rue le N6tre 49066 Angers, France. 3Appliedmi—
crobiology-Phytopathology, Earth&Life Institute, Univer-
sité catholique de Louvain. E-mail: b.djebari@ensa.dz

In a study of diseases caused by Xanthomonas trans-
lucens in Algerian wheat plots, two isolates were ob-
tained, X7 in 2010 and X14 in 2011. Although they
were morphologically identical on yeast dextrose
chalk agar and nutrient agar,they were shown to
differ rom other isolates when sequencing was per-
formed on the housekeeping genes gyrase subunitB
(gyrB), RNA polymerase sigma factor(rpoD), Chaper-
one protein DnaK (DnaK) and ATP synthase subunit
beta (atpD). The sequences obtained for the different
genes closely link the isolates to Xanthomonas campe-
stris pv. campestris and pv. Raphaani, with similarity
indices of 98 to 99%. A pathogenicity test performed
by inoculation onto the sensitive wheat cv. Acsad
885 (Ramada) at the three-leaf seedling stage, and by
dip-inoculation, in order to fulfill all Koch’s postu-
lates, was completed by inoculation of three cabbage
cultivars (Chou de Milan de pontoise, Chou Milan
gros de vertus and Lucien Clause chou rouge téte
noire) and one cauliflower cultivar boule de neige).
Similar to that described for X. c¢. pv. campestris on
Brassicaceae, characteristic symptoms of black rot
and V-shaped necrotic leaf lesions and blackening of
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vascular tissues were obtained on the four cultivars,
while inoculated wheat seedlings showed water
soaked lesions and necrotic to black lesions.

Genome analysis: applications to plant
health

Experimental evolution in the fungal pathogen
Fusarium oxysporum to study mechanisms of ge-
nome plasticity and host adaptation. C. LOPEZ-
DIAZ', D. HAZAL AYHAN?, J.J. GINES-RIVAS', 1.
OKEKE-INFANTE', LI-JUN MA? A. DI PIETRO!
!Department of Genetics, University of Cérdoba, Spain.
leniversity of Massachusetts, Amherst, USA. E-mail:
g02lodic@uco.es

Filamentous plant pathogens undergo rapid evolu-
tion, leading to shifts or expansions in host ranges.
The Fusarium oxysporum species complex collectively
causes vascular wilt in more than a hundred differ-
ent crops, provoking severe losses in global agricul-
ture. The evolutionary mechanisms underlying host
adaptation and host range dynamics in this patho-
gen remain poorly understood. We followed an
experimental evolution approach, involving serial
passages of the tomato pathogenic isolate Fol 42-87,
either through plants or on artificial media plates. In-
dependently evolved populations obtained after ten
consecutive passages displayed notable phenotypic
differences with respect to the initial clonal isolate.
These included alterations in growth, sporulation
and virulence. Four of the five plate-passaged pop-
ulations had reduced virulence on tomato plants.
Resequencing of the evolved populations revealed
the presence of segmental duplications and dele-
tions, particularly in the transposon-rich lineage-
specific regions of the genome. In addition, single
nucleotide changes and small Indels were detected
in the evolved lines, some of which affected genes
with known functions in fungal development and
virulence. Collectively, our findings suggest that
chromosome plasticity acts as a major evolutionary
driver in F. oxysporum, and provide new insights into
the genetic mechanisms underlying host adaptation
in this important fungal pathogen.

This research was supported by the Project BES-2014-
070450 (Ministerio de Economia y Competitividad, MINE-
CO, Spain) and a Burroughs Welcome Investigator Award.
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Genome size variability across fungi and the oc-
currence of very large genomes among rust fungi.
P. TALHINHAS"’, A.P. RAMOS', S. TAVARES"*?,
M.C. SILVA'?, J. LOUREIRO*, M. COELHO". 'LEAF-
Linking Landscape, Environment, Agriculture and Food,
Instituto Superior de Agronomia, Universidade de Lisboa.
Tapada da Ajuda, 1349-017 Lisboa, Portugal. *Centro de
Investigacio das Ferrugens do Cafeeiro, Instituto Supe-
rior de Agronomia, Universidade de Lisboa, Quinta do
Marqués, 2780-505 Oeiras, Portugal. *Section for Plant
and Soil Science, Department of Plant and Environmen-
tal Sciences, Faculty of Science, University of Copenha-
gen, Frederiksberg Copenhagen, Denmark. *CFE, Centre
for Functional Ecology, Department of Life Sciences, Uni-
versity of Coimbra, 3001-401 Coimbra, Portugal. *UC-
IBIO-REQUIMTE, Departamento de Ciéncias da Vida,
Faculdade de Ciéncias e Tecnologia, Universidade NOVA
de Lisboa, Quinta da Torre, 2829-516 Caparica, Portugal.
E-mail: ptalhinhas@isa.ulisboa.pt

The completion of genome sequencing for some rust
fungi indicates a link between biotrophic specialisa-
tion and genome size expansion. The measurement
of genome sizes for 60 rust fungi, using flow cytome-
try, has revealed some of the largest genomes among
fungi, with nine rust species with haploid genomes
between 300 and 893 Mbp. The genome of Uromy-
ces appendiculatus was 652 Mbp, Phakopsora pachyrhizi
716 Mbp, U. transversalis746 Mbp, Hemileia vastatrix
772 Mbp, and Gymnosporangium confusum 893 Mbp.
The genome of U. bidentis, was 2489 Mbp. The over-
all average of the 60 rust fungi was ca. 380 Mbp.
Genome size information is available for over 1800
fungal species, either arising from flow cytometry,
genome sequencing, or other methods. This reveals
an overall average of 44 Mbp. Departing from our
genome size measurements of Pucciniales fungi, in
this work we analyse genome size variability across
representatives of the entire fungal phylogeny and
attempt to relate such variations with relevant bio-
logical and genomic traits (e.g. life style, sexuality,
nutrient use, composition in transposable elements).
The analysis of genome size variation can unveil
clues suggesting polyploidisation events or trans-
posable elements activity of evolutionary/adaptive
relevance. Such traits can be associated with repro-
duction strategies (sexual, asexual, parasexual and/
or rare sexual) and substrate utilization (saprobic,
mutualistic, obligate/facultative pathogenic, bio-
trophic/necrotrophic, and combinations of these).

This research was supported by the Project PTDC/BIA-
MIC/1716/2014 (Fundag&o para a Ciéncia e a Tecnologia,
Portugal).

UV damage repair in the Fusarium species complex.
S. MILO-COCHAVI, S. COVO. Department of Plant
Pathology and Microbiology, Robert H. Smith Faculty of
Agriculture, Food and Environment. Hebrew University,
Israel. E-mail: shay.covo@mail.huji.ac.il

Fungal plant pathogens are exposed to various
sources of DNA damage that can cause cell death
and genome instability. Recent genome resequenc-
ing projects demonstrated high degrees of genome
instability in fungal plant pathogens, suggesting
poor DNA repair capacity. However, we found that
the major fungal plant pathogens are equipped with
various redundant DNA repair genes. We have fo-
cused on the Fusarium species complex that causes
severe diseases in crops throughout the Mediterra-
nean region. This complex has a diverse host range,
and causes wilt, fruit deformation and head blight
diseases. Preliminary results showed that while the
soil-borne pathogen F. oxysporum survived sunlight
exposure to a great extent, the foliar pathogen F.
mangiferae was sensitive. We recapitulated the sun
exposure sensitivity results by UVC irradiating
both species. Sequence comparison of the most im-
portant UV damage repair genes between F. oxyspo-
rum and F. mangiferae failed to reveal a major differ-
ence. In contrast, F. mangiferae is more resistant to
the methyl methanesulphonate (MMS), indicating
that its base excision repair capacity is greater. RNA
sequencing of both species revealed strong tran-
scriptional response to DNA damage. Unlike Sac-
charomyces cere-visine, Fusarium species show over
expression of the nedd8 pathway in the context
of nucleotide excision repair, but lack activation
of the ribonucleotide reductase pathway. There is
no evidence for low capacity of DNA repair in the
Fusarium species complex, suggesting that the high
degree of genome instability stems from cis DNA
elements.

Characterization of mating type genes of Alter-
naria alternata isolated from onion. W. BIHON!, L.
KENYON?. '"World Vegetable Center, West and Central
Africa, Samanko Research Station, BP 320, Bamako, Mali.
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World Vegetable Center, PO Box 42, Shanhua Tainan
74199, Taiwan. E-mail: wubetu.legesse@worldveg.org

Alternaria is a cosmopolitan fungal genus compris-
ing many saprophytic, endophytic and pathogenic
species. Pathogenic Alternaria species cause major
pre- and post-harvest losses on diverse agricultur-
al crops including vegetables. Understanding the
mode of reproduction in a plant pathogenic fungus
is essential because it affects the population genetic
structure, evolution and epidemiology, and so will
influence effective disease management. Plant path-
ogenic fungi in general have different means of re-
production, including sexual, asexual and parasexu-
al mechanisms. Sexual reproduction in ascomycetes
is controlled by a mating type (MAT) locus. In this
study, the complete genomes of two randomly se-
lected strains of Alternaria alternata from onion were
sequenced, and two genes (MAT1-1-1 and MAT1-2-
1) at the MAT locus were identified and character-
ized. The high mobility group (HMG) and alpha-1
(a-1) box are highly conserved and the genes are,
respectively, 1083 and 1217 base pairs in length. The
flanking region of both idiomorphs contained DNA
lyase. These results suggest that this fungus is het-
erothallic, since the two opposite mating type genes
were found from two different strains. Sexual struc-
tures have not been observed in A. alternata and the
presence of both mating types indicates the existence
of cryptic sexual process. This would result in an in-
crease in the genetic diversity of the pathogen and
complicate the management practices used. A more
detailed study of the frequency and distribution of
the two genes in major onion growing locations is
necessary to determine how frequent recombination
occurs in these populations.

This research was supported by the World Vegetable Cent-
er core donors Republic of China (Taiwan), United King-
dom Department for International Development (DFID),
United States Agency for International Development (US-
AID), Australian Centre for International Agricultural Re-
search (ACIAR), Germany, Thailand, Philippines, Korea,
and Japan.

PRATYTECH: Biotechnological approaches to-
wards control of the root lesion nematode Pratylen-
chus penetrans. C.S.L. VICENTE', ]. BRANCO?, J.
FIGUEIREDO?, 1. ESTEVES®, J. CARDOSCO?, A.C.
FIGUEIREDO?, ]. BARROSO? LL. CONCEICAQO?,
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I. ABRANTES®?, M. MOTA!, P. VIEIRA"*. 'JCAAM
— Instituto de Ciéncias Agrdrias e Ambientais Mediter-
rénicas, Universidade de Evora, Pélo da Mitra, Ap. 94,
7006-554 Evora, Portugal. 2CESAM Lisboa, Faculdade
de Ciéncias da Universidade de Lisboa, CBV, C2, Campo
Grande, 1749-016 Lisboa, Portugal. 3Centre for Function-
al Ecology, Universidade de Coimbra, 3004-517 Coimbra,
Portugal. "E-mail: pvieira@uevora.pt

Root lesion nematodes (RLN) are ranked third
worldwide as plant parasitic nematodes with eco-
nomic impacts. Pratylenchus penetrans, one of the
most damaging species of this group, affects more
than 400 hosts, and is considered a limiting factor
in production of important crops (e.g. corn, potato),
ornamentals (e.g. lily, roses) and fruit trees (e.g. ap-
ple, cherry orchards). Surveys conducted in Portu-
gal have revealed different RLN species associated
with important crops, with P. penetrans as one of the
most abundant species found in potato fields. Host
resistance to RLN is very limited, as only a few ge-
netic loci have been linked to resistance/tolerance
to some species. Effective and long-lasting control
strategies based on current pesticide compounds
are hampered by increasing regulations, due to their
non-specificity and potential toxic effects to ecosys-
tems and human health. A promising research area
is the identification of critical metabolic and par-
asitism-related genes of these plant pathogens, in
which silencing through RNA interference (RNAi)
can promote lethal or inhibitory effects on nematode
development or parasitism strategy. The main goal
of the project PratyTech is to identify protein-coding
genes in P. penetrans which may be established as
new nematode targets for the development of spe-
cific and efficient crop resistance strategies. Another
relevant aspect of this project is the study of the host
gene expression profile and cellular changes upon P.
penetrans infection in potato, which should provide
important insights into the molecular mechanisms
involved in RLN parasitism.

This work was supported by National Funds through
FCT—Foundation for Science and Technology under
the Projects PTDC/AGR-PRO/2589/2014 and UID/
AGR/00115/2013.

Tolerance of olive (Oleae europaea) cv. Frantoio
to Verticillium dahliae relies on differential basal
and pathogen-induced transcriptomic responses.
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M. DE LA O LEYVA-PEREZ', ]J. JIMENEZ-RUIZ',
C. GOMEZ-LAMA CABANAS?, A. VALVERDE-
CORREDOR?, J.B. BARROSO', F. LUQUE!, J. MER-
CADO-BLANCO?. 'Center for Advanced Studies in Ol-
ive Grove and Olive Oils, Department Experimental Biol-
ogy, University of Jaén, 23071 Jaén, Spain. *Department
of Crop Protection, Institute for Sustainable Agriculture,
Agencia Estatal Consejo Superior de Investigaciones
Cientificas (CSIC), Campus "Alameda del Obispo’, Avd.
Menéndez Pidal s/n, Apartado 14004 Cérdoba, Spain. E-
mail: jesus.mercado@ias.csic.es

Verticillium wilt (VW) is one of the most serious biot-
ic constraints for olive trees. Knowledge of the genet-
ics of tolerance/resistance to this disease is very lim-
ited. To analyze the susceptibility / tolerance of olive
cultivars Frantoio (tolerant) and Picual (susceptible)
to Verticillium dahliae, a comparative transcriptomic
analysis (RNA-seq) was carried out in host root tis-
sues. Results showed that a large number (27,312
unigenes) of differentially-expressed genes (DEGs)
were found between ‘Frantoio” and ‘Picual’ non-ma-
nipulated control roots. Dissimilar root system archi-
tecture was also observed between the two cultivars.
Upon infection with V. dahlige, ‘Picual’ and ‘Frantoio’
plants also responded in completely different ways.
Genes induced in ‘Picual’ roots were basically differ-
ent to the DEGs observed in ‘Frantoio’ non-manip-
ulated /uninoculated roots. Transcriptome changes
occurring in each cultivar at early stages of V. dahliae
infection were also very dissimilar. When targeting
for tolerance/resistance-related genes, the most no-
ticeable expression differences between the cultivars
were: i) a pathogenesis-related protein of the Bet v
I family, likely encoding a major latex protein; ii) a
dirigent-like protein involved in lignification; iii)
several BAK1 (Brassinosteroid insensitive 1-Associ-
ated receptor Kinase) and NHLI (Harpin-INduced
protein-like) unigenes; iv) six unigenes involved in
ROS stress response (stronger in ‘Picual’ but no ex-
pression in ‘Frantoio’); and v) an overall induction
of BAM unigenes (involved in starch degradation) in
‘Picual’ in contrast to ‘Frantoio’. These results show
that tolerance of ‘Frantoio’ plants to VW is a complex
polygenic plant trait.

This research was supported by grants AGR-5948 from
Junta de Andalucia (Consejerfa de Economia, Innovaciéon
y Ciencia) and AGL2009-07275 and AGL2016-75729 from
Ministerio de Economia y Competitividad/Agencia Es-
tatal de Investigacion, Spain (co-financed by the European

Regional Development Fund, ERDF). Technical and per-
sonnel support was provided by CICT of Universidad de
Jaén (UJA, MINECO, Junta de Andalucia, ERDF).

Expressional and positional candidate genes for re-
sistance to Didymella pinodes in pea. S. FONDEV-
ILLA, M.D FERNANDEZ-ROMERO, D. RUBIALES.
Institute for Sustainable Agriculture, CSIC, Alameda del
Obispo s/n, 14004, Cérdoba, Spain. E-mail: sfondevilla@
ias.csic.es

Didymella pinodes, causing Ascochyta blight, is the
most destructive foliar pathogen of dry peas. Resist-
ance identified so far is incomplete, and more fre-
quent in wild pea relatives than in cultivated pea.
One of these wild relative resistant accessions is the
P. sativum ssp. syriacum accession P665. Quantita-
tive Trait Loci (QTLs) associated with resistance to
Ascochyta blight have been identified in the recom-
binant inbred lines (RIL) population P665 x Messire
and in other crosses, but the resistance genes under-
lying these QTLs are unknown. expressional and po-
sitional candidate genes for resistance to D. Pinodes
were identified by selecting 15 candidate genes to be
mapped in the P665 x Messire RIL population. They
were differentially expressed in resistant reactions
in previous transcriptomic studies, or putatively
located into QTLs associated with resistance to this
disease according to other pea maps. Thirteen QTLs
were successfully amplified in the parental lines.
Two were monomorphic, direct polymorphism was
found for another, and CAP markers were developed
for the remaining ten genes. Therefore, eleven genes
could be analysed and mapped in the available P665
x Messire map. Four genes were located within the
confidence interval of previously described resist-
ance QTLs or highly associated with resistance pa-
rameters. These are therefore suggested as putative
candidate genes for resistance to Ascochyta blight.

This research was supported by the Project AGL2014-
52871-R.

Genomic analysis of nontoxigenic strains of Pseu-
domonas syringae pv. phaseolicola. P. LLOP', L.
BARDAJI', M. ECHEVERRIA'!, P. RODRIGUEZ-
PALENZUELA? ]. SANCHEZ-COLMENERC?, C.
RAMOS’, J. MURILLO'. 'Departamento de Produc-
ciéon Agraria, ETS Ingenieros Agrénomos, Universidad
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Piiblica de Navarra, 31006 Pamplona, Spain. *Centro
de Biotecnologia y Gendémica de Plantas, ETS Ingenieros
Agronomos, Universidad Politécnica de Madrid, Campus
de Montegancedo, 28223 Pozuelo de Alarcén, Madrid,
Spain. *Instituto de Hortofruticultura Subtropical y Med-
iterrdnea “La Mayora”, Universidad de Mdlaga-Consejo
Superior de Investigaciones Cientificas (IHSM-UMA-
CSIC), Area de Genética, Facultad de Ciencias, Campus
Teatinos s/n, 29010 Mdlaga, Spain. E-mail: jesus.muri-
llo@unavarra.es

Pseudomonas syringae pv. phaseolicola (Pph) is an eco-
nomically important pathogen of bean (Phaseolus
vulgaris), causing halo blight, and is a relevant re-
search model. Efficient control of halo blight is diffi-
cult because the pathogen is transmitted by seed and
has very high epidemic potential, and is primarily
based on the use of pathogen-free seed and resistant
cultivars. However, the efficacy of these methods can
be compromised by the variability of local pathogen
populations. At least 16 Pph races have been identi-
fied, facilitating breakdown of resistance. Likewise,
most field isolates of the pathogen from Spain are
nontoxigenic and cannot be detected using commer-
cial ELISA antibodies or by PCR targeting the phase-
olotoxin cluster. We therefore undertook a compara-
tive genomics approach to better characterize the
Spanish pathogen Pph populations, and to develop
appropriate detection methods, for a better control
of halo blight. Representative Pph isolates were se-
quenced using Illumina MiSeq with paired-end tech-
nology, and their genomes are being compared to the
closed genome of the race 6 model strain P. syringae
pV. phaseolicola 1448A. As expected for this highly
clonal pathovar, the genomes are highly conserved,
with very high sequence identity, which hampers
epidemiological studies. The Type III effector rep-
ertoire is highly conserved, with variations in only
five effectors between strain CYL314 (nontoxigenic)
and the reference strain 1448A, including avrPphF
(hopF1). We confirmed that strain CYL314 complete-
ly lacks the phaseolotoxin cluster, containing an al-
ternative genomic island. The conservation of other
virulence genes will be presented and discussed.

This research was supported by projects AGL2014-53242-

C2-1-R and AGL2014-53242-C2-2-R (Plan Nacional MINE-
CO, Spain), co-financed by FEDER.
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High-frequency rearrangements of virulence plas-
mids from Pseudomonas syringae are mediated
by MITEs and 1S801. L. BARDAJI', M. ANORGA',
M. ECHEVERRIA!, D. RAMIREZ-ZAPATA!, C.
RAMOS? J. MURILLO'. 'Departamento de Produc-
cién Agraria, ETS Ingenieros Agrénomos, Universidad
Piiblica de Navarra, 31006 Pamplona, Spain. Instituto
de Hortofruticultura Subtropical y Mediterrdnea “La
Mayora”, Universidad de Mdlaga-Consejo Superior de
Investigaciones Cientificas (IHSM-UMA-CSIC), Area
de Genética, Facultad de Ciencias, Campus Teatinos s/n,
29010 Mdlaga, Spain. E-mail: jesus.murillo@unavarra.es

The Pseudomonas syringae complex includes several
species of Gram negative bacteria causing economi-
cally relevant diseases in many cultivated plants.
Most isolates of P. syringae contain native plasmids
collectively carrying many pathogenicity and viru-
lence genes, which are readily exchanged intraspe-
cifically. Gene flow is promoted by a diverse array
of repeated sequences, among which insertion se-
quences and miniature inverted-repeat transpos-
able elements (MITEs) are particularly abundant
and active. The virulence plasmid pPsv48C from P.
syringae pv. savastanoi NCPPB 3335 is extremely sta-
ble, and we showed that it contains two independ-
ent functional replicons (repA and rep]) and 29.5% of
its sequence occupied by putative mobile elements.
This plasmid spontaneously suffers the deletion of
an 8.3 kb fragment, with a frequency greater than
10°, by recombination between two direct copies
of MITEPsy2. Likewise, we showed that insertion
sequence 15801 promotes deletions of pPsv48C by
one-ended transposition, with an average frequency
greater than 10 half of these resulting in the loss
of a virulence gene. These deletion derivatives were
maintained in the population by replication medi-
ated by rep], which is adjacent to 1S801. We demon-
strated that IS801 also promotes deletions in plasmid
pPsv48A and in the large plasmid from P. syringae pv.
phaseolicola 1448A, either by recombination or failed
transposition. The accumulation of these types of de-
letions in vivo is prevented by the occurrence in these
plasmids of functional post-segregational killing
systems, contributing to the maintenance of patho-
genicity genes in P. syringae populations.

This research was supported by projects AGL2014-53242-
C2-1-R and AGL2014-53242-C2-2-R (Plan Nacional MINE-
CO, Spain), co-financed by FEDER.
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Detection and phylogenetic analysis of Grapevine
virus A from important vineyards in Iran. R. MO-
RADI', D. KOOLIVAND!, O. EINI', M. HAJIZA-
DEH?. 'Department of Plant Protection, Faculty of Agri-
culture, University of Zanjan, Zanjan, Iran. *Department
of Plant Protection, Faculty of Agriculture, University of
Kurdistan, Sanandaj, Iran. E-mail: Koolivand@znu.ac.ir

Grapevine virus A (GVA) belongs to the Vitivirus ge-
nus (family Betaflexiviridae). This virus is one of the
most destructive agents in vineyards worldwide.
From 2016 to 2017, leaf samples from grapevines
with leafroll, reddening of leaf margins and petioles,
as well as samples from symptomless grapevines,
were collected from vineyards in different regions in
west Iran (Abhar, Zanjan and Tarom). Total RNA was
extracted from the different tissues of samples ac-
cording, and was subjected to reverse transcription
polymerase chain reaction (RT-PCR) with random
hexamer primers. The synthesized cDNAs was used
as template to amplify a DNA fragment (865 bp) in
PCR by specific primers (GVA-HSS7/GVA-C7273)
corresponding to coat protein (CP) gen of GVA. The
full-length CP gene was amplified from suspected
samples, and the amplified products were sequenced
by Macrogen (Korea). The obtained sequences were
aligned with other sequences from Genbank, and a
phylogenetic tree was prepared using the MEGA®6
program. We conclude that the most common leaf-
roll were observed in grapevines as well as growth
reductions in vineyards, and these symptoms were
reported in grapevines infected with GVA. The se-
quence identities between the GVA isolates from Iran
and the other isolates were 85 to 90% at the nucleo-
tide level. CP-based phylogenetic trees also showed
that the new Iranian isolates grouped in a subclade
together with GVA isolates from diverse geographi-
cal regions, including China, Israel, and Greece.

This research was supported by the University of Zanjan.

Distribution of ToxA, the necrosis virulence gene
of the wheat tan spot agent, in North African and
Middle East wheat-growing areas. N. OUAAR/,
A. YAHYAOUT?, A. BENBELKACEM®, H. BENSLI-
MANE?. 'Ecole Nationale Supérieure d’Agronomie, Dé-
partement de Botanique, Laboratoire de Phytopathologie
et Biologie Moléculaire, 1 Avenue Pasteur, Hassen Badi,
Algiers, Alggérie. *International Maize and Wheat Im-

provement Center, Apdo. Postal 6-641, 06600, Mexico
DFE, Mexico. *Institut National de la Recherche Agronom-
ique d’Algérie, Unité de Recherche de Constantine, Sta-
tion ITGC, Elkhroub, Algérie. E-mail: n.ouaar@st.ensa.dz

Tan spot of wheat (caused by Pyrenophora tritici-re-
pentis) is an economically important disease world-
wide, and has long been important in North Afri-
can and Middle East wheat-growing wheat regions.
These areas are close to the wheat origin centre. Pyr-
enophora tritici-repentis uses at least three host-specif-
ic toxins, PtrToxA, PtrToxB and PtrToxC. Virulence
of an isolate is correlated with the presence of these
toxins, and host resistance is associated with absence
of the sensitivity loci. Synthesis PtrToxA is under
control of a ToxA gene, which is the most common
virulence gene. To improve knowledge of pathogen
populations in northern Africa, and because breed-
ing for resistance to tan spot can be improved by
knowledge of the distribution of toxin-encoding
genes, 238 isolates sampled from Algerian, Tunisian
and Syrian wheat-growing areas were analyzed. Us-
ing PCR, a molecular test was applied to the isolates
populations to screen for the ToxA gene. ToxA oc-
curred in isolates from all three countries, and the
distribution of the ToxA gene was mapped in the
study areas. These results allow breeders to better
target genotypes in field, and use them according to
deployment of the ToxA virulence gene.

This research was supported by Ecole Nationale Supé-
rieure d’Agronomie (ENSA), Département de Botanique,
Laboratoire de Phytopathologie et Biologie Moléculaire. 1,
Avenue Pasteur, Hassen Badi, Algiers, Algeria.

Allelic diversity analysis for Verticillium wilt re-
sistance candidate genes in olive (Olea europaea).
A. SERRANO, L. LEON, A. BELA]J, B. ROMAN.
Instituto Andaluz de Investigacién y Formacion Agrar-
ia, Pesquera, Alimentaria y de la Produccién Ecologica
(IFAPA), Centro Alameda del Obispo, Avda, Menéndez
Pidal s/n. 14004, Cérdoba, Spain. E-mail: alicia.serrano.
gomez@ juntadeandalucia.es.

Verticillium wilt (caused by Verticillium dahliae) a
destructive soil-borne disease affecting olive crops
in traditional production areas. The use of genomic
tools could help to overcome some of the difficulties
associated with pathogen infestation homogeneity,
differences in colonization, ambiguous symptom ex-
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pression or lack of high throughput screening tech-
niques in selection for host resistance. Different Ver-
ticillium resistance genes from olive have been iden-
tified in recent transcriptomic studies. We explored
the allelic diversity of four of these genes among
77 olive genotypes with different levels of resist-
ance. The olive collection belongs to the World Olive
Germplasm Bank, the Wild Olive tree collection and
the Olive Breeding Program of IFAPA (Cérdoba).
The selected genes are among those identified in a
suppression substractive library already reported: a
disease resistance-responsive family protein (DRR),
a transcription factor (GRASS), a caffeoyl-o-methyl-
transferase (CO-MT) and an acetone-cyanohydrin
lyase (ACL). Primers for amplification of exonic
regions of these four genes were designed, and am-
plified fragments were subjected to allele specific
sequencing that allowed SNP detection. The over-
all nucleotide diversity of the identified alleles was
determined, and the ratio of synonimous and non-
synonimos substitution per respective site were cal-
culated. Predicted proteins and phylogenetic analy-
sis among alleles of each gene were also examined.
The information from this study can be used for as-
sociation analysis in wider germplasm collections. If
validated, this knowledge may be useful for enhanc-
ing host resistance and / or assisting selection in olive
breeding programmes.

This research was supported by INIA project RTA2013-
00019, partially funded by European Regional Develop-
ment Fund (ERDF).

Elucidation of the rust resistance genetic control in
Portuguese common bean through a genome-wide
association study. S.T. LEITAO', D. RUBIALES?
M.C. VAZ PATTO'. 'Instituto de Tecnologia Quimica
e Biolégica Antonio Xavier (ITQB NOVA), Avenida da
Repiiblica, 2780-157 Oeiras, Portugal. *Instituto de Ag-
ricultura Sostenible, CSIC, Avenida Menéndez Pidal s/n,
14004 Cérdoba, Spain. E-mail: sleitao@itgb.unl.pt

Common bean (Phaseolus vulgaris) is the most impor-
tant grain legumes for human consumption world-
wide, with recognized nutritional and environmen-
tal benefits. However, its vulnerability to several dis-
eases leads to significant yield losses and limited cul-
tivation in Europe. It is therefore essential to identify
disease resistant sources and to uncover the genetic
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control of resistance to improve production. Portu-
gal holds unique common bean germplasm resulting
from more than five centuries of natural adaptation
and farmer’s mass selection, not yet fully explored
in breeding. We screened 158 accessions from this
germplasm against Uromyces appendiculatus, the
fungus responsible for bean rust. Each host acces-
sion was inoculated three times and, on average, 14
plants per accession were tested. Infection type (IT,
scored using a 0-4 visual scale) and disease severity
(% leaves covered by pustules) were analysed 12 d
after inoculation. The most frequent IT was 4, indi-
cating compatible plant-pathogen interactions. Dis-
ease severity of plants with IT = 3-4 ranged from <1
to 80%. Three accessions showed low (0-2) IT scores,
indicative of incompatible interactions, and were
considered resistant or partially-resistant. Eighty-six
accessions showed chlorotic halos surrounding rust
pustules (IT = 3). The same germplasm collection
was also screened with 12k single nucleotide poly-
morphisms, uniformly distributed throughout the
genome. Currently, we are searching for genomic re-
gions controlling rust resistance through a genome-
wide association study, using a mixed linear model
accounting for genetic structure and familial related-
ness. This approach will allow the development of
molecular selection tools to assist future precision
breeding of rust resistance in common bean.

The Research Unit of Biotechnology and Genetic Re-
sources, INIAV, Oeiras, Portugal provided the common
bean seeds. This research was supported by Fundagéo
para a Ciéncia e Tecnologia (FCT, Portugal) through the
grant SFRH/BD/92160/2013, IF/01337/2014 FCT Inves-
tigator contract, the project Exploiting bean genetics for
food quality and attractiveness innovation (PTDC/AGR-
TEC/3555/2012), the Research unit GREEN-it “Biore-
sources for Sustainability” (UID/Multi/04551/2013), and
by COST Actions FA1208 and FA1306.

Phylogenetic and recombination analysis of the
partial silencing suppressor NSs gene of Tomato
spotted wilt virus from Iran. M. ABADKHAH, D.
KOOLIVAND and O. EINI. Department of Plant Pro-
tection, Faculty of Agriculture, University of Zanjan,
Zanjan-Iran. E-mail: Koolivand@znu.ac.ir

Tomato spotted wilt virus (TSWV), is the type mem-
ber of Tospovirus (family Bunyaviridae). This virus
contains three single-stranded RNA segments (S,
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M and L RNAs). Non-structural NSs protein has
been identified as the suppressor silencing and is
located on the S segment. Samples suspected to be
infected by TSWV were collected from omato fields,
and total RNAs were extracted using the RNX plus
kit (SinaClone), based on the manufacture’s instruc-
tions. Reverse transcription-polymerase chain reac-
tion was carried out using a pair of specific primers
(TSWV-NSsF/TSWV-NSsR) corresponding to a part
of NSs gene of TSWV. A DNA fragment (724bp) was
amplified in the PCR. The best result was obtained
when the annealing temperature was set to 50°C.
The amplified DNA fragment was sequenced and
the new sequence was aligned with the reported se-
quences in the GenBank. The identities between the
Iranian and other reported isolates were 96%-99%.
Alignment was performed with other international
sequences using Clustal W software, then a phyloge-
netic tree was generated using the MEGA7 program
and the Neighbour-Joining method. Phylogenetic
analysis showed that the new isolate was in a sub-
clade with three isolates from France (LYE40, LYE47
and STMB3). Recombination events were identified
using the Maxchi method in the RDP4 Beta 80 pro-
gram, and showed that there was evidence for re-
combination of the Iranian isolate with other isolates
(TSW(RT)/T15-2/ wt).

This research was supported by the University of Zanjan.

Fig mosaic virus as a pathogen in fig orchards in
Iran; molecular aspects. N. KHOSHKHATI, O. EIN],
D. KOOLIVAND. Department of Plant Protection, Fac-
ulty of Agriculture, University of Zanjan, Zanjan, Iran.
E-mail: Koolivand@znu.ac.ir

Fig trees (Ficus carica) are one of the most important
economic crops in some parts of Iran, and mosaic is
one of the most common diseases in fig orchards.
The causal agent of this disease is Fig mosaic virus
(FMV). FMV is naturally transmitted by Eriophyid
mites (Aceria ficus), and through grafts, but is not
seed-transmissible. Based on mosaic symptoms
in fig orchards, 30 leaf samples were collected that
showed chlorosis, mosaic and leaf deformities. To-
tal RNA was extracted and subjected to reverse
transcription polymerase chain reaction (PCR). The
amplified fragments were amplified optimized by
a pair of specific primers, E5-s (Forward primer)

and E5-a (reverse primer), which amplified a part
of RNA1 with about 300 bp length. Positive samples
came from leaves showing mosaic, deformation and
chlorosis symptoms. PCR products were purified
and sequenced (Bioneer) with specific primers. The
obtained sequences from new isolates were com-
pared with previously reported isolates around the
world in GenBank sequence database, and showing
high similarity between the new PNRSV isolates and
some from Iran, Poland and India. In addition, a
phylogenetic tree was generated with the Maximum
Parsimony (MP) method using the MEGA6 pro-
gram, and this demonstrated that the new isolates
were grouped with isolates from diverse geographi-
cal regions, including Iran and Turkey. This showed
that there are geographical relationships between
isolates based on their phylogenies.

This research was supported by the University of Zanjan.

Physical structure of the chromosome ends and
their implications in Fusarium oxysporum genome
plasticity. L. GOMEZ, G. BRAVO, A. DI PIETRO,
M.I.G. RONCERO. Departamento de Genetica, Campus
de Rabanales, Edif. C5, Universidad de Cordoba, E14071-
Cordoba, Spain. E-mail: b12gogil@uco.es

The genome of Fusarium oxysporum is highly dynam-
ic and contains lineage specific (LS) regions rich in
transposable elements that are involved in pathogen-
ic behavior. Unexpectedly, Southern blot hybridisa-
tion and sequence analysis in the tomato pathogenic
isolate F. oxysporum f£. sp. lycopersici 4287 revealed a
high degree of structural and physical conservation
in the telomeric and subtelomeric regions, extending
approximately 30 kilobases from the chromosome
ends. The evolutionary origin of this highly con-
served region is currently unknown. Our mail goal
has been to analyse the function of the conserved tel-
omeric and subtelomeric regions in the maintenance
and plasticity of the chromosome structure, as well
as in the regulation of the adjacent genes.

This research was supported by the Spanish Ministerio de
Ciencia e Innovacion (grants BIO2016-78923-R).
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Integrated disease management

Development of the root-knot nematodes in zuc-
chini and associated yield losses. S. VERDEJO-
LUCAS'!, M. TALAVERA?, A. PEREZ-DE-LUQUE®.
IFAPA. 'Camino de San Nicolds 1, 04745, La Mojonera,
Almeria, Spain. *Camino de Purchil s/n, 18004 Granada,
Spain. *Alameda del Obispo, 14080 Cordoba, Spain. E-
mail: soledad.verdejo@juntadeandalucia.es

The interaction of Cucurbita pepo genotypes and Me-
loidogyne populations resulted in a poorer host con-
dition from M. incognita than from M. javanica. The
critical event in the M. incognita-zucchini interaction
was the development from fourth stage juveniles to
adult females. Meloidogyne incognita-induced feed-
ing sites contained more and larger highly vacu-
olated giant cells than those of M. javanica, but 74%
of the M. incognita feeding sites deteriorated before
life cycle completion. In contrast, 96% of the invad-
ing M. javanica reached the egg-laying female stage.
The extent of yield losses in zucchini depended on
the interaction of (large ) initial population densi-
ties, planting time and length of the growth period.
Average yield losses in zucchini range from 20-36%,
although densities below 125 nematodes /250 cm® of
soil have negligible impact. Populations greater than
1100 nematodes/250 cm® of soil reduced yield by
52%. Population increases were greater in autumn
cropping cycles than in spring, but yield reductions
were less in autumn than spring cycles. Limited
yield losses were observed in growth periods of ca. 2
months, in contrast to those of ca. 3-4 months. Root
galling and yield were negatively related, indicat-
ing that the root-knot nematode damage was critical
for plants, as it decreased yield. The leaf chlorophyll
content decreased with increased population densi-
ties and post-infection time, with significant reduc-
tions at densities greater than 450 nematodes/250
cm? soil. Modification of planting date and cropping
nematode resistant or non-host crops before plant-
ing zucchini effectively reduced nematode damage
in zucchini.

This research was supported by IFAPA (Instituto de Inves-
tigacion y Formacién Agraria y Pesquera, Spain) project
PP.TRA. TRA 201600.9, INIA (Instituto Nacional de Inves-
tigacién y Tecnologia Agraria y Alimentaria, Spain) RTA
2014- 00078-00-00, and the European Regional Develop-
ment Fund (ERDF).

308 Phytopathologia Mediterranea

Meta-analysis of the effect of the application period
in the management of Botrytis bunch rot in vine-
yards. G. FEDELE!, E. GONZALEZ-DOMINGUEZ"
L. DELIERE?, P. SAURIS? E. DIAZ-LOSADA?, J.L.
RAMOS SAEZ DE OJER*, D. GRAMAJE?, V. ROSSI'.
'Department of Sustainable Crop Production, Facolti
di Scienze Agrarie, Alimentari e Ambientali, Univer-
sita Cattolica del Sacro Cuore, Via Emilia Parmense, 84
29122 Piacenza, Italy. *SAVE, Bordeaux Sciences Agro,
INRA, 33140 Villenave d’Ornon, France. 3Estacién de
Viticultura e Enoloxia de Galicia - INGCAL. Ponte San
Clodio s/n, 32427, Leiro, Ourense, Spain. 4Consejer1’a
de Agricultura, Ganaderia y Medio Ambiente. Finca La
Grajera, Ctra. LO-20 salida 13, 26071, Logrofio, Spain.
*Instituto de Ciencias de la Vid y del Vino (Consejo Su-
perior de Investigaciones Cientificas, Universidad de La
Rioja, Gobierno de La Rioja). Finca La Grajera, Ctra.
LO-20 salida 13, 26071, Logrofio, Spain. E-mail: vittorio.
rossi@unicatt.it

Botrytis cinerea is one of the most important patho-
gens of grapevines. The management of B. cinerea
is challenging, mainly because the pathogen pro-
duces large numbers of conidia on multiple inocu-
lum sources, grapevines are susceptible at multiple
growth stages, and different infection pathways
exist. This complexity has caused growers to rely
heavily on routine application of fungicides at four
growth stages: flowering (A), pre-bunch closure
(B), veraison (C) and before harvest (D). Recently,
a weather-driven model has been developed to
predict the development of Botrytis bunch rot. The
model was validated in 21 epidemics using a discri-
minant function analysis (DFA) with 81% accuracy;
the DFA also showed that the infections occurring
during flowering and fruit set may play a key role
in determining the severity of B. cinerea rot on ma-
ture bunches. These results are in apparent contrast
with recommendations from the research carried out
mainly in the 1990s, which suggested that sprays in
growth stages B and in C to D as the most important
for disease control. To better understand the contri-
butions of the fungicides applied either in A, B, C or
D on final Botrytis bunch rot, we performed a meta-
analysis of 115 studies, conducted from 1970 to 2016
in eight countries, covering a wide range of epidem-
ics. Raw data showed that average efficacy of treat-
ments in A was 31% (range from 0.98 to -0.30), B, 22%
(range from 0.84 to -0.67), C, 40% (range from 0.96 to
-0.81) and D, 39% (range from 0.92 to -0.76). average
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efficacy of a four-treatment schedule (at stages A, B,
C and D) was 79% (range from 0.79 to 0.23). Studies
were weighted in inverse proportion to their sam-
pling variances for model fitting purposes. Results
of the meta-analysis, combined with the epidemio-
logical model, provide new information on how to
schedule fungicides treatments for controlling B. ci-
nerea in grapes.

Copper: a basic active ingredient in the control
of olive diseases. L.LF. ROCA, J.R. VIRUEGA, A.
AVILA, J. MORAL, F. MARCHAL, J. ROMERO, P.
MIRANDA, C. AGUSTI-BRISACH, A. TRAPERO.
Dpto. de Agronomia (Patologia Agroforestal), Univer-
sidad de Cérdoba. Campus de Rabanales, Edificio C-4,
14071, Cérdoba. E-mail: trapero@uco.es

Copper is extensively used in the control of olive dis-
eases. More than 80% of the authorized fungicides
in this crop in Spain contain this element as the ac-
tive ingredient. Among the main diseases affecting
the aerial part of olive trees are leaf spot (caused by
Venturia oleaginea), cercosporiose (Pseudocercospora
cladosporioides) and anthracnose (Colletotrichum spp.)
These diseases cause defoliation and weakness of
the trees and anthracnose also produces fruit rot, be-
ing especially severe in humid, temperate autumns.
Other diseases, such as leprosy (Phlyctema vagabun-
da) or tuberculosis (Pseudomonas savastanoi pv. Savas-
tanoi) are becoming increasingly relevant, mainly
due to the intensification of olive culture. All of these
diseases have been traditionally controlled using
copper products. Copper treatments are preventive.
Persistence and mode of action, which prevent de-
velopment of pathogen resistance, are responsible
for the success of these products. Future limitation
of the amount of copper applied per hectare and
year in olive plantations, imposed by the European
Union, will force optimization of fungicide applica-
tions, with reduction of copper doses, use of alterna-
tive active ingredients and disease prediction mod-
els. Strategies of mixing copper and systemic fungi-
cides (e.g. triazoles and strobilurins), have allowed
reductions of up to 67% the amount of copper in the
control of olive leaf spot. Dodine and bentiavalicarb
are also examples of alternative and efficient active
ingredients against olive leaf spot. Research must
be intensified to achieve effective control of anthrac-
nose, leprosy and tuberculosis.

This research was supported by several public projects
(MINECO, Junta de Andalucia) and private phytosanitary
companies (including Arysta LifeScience, Basf, Bayer Crop
Science, Isagro, Nufarm, Syngenta, and UPL).

Tomato defence responses to nematodes and virus-
es induced by ozone treatments. M.I. PRIGIGAL-
LO, P. VERONICO, F. CILLO, M.T. MELILLO, N.
SASANELLI, G. BUBICL. Istituto per la Protezione Sos-
tenibile delle Piante, Consiglio Nazionale delle Ricerche,
70126, Italy. E-mail: giovanninicola.bubici@cnr.it

Ozone is widely used as a disinfectant, and ozonated
water has been known to confer some protection of
plants against several biotic stresses. By applying
four foliar spray treatments of ozonated water (10
ppm ozone) on tomato seedlings, i.e. two pre- and
two post-inoculation with Tomato spotted wilt virus
(TSWV), we observed reduction of disease inci-
dence and severity by 20%, as well as a virus titrr
reduction by 80% at 19 days post-inoculation. The
same treatments also reduced the number of galls
induced by root knot nematode (RKN; Meloidogyne
incognita) by 29%. Soil drenching with ozonated wa-
ter for four consecutive days before inoculation re-
duced RKN gall formation by 60%, but not TSWV
infection. Overall, in mock-inoculated plants, foliar
sprays induced PR1b1 expression in leaves, though
other salicylate- (PAL and PR-5x) or jasmonate-de-
pendent genes (LoxD, AOS and Pinl) were substan-
tially unaffected. Soil drenching promptly enhanced
transcription of PAL and PR1b1 in roots and leaves,
down-regulated PR-5x and did not affect expression
of LoxD and AOS. Pinl was significantly down-reg-
ulated only in leaves. The impact of ozonated water
applications on the expression of these genes did not
correlate with that of benzothiadiazole, a known in-
ducer of systemic acquired resistance. This demon-
strates that ozonated water may protect tomato from
two very different biotic stresses, especially when
applied at the sites of their infection, and modulates
salicylate and jasmonate pathways differently from
benzothiadiazole.

This research was supported by the Fondazione Cassa di
Risparmio di Puglia, Italy, within the Project ‘Risposte di
difesa contro nematodi e virus indotte da trattamenti di
ozono in pomodoro’.
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Early assessment of late wilt of maize (Harpophora
maydis) and the control effect of Lycium europaeum
extracts. C. RODRIGUEZ-MALLOL!, R. TEJ*?, L.
MOLINERO-RUIZ'. 'Department of Crop Protection,
Institute for Sustainable Agriculture (IAS), Spanish Na-
tional Research Council (CSIC), Alameda del Obispo s/n,
14004 Cérdoba, Spain. *Physiology and Biochemistry of
Plant Response to Abiotic Stresses Unit, Faculty of Sci-
ences of Tunis, University of Tunis El Manar, 1060 Tunis
El Manar, Tunisia. E-mail: Imolinero@ias.csic.es

Maize late wilt (MLW), caused by the soilborne fun-
gus Harpophora maydis, is characterized by the sud-
den appearance of symptoms from plant flowering
onwards. Since genetic resistance is the most effec-
tive control method, protocols for the early evalu-
ation of maize lines are required. As well, extracts
of Lycium europaeum inhibiting the in vitro growth
of H. maydis are promising as a potential control
method. Three experiments were conducted under
greenhouse conditions. In the first two experiments,
inoculated plants were grown in different artificially
colonized substrates for 6 weeks. The most disease
conducive substrate was used in the third experi-
ment, where effects of methanolic leaf extracts of
L. europaeum were assessed. In the first experiment,
plant development after inoculation was delayed an
average of 3 d in phenological stages V,to Vs. In the
second experiment, reductions of weights of above-
ground parts and roots were recorded in inoculated
plants compared with the controls. Necrotic lesions
were apparent in the roots of the plants as early as
4 weeks after inoculation. In the third experiment,
weight reductions only occurred in the plants inocu-
lated with H. maydis. When the plants were inoculat-
ed and treated with different extracts of L. europaeum,
one extract with a high chlorogenic acid content re-
sulted in weights of roots that did not differ to those
of the controls. This study has established a protocol
for early evaluation of MLW, and has demonstrated
bioactivity of L. europaeum against this disease.

This research was supported by the Grant P12-AGR1281
(Andalusian Government, Spain) and the European Re-
gional Development Fund (ERDF). R. Tej was supported
by the Tunisia Ministry of Higher Education and Scientific
Research.

Maternal and paternal effects on the heritability
of Verticillium wilt resistance in olive progenies.
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P. VALVERDE, C. TRAPERO, D. BARRANCO, C.M.
DIEZ, FCO.J. LOPEZ ESCUDERO. Departamento
de Agronomia. Escuela Técnica Superior de Ingenieros
Agronomos y Montes Universidad de Cérdoba. Edificio
C-4, Planta baja. Campus Universitario de Rabanales.
14071, Cérdoba. Spain. E-mail: pedrovalverde@uco.es

Verticillium wilt, caused by the fungus Verticillium
dahliae, is currently the most important disease of ol-
ive trees, causing important losses in olive growing
countries worldwide. The use of genetic resistance is
likely to be the most efficient, economically conveni-
ent and environmentally friendly control method to
combat the disease, and will be a key component in
integrated disease management. Twelve reciprocal
crosses corresponding to all pairwise combinations
were performed with the olive cultivars ‘Picual’,
‘Frantoio’, ‘Sikitita” and ‘Arbosana’ acting as male or
female parents. Additionally, the crosses ‘Koroneiki’
x ‘Arbosana’, ‘Arbosana’ x ‘Koroneiki’, ‘Arbequina’ x
‘Arbosana’ and ‘Arbosana’ x ‘Arbequina’ were inves-
tigated. The main goal was to evaluate the differential
effect of the cultivars acting as mothers or fathers, in
the level of resistance of the progenies to Verticillium
wilt. Fruits were harvested during October and then
seeds were sown and germinated in controlled condi-
tions. Five-week-old olive seedlings were inoculated
by dipping their bare root systems in conidial suspen-
sions of the defoliating V. dahlige isolate V117. Weekly,
during 10 weeks, plants were evaluated for symptom
development, using a 0 to 4 scale, and every 2 weeks
plant growth was also measured. The evaluated pa-
rameters presented variable values, depending on the
reciprocal crosses. For instance, no differences in dis-
ease severity were recorded in the reciprocal crosses of
‘Arbosana’ and “Arbequina’, but differences up to 50%
occurred in the reciprocal crosses of ‘Frantoio’ and
‘Sikitita’. No differences plant death were recorded
in the progeny of the reciprocal crosses of ‘Arbosana’
x ‘Sikitita’, but important differences up to 40% oc-
curredin the reciprocal crosses of “Sikitita” and ‘Picual’.

Evaluation of selected soils for suppression of
Fusarium diseases. M. SANTOS!, E. DIANEZ!, F.
CARRETERO', EJ. GEA®. 'Agronomy Department,
University of Almeria, Carretera Sacramento s/n. Alm-
erin 04120. Spain. *Departamento de Agronomia, Escuela
Politécnica Superior, Universidad de Almeria, Almeria,
Spain. E-mail: msantos@ual.es
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The study of naturally occurring disease-suppressive
soils has produced significant progress towards ac-
quiring understanding of the biotic and abiotic forces
that inhibit plant disease development in such soils.
This research evaluated possible suppressiveness of
four different soils where Fusarium diseases have
low severity (disease-suppressive, S). Soils used in
all experiments were collected from a commercial
organic carnation production glasshouse from Cadiz
(Spain) (S1, S2 and S3) and Sevilla (Spain) (S4), and
were inoculated with Fusarium oxysporum f. sp. mel-
onis (Fom; race 0) and Fusarium oxysporum f. sp. ni-
veum (Fon; race 0) (), at concentration 10° or 10° cfu g™
Experimental controls of Conductive soils (C), disin-
fested soils (D) and vermiculite (V) were included
with and without inocula. The suppressiveness of the
soils to Fusarium yellow of melon and Fusarium wilt
of watermelon were evaluated for 50 d. Severity of
Fom was reduced by 0%, and and Fon by -50%, in
comparison to inoculated vermiculite (P < 0.05). The
most suppressive soil was S4 for both pathogens. The
growth of both pathogens in S-soils was suppressed
compared with C soils and V, which suggested that
S-soils displayed greater fungistasis than C-soils or
V. The suppressiveness to the pathogen was reduced
in D-soils. The suppressiveness to the pathogen was
therefore likely to be due to microorganisms coloniz-
ing the roots grown in S-soils, and the suppression
may be due to antagonistic microorganisms.

Reaction of some watermelon varieties to the
races of Fusarium oxysporum f. sp. niveum. B.
GECIOGLU-ERINCIK!, M.T. DOKEN?Z. 'Adnan Men-
deres University, Kogarlt Vocational School, Aydin. 2Ad-
nan Menderes University, Faculty of Agriculture, The
Department of Plant Protection, Aydm. E-mail: bgerin-
cik@adu.edu.tr

Fusarium wilt, caused by Fusarium oxysporum f.
sp. niveum (Fon), is one of the major limiting fac-
tors for watermelon production. In recent surveys,
this disease has been found to be widespread in the
Province of Aydin. One of the best control measures
against the disease is the use of resistant cultivars.
The watermelon varieties (Crimson Sweet, Crimson
Tide, Galaxy, Wonder and Anthem F1), commonly
grown in the Aydin Province, were tested against
the three races (Race 1, 2, and 3) of Fon. Root dip
inoculation was used, and the experiment was con-

ducted in a growth chamber. The reaction of each
watermelon variety differed, depending on the race
of the pathogen. Cultivar Wonder exhibited the least
disease severity, ranging from 9% to 35% depending
on the races. Crimson Sweet was the most suscepti-
ble cultivar, developing up to 78% disease severity.

This research was supported by the Scientific Reseach
Fund of Adnan Menderes University through the project
no: ZRF-12011.

Identification of optimal cereal/legume combina-
tions for Mediterranean rainfed farming systems.
A. VILLEGAS-FERNANDEZ, A. AMARNA, D. RU-
BIALES. Institute for Sustainable Agriculture, CSIC,
Alameda del Obispo s/n, P.O. Box 4084, 14080 Cérdoba,
Spain. E-mail: diego.rubiales@ias.csic.es

Modern agriculture based on monocultures suffers
from a lack of biodiversity. Increasing the diversity
of crop systems offers opportunities to improve
yield stability, reduce pest and disease damage, and
to enhance stress resilience in agricultural systems.
This diversification should be adapted to each situ-
ation, considering a wide range of factors from the
specific crop to local weather conditions. In an at-
tempt to optimize cereal /legume combinations for
Mediterranean rainfed farming systems, two field
experiments were established at Cérdoba in grow-
ing season 2016/2017 that will be extended to other
areas in 2017/18. Crop combinations of wheat/Faba
bean and barley / pea were tested, respectively, in the
two experiments. Mixed intercropping was chosen,
with a 50/50 proportion of cereal /legume. Two vari-
eties for each crop were included. A split-plot experi-
mental design was adopted, with main plots being
management (two levels: conventional, i.e., applying
the normal levels of fertilizers and pesticides; and
low-level, with limited application of fertilizers and
pesticides), and subplots being crop combination (in-
cluding all possible combinations of the cereal and
legumes varieties, as well as monocrops). Plot size
was 3 x 4 m. Evaluations will include a wide number
of parameters, including germination rates, vegeta-
tive biomass, weed biomass, plant heights, ground
coverage, yields and disease incidence.

This research was supported by DIVERSify project of Eu-

ropean Union’s Horizon 2020 research and innovation
program, under agreement No. 727284.
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Alternative seed treatments as a substitute for
chemical seed treatments to control common bunt
of wheat. M. NOCENTINI', T. CINELLI*, C. COM-
PARINT', S. BENEDETTELLI, L. MUGNALI'. 'Dipar-
timento di Scienze delle Produzioni Agroalimentari e
dell’ Ambiente, University of Florence, Piazzale delle Cas-
cine 28, 50144 Firenze, Italy. E-mail: marconoce@gmail.
com

In recent years, the cultivation of ancient wheat vari-
eties has been relaunched, due to their high nutrient
and protein composition linked to low gluten con-
tent, and good organoleptic characteristics, mainly
through the work of organic small-scale farmers.
For organic production the seed cannot be treated
with synthetic chemicals. This created a serious is-
sue, due to the difficulty to obtain organic seed free
from common blunt spores, and all the issues related
to “homemade” treatments. For the above reasons,
common bunt (caused by Tilletia sp.) became a major
seed- and soil-borne disease for organic wheat pro-
ducers. This study investigated alternative control
measures to chemical seed treatments, that are envi-
ronmentally friendly to support cultivar resistance,
are easy to use and can be applied on small farms.
Following good results obtained in vitro, against
the germination of Tilletin teliospores, several or-
ganic products were used in vivo on seed of an an-
cient bread wheat cv. Sieve, artificially inoculated
with Tilletia teliospores. The products being tested
are: monoglycerides, Sinapis alba flour, Pseudomonas
chlororaphis, copper complexed with a carrier, cop-
per and zinc mixture complexed with citric acid, and
peracetic acid. These products were compared with
a traditional copper formulation registered for seed
treatment, and two synthetic chemical products, one
based on fludioxinil and the other a mixture of sedax-
ane, fludioxonil and difenoconazole. The results ob-
tained in in vitro and in vivo trials will be presented.

Development of integrated disease management
of fire blight using biocontrol agents and plant de-
fense activators. S. AIT BAHADOU", A. OUIJJA',
M.A. BOUKHARY?, A. TAHIRI. 'Laboratory of Plant
Biotechnology and Molecular Biology, Moulay Ismail
University, Faculty of Sciences; BP 11201, Ave Zitoune
Meknes, Morocco. * Department of Plant Protection and
Environment of the National School of Agriculture-Me-
knes, Km10, Rte Haj Kaddour, BP S/40, Meknes 50001,
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Morocco. E-mails: s.aitbahadou@edu.umi.ac.ma, ismail.
bahadou@gmail.com

The bacterial antagonists Bacillus subtilis GB03, B.
subtilis QST713, B. subtilis Y1336 and Pantoea agglom-
erans P10c, and plant defense activators acibenzolar-
S-methyl (ASM), fosetyl aluminium (F-Al), potas-
sium phosphites (PH) and prohexadione-Ca (ProCa)
were evaluated individually and in combinations
for control of fire blight in Morocco. Under labora-
tory conditions, on detached blossoms of apple and
pear, only biocontrol treatments based on P. agglo-
merans P10c and its mixture with B. subtilis QST713
showed reduced the incidence of the disease when
compared to other treatments. Under field condi-
tions, the above mixture of biocontrol agents, as well
as all other strains, were tested alone or combined
with plant defense activators, using a split-split-plot
trial design. The treatments were applied on trees at
timings based on their respective modes of action.
Results showed that P. agglomerans P10c reduced
blossom infection by 66%, B. subtilis QST713 by 64%,
their 1:1 mixture by 62%, B. subtilis GB03 by 64%,
and B. subtilis Y1336 by 53%. For the plant defense
activators this reduction was 62% for ASM, 57% for
ProCa, 50% for F-Al, and 49% for PH. On shoots,
disease reductions ranged from 40% to 80% for the
biocontrol agents, and 46% to 97% for the plant de-
fense activators. Two applications of ProCa was the
most effective treatment for reducing shoot blight in-
cidence. The combination of plant defense activators
and biocontrol agents allowed the greatest protection
against blossom and shoot blight, ranging from 76%
to 98%. The greatest protection was resulted from B.
subtilis QST713, P. agglomerans P10c or their mixture
combined with ASM or ProCa.

Harpophora maydis affecting maize in Southern
Europe: different growth media, long-term storage
and in vitro effects of extracts of Lycium europaeum
L. C.M. ORTIZ-BUSTOS!, Y. MONGELOS'? R. TEJ'?,
L. MOLINERO-RUIZ". ' Department of Crop Protection,
Institute for Sustainable Agriculture (IAS), Spanish Na-
tional Research Council (CSIC), Alameda del Obispo s/n,
14004 Cérdoba, Spain. *Multidisciplinary Center of Tech-
nological Research (CEMIT), General Direction of Scien-
tific and Technological Research (DGICT), National Uni-
versity of Asuncion (UNA), Mcal. Estigarribia Km 10,5,
2169 San Lorenzo, Paraguay. *Physiology and Biochem-
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istry of Plant Response to Abiotic Stresses Unit, Faculty
of Sciences of Tunis, University of Tunis EI Manar, 1060
Tunis El Manar, Tunisia. E-mail: Imolinero@ias.csic.es

Late wilt of maize is a vascular disease caused by the
soilborne fungus Harpophora maydis. The disease is
frequent in warm climates where high temperatures
occur at maize crop flowering and tasseling stages.
Genetic resistance is the most effective control meth-
od, but intermediate reactions of resistance highly
dependent upon environmental conditions are fre-
quent. Complementary and alternative control strat-
egies are needed within integrated pest management
programmes. The genus Lycium (Solanacecae) is well
known as a herbal medicine with broad biological
activities including antimicrobial effects. We selected
the most appropriate culture media for H. maydis
and evaluated different methods for its long-term
storage. We also assessed in vitro effects of water
and/or methanol extracts from L. europaeum on the
pathogen. Harpophora maydis did not grow on acidi-
fied corn meal agar (CMAa). Greatest growth was
recorded on lactic acid-potato dextrose agar (PDAa)
and CMA, but fungal sporulation on CMA was less
than on both PDA or PDAa. Glycerol and a sterilized
soil mixture were appropriate to maintain viability of
the fungus for at least one year. Maintenance at room
temperature favoured mycelial growth. Four metha-
nol extracts from L. europaeum (two from leaves and
two from stems) reduced growth of H. maydis. The
greatest antifungal effect was from an extract with
the greatest total phenolic content, particularly with
a large content of chlorogenic acid.

This research was supported by the Grant P12-AGR1281
(Andalusian Government, Spain) and the European Re-
gional Development Fund (ERDF). Y. Mongel6és was
supported by Consejo Nacional de Ciencia y Tecnologfa,
CONACYT (Paraguay), and R. Tej by the Ministry of High-
er Education and Scientific Research (Tunisia).

Chemical composition and antifungal activity of
essential oils from two Labiatae species. N. IS-
SIAKHEM-TAMDA', F. DAVIS?, M. HAZZIT?, M.
AMIALP, N. ZERMANE' ! Agricultural National High
School - El-Harrach-Algeria-Laboratory of Plant Physiol-
0gy, Department of Botany, Avenue Hassan Badi, El Har-
rach-16004, Algiers, Algeria. *School of Chemistry, Food
Biosciences & Pharmacy, University of Reading, UK.
3Agriculifuml National High School, EI-Harrach, Algeria,

Laboratory of Chemistry, Department of Technology. E-
mail: issiakhem.nadia@gmail.com

The excessive use of synthetic chemicals to reduce the
severity of pests and diseases in agriculture has gen-
erated pesticide resistance to some of the active ingre-
dients, from selection pressure due to high doses and
continuous applications, causing important economic
losses. Consequently, it is important to examine alter-
native control strategies, such as using natural prod-
ucts from plant origin which are unlikely to adversely
affect the environment and human health. Analysis
and identification were undertaken of essential oils
hydrodistilled from aerial parts of the Lamiaceae
aromatic plants, origanum (Origanum floribundum
Munby) and spearmint (Mentha spicata L.), using gas
chromatography and mass spectroscopy. Their an-
tagonistic activity was evaluated against pathogenic
fungi isolated from legume crops, including Botrytis
sp., Fusarium sp., Alternaria sp., and Ascochyta sp.. The
major components of the oregano oil were carvacrol,
thymol and p-cymene, and of the spearmint oil were
carvone, limonene and eucalyptol. Mycelia discs tak-
en from the margins of 7-d-old cultures were placed
in the middle of PDA plates together with 1, 3 and 5
uL of essential oils (applied individually) added on 5
mm sterile Whatman paper discs placed in the middle
of each Petri dish cover. The Petri dishes were sealed
with parafilm and incubated in darkness at 25°C
for 8 d. Control plates were treated with the same
amounts of sterile distilled water. Oregano essential
oils showed the greatest inhibition activity, and caus-
ing greater than 70% reduction of the mycelial growth
for the three concentrations of essential oil. The spear-
mint oil was less active with the greatest inhibition
activity against mycelia growth obtained with 5uL
(about 32% of growth reduction).

Evaluation of microbial antagonists and sidero-
phore production in the tomato phyllosphere as bio-
control agents. F. DIANEZ!, ]. YAU?, M. SANTOS'.
"Departamento de Agronomia, Universidad de Almeria,
Carretera Sacramento s/n, Almeria 04120, Spain. ’Na-
tional Agriculture Research Institute of Panamd, Build-
ings 161, 162, Knowledge City, Clayton,. Carlos R. Lara
Street, Panama Republic. E-mail: msantos@ual.es

Microbial antagonists from phyllospheres of healthy
greenhouse-grown tomatoes were isolated and
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evaluated for their effectiveness in inhibiting myce-
lial growth of pathogenic fungi in dual culture and
detached leaf assays, and for their siderophore pro-
duction. A total of 63 bacterial and 68 fungal isolates
were isolated from the tomato leaves and their an-
tagonistic activity was evaluated in dual culture as-
say. The isolates inhibited mycelial growth against
Botrytis cinerea (41% reduction), Fusarium oxysporum
f. sp. lycopersici (66%), Fusarium oxysporum f. sp.
radicis-lycopersici (33%), Mycosphaerella pinodes (53%),
Phytophthora parasitica (47%), Pythium aphaniderma-
tum (37%) and Verticillium dahliae (83%). To evaluate
the antagonistic activity against B. cinereal, a total
of 22 fungal and three bacterial isolates were tested
in a detached leaf assay. Five of 22 fungus isolates
prevented mycelial growth when compared to un-
treated controls when these were observed at x40
magnification. Nineteen 21 fungus isolates produced
siderophores, as indicated by CAS assays. These re-
sults indicate that organically-grown plants could be
an good source of potential biocontrol agents. The
future use of biological-chemical combinations, of
endophytes in combination with commercial pesti-
cides applied to the seeds or seedlings, could give
synergistic effects on one or multiple disease-caus-
ing agents.

Evaluation of E.M., Zeolite and Agri-fos 600® to
control Verticillium wilt. C. LAGOGIANNI, K.
SOTIROPOULOS!, A. KOULOUVARTI', G. ZAKYN-
THINOS?, D.I. TSITSIGIANNIS. 'Laboratory of Phy-
topathology, Department of Crop Science, School of Ag-
ricultural Production, Infrastructure and Environment,
Agricultural University of Athens, lera Odos 75, 118 55
Athens, Greece. *Department of Food Technology Techno-
logical Educational Institute (A.T.E.1.) of Kalamata, Kal-
amata, Greece. E-mail: dimtsi@aua.gr

Induced resistance is part of plant immune systems
developed after the stimulation of resistance mecha-
nisms, resulting from non—pathogenic microorgan-
isms or chemical inducers. This study evaluated the
non-pathogenic beneficial microorganism formu-
lation EM. and the chemical inducers zeolite and
Agri-fos 600®, to induce resistance mechanisms and
control Verticillium wilt. E.M. is a formulation based
on Effective Microorganisms, and is used to improve
the quality-fertility of soil and the growth-quality of
crops. Zeolite is a microporous, aluminosilicate min-
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eral used as a commercial adsorbent and catalyst, and
as a soil improvement substance. Agri-fos 600® is a
formulation of potassium phosphonate anions that
induce plant defense mechanisms. Pathogenicity ex-
periments were performed in Arabidopsis thaliana, to-
mato and eggplants infected with Verticillium dahliae.
Zeolite, E.M. and Agri-fos 600® were applied as root
drenches. Virulence assays in greenhouse experi-
ments showed that only zeolite and Agri-fos 600®
reduced Verticillium wilt in tomato and A. thaliana,
by 5-20%, but did not have any effect on eggplant. In
contrast, E.M. reduced the disease only in eggplants
by 20%. E.M. and zeolite were also evaluated in field
experiments in naturally infested soil, where zeolite
reduced Verticillium wilt in tomato plants by 25%,
and E.M. by 45%. Quantification of Verticillium mi-
crosclerotia in soil showed that their numbers were
reduced by 15% after treatment with E.M. compared
to untreated control plants.

Plant pathology and food safety

Identification and characterization of Acidovo-
rax citrulli strains from Serbia. N. ZLATKOVIC!,
A. PROKIC!, K. GASIC?, N. KUZMANOVIC®, M.
IVANOVIC', Z. PAVLOVIC!, A. OBRADOVIC'.
"University of Belgrade, Faculty of Agriculture, Insti-
tute of Phytomedicine, Department of Plant Pathol-
ogy, Nemanjina 6, 11080 Belgrade, Serbia. *Institute for
Plant Protection and Environment, Department of Plant
Pathology Teodora Drajzera 9, 11000 Belgrade, Serbia.
3Julius Kiihn-Institut, Federal Research Centre for Culti-
vated Plants (JKI), Institute for Epidemiology and Patho-
gen Diagnostics, Messeweg 11-12, 38104 Braunschweig,
Germany. E-mail: nevena_blagojevic@yahoo.com

In August 2014, typical bacterial fruit blotch symp-
toms were observed on mature watermelon fruit
originating from fields in the Vojvodina province of
Serbia. In the summer 2015 and 2016 we registered
two more occurrences of the disease, in, respectively,
the east and west areas of the country. White, glis-
tening, convex and circular colonies with regular
edges were predominantly isolated from diseased
watermelon fruit collected from the affected fields. A
total of 33 bacterial strains were subjected to further
analyses. They were Gram-negative, aerobic, oxi-
dase and catalase positive, nonfluorescent, and did
not produce potato soft rot. All but two strains (KFB
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359 and KFB 363) induced hypersensitive reactions
in tobacco leaves. They grew at 41°C and produced
beige to tan-coloured, nonmucoid, convex colonies
on yeast extract-dextrose-CaCO; agar. All strains
studied used L-arabinose, did not reduce nitrate, nor
utilized sucrose. Conventional PCR was performed
using A. citrulli-specific primers BX-L1/BX-S-R2.
The 165 rRNA gene sequence from two strains (KFB
343 and KFB 344) showed 100% identity to strains
of Acidovorax citrulli from China, Thailand and the
USA. These results identified the causal organism as
A. citrulli. Genetic relatedness among strains was in-
vestigated by rep-PCR, using BOX and REP primers.
All tested strains except one (KFB 358), showed the
same BOX-PCR profiles. In addition, all strains were
assigned to the same REP-PCR group. These results
show that A. citrulli strains isolated in Serbia during
three years belong to an homogeneous population.
These occurrences of bacterial fruit blotch are con-
sidered to be of seed-borne origin, but is not known
whether the pathogen will survive from season to
season in Serbian climatic conditions.

This study was supported by the project 11146008, financed
by the Ministry of Education, Science and Technological
Development, Republic of Serbia.

Screening of mycotoxin profile and mycotoxin
gene clusters in toxigenic fungi of food crop plants
reveals phenotypic and genetic variability at in-
traspecific levels. A. SUSCA, A. LOGRIECO, M.
HAIDUKOWSKI, A. VILLANI,, A. MORETTI. In-
stitute of Sciences of Food Production, Italian National
Research Council (ISPA-CNR), Via Amendola 122/0,
70126, Bari, Italy. E-mail: antonio.moretti@ispa.cnr.it

There is concern regarding occurrence of toxigenic
fungi on food and feed crops, since mycotoxin ac-
cumulation in the final products represents serious
risks for human and animal health. Among the plant
pathogens that produce mycotoxins in planta, Asper-
Qillus and Fusarium spp. are the most common, and
show great variability of their mycotoxin profiles,
even in closely related species or at intraspecific lev-
els. We report here results from studies conducted
usingHPLC/FLD and LC-MS/MS measurements
and whole genome sequencing: i) variability of
Ochratoxin A (OTA) production related to the occur-
rence of the ota gene cluster in the Aspergillus niger

clade, where both the intact and deleted clusters co-
exist; ii) variability of beauvericin (BEA) production
and occurrence of the BEA gene cluster in Fusarium
subglutinans and F. temperatum, two phylogenetic sis-
ter species where toxigenic potential is not related
to real production capacity in vitro; iii) variability of
fumonisin production and FUM gene cluster occur-
rences in F. proliferatum isolated from fig and maize,
two populations with the same toxigenic potential
but different fumonisin production capacity; iv) var-
iability of trichothecene production in the F. equiseti/
incarnatum species complex and related variability in
the trichothecene gene cluster. Taken together, these
data show that mycotoxin gene clusters can differ
within a single species, or among very closely re-
lated species. The lack of a given mycotoxin produc-
tion, at least in in vitro conditions, is frequently, but
not always, related to the absence of gene clusters.

This research was supported by the Project MycoKey.

Identification of pathotypes and analysis of the ge-
netic structure of Fusarium oxysporum f. sp. lentis
populations. H.R. POURALIBABA!, Z. SATOVIC?,
M.J. COBOS’, D. RUBIALES®, S. FONDEVILLA”. !
Dryland Agricultural Research Institute, Education and
Extension Organization (AREEO), Maraghe 119, Iran. *
Faculty of Agriculture, Department of Seed Science and
Technology, Svetosimunska 25, 10000 Zagreb, Croatia.
*Institute for Sustainable Agriculture, CSIC, 14004 Cér-
doba, Spain. E-mail: hpouralibaba@ias.csic.es

Lentil cultivation is threatened worldwide by Fusar-
ium wilt, caused by Fusarium oxysporum f. sp. lentis
(Fol). Knowledge on pathogenic diversity and ge-
netic structure of Fol populations is fundamental for
breeding for resistance and managing the disease.
We therefore studied virulence diversity within a
collection of Fol isolates. Twenty-eight resistant lentil
accessions were inoculated with six Fol isolates from
different geographical origins. The lentil accession
x Fol isolate effect was highly significant, which al-
lowed four accessions to be selected as a differential
set. Inoculation of this set with 48 Fol isolates from
Iran, Syria and Algeria, allowed the identification
of seven different virulence patterns, designated
pathotypes 1 to 7. In addition, the genetic structure
of this Fol collection was analyzed using twelve SSR
markers, eight of which were designed in this study.
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AMOVA showed that there was large molecular
variation within groups but also between groups,
showing that the Iranian populations were differ-
ent from non-Iranian populations. STRUCTURE and
Fitch-Margoliash tree analyses concluded the pres-
ence of two ancestral Fol lineages, one distributed in
all regions while the other was only present in Iran.
Our results suggest that Iran could be the origin of
the diversity demonstrated in this study.

This research was supported by the PhD educational mis-
sion No. 3972/200-28/1/1389 of first author, from AREEO
and AGL2014-52871 co-financed by FEDER.

Comparison of microbial quality of lettuce grown
under three crop systems in Cyprus. C. MENEL-
AOS CHRISTODOULOU, E. SAVVA, D. TSALTAS.
Department of Agricultural Sciences, Biotechnology and
Food Science, Cyprus University of Technology.E-mail:
dimitris.tsaltas@cut.ac.cy

Leafy greens, which are usually consumed raw, are
increasingly recognized as important vehicles for
transmission of foodborne pathogens. Contamination
with pathogenic bacteria can occur at different stages
of the production and distribution chain, making food
safety of vegetables an important priority. Lettuce is
the most commonly consumed vegetable worldwide,
growing in close proximity to soil, while rain and ir-
rigation water facilitate microbial movement and
contamination. It is of scientific and public interest to
explore how different production systems affect the
presence of foodborne pathogens, since there is skep-
ticism about safety of organic produce, hydroponics is
increasing, aquaponics is a new appealing production
trend. Lettuce and irrigation water samples of four
years (2013-2016) were used for analysis. Three hun-
dred and sixty lettuce samples (110 conventional (C),
105 organic (O), 90 hydroponic (H) and 55 aquaponics
(A)), were collected and analyzed. For water analysis,
64 irrigation water samples (39 C/O, 15 H and 10 A)
were analyzed. Total aerobic microbe counts, and En-
terobacteriaceae for aquaponics, was 2 log less than
in other samples. Escherichia coli were 0.61 logocfu g
for C, O, 1.24 logy, cfug for H, while E. coli in aqua-
ponics was below the detection limit. All Salmonella
counts were also below detection limits. Enterococcus
counts were 3.5-4.5 logy, less in aquaponics, while E.
coli in irrigation water for aquaponics was under the
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detection limit. This study indicates that the microbi-
ological quality of organic and aquaponics vegetable
growing systems are equal to, or in better than, other
systems. Some concerns, however, may rise for hy-
droponic systems, probably due to specific practices.

Genetic diversity of Botrytis cinerea between to-
mato greenhouses in Northern Algeria. A. ADJE-
BLI", C. LEYRONAS? K. AISSAT!, P.C. NICOT>.
Laboratoire d "écologie Microbienne, Faculté des Sciences
de la Nature et de la Vie, Université Abderrahmane Mira,
Bejaia 06000, Algérie. ’INRA, UR407 Pathologie Végeé-
tale, Domaine St Maurice CS 60094, F-84143 Montfavet
Cedex, France. E-mail: ahmed.adjebli@univ-bejaia.dz

To estimate the genetic diversity for a better under-
standing of the spread of Botrytis cinerea, we geno-
typed with nine microsatellite markers 174 isolates
collected from four greenhouses during three grow-
ing seasons in the region of Bejaia. Four of these
isolates were identified as Botrytis pseudocinerea ac-
cording to the allele size at locus Bc6. For all other
isolates further studied, all loci were polymorphic,
with the mean number of alleles per locus ranging
from 2.77 to 5.22. Considerable genetic variability
was detected in all subpopulations (D* > 0.87; Hnb
> (0.40). Based on standardized index of association
analysis, significant but low levels of clonality oc-
curred, not excluding the possibility of recombina-
tion (Rd = 0.07, P < 0.001). A total of 109 haplotypes
were characterized among the isolates, few of which
were shared between subpopulations. This, together
with moderate genetic differentiation among sub-
populations according to the geographical origin
(0.080 < Fsr< 0.167), suggested a low level of inocu-
lum exchange among greenhouses, and little carry-
over of inoculum from one sampling season to the
next. The importance of genetic structure of B. cinerea
populations should be taken into consideration for
management of grey mould in tomato greenhouses.

Postharvest fungal diseases of loquat cv. ‘Alge-
rie’ in Spain. L. PALOU, P. SANCHEZ-TORRES, C.
MONTESINOS-HERRERO, V. TABERNER. Labora-
tori de Patologia, Centre de Tecnologia Postcollita (CTP),
Institut Valencia d’Investigacions Agraries (IVIA), Apar-
tat Oficial, 46113 Montcada, Valéncia, Spain. E-mail:
palou_llu@gua.es
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Spain is the second largest producer and the great-
est exporter of Japanese loquat (Eriobotrya japonica
(Thunb.) Lindl.) for fresh consumption. More than
50% of the cultivated area is in Alacant province (SE
of Spain), where approx 98% of total production is
of loquat cv. ‘Algerie’, which is mainly exported to
European Union (EU) markets. For two consecu-
tive seasons, commercially grown ‘Algerie’ loquats
from two orchards were assessed for disease caused
by latent and wound pathogens. Selected healthy
fruit were either surface-disinfected or artificially
wounded in the rind and incubated in humid cham-
bers at 20°C for up to 5 weeks. Additionally, disease
was also assessed on commercially handled fruit
(manually selected and packaged) stored at 5°C for
up to 12 weeks; no loquat postharvest treatments are
currently authorized in the EU. Isolated fungi were
incubated on potato dextrose agar (PDA) plates at
25°C for purification and subsequent morphological
and molecular identification. Pathogenicity of com-
mon isolates was demonstrated by fulfilling Koch’s
postulates. Disease development was assessed on
artificially inoculated loquats stored at either 20 or
5°C. Regardless of the type of infection and posthar-
vest fruit management, the most frequent posthar-
vest diseases were black spot, caused by Alternaria
alternate, and blue mold caused by Penicillium ex-
pansum. In addition, gray mold, caused by Botrytis
cinereal, was frequently observed on both artificially
wounded and commercially handled fruit, whereas
anthracnose, caused by Colletotrichum gloeosporioides,
was frequently observed on surface-disinfected lo-
quats. Other minor pathogens that were found caus-
ing latent infections, especially in the fruit stem-end,
were Pestalotiopsis clavispora and Diplodia seriata.

This research was supported by the Project AGL 2004-
05271/ AGR funded by the Spanish MICINN and the Eu-
ropean Union (FEDER Program).

The severe threat for sweet cherry production in
Turkey: identification of causal agents of bacterial
canker. H. OZAKTAN', M. AKBABA' 'University of
Ege, Faculty of Agriculture, Department of Plant protec-
tion, Bornova, Izmir, TURKEY. E-mail: hatice.ozaktan@
ege.edu.tr

Turkey is the world’s greatest producer of sweet
cherries (Prunus avium L.), with production of

400.000 metric tons per year. An old but suitable for
export variety, ‘0900 Ziraat-Salihli’, played the main
role in this industry. Cherry production in Turkey
has been threatened by emerging and increasingly
severe losses due to bacterial canker, caused by Pseu-
domonas syringae pathovars. This study identified
fluorescent Pseudomonas isolates originating from
different symptomatic tissues of sweet cherry trees
from the Aegean Region in Turkey. Identification of
bacterial canker causal agents was on isolation on
microbiological media, phenotypic features of bacte-
ria, including pathogenicity tests on immature fruit,
and molecular diagnosis of toxins produced (yer-
cinibactine, coronatine, syringomycin). Eleven of
16 fluorescent Pseudomonas isolates were identified
as Pseudomonas syringae pv. syringae (Pss), four as P.
syringae pv. morsprunorum race 2 (Psm2), and one as
Pseudomonas viridiflava. The pathogenicity tests di-
vided the tested strains into two groups: one includ-
ing isolates causing black-brown necrosis, and the
second of isolates inducing water-soaked superficial
lesions. Phenotypic and genetic studies on toxin pro-
duction showed that all Pss isolates produced syrin-
gomycin (syrb gene). However, Psm2 isolates did not
show evidence for the coronatine production gene
(cfl gene). All pathogenic isolates were also subjected
pathogenicity test on micropropagated sweet cherry
plantlets, using different inoculation methods. The
best inoculation technique for production of typical
disease symptoms was dipping non-wounded plant-
lets in bacterial suspensions.

Diversity of culturable bacteria in Spanish Pleu-
rotus eryngii crops. A.J. GONZALEZ!, E. TRAPIEL-
LO!, M.J. NAVARRO? F]J. GEA% 'Laboratorio de
Fitopatologia, Servicio Regional de Investigaciéon y De-
sarrollo Agroalimentario (SERIDA), Carretera de Oviedo
s/n, 33300 Villaviciosa, Asturias, Spain. 2Centro de In-
vestigacion, Experimentacion y Servicios del Champifion
(CIES), 16220 Quintanar del Rey, Cuenca, Spain.

Pleurotus eryngii, king oyster mushroom, is one of the
most valuable cultivated mushroom species in Spain,
where it is grown on sterilized substrates. Several
bacterial species have been described as causing dis-
eases on edible mushrooms, such as brown blotch or
internal stipe necrosis. This study identified bacteria
present on P. eryngii fruit bodies harvested from sev-
eral mushroom growing farms located in Castilla-La
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Mancha (Spain), and assessed their diversity. From
the ten batches of samples analyzed, 39 isolates were
obtained. Classical and molecular techniques were
used for identification. The phenotypic tests carried
out were: Gram, fluorescence under UV light, oxida-
tion/fermentation of glucose and the presence of cy-
tochrome c-oxidase. The LOPAT scheme (levan, oxi-
dase, pectinolysis of the potato, hydrolysis of argi-
nine, hypersensitivity in tobacco leaves) was applied
to isolates of the genus Pseudomonas. In addition, the
16S rDNA was amplified and sequenced in at least
one of the directions and the sequences obtained
were compared to those deposited in databases by
BLAST. Only 18% of the isolates were Gram posi-
tive. Among Gram negative bacteria, Pseudomonas
was the best represented with 22 isolates, only one
of which was non-fluorescent. Among the identified
Pseudomonas spp., the most relevant were P. tolaasii
and P. azotoformans. Other genera present were Aci-
netobacter, Providence, Brochotrix, Myroides, Lactococ-
cus, and Wautersiella.

This research was supported by the Regional Government
of the Principado de Asturias and Diputacién de Cuenca.

Use of natural products to control key pathogens of
typical Mediterranean crops. A. LATORRE, G. PAS-
CALL L. RIGHIL, S. BERTIN, V. BATTAGLIA. Con-
siglio per la ricerca in agricoltura e I'analisi dell’economia
agraria - Centro di ricerca Difesa e Certificazione (CREA-
DC), Via C. G. Bertero 22, 00156-Rome, Italy.

This study evaluated the use of essential oils for
control of Plasmopara viticola and Fusarium oxyspo-
rum f. sp. lycopersici, two important pathogens of,
respectively, grapevine and tomato. Clove oil (Eu-
genia caryophyllata) and BIOXEDA formulation con-
taining 20% (w/w) of clove oil (Xeda International
S.A.) were tested in vitro and in vivo. The in vitro tests
consisted of evaluating the development of P. viticola
on grapevine leaf discs, or F. oxysporum f. sp. lyco-
persici on agar medium supplemented with the test-
ed products at various concentrations. In addition,
spore germination was determined after using the
products at different concentrations. The in vivo tests
evaluated activity of the products against against
grape downy mildew in open field, and F. oxysporum
f. sp. lycopersici on tomato plants in a greenhouse. In
vitro tests showed inhibitory activity of the products
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on mycelial growth and spore germination. In vivo
tests revealed effectiveness of products although
they were not as effective as a reference product.
This study suggests that application of essential oils
could to reduce the use of synthetic pesticides in
agriculture, in accordance with European laws, and
avoid the environmental pollution.

Seasonal distribution of Apple mosaic virus in in-
fected apple and hazelnut tissues. A.BALTACT,
FERTUNC?. 'Blacksea Agricultural Research Institute,
Samsun, Turkey, *Ankara University, Faculty of Agri-
culture, Department of Plant Protection 06110 Ankara,
Turkey. E-mail: ertunc@agri.ankara.edu.tr

This research was carried out to detect the seasonal
variation of Apple mosaic virus (ApMV) on apple and
hazelnut tissues by DAS-ELISA and RT-PCR which
the coat protein region was targeted. Tissues were
sampled between March — January 2011 and five
ApMV infected apple trees (all were Granny Smith
variety) and three local hazelnut varieties (Fosa,
Yass1 badem and Mincane) were selected as five rep-
licates in Hazelnut germplasm culture collection in
Giresun. Shoots, leaves, male and female flowers,
fruits and husk tissues were collected from infected
hazelnut trees, shoots, leaves, flowers and fruits
were collected from apple trees according to their
set. Apple mosaic virus was detected in the shoots
and leaves of apple trees collected in May, June and
July by DAS-ELISA and similar results were also ob-
tained by RT-PCR. The virus was present in shoots,
leaves and female flowers of hazelnut especially col-
lected in April, May, June and very reduced amount
in July detected by DAS-ELISA. When the hazelnut
tissues analyzed by RT-PCR, the tissues collected in
March were also positive for the presence of ApMV.
The remaining collected tissues were all negative in
RT-PCR and DAS-ELISA, therefore, according to our
results, May was the most suitable time for apple
sampling while the April was found the most suit-
able period for hazelnut collection for the detection
of ApMV

Distribution, molecular detection and characteriza-
tion of corn viruses in Turkey. K. DEGIRMENCT',
F. ERTUNC?. 'Ankara University Natural and Applied
Sciences Institute. Ankara University, Faculty of Agri-
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culture, Department of Plant Protection, 06110 Ankara,
Turkey. E-mail: ertunc@agri.ankara.edu.tr

Leaf samples bearing virus-like symptoms of sys-
temic mosaic, and asymptomatic leaves, were col-
lected in 2010 and 2011 from Bartin, Diizce, Sakarya
and Zonguldak provinces of the Blacksea region,
and were assessed, using DAS-ELISA tests, for vi-
rus infections. The samples were tested for Maize
dwarf mosaic potyvirus (MDMV), Sugarcane mosaic po-
tyvirus (SCMV), Barley yellow dwarf luteovirus PAV
and MAV strains (ByYDV), Maize stripe tenuivirus
(MStV), Maize mosaic rhabdovirus (MMV), Maize
whiteline mosaic aureusvirus (MWLMYV), Johnson grass
mosaic potyvirus (JGMV), Wheat streak mosaic tritimov-
irus (WSMV), Barley stripe mosaic hordeivirus (BSMV),
Maize chlorotic mottle machlomovirus (MCMV) and
Cucumber mosaic virus (CMV),A total of 424 plant
samples were collected from the research area. Of the
samples, 171 were infected by one of the above virus-
es and 60 had double or triple virus infections. No
viruses were detected in 193 samples. MDMYV was
widespread, followed by BYDV-MAV, BYDV-PAV
and MMV. Infection rates were 43% in Bartin, 52% in
Duzce, 38% in Sakarya and 27% in Zonguldak. The
other virus infections were rare in the research area.
The main infection in maize cobs and seeds were
MDMYV and MMV. RNAs of infected leaves were
isolated and subjected to RT-PCR amplification for
MDMYV, MMV, BYDV-PAV and MAYV, and 336 bp, 457
bp, 320 bp, 320bp amplified products were obtained.
Thirty-five MDMV isolates were sequenced and the
sequences were deposited in the NCBI database, and
phylogenetic analysis were performed. Our isolates
were closely related to European MDMYV isolates.

This research was supported by the Tagem Project funded
by Ministry of Food, Agriculture and Animal Husbandry
of Turkey.

Detection of resistance in corn varieties by molecu-
lar markers. K. DEGIRMENCI!, F. ERTUNC?. ! An-
kara University Natural and Applied Sciences Institute.
?Ankara University, Faculty of Agriculture, Department
of Plant Protection, 06110 Ankara, Turkey. E-mail: er-
tunc@agri.ankara.edu.tr

Maize dwarf mosaic virus (MDMV) is the most impor-
tant and widespead virus infection of maize in Tur-

key. In order to determine the genetic suceptibility of
our corn varieties, one isolate of MDMYV was selected
according to symptom expression and virulence, and
tested on 88 local maize varieties, ten commercial
varieties, two resistant(D21 and D32) and two sus-
ceptible (Demv 1145 and D408) for resistance against
MDMV. Field trials were organized as randomised
block designs with three replicates and six plants in
each plot. DNA was isolated from the infected plant
leaves. Two CAPS markers (Pic 13L2 and Pic 19LX)
and one indel marker (M12) were used for the detec-
tion of Semv1 and Secmv?2 resistance genes. Amplified
products of Pic 13L2 CAP marker were digested with
Rsal and the others were digested with NlalIl. From
symptom expression of the plants and results of the
molecular amplifications, four self-pollinated maize
lines, M112, M100, M108 and M 96 were shown to be
resistant to MDMV. The Scmv1 gene was present in
nine samples and the Scmv2 gene was detected in
five samples.

This research was supported by the Tagem Project, funded
by Ministry of Food, Agriculture and Animal Husbandry
of Turkey.

Development of a biocontrol agent against Fusar-
ium spp. using culture media fermented by lactic
acid bacteria. C. LUZ', F.B. LUCIANO?, J. MANES',
G. MECA!. Laboratorio de Quimica de los Alimentos
y Toxicologia de la Facultat de Farmacia, Universitat de
Valencia, Av. Vicent Andrés Estellés s | n, 46100 Bur-
jassot, Esparia. ? Departamento de ciéncia animal, Escola
de Ciéncias da Vida, Pontificia Universidade Catolica do
Parand, Rua Imaculada Conceicdo 1155, 80901-215 Cu-
ritiba, Parand, Brasil.

Bioconservation is a biotechnological application
that promotes shelf-life extension and food safety
using microorganisms or their metabolic products.
Some LAB strains produce low molecular weight
compounds related to phenolic acids, with impor-
tant antifungal activities. Provided LAB are food
grade organisms and comply with the “Qualified
Presumption of Safety” (QPS) introduced by the
“European Food Safety Agency” (EFSA), they have
considerable potential as biopreservatives in food
applications. Reduction of food spoilage caused by
mycotoxigenic fungi is one of the main problems
in food security. Seven strains of lactic acid bacte-
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ria (LAB) were tested for antifungal activity against
nine mycotoxigenic Fusarium spp. LABs were grown
on MRS broth for 48 h at 37°C in anaerobic condi-
tions. The cell free supernatants (CFS) were concen-
trated by lyophilization, filtered and tested for the
antifungal properties using a diffusion agar method.
Minimum inhibitory and minimum fungicidal con-
centrations of each CFS were determined in in 96-
well microplates. All LABs tested produced growth
inhibition of the nine fungi on solid medium. The
minimal inhibitory concentrations ranged from 4
to 16 g L', and minimum fungicidal concentrations
from 8 to 31 g L. Further investigations will focus
on development of a natural biocontrol agent against
Fusarium spp. contamination in cereals and derivate
products.

This study was supported by the Project for Emerging Re-
searchers of the Generalitat Valenciana (GV-2016-106), and
the European Project H2020-Research and Innovation Ac-
tion MycoKey “Integrated and innovative key actions for
mycotoxin management in the food and feed chain” GA
678781.

Detection of Southern tomato virus in seed and
seedlings of commercial tomato varieties

M.I. FONT-SAN-AMBROSIO!, A. ALFARO-
FERNANDEZ!, L. ELVIRA?, A. PUCHADES? L.
RUBIO? J.M. ESTEVEZ-CAPARROS?, M.J. MUNOZ-
YERBES*, A. ESPINO?®, P. BENITO, J.]. MONAGAS?®,
J. SERRA? J. ROSELLO? D. HERNANDEZ!, L.
BLANCO!, R. BOSCH!, J. GUERRI?, A M. CANO-
GARCIA® J.A. REYES-BETANCORT®, L. GALIPIEN-
SO>. 'Grupo de Virologia, Instituto Agroforestal Mediter-
rdaneo, Universitat Politécnica de Valéncia, Cno. Vera s/n.
46022 Valencia, Espaiia. *Virologia, Centro de Proteccién
Vegetal y Biotecnologia, IVIA, Carretera CV-315, Km. 10,
46113 Moncada, Valencia, Espafia. *Granada- La Palma
Sociedad Coop, Andaluza, C/CN340 PK342, 18730 Car-
chuna, Granada, Espafia. “Laboratorio de Diagnéstico
Fitopatolégico-Virologia, Generalitat Valenciaana, Av/ de
Alicante s/n - 46460 Silla, Valencia, Espafia. *Laborato-
rio de Sanidad Vegetal Direccion General de Agricultura
Carretera del Boqueron s/n Valle de Guerra, 38270 La
Laguna, Tenerife, Espafia. °Laboratorio de Fitopatoloia,
Servicio de Laboratorios Agroalimentario y Fitopatolégico
Ctra, General del Norte, km 7,2, Cardones, 35415 Aru-
cas, Gran Canaria. ’Consejeria de Agricultura, Ganaderia
y Pesca, Cabildo de Gran Canaria. *Laboratorio de Sani-
dad Vegetal, Cc/ Mayor, n°1, 30150 La Alberca, Murcia.
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Jardin de Aclimatacin de La Oratava (ICIA). C/ Retama
2, C.P. 38400 Puerto de la Cruz Santa Cruz de Tenerife,
Esparia. E-mail: analfer1@doctor.upv.es

Southern tomato virus (STV) is a member of the new
genus Almalgavirus (family Amalgaviridae), with
a 3.5 kb double stranded RNA (dsRNA) genome
containing two partially overlapping open reading
frames (ORFs), coding for the putative coat protein
gene and with typical motifs of the RNA-dependent
RNA-polymerase (RdRp). This virus is related to
families Totiviridae and Partitiviridae. STV is efficient-
ly seed transmitted, with a transmission rate >70%.
Since the first report of STV in Spain in 2013, it was
detected in several commercial and local varieties of
tomato from different Spanish tomato production
areas. STV-infected fruits are symptomless or show
uneven ripening, and the virus is often found in
mixed infections with other typical tomato-infecting
viruses. This project assessed whether tomato germ-
plasm is generally infected with STV. Twenty seed
lots and more than 30 seedling samples of different
commercial and local tomato varieties from com-
mercial nurseries, were analyzed. These assessments
showed that STV is widespread through the tomato
germplasm. Although STV is a cryptic virus charac-
terized by no developing important plant diseases,
its presence could interfere in the evolution of other
symptomatic viruses and also in the host. The role of
STV in infected tomato plants requires clarification.

This research was supported by the Project INIA E-
RTA2014-00010-C02-02 (Instituto Nacional de Investi-
gacion y Tecnologia Agraria y Alimentaria, INIA, Spain).

Effects of the co-infection of Pepino mosaic virus
and Southern tomato virus on tomato plants. E.
SANAHUJA!, A. ALFARO-FERNANDEZ', L. EL-
VIRA?, A. PUCHADES? P. ALFARO-FERNANDEZ®,
L. GALIPIENSO &* M.I. FONT-SAN-AMBROSIO".
'Grupo de Virologia, Instituto Agroforestal Mediterrd-
neo, Universitat Politecnica de Valéncia, Cno. Vera s/n,
46022 Valencia, Esparia. *Virologia, Centro de Proteccion
Vegetal y Biotecnologia, IVIA, Carretera CV-315, Km.
10, 46113 Moncada, Valencia, Espaiia. *Grupo de Siste-
mas de Optimizacion Aplicada, Instituto Tecnoldgico de
Informdtica, Universidad Politécnica de Valencia, Cno,
Vera s/n, 46022 Valencia, Espafia. E-mail: analfer1@doc-
tor.upuv.es
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Southern tomato virus (STV) was detected in tomato
plants showing stunting, fruit discolouration and size
reduction, and also in symptomless plants. This virus
is efficiently seed transmitted and its role in the to-
mato infected plants is currently unknown. We eval-
uated effects of STV in single and mixed infections
with Pepino mosaic virus (PepMV) in affected tomato
plants. The assay consisted of four different combina-
tions: single STV and PepMYV infected plants, plants
co-infected with PepMV and STV and non-infected
plants (four plants of each treatment). Plants were
grown a growth chamber, and different parameters
were evaluated, including; time for symptom devel-
opment, symptom severity index, virus concentra-
tion and plant biomass. All of the plants infected with
PepMV developed symptoms. However, in plants
co-infected with STV symptoms appeared 15 d later.
Plants infected only with STV did not develop any
symptoms during the assay. The co-infected plants
presented greater biomass at the end of the assay
than those with single infections of either PepMV
or STV, and were similar to those of the uninfected
plants. The concentration of STV remained almost
constant during the assay, and PepMV concentra-
tion was greater at 15 d after infection and decreased
in following evaluations, regardless of the single or
mixed infections in the plants. These results indicate
that co-infection of PepMV and STV could improve
the development of tomato plants compared to those
only infected with PepMV or STV, with similar bio-
mass to the non-infected plants. Further studies are
being undertaken to confirm these results.

This research was supported by the Project INIA E-
RTA2014-00010-C02-02 (Instituto Nacional de Investi-
gacién y Tecnologia Agraria y Alimentaria, INIA, Spain).

Identification and mycotoxigenic ability of Asper-
gillus spp. associated with black rot of pomegranate
fruit. A. SUSCA', L. KANETIS?, M. HAIDUKOWS-
KI', A. VILLANI, S. TESTEMPASIS®, S. SAMUEL",
A. LOGRIECO" G. KARAOGLANIDIS®. 'Istituto di
Scienze delle Produzioni Alimentari. Consiglio Nazion-
ale delle Ricerche, via Amendola 122/0, 70126 Bari, Italy.
’Department of Agricultural Sciences, Biotechnology and
Food Science, Cyprus University of Technology, 3603,
Limassol, Cyprus. > Aristotle University of Thessaloniki,
Department of Agriculture, Plant Pathology Laboratory,
55132, Thessaloniki, Greece. *Department of Agricul-

ture, Ministry of Agriculture, Rural Development and
Environment, 1412, Nicosia, Cyprus. E-mail: antonella.
susca@ispa.cnr.it

Due to their nutritional value pomegranate is a
rapidly expanding crop with promising prospects,
consumed mainly as fresh fruit, juices and jams.
Pomegranate fruit rots contribute significantly to
crop losses, with black rot (caused by Aspergillus
spp.) being a common disease. Black rot damages
external fruit surfaces, resulting in fungal invasion
of arils that are covered by spore masses of black
aspergilli (Aspergillus section Nigri). This fungus
group is considered the main source of ochratoxin A
(OTA) contamination in numerous food commodi-
ties, and species of the section have been reported as
fumonisin (FB) producers. Therefore, black rot may
not only reduce yield, but also deteriorate products
due to mycotoxin production, and compromise con-
sumer health safety. Our purpose was to identify
black aspergilli associated with pomegranate fruit
rots and investigate their mycotoxin capacities. Thir-
ty seven Aspergillus spp. isolates from pomegranate
fruit showing black rot symptoms were collected
from Greece, Cyprus and Italy. Species identification
was performed at three genetic loci, beta-tubulin,
calmodulin and translation elongation-la. Thirty-
five isolates belonged to A. niger “aggregate”, mostly
A. tubingensis, one to A. japonicus and one to A. vio-
laceofuscus. OTA and FB capacity of the isolates was
also investigated, with negative results, respectively,
on YES and CY20S media. To our knowledge this
is the first report of multi-locus characterization of
black aspergilli associated with pomegranate black
rot. Further studies on an enlarged set of strains, and
evaluation of natural occurrence of the toxins, are
required to better elucidate the potential mycotoxin
risks on pomegranate fruit.

This research was supported by the Cyprus University of
Technology Grant 3/319 to LK, and EU project MycoKey
Grant 678781.

Population structure of Phytophthora infestance
causing to potato late blight in the Cukurova Re-
gion of Turkey. H. GUNACTI, T. AY!, C. CAN?
'Biological Control Research Institute Koprukoy/Adana,
Turkey. *Gaziantep University, Department of Biology.
Gaziantep/Turkey.
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Potato late blight (caused by Phytophthora infestans) is
one of the most destructive diseases of potato in Tur-
key. The pathogen can infect stems, leaves, and tu-
bers. Late blight is becoming increasingly difficult to
control, leading to intensified use of fungicides in the
potato production. This study explored the molecular
and biochemical characters of P. infestans populations
in Turkey. Metalaxyl sensitivity, mating type analy-
ses, and phenotypic characterization were carried out
in 2013-2014, with surveys in the Cukurova potato
cultivation areas, and 186 P. infestans isolates were ob-
tained. Through these analyses metalaxyl resistance
profile, mt DNA haplotypes, occurrence of A2 type in
the region and genetic differences were determined.
These results are the first characterization data on for
the P. infestans populations in Turkey.

This research was supported by TUBITAK (The Scientific
and Technological Research Council of Turkey) in project
no 1120112.

Survey of distribution of the fire blight pathogen
(Erwinia amylovora) on pome fruits in Montene-
gro.]. LATINOVIC, B. KANDIC and N. LATINOVIC.
University of Montenegro, Biotechnical Faculty, Mihaila
Lalica 1, 81000 Podgorica, Montenegro. E-mail: jelenal-
at@ac.me

From 2013 to 2016, a national survey of Erwinia am-
ylovora, the causal agent of fire blight, was carried
out in Montenegro, focusing on pome fruits (apple,
pear and quince) as the most important host plants.
The study included field observations and laborato-
ry identification of the pathogen. The most common
symptoms related to fire blight were “shepherd’s
crook” on the tips of tree shoots, with brown discol-
ouration under the bark and blighted leaves. Sam-
ples from symptomatic plants were examined in the
laboratory, and bacteria were isolated nutrient agar.
Pathogenicity of obtained isolates was confirmed by
artificial inoculation of immature pear fruits, and hy-
persensitive reaction in tobacco leaves. Identification
of isolates was by Gram staining, studying cultural
characteristics on nutrient sucrose agar and King's
B medium), and by rapid immunochromatography.
Occurrence and distribution of E. amylovora in Mon-
tenegro, mostly in northern areas, but also in central
areas. The disease was most prevalent in Bijelo Polje
and Berane, and quince was the most common host
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plant. Infection of apple and pear trees was usually
noticed if they were in a proximity to old, diseased
quince trees. Adequate phytosanitary measures need
to be implemented to control the disease.

This research was supported by the Phytosanitary Directo-
rate of Montenegro.

Biological and chemical control of Aspergillus fla-
vus and aflatoxins in maize. C. LAGOGIANNI, D.I.
TSITSIGIANNIS. Laboratory of Phytopathology, De-
partment of Crop Science, School of Agricultural Produc-
tion, Infrastructure and Environment, Agricultural Uni-
versity of Athens, lera Odos 75, 118 55 Athens, Greece.
E-mail: dimtsi@aua.gr

Aspergillus spp. cause significant rots in maize and
produce the carcinogenic aflatoxins. Several chemi-
cal and biocontrol formulations and other non-path-
ogenic biotic factors were evaluated for the control
of A. flavus in maize. In vitro experiments were per-
formed on maize kernels with the following factors:
a) Zeolite, a mineral with physicochemical proper-
ties; b) Agri-fos 600®, a product based on potassium
phosphonate anions that induce plant immune re-
sponses; ¢) Trianum®, a product based on the fun-
gus Trichoderma harzianum that inhibits the infection
and colonization by pathogenic fungi; d) Botector®,
a product containing the yeast Aureobasidium pullu-
lans whose action is based on inhibition of pathogen
colonization; e) Paenibacillus alvei K-165, an antago-
nistic bacterium that induces systemic resistance of
plants; f) Serenade Max®, a product that stimulates
natural plant defense mechanisms; g) Vacciplant®,
a product that contains laminarine, an inducer of
the plant immune system; and h) a non-toxigenic
strain of Aspergillus flavus. The fungicides Switch®,
Geoxe®, Granuflo®, Cantus®, Chorus® and Quad-
ris® were also tested. The experiments demonstrat-
ed that the chemical formulations reduced infection
A. flavus in in vitro and field experiments. In particu-
lar, the fungicide Switch® reduced disease severity
and aflatoxin production by 70%. Additionally, the
biopesticides Botector® and Mycostop® reduced
aflatoxin contamination of maize by 50%. Apply-
ing good agricultural practices and combinations of
biological agents and fungicides at the maize growth
stage of anthesis and silking can significantly reduce
aflatoxin contamination.
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Effects of the viroids and rootstocks on fruit yield
and juice quality of Tunisian citrus variety “Mal-
tese half-blood”. A. NAJAR!, LHAMROUNTI? R.
BOUHLEL!, A. JEMMALI', B. JAMMOUSSI®, N.
DURAN-VILA®. 'National Institute of Agricultural Re-
search of Tunisia, Street Hedi Karray, 1004 El Menzah,
Tunis, Tunisia. >National Research Institute of Rural En-
gineering, Water and Forests, Street Hedi Karray, 1004,
El Menzah, Tunis, Tunisia. 3Higher Institute of Educa-
tion and Continuing Education, Tunisia. *Instituto Va-
lenciano de Investigaciones Agrarias, Moncada, Valencia,
Spain. E-mail: asmanajara@yahoo.fr

In Tunisia, citrus varieties are commonly grafted
on sour orange rootstocks. Considering the present
strategy to prevent damage which could be associ-
ated with tristeza disease, the substitution of sour
orange rootstocks with symptomless rootstock /sci-
on combinations is a desirable approach. However,
some promising rootstocks are known to be sensi-
tive to viroid infection. The performance of Tuni-
sian “Maltese half-blood” sweet orange infected with
Citrus exocortis viroid (CEVd), Hop stunt viroid
(HSVd), Citrus bark cracking viroid (CBCVd), Citrus
bent leaf viroid (CBLVd) and Citrus dwarfing viroid
in single or mixed infections was evaluated on eight
rootstocks [sour orange (SO), ‘Carrizo’ citrange (CC),
volkamer lemon (CV), “Cleopatra’ mandarin (MCL),
‘Swingle’ citrumelo (Citru), ‘Rangpur’ lime alemow
(LR) and trifoliate orange (PT)], at the INRAT station
in Cap Bon region. The trees were planted in 2005
and size, fruit production and fruit quality were
evaluated every year from 2008. Mixed viroid infec-
tions decreased the canopies of Maltese grafted on
CC by 41%, Citru by 40%, MCL by 39%, LR by 50%,
CV by 46% and PT by 60%. The cumulative yield of
Maltese grafted on CM and inoculated with HSVd
was 76% less than the control. Mixed infections de-
creased production from the rootstocks Citru by 30%
and PT by 60%. The only viroid effect on fruit quality
was increased vitamin C content. This was more pro-
nounced from mixed infections where the greatest
amounts of vitamin C were recorded for fruit juice of
Maltese grafted on CM, CV, LR or PT.

This research was supported by the National Institute of
Agricultural research of Tunisia (INRAT, Tunisia).

Effect of temperature on Lactuca sativa cultivars
infected naturally with Sclerotinia sclerotiorum - a
field study. P. KROLIKIEWICZ, V.K. MACIOSZEK,
T. JECZ,, A K. KONONOWICZ. Department of Genet-
ics, Plant Biology and Biotechnology, Faculty of Biology
and Environmental Protection, University of Lodz, Ba-
nacha 12, 16, 90-237 Lodz, Poland. E-mail: andrzej.kon-
onowicz@biol.uni.lodz.pl

Sclerotinia sclerotiorum is one of the most destructive
fungi of cultivated Lactuca sativa (lettuce), causing let-
tuce drop. Four lettuce cultivars (iceberg lettuce cvs
Diamentinas and Templin, green lettuce cv. Lollo Bionda
and red lettuce cv. Lollo Rossa) were grown in a horti-
cultural holding in the central Poland (Lodz voivode-
ship), in the field naturally infested by S. sclerotiorum.
In parallel, control lettuces were grown in a non-in-
fested field. The experiment was conducted in 2016,
in three yields/repetitions. Lettuce seeds used were
purchased by Rijk Zwaan and Nunhems Companies.
Seedlings were prepared by Schwanteland GmbH,
Jungpflanzen, Germany. Each of lettuce cultivar was
grown in 8 x 1 m plots, and each plot was divided
into five sectors, each of 20 lettuce heads (100 heads
per plot. Fertilizers (5 kg each of ammonium nitrate,
potassium sulphate and triple superphosphate) were
applied to each plot. Temperature was measured dai-
ly, and numbers of infected lettuce heads were count-
ed at 4 and 8 weeks. Severity of lettuce drop was as-
sessed using 5 point scale, and survival of individual
plants was estimated. total phenolic and flavenoid
content was also assessed. The most resistant culti-
var to low temperature as well as to S. sclerotorium
infection was Lollo Rosa. This cultivar also had the
greatest phenolic and flavonoid contents.

This research was supported by the University of Lodz
grant no. B1611000000211.01.

The effects of sulfur dioxide pads on postharvest
grey mold and quality of sultana table grapes.
P. KINAY TEKSUR, F. SEN? H.B. UNAL? AK.
SELVI!, A.KALIN* AM. AGHDAM!', B. CENBER-
CI COSKUN?®. 'Ege University Faculty of Agriculture
Department of Plant Protection, 35100 Bornova, Izmir,
Turkey. Ege University Faculty of Agriculture Depart-
ment of Horticulturae, 35100 Bornova, Izmir, Turkey.
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Ege University Faculty of Agriculture Department of
Farm Structures and Irrigation, 35100 Bornova, Izmir,
Turkey. *Aegean Agricultural Research Institute, Mene-
men Izmir, Turkey. *Kansas State University Manhattan,
USA. E-mail: pervin.kinay@ege.edu.tr

Sultana seedless table grapes are widely grown in
Aegean Region. One of the most important prob-
lems in the storage of table grapes is latent infections
by Botrytis cinerea originating from vineyards. SO,
generators are used on grapes during the storage to
control grey mold. However, these pads, produced
by different companies, vary in their activity, which
results both from the SO, content and different B. ci-
nerea infection levels on grapes. The activities were
investigated of SO, pads from different companies
against different B.cinerea loads, and on fruit quality.
Studies were carried out in cold storage rooms (-0.5
+0.5°C, 90% relative humidity) at two separate peri-
ods (2012-2013 and 2013-2014) for 3 months of stor-
age. Effects were measured on development of de-
cay, microbial populations, and quality parameters
on grapes inoculated with B. cinerea (at 10° and 10°
spores mL") and untreated grapes that had been har-
vested from two different vineyards. Decay rate was
56% in the second month of storage for the grapes
taken from the first vineyard, where different spray-
ing programs were applied, whereas this rate was
92% for grapes taken from the other vineyard, where
another control programme was applied. In both
year trials, Fresca and Uvas SO, generators showed
similar success in preventing decay development,
especially during the first 2 months of storage. There
were no differences in decay development for differ-
ent SO, generators on grapes where B. cinerea was
artificially inoculated.

Network of Mediterranean Culture Collections for
preserving biodiversity of phytopathogenic and
toxigenic microorganisms. A.F. LOGRIECO', G.
PERRONE!, L. MUGNATI? R.RM. PATERSON?, A.
VENANCIO?, L. LOPEZ*, M.C. MACIAN*, R. AZ-
NAR?, N. LIMA®. 'Institute of Sciences of Food Produc-
tion, National Research Council, Via Amendola 122/0,
70126, Bari, Italy. Dipartimento di Scienze Produzioni
Agrialimentari e dell’ Ambiente, University of Firenze,
Piazzale delle Cascine 28, 50144 Firenze, Italy. 3CEB-
Centre of Biological Engineering, Campus de Gualtar,
University of Minho, 4710-057 Braga, Portugal. *CECT-
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Spanish Type Culture Collection, University of Valencia,
46980 Paterna, Spain.

In recent years, there has been increasing concern for
the importance of biodiversity. Various actions and
initiatives have been applied at the European level
to preserve the biodiversity of life (B4Life project),
and in particular of microorganisms, such as Euro-
pean Consortium of Microbial Resources Centres
(EMbaRC) and Microbial Resource Research Infra-
structure (MIRRI) projects. These aimed to establish
a self-sustainable community of European Microbial
Resource Centres, representing a large biodiversity
and offering a wide range of bioresources, experts
and services. The particular aspect relevant to pres-
ervation and identification of plant pathogenic mi-
croorganisms (fungi, bacteria and viruses) is crucial
to face the new challenges related to climate change
and emerging plant diseases in the Mediterranean
region (e.g. Xylella fastidiosa on olive trees, ToLC-
NDV virus on Solanacee and Cucurbitacee). In addi-
tion, some fungal strains can produce mycotoxins
with severe effects on human and animal health (e.g.
Aspergillus flavus on maize; Fusarium spp. on wheat),
and can be human pathogens. Biodiversity is chang-
ing in relation to global temperature increases, and
the relevant plant pathogen issues will be closely de-
pendent to the pathogen species (i.e. thermophiles
or others) dominating in the new climate scenarios.
Currently, many studies on species characterisation
at genetic and biochemical levels are generating a
large and numerous datasets, and the scientific com-
munity can gain from organising and sharing bio-
logical resources and related information. A network
on Mediterranean Culture Collections represents an
important and strategic initiative to strengthen re-
search activities, to face emerging phytopathogenic
and toxigenic microorganisms and to assist food se-
curity / safety.

This initiative was supported by Mediterranean Phyto-
pathological Union.

Comparative genomic analysis of secondary me-
tabolite gene clusters in Fusarium species. V.C.
LIUZZI', F. FANELLI', M. CHIARA? J. F. LESLIE®
A. F. LOGRIECO', G. MULE". 'Institute of Sciences of
Food Production, National Research Council, Bari, Italy.
Dipartimento di Bioscienze, Universita degli Studi di
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Milano, Milan, Italy. *Department of Plant Pathology,
Kansas State University, Manhattan, USA. E-mail: gi-
useppina.mule@ispa.cnr.it

The lack of standard analysis workflows next gen-
eration sequencing (NGS) data for toxigenic fungi
prevents systematic comparative genomic studies.
We have developed guidelines for the assembly and
annotation of NGS data derived from genomic pro-
jects on phytopathogenic/toxigenic fungi. To dem-
onstrate the potential of our workflow, we have car-
ried out a comparative genomic analysis of different
Fusarium species, focusing on secondary metabolite
(SM) biosynthetic gene clusters.The workflow was
structured as follow: 1) retrieval of Fusarium genome
sequences available from public databases; 2) se-
quencing of new Fusarium genomes; 3) assembling
genomes using Spades v5.0; 4) annotation of genom-
es using Augustus v3.1; 5) retrieval of information
concerning known/unknown-SM clusters; 6) anno-
tation of Pfam domains and SM biosynthetic gene
clusters prediction; 7) calculation of clusters of or-
thologous genes (COGs) and gene families; 8) study-
ing the presence/absence, order, orientation of each
gene within clusters and the distribution of clusters
among the isolates; 9) construction of “pancluster”
phylogenetic trees; and 10) collecting all the data
obtained in a Fusarium SM cluster database. Pre-
liminary data show that phylogenies and SM clus-
ter distribution among the isolates included in the
current study are coherent with published data, and
recapitulate the discontinuous distribution of SM
clusters and thus in the genetic potential of species
to produce secondary metabolites. Detailed analysis
of individual clusters enabled the identification and
the study of different mechanism of inheritance of
SM clusters, showing the advantages of systematic
strategies for the analysis and annotation of these
genomes.

This work was
(E.U.3.2-678781)

supported by H2020-MycoKey-

Occurrence of spot and net forms of net blotch of
barley in Algeria. LH. LAMMARI', Z.E.A FELLA-
HI?, A. BENBELKACEM®, H.BENSLIMANE'. 'Ecole
Nationale Supérieure d’Agronomie (ENSA), Département
de Botanique, Laboratoire de Phytopathologie et Biologie
Moléculaire, 1, Avenue Pasteur, Hassen Badi, Algiers,

Algeria. *Université El Bachir EI Ibrahimi, Bordj Bou Ar-
reridj. *Institut National de la Recherche Agronomique
d’Algérie, Unité de Recherche de Comstantine, Station
ITGC, Elkhroub, Algérie. E-mail: h.lammari@st.ensa.dz

In Algeria, cereal products are very important for lo-
cal food and in the national economy. Barley (Hor-
deum vulgare) is the second most cultivated cereal af-
ter wheat. This crop is affected by several foliar dis-
eases. Net blotch is one of the most common diseases
in Algeria, caused by Pyrenophora teres. The pathogen
occurs in two forms, P. teres f. teres (Ptt) causing the
net form (NFNB) disease and producing longitudinal
or transversal necrotic bands, and P. teres f. maculata
(Ptm) causing the spot form (SFNB) and producing
dark brown circular or elliptical lesions. Since the
two pathogen forms are morphologically similar but
genetically distinct, PCR primer sets have been devel-
oped to allow their differentiation, without symptom
or morphological analyses. Since correct identification
of pathogens is important for effective disease man-
agement and epidemiological study, we to explored
the occurrence of P. teres and populations in Algeria,
using two specific primer pairs. Ptt is the more preva-
lent among all the prospected provinces. This evidence
will help characterization of the causal agent popula-
tions, and assist epidemiological research, to improve
control of the net blotch disease in this country.

This research was supported by Ecole Nationale Supé-
rieure d’Agronomie (ENSA), Département de Botanique,
Laboratoire de Phytopathologie et Biologie Moléculaire. 1,
Avenue Pasteur, Hassen Badi, Algiers, Algeria.

Identification and characterization of Acidovo-
rax citrulli strains from Serbia. N. ZLATKOVIC',
A. PROKIC!, K. GASIC?, N. KUZMANOVIC®, M.
IVANOVIC!, Z. PAVLOVIC', A. OBRADOVIC'".
"University of Belgrade, Faculty of Agriculture, Insti-
tute of Phytomedicine, Department of Plant Pathol-
ogy, Nemanjina 6, 11080 Belgrade, Serbia. *Institute for
Plant Protection and Environment, Department of Plant
Pathology Teodora Drajzera 9, 11000 Belgrade, Serbia.
*Tulius Kiihn-Institut, Federal Research Centre for Culti-
vated Plants (JKI), Institute for Epidemiology and Patho-
gen Diagnostics, Messeweg 11-12, 38104 Braunschweig,
Germany. E-mail: nevena_blagojevic@yahoo.com

In August 2014, typical bacterial fruit blotch symp-
toms were observed on mature watermelon fruits
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originating from fields in the Vojvodina province.
In the summers of 2015 and 2016 we registered two
more occurrences in, respectively, the east and west
of the country. White, glistening, convex and circu-
lar colonies with regular edges were predominantly
isolated from diseased watermelon fruits collected
in the affected fields. A total of 33 bacterial strains
were subjected to further analysis. They were Gram-
negative, aerobic, oxidase and catalase positive, non-
fluorescent and did not produce potato soft rot. All
but two strains (KFB 359 and KFB 363) induced hy-
persensitive reactions in tobacco leaves. They grew
at 41°C and produced beige to tan-coloured, non-
mucoid, convex colonies on yeast extract-dextrose-
CaCO; agar. All the strains utilized L-arabinose,
did not reduce nitrate, nor utilized sucrose. Con-
ventional PCR was performed using A. citrulli-spe-
cific primers BX-L1/BX-S-R2. The 16S rRNA gene
sequence from two strains (KFB 343 and KFB 344)
showed 100% identity to strains of A. citrulli from
China, Thailand and the USA. According to physi-
ological and biochemical tests, PCR assay and 16s
rRNA gene sequencing analysis, the causal organ-
ism was confirmed as A. citrulli. Genetic relatedness
among strains was investigated by rep-PCR, using
BOX and REP primers. All tested strains except one
(KFB 358), showed the same BOX-PCR profiles. In
addition, all strains were assigned to the same REP-
PCR group. These results show that A. citrulli strains
isolated in Serbia during 3 years belong to an homo-
geneous population. These isolated occurrences are
considered to originate from seed-borne inoculum,
but it remains unknown whether the pathogen will
survive from season to season in Serbian climatic
conditions.

This study was supported by the project 11146008 financed
by Ministry of Education, Science and Technological De-
velopment, Republic of Serbia.

Genotypic and phenotypic characterization of
Bacillus amyloliquefaciens strains active against
fungal pathogens of wheat. R. CARACCIOLO", J.
CABREFIGA? 1. MORA?, A. FABI', R. D’OVIDIO',
E. MONTESINOS? L. VARVARO'. 'Department Of
Agriculture and Forestry Science (DAFNE), University
of Tuscia, Via San Camillo de Lellis snc, 01100 Viterbo,
Italy. *Center for Innovation and Development in Plant
Health (CIDSAV)-Institute of Food and Agricultural
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Technology, University of Girona, Maria Aurélia Capma-
ny, 61, 17003 Girona, Spain. E-mail: caracciolo@unitus.it

Wheat is one of the most important world food crops
and its widespread cultivation constantly exposes
this host to many abiotic and biotic stresses. patho-
genic fungi represent a serious threat to the culti-
vation of this cereal. The use of biocontrol agents
(BCAs) is one of the most successful strategies for
prevention and control of plant diseases. This study
dealt with (i) the in-vitro evaluation of the antifungal
activity of three strains of B. amyloliquefaciens (Ba)
against Fusarium graminearum, Fusarium culmorum,
Bipolaris sorokiniana and Septoria tritici, and (ii) the
molecular and chemical characterization of the com-
pounds involved in the activity.Determiation of he
inhibitory actions of filtrates and extracts from Ba
growth broths against all the tested pathogens al-
lowed us to understand the nature of the exopro-
duced, liposoluble and thermostable molecules in-
volved. Analysis of the presence of ituA, fenD, sur-
fA, bmyB and mycA genes confirmed the potential
production of cyclic lipopeptides (CLPs), such as
Iturin, Fengycin, Surfactin, Bacillomycin and Myco-
subtilin, that are reported as antifungal compounds.
The production of CLPs, was confirmed with the
characterization of the culture filtrates by FPLC,
and the antagonistic assays performed with the frac-
tions obtained. IFengycins were mainly responsible
of the antifungal activity.These results confirm that
B. amyloliquefacens could be a valid BCA against the
most important pathogens of wheat, and its use in
the formulation of commercial bio-pesticides can be
recommended..

Phenotypic and genetic characterization of Pseu-
domonas syringae strains isolated from hazel-
nut in Serbia. A. PROKIC', N. KUZMANOVIC,
N. ZLATKOVIC!, M. IVANOVIC', K. GASIC®, Z.
PAVLOVIC!, A. OBRADOVIC'. University of Bel-
grade, Faculty of Agriculture, Institute of Phytomedicine,
Department of Plant Pathology, Nemanjina 6, 11080
Belgrade, Serbia. *Julius Kiihn-Institut, Federal Research
Centre for Cultivated Plants (JKI), Institute for Epidemi-
ology and Pathogen Diagnostics, Messeweg 11-12, 38104
Braunschweig, Germany. °Institute for Plant Protection
and Environment, Department of Plant Pathology, Teodo-
ra Drajzera 9, 11000 Belgrade, Serbia. E-mail: andjelka@
agrif.bg.ac.rs
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From 2010 to 2014, Pseudomonas-like bacterial strains
were recovered from symptomatic hazelnut plants
in different locations in Serbia. To confirm their iden-
tity, ten strains were characterized by morphological,
biochemical, physiological and molecular tests (PCR
detection of syringomycin production, repetitive-se-
quence PCR and rpoD housekeeping gene analysis).
The strains were fluorescent, HR positive, oxidase
negative, negative for arginine dihydrolase and pec-
tinase activity, and variable in levan production. All
strains showed uniform biochemical characteristics
typical for P. syringae pv. syringae: they hydrolysed
gelatin and aesculin, produced acid from glucose,
sucrose and inositol, and grew at 36°C and in 5%
NaCl. All but one strain had positive ice nucleation
activity. Pathogenicity of the strains was tested by
inoculation of immature sweet cherry fruits. Dark
necrotic lesions varying in size developed 2 weeks
after inoculation, indicating different levels of viru-
lence of investigated strains. Genetic profiles gener-
ated with BOX primers were polymorphic for each
strain revealing high genetic diversity. The syrB gene
encoding syringomycin production, characteristic
for pv. syringae, was detected by PCR analysis in all
the strains. RpoD gene sequence analysis also indi-
cated high similarity of the strains and P. s. pv. sy-
ringae. Results obtained in this study provided new
information about the first detection of P. syringae pv.
syringae on hazelnut in Serbia.

This research was supported by the project 11146008 fi-
nanced by Ministry of Education, Science and Technologi-
cal Development, Republic of Serbia.

Cross inoculation assays confirms grass pea/pea
phylogeny proximity at the Fusarium oxysporum
host range level. A M. SAMPAIO', N.F. ALMEIDA',
N. RISPAIL? D. RUBIALES* M.C. VAZ PATTO". 'In-
stituto de Tecnologia Quimica e Biol6gica Anténio Xavier
(ITQB-NOVA), Avenida da Repuiblica, 2781-157 Oeiras,
Portugal. *Instituto de Agricultura Sostenible, CSIC,
Avenida Menéndez Pidal s/n, 14004 Cérdoba, Spain. E-
mail: amsampaio@itqb.unl.pt

Grass pea (Lathyrus sativus) has considerable po-
tential as legume crop in dryland farming systems.
It is superior in yield, protein value, nitrogen fixa-
tion, drought, flood and salinity tolerance when
compared to other legume crops. However, yield

inconsistency due to sensitivity to specific diseases
strongly limits its cultivation. Fusarium wilt, caused
by the soil borne fungus Fusarium oxysporum, is one
of the most important diseases affecting grain leg-
umes worldwide, and is becoming a threat for grass
pea production in Portugal. Understanding its host
specificity is important for epidemiology and dis-
ease management. No information is available in
grass pea, so the host range of two new F. oxyspo-
rum isolates collected from grass pea was analysed
in several other important legume crops, including
pea (Pisum sativum), lentil (Lens culinaris), chickpea
(Cicer arietinum) and barrel medic (Medicago trunca-
tula). The responses were also studied of grass pea to
F. oxysporum f. spp. infecting these crops, including F.
oxysporum £. sp. pisi races 1 and 2, F. oxysporum f£. sp.
lentis, F. oxysporum f. sp. ciceris and F. oxysporum f. sp.
medicaginis. There were very similar responses of pea
and grass pea accessions to both of these new grass
peaisolates, and to F. oxysporum £. sp. pisi, suggesting
little specialization of F. oxysporum to L. sativus. This
is not surprizing since grass pea is phylogenetically
close to pea. However, we do not exclude that spe-
cialization may occur but remains undetected. More
isolates should be sampled from grass pea fields to
ratify this.

This research was supported by Fundagdo para a Cién-
cia e Tecnologia (FCT, Portugal) through the grant PD/
BD/114418/2016, the IF/01337/2014 FCT Investigator
contract and the Research unit GREEN-it “Bioresources
for Sustainability” (UID/Multi/04551/2013), the QuaLaty
project (PTDC/AGR-TEC/0992/2014) and by the Euro-
pean Community Seventh Framework Programme (FP7/
2007-2013) through the LEGATO project (grant agreement
n°FP7-613551).

Identification of pathotypes and analysis of the ge-
netic structure of Fusarium oxysporum f. sp. lentis
populations. H.R. POURALIBABA', Z. SATOVIC?,
M.J. COBOS’, D. RUBIALES®, S. FONDEVILLA®. !
Dryland Agricultural Research Institute, Education and
Extension Organization (AREEQO), Maraghe 119, Iran.
*Faculty of Agriculture, Department of Seed Science and
Technology, Svetosimunska 25, 10000 Zagreb, Croatia.
*Institute for Sustainable Agriculture, CSIC, 14004 Cér-
doba, Spain. E-mail: hpouralibaba@ias.csic.es

Lentil cultivation is threatened worldwide by Fusar-
ium wilt caused by Fusarium oxysporum f. sp. lentis
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(Fol). Knowledge on pathogenic diversity and ge-
netic structure of Fol populations is fundamental for
breeding for resistance and managing the disease.
We studied virulence diversity within a collection
of Fol isolates. We first inoculated 28 lentil resistant
accessions with six Fol isolates from different geo-
graphical origins. The lentil accession x Fol isolate
effect was highly significant, which allowed four ac-
cessions to be selected as a differential set. Inocula-
tion of this set with 48 Fol isolates from Iran, Syria
and Algeria, allowed the identification of seven dif-
ferent virulent patterns, designated pathotypes 1 to
7. In addition, the genetic structure of this Fol collec-
tion was analyzed using twelve SSR markers, eight of
which were designed in this study. AMOVA showed
that there is high molecular variation within groups
but also between groups, differing Iranian popula-
tions from non-Iranian populations. STRUCTURE
and Fitch-Margoliash tree analysis showed the pres-
ence of two ancestral FOL lineages, one distributed
among all regions while the other was only present
in Iran. Our results suggest that Iran could be the ori-
gin of the diversity covered in this study.

This research was supported by PhD educational mission
No. 3972/200-28/1/1389 of the first author from AREEO
and AGL2014-52871 co-financed by FEDER.

Sources of resistance to Fusarium oxysporum f. sp.
lentis in Spanish lentil germplasm. H.R. POURAL-
IBABA', D. RUBIALES?, A. PEREZ-DE-LUQUE?’, S.
FONDEVILLA? 'Dryland Agricultural Research Insti-
tute, Education and Extension Organization (AREEO),
Maraghe 119, Iran. °Institute for Sustainable Agricul-
ture, CSIC, 14004 Cérdoba, Spain. ’IFAPA, Alameda del
Obispo, Cérdoba, Spain. E-mail: hpouralibaba@ias.csic.es

Fusarium oxysporum f. sp. lentis (Fol) causes serious
disease of lentil crops globally, resulting in severe
yield losses, especially under warm and drought
conditions. Use of resistant cultivars is the most ef-
fective approach to control the disease, and lentil
landraces could be a valuable resource of disease
resistance. We evaluated 196 Spanish lentil landrac-
es from CRF-INIA against an aggressive Fol isolate
under controlled conditions. Using a four point se-
verity scale, developed in this study, AUDPC and a
Disease Index were calculated. Seventeen accessions
were identified as resistant at the seedling stage. A
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field trial was also conducted in a naturally infest-
ed farm in the North West of Iran. Results based on
percent plant mortality confirmed the resistance of
twelve accessions. To further characterize the re-
sistance identified, components of resistance were
histologically studied on six lentil accessions with
different levels of resistance against two contrast-
ing Fol pathotypes. Uniform xylem occlusion with
gum-like substance was observed as a quantitative
mechanism of resistance in all accessions, whereas
fast secretion of phenolic compounds was observed
as a qualitative mechanism only in the combination
of BG01969/ pathotype 1.

This research was supported by PhD educational mission
No. 3972/200-28/1/1389 of first author from AREEQ, and
AGL2014-52871 co-financed by FEDER.

Molecular pathogen-host interactions

Genomic screens to identify next-generation
MAMPs and their cognate pattern recognition
receptors. A. G. MOTT', S. THAKUR', E. SMA-
KOWSKA? P. W. WANG’®, Y. BELKHADIR?, D. S.
GUTTMAN", D. DESVEAUX'". 'Department of Cell
& Systems Biology, University of Toronto, 25 Willcocks
St., Toronto, Ontario M5S 3B2, Canada. 2Gregor Mendel
Institute (GMI), Austrian Academy of Sciences, Vienna
Biocenter (VBC), Dr Bohr Gasse 3, Vienna 1030, Austria.
Centre for the Analysis of Genome Evolution & Func-
tion, University of Toronto, Toronto, Ontario, Canada. E-
mail: darrell.desveaux@utoronto.ca

The front line of plant defence against pathogens de-
pends on the action of extracellular leucine-rich re-
peat, receptor-like kinases (LRR-RLKs). These serve
as Pattern Recognition Receptors (PRRs) to recognize
essential, evolutionarily conserved, features of path-
ogens called Microbe-Associated Molecular Patterns
(MAMPs). MAMP recognition by PRRs activates
PRR-triggered immunity (PTI), which suppresses
the growth of nearly all “non-host” microbes, as
well as many potential pathogens. Next generation
sequencing of Pseudomonas syringae pathovars has al-
lowed the successful in silico prediction of MAMPs,
through identification of positive selection signa-
tures on proteins of the core genome. Although these
“next-generation MAMPs” induce the hallmark re-
sponses of PTI, including virulence suppression, the
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PRRs that recognize them remain to be identified.
Latest genomic approaches are presented, to identify
novel MAMPs and their cognate PRRs, as well as ef-
forts to translate resistance conferred by these genes
into agricultural crops.

This work was supported by Natural Sciences and Engi-
neering Research Council of Canada (NSERC); the Canada
Research Chair (CRC) program; the Centre for the Analy-
sis of Genome Evolution and Function (CAGEF) and the
Austrian Academy of Science through the Gregor Mendel
Institute (GMI).

Morphological, pathological and molecular
characterization of a new virulence type of Pyr-
enophora tritici-repentis, the causal agent of tan
spot. H. BENSLIMANE Ecole Nationale Supérieure
d’Agronomie, Département de Botanique, El-Harrach,
Alger, Algérie. E-mail: h.benslimane@ensa.dz

Pyrenophora tritici-repentis causes tan spot, a disease
responsible for large economic losses in several
wheat-growing areas worldwide. According to their
ability to produce necrosis and/or chlorosis on a set
of four differential bread wheat lines, the isolates of
this fungus are currently grouped into eight races.
When durum wheat genotypes were added to the
differential set, a new virulence type was identified.
The isolates (Ptr24, Ptr65, Ptr68 and Ptr76) show-
ing this virulence pattern are unable to attack bread
wheat; neither symptoms of chlorosis nor necrosis
have developed, while the isolates caused necrosis
in durum genotypes. These isolates were further ca-
haracterised using morphological, pathological and
molecular methods. The sexual stage was induced
in-vitro to confirm the species identity through a new
and simple method, using wheat straw and water
agar. The isolates were inoculated onto five bread
wheat genotypes (Glenlea, 6B-662, 6B-365, Salam-
ouni, Katepwa) and three durum wheat genotypes
(4B-160, Coulter, 4B-1149). Katepwa was included
because this genotype possesses sensitivity genes to
Ptr ToxA and Ptr ToxB. The pathogen genomes were
submitted to a virulence gene investigation using
PCR and sequencing analysis. All isolates caused
resistance reactions on all bread wheat lines, while
they produced necrosis in durum wheat. The resist-
ance of Katepwa is further evidence of the absence
of ToxA and ToxB gene products. ToxA and ToxB
genes were amplified from all isolates, whereas toxb

gene was absent. Sequence analysis for both genes
(ToxA and ToxB) on the new virulence type isolates
revealed no apparent differences with those found
in the two known functional genes, and coding for
PtrToxA and PtrToxB toxins. For the analyzed genes,
the sequences did not harbour any mutation. How-
ever, these areas (almost the coding regions) were
limited to a restricted part of the genes; mutations
could be in another regions of both genes and pre-
vented expression of symptoms. The presence of
ToxA and ToxB, despite the absence of symptoms
usually caused by their products, suggests the exist-
ence of an unknown homologue for these two genes.
The presence of ToxA in the isolate unable to pro-
duce necrosis in Glenlea is reported for the first time.
Several hypotheses are presented to explain the lack
of ToxA and ToxB gene expression.

Primary metabolism modulation caused by Onion
yellow dwarf virus infection in ‘Rossa di Tropea’
onion. A. TIBERINI', F. ARANITI', A. CIAMPA’,
S.B. GRANDE!, A. TAGLIENTI?>, M.R. ABENAVO-
LI', M.T. DELL’ABATE’, L. TOMASSOLY, G. AL-
BANESE'. "Universita degli Studi Mediterranea di Reg-
gio Calabria, Dipartimento di AGRARIA, Localita Feo
di Vito - 89122 Reggio Calabria, Italy. *Consiglio per la
Ricerca in Agricoltura e I’Analisi dell’Economia Agrar-
ia, Centro di Ricerca per la Patologia Vegetale, Via C.G.
Bertero 22 - 00156 Roma, Italy. *Consiglio per la Ricerca
in Agricoltura e I’Analisi dell’Economia Agraria, Centro
di Ricerca per la Studio delle Relazioni Pianta Suolo, Via
della Navicella 2/4 - 00184 Roma, Italy. E-mail: antonio.
tiberini@unirc.it

Onion yellow dwarf virus (OYDV, genus Potyvirus),
an aphid transmitted virus, is one of the most limit-
ing pathogens for onion (Allium cepa L.) production
worldwide, with infection rates in field up to 100%
during the biennial host life cycle. The virus causes
severe leaf symptoms and plant stunting, reduced
bulb size and seed yield. Recently, OYDV has been
found responsible for an severe agronomic decline of
‘Rossa di Tropea’ onion, a cultivar of southern Italy
(Calabria), granted by European Union with the Pro-
tected Designation Origin (IGP) trademark. This cul-
tivar is known for its mild to sweet flavour but also
richness in flavonols and anthocyanins. A research
project SLORTO (SIR-MIUR grant — SIORTO-RB-
SI149LD5) has been activated to study the effects of
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OYDV on accumulation of nutraceutical compounds
in ‘Rossa di Tropea’. Gas Chromatography-Mass
Spectrometry (GC-MS) and primary metabolism
profiling has compared onion bulb samples, healthy
versus OYDV-infected, collected at three infection
times (bulb harvesting, leaves drying and after bulb
storage) during a trial conducted in Calabria. Sev-
eral metabolites connected to sugar and amino acid
metabolism, and the TCA cycle decreased in OYDV-
infected bulbs compared to control plants at the first
testing time. A pronounced increase of theses me-
tabolites then occurred. Magnetic resonance micro-
imaging (MRI) on whole bulbs highlighted struc-
tural alteration of OYDV-infected bulbs as compared
to healthy bulbs. This research is the first study on
metabolic modulation in the onion/virus pathosys-
tem ‘Rossa di Tropea’/ OYDV.

Downregulation of violaxanthin cycle metabo-
lites is associated with the lesions observed in mlo
resistant barleys. G. MONTILLA-BASCON!, M.
ROCA? L.A.J. MUR?, E. PRATS'. 'Department of Plant
Breeding, Institute for Sustainable Agriculture (IAS),
Spanish National Research Council (CSIC), Alameda del
Obispo s/n, P.O. Box 4084, 14004 Cérdoba, Spain. *Food
Phytochemistry Department, Instituto de la Grasa, Con-
sejo Superior de Investigaciones Cientificas (CSIC), Uni-
versity Campus Pablo de Olavide, Building 46, Sevilla
41013, Spain *Institute of Biological, Environmental and
Rural Sciences, University of Aberystwyth, UK.

In many temperate regions cereal powdery mildew,
caused by Blumeria graminis ff. spp., seriously con-
strains crop production. A durable host resistance
mechanism that prevents cell penetration by the
pathogen is the formation of papillae, which are lo-
calized cell wall appositions at attack sites. Papillae
provide race non-specific defense, conferring broad-
spectrum resistance. Barley genotypes carrying
the mlo gene display highly effective papilla-based
penetration resistance to powdery mildew, that has
been durable for over 30 years. However, the mlo
gene shows adverse pleiotropic effects such as large
necrotic/chlorotic flecks on leaves, accelerated leaf
senescence and reduced grain yield, and these ad-
verse effects are particularly dramatic under stress
conditions. For this reason, mlo cannot be used in
winter barley varieties. Despite its importance for
crop production, the mechanism(s) leading to these
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pleiotropic effects are still not understood, nor are
its molecular and cellular bases. We have previously
observed that the damage was associated with par-
ticular genetic backgrounds and was linked to sto-
matal and photosynthetic dysfunctions. We have in-
vestigated changes in xanthophyll cycle metabolite
profiles and the chlorophyll degradation pathway
in two sets of mlo-isogenic lines with different ge-
netic backgrounds. A decrease in chlorophyll a and
b occurred in the resistant isoline, characterized by
necrotic flecking but accumulation of chlorophyllide
or pheophorbide were not detected. Overall, xan-
thophyll metabolites increased following pathogen
inoculation in the resistant mlo line lacking lesions.
Furthermore, anteroxanthin responded to inocula-
tion with increases in all genotypes but greater dif-
ferences compared with healthy plants in the resist-
ant mlo genotype lacking lesions.

This research was supported by the Project AGL2016-
78965-R (Spanish Ministry of Economy and Competitive-
ness) and the European Regional Development Funds
(ERDF).

Early and late transcriptome changes in a tomato
cultivar carrying the Sw-5 resistance gene upon in-
fection by a resistance-breaking strain of Tomato
spotted wilt virus. G. BUBICI, F. CILLO, M.I. PRI-
GIGALLO, R. MONFREDA. Istituto per la Protezi-
one Sostenibile delle Piante, Consiglio Nazionale delle
Ricerche, 70126, Italy. E-mail: giovanninicola.bubici@
cnr.it

We analyzed the transcriptome (RNA-Seq) of leaf
samples collected from a field crop of tomato cv.
Docet (Sw5 resistance gene) in Apulia, southern Italy,
with different symptom severity and accumulation
levels of a resistance-breaking strain of Tomato spot-
ted wilt virus (TSWV). Four groups of samples were
assumed to be different stages of plant tissue colo-
nization by the virus: plants without symptoms and
a null virus titre (group A) or 1 x-10*> TSWV reads
per million (rpm; B), and plants with symptoms and
1 x:10* rpm (C) or 2 x-10° rpm (D). Transcriptome
sequencing revealed that plant response to TSWV
infection is profoundly related to its accumulation
level in the tissues. At an early stage of infection
(B vs. A comparison), genes related to photosystem
I were down-regulated, and oxidoreductase activ-
ity increased. Considerable virus colonization (C
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vs. B) activated defense-related mechanisms such
as cell surface receptor signalling, phenylpropanoid
biosynthesis and transcription factor activity. In con-
trast, photosynthesis, transmembrane transporter
activity, and biosynthesis of monosaccharides and
peptides were down-regulated. This scenario in-
creased at an advanced stage of colonization (D vs.
C), with attenuation of response to stimuli (e.g., sur-
face receptor signaling and protein kinase activity)
and an increase of catalytic activities such as ubiq-
uitin-protein transferase and ribonuclease. TSWV
infection constantly injured tomato cell metabolism
(e.g., photosynthesis, monosaccharide and peptide
biosynthesis, ion transporter activity) while plant
defense (e.g., cell surface receptor signaling, phe-
nylpropanoid pathway), clearly ineffective in such
compatible plant-virus interaction, occurred late and
disappeared soon after.

Photosynthetic efficiency differs between Bras-
sica napus cultivars that are susceptible or resist-
ant to Alternaria brassicicola. VK. MACIOSZEK?,
T. JECZ', P. KROLIKIEWICZ', H. SCHOONBEEK?,
C. RIDOUT?*& A.K. KONONOWICZ'. 'Department of
Genetics, Plant Biology and Biotechnology, Faculty of Bi-
ology and Environmental Protection, University of Lodz,
Banacha 12, 16, 90-237 Lodz, Poland. *John Innes Centre,
Norwich Research Park, UK. E-mail: violetta.macioszek@
biol.uni.lodz.pl

Brassica napus (oilseed rape, OSR) cultivars, winter
and spring types, have been phenotyped for their
changes in photosynthetic efficiency and resistance /
susceptibility to the necrotrophic fungus Alternaria
brassicicola, which causes black spot on all Brassica
species worldwide. 160 OSR cultivars were grown
under laboratory conditions in triplicate. Leaf in-
oculation (3.5 x 10° conidia mL") was performed.
Win_DIAS3 system necrosis formation, and Fluor-
Cam? system Kaukasky effect, and photosynthetic
dyes and spectroscopy were used to analyse the
third leaf of each plant at 5 d post inoculation, when
symptoms developed. Analysis of necroses showed
that 111 of the cultivars were susceptible or highly
susceptible to A. brassicicola, and 49 were resistant or
highly resistant. Photosynthetic efficiency expressed
as FV/Fm (QY,..,) indicated whether A. brassicicola
infection affected photosystem II in a dark-adapted
state. Uninfected (control) leaves showed QY.

values of 0.63 to 0.87, whereas infected leaves were
0.50 to 0.86. The most spectacular decrease in QY-
max Was observed in two susceptible cultivars Zairai
Chousenshu and Ningyou7, with differences be-
tween control and infected leaves at 0.29. Resistant
OSR cultivars showed no changes in QY. values
(0.01 to 0.05). Two the most susceptible spring culti-
vars (MONTY-028DH and Zairai Chousenshu) and
the two most resistant winter ones cultivars (Savan-
nah and Askari) were selected for further analyses
such as changes in levels of photosynthesis-related
proteins (RUBISCO, LHCa and LHCb) by Western
blot analyses.

This research was supported by a National Centre for Re-
search and Development grant (MAQBAT ERA-CAPS-
11/1/2015) and BBSRC BB/N005007/1 in the ERA-CAPS
progr amme.

The role of the necrosis and ethylene inducing gene
VANEP in virulence of Verticillium dahliae. A. TRI-
ANTAFYLLOPOULOU', AK. TZIMA', S. KANG?,
EI. PAPLOMATAS'. 'Laboratory of Phytopathology,
Agricultural University of Athens, lera Odos 75, Athens,
Greece. *Department of Plant Pathology, The Pennsylva-
nia State University, University Park, PA 16802, Penn-
sylvania, USA. E-mail: alextriantafyl@gmail.com

The VANEP protein from the fungus Verticillium dahl-
iae is a member of the Nepl-Like proteins (NLPs),
that have been isolated from plant pathogenic fungi
and induce necrosis and ethylene production in di-
cotyledonous plants, functioning as toxins or effec-
tors. Over-expression of the VANEP gene under the
control of a strong promoter in three races of V. da-
hliae (the tomato race 1, the cotton non-defoliating
and defoliating strains) resulted in elevated tran-
script levels of the VANEP transgene in transformed
strains compared to wild type strains. VANEP over-
expressing strains caused increased disease symp-
toms on different hosts, compared to the respective
wild type strains. Differentiation between the de-
foliating and non-defoliating races of the pathogen
was possible when the VANEP gene was used as
a molecular marker. Furthermore, a VANEP-EGFP
fusion construct was generated and inserted in
the three races of V. dahliae, to observe localization
and/or secretion of the protein. Observation of the
fusion protein within fungal cells is currently in
progress.
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Developmental processes regulated by small
RNAs during Arabidopsis-Root knot nematode in-
teraction. FE. DIAZ-MANZANO?, J. CABRERA', M.
BARCALA', R. OLMO', A.C.SILVA!, M.FE. ANDRES?,
I. MARTINEZ!, V. RUIZ-FERRER!, C. FENOLL!, C.
ESCOBAR'. 'Facultad de Ciencias Ambientales y Bio-
quimica, Universidad de Castilla-La Mancha, Avenida de
Carlos 111, s/n, 45071, Toledo, Spain. ZDepartamento Pro-
teccién Vegetal, Instituto Ciencias Agrarias-CSIC, Calle
Serrano, 115, 28006, Madrid, Spain. E-mail: Fernando.
Diaz@uclm.es

Root knot nematodes (Meloidogyne spp.) currently
cause major agricultural losses. They infect plants in
the root elongation zone and penetrate intracellular-
ly into the vascular cylinders, inducing galls contain-
ing nematode feeding cells, the giant cells (GCs). We
studied the differential transcriptome of Arabidopsis
GCs and galls after Meloidogyne spp. Infection, as
compared to vascular cells, revealing high-repressed
genes probably due to gene expression reprogram-
ming during their differentiation. Sequencing of
small RNAs (sSRNAs) showed profiles consistent with
a role of SRNAs in gene silencing. The 24 nt-sRNAs,
known to be involved in epigenetic regulation, were
highly induced in early formed galls (3 d post infec-
tion), and together with differentially regulated miR-
NAs could be mediating the large gene repression
that occurs during early development of GCs/ galls.
We have studied the roles of miR390 and miR172, ac-
cumulated in galls at early infection stages. Loss of
function Arabidopsis lines for both miRNAs showed
reduced numbers of galls after nematode infection.
The two miRNAs participate in plant developmen-
tal processes in different ways. TAS3 precursor is
cleaved by miR390 triggering tasiRNAs biogenesis
that inhibits ARF2-4, releasing repression of lateral
root growth. In contrast, miR172 downregulates the
AP2-like genes during flowering via a translational
mechanism rather than by mRNA cleavage. We dis-
cuss the putative molecular networks induced by
plant-nematodes in this biotic interaction through
miR172 and miR390.

Role of the PTC1 protein phosphatase in stress re-
sponse in Fusarium oxysporum f. sp. lycopersici.
P.P. FERREIRA LEMOS and C. HERA. Departamento
de Genética. Campus Universitario de Rabanales. Univer-
sidad de Cérdoba. 14071 Cérdoba, Spain.
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Type 2c Ser/Thr phosphatases (PTCs) are a class of
protein phosphatases, conserved in eukaryotes. The
PP2C proteins are involved in the regulation of many
cellular functional processes, addressed by their role
on MAPK cascades. Seven putative PTC proteins
have been identified in Fusarium oxysporum £. sp lyco-
persici 4287, using the BLAST algorithm, with PTCs
from Saccharomyces cerevisine and Fusarium gramine-
arum. The expression of these genes in different
stress conditions and plant infection was evaluated
by RT-qPCR. Upregulation of ptc1 was observed af-
ter cell wall stress, osmotic stress and plant infection,
while downregulation was detected after invasive
growth. A mutant strain, Aptcl, was obtained by the
split marker strategy. The Aptcl strain was more sen-
sitive to SDS (0.125%) and menadione (20 ug mL™)
than the wild type, indicating possible roles of PTC1
in, respectively, cell wall/membrane stress (MPK1
pathway) and oxidative stress (HOG1 pathway). In
addition, the Aptcl strain showed greater tolerance
to LiCl (0.15M and 0.30M) on different media pH (5,
7 and 8.5) than wild type, suggesting a role of PTC1
in lithium efflux mediated by the Nhal (Na+/K+/
Li+/Rb+ antiporter). The phosphorylation level of
HOGI1, MPK1 and FMK1 proteins was evaluated
by western-blot; the Aptcl strain showed increased
phosphorylation level of HOG1 compared to the
wild type. These results suggest an important role of
PTC1 on the HOG1 pathway of Fusarium oxysporum
f. sp lycopersici.

This research was supported by the Project BIO2016-
78923-R (Ministerio de Economia y Competitividad,
Spain). PPFL received a PhD fellowship supported by
CAPES (Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior, Ministério de Educacio, Brasil).

Transientsilencing of the FaWRKY1 strawberry gene
(Fragaria x ananassa) in fruit induces resistance to
Colletotrichum acutatum infection. ].J]. HIGUERA-
SOBRINO!, EJ. MOLINA-HIDALGO!, 1. ARJONA-
GIRONA? F. AMIL-RUIZ, J. GARRIDO-GALA', A.
LEKHBOU, ].A. MERCADO?, F. PLIEGO-ALFARO?,
J. MUNOZ-BLANCO!, C.J. LOPEZ-HERRERA? J.L.
CABALLERO". 'Departamento de Bioquimica y Biologia
Molecular, Edif. Severo Ochoa-C6, Planta Baja-Ala Norte.
Campus de Rabanales s/n. Universidad de Cérdoba-14071,
Cérdoba, Spain. *Departamento de Proteccion de Cultivos,
Instituto de Agricultura Sostenible, C.S.I.C. C/Alameda
del Obispo s/n, Apartado 4084, Cérdoba, Spain. 3Departa—
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mento de Biologia Vegetal, Instituto de Hortofruticultura
Subtropical y Mediterrdnea “La Mayora”, IHSM-UMA-
CSIC, Universidad Mdlaga-29071, Mdlaga, ES. E-mail:
b92hisoj@uco.es

Anthracnose, caused by Colletotrichum acutatum, is
responsible for significant yield losses in commercial
strawberry production worldwide. For this reason,
it is of interest to uncover the molecular basis un-
derlying this strawberry / pathogen interaction. Pre-
viously, FaWRKY1 was identified as an important
element mediating defence responses. This gene en-
codes an AtWRKY?75-like transcription factor (type
IIc), which is upregulated in strawberry following
C. acutatum infection. In this study, Agrobacterium-
mediated transient transformation was used to both
silence and overexpress the FiAWRKY1 gene in fruit,
with the aim to clarify its function in the strawberry
defense mechanism. Analyses of FaWRKY1-RNAi
strawberry fruits showed resistance to C. acutatum
infection, 5 d after inoculation with this pathogen.
Overexpression of this gene in strawberry fruit
showed increased susceptibility to C. acutatum. Mo-
lecular analysis is being carried out with these fruit
samples to elucidate candidate genes transcription-
ally regulated by FaWRKY1. Furthermore, in vitro
DNA-binding assays have revealed a tentative con-
sensus sequence [G/T][T/C]JTGAC[T/C], contain-
ing the core sequence TGAC (W box), as the likely
target sequence for FaAWRKY1 binding. These analy-
ses will strengthen genome-wide promoter target
site prediction for FAWRKY1.

This research was supported by the Project P12-AGR-2174
(Junta de Andalucia, Spain).

Evidence that the putative movement protein
(MP2) of Broad bean wilt virus 1 is a pathogenic-
ity determinant. C. CARPINO", I. FERRIOL', L.
ELVIRA-GONZALEZ', L. RUBIO", E. PERP, S.
DAVINO*, L. GALIPIENSO*. Instituto Valenciano
de Investigaciones Agrarias (IVIA), Ctra. CV-315, 46113
Moncada, Valencia, Spain. *Department of Agricultural
and Forestry Science, University of Palermo, Piazza Ma-
rina 61, 90133 Palermo, Italy. SEuro-Mediterranean In-
stitute of Science and Technology (IEMEST), Via Michele
Miraglia 20, 90139 Palermo, Italy. *Departamento de
Biotecnologia, Escuela Técnica Superior de Ingenieria
Agronomica y del Medio Natural, Universidad Politéc-

nica de Valencia, Camino de Vera s/n, 46022-Valencia,
Spain.

Broad bean wilt virus 1 (BBWV-1, genus Fabavirus,
family Secoviridae) infects crops of economic impor-
tance, such as broad bean, pepper, tomato, spinach,
and ornamental plants. The virus genome is consti-
tuted by two molecules of positive single stranded
RNA, each encoding a polyprotein which is further
processed by proteolytic cleavage. RNA1 encodes
the proteins involved in viral replication and expres-
sion, while RNA2 encodes the movement protein
(MP) and two coat proteins (LCP and SCP). RNA2
contains an alternative second start codon rendering
a smaller putative movement protein, called MP2. To
date, the BBWV-1 proteins related to pathogenicity
are unknown. The roles of MP2 in symptom deter-
mination, post-transcriptional gene silencing (PTGS)
and elicitation of hypersensitive response (HR) were
examined. Expression of MP2 in Nicotiana bentha-
miana through Potato virus X (PVX) caused necrotic
lesions, indicating that MP2 is a symptom deter-
minant. Analysis of O, accumulation and necrosis
staining revealed that this protein elicited the cel-
lular HR. Transient expression of MP2 in N. bentha-
miana 16C, that constitutively expresses Green Fluo-
rescent Protein (GFP), and a complementation assay
with a vector based on Turnip crinkle virus sequence
(TCV-sGFP) showed that this protein acts as a sup-
pressor of PTGS.

Chlorophyll degradation pathway is linked to sto-
matal and photosynthetic dysfunctions observed
in oats resistant to powdery mildew. G. MONTIL-
LA-BASCON!, M. ROCA?, L.AJ. MUR®, PRATS E'.
'Department of Plant breeding, Institute for Sustainable
Agriculture (IAS), Spanish National Research Council
(CSIC), Alameda del Obispo s/n, P.O. Box 4084, 14004
Cérdoba, Spain. *Food Phytochemistry Department, In-
stituto de la Grasa, Consejo Superior de Investigaciones
Cientificas (CSIC), University Campus Pablo de Olavide,
Building 46, Sevilla 41013, Spain. 3Institute of Biological,
Environmental and Rural Sciences, University of Aber-
ystwyth, UK.

Cost of resistance is usually associated with the en-
ergy and nutritional penalties linked to induction of
defenses. Currently, a mechanistic understanding of
the sources of these costs is lacking, other than vague
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suggestions of the energy “lost” in inducing the de-
fense. We have shown that penetration resistance
or hypersensitive response (HR) provoke stomatal
and photosynthetic dysfunctions, which could be
important components of the disease resistance cost.
More importantly, the stomatal dysfunctions (lock-
up) are genotype, but not response-type, dependent,
since genotypes with similar resistance responses
show very different locking patterns when assessed
histologically. We have assessed the content of sev-
eral photosynthetic pigments including chlorophyll
a, and b, several metabolites of the xanthophyll cy-
cle, and metabolites of the chlorophyll degradation
pathway in healthy and powdery mildew (Blumeria
graminis f. sp. avenae) inoculated oat seedlings. Re-
sistant genotypes associated with stomatal and pho-
tosynthetic dysfunctions activate the chlorophyll
degradation pathway early after pathogen inocula-
tion, increasing the level of pheophytin a content.
These genotypes also showed a reduction in chloro-
phyll 2 and b contents, whereas the resistant geno-
types lacking physiological dysfunctions showed no
variation in the level of these compounds.

This research was supported by the Project AGL2016-
78965-R (Spanish Ministry of Economy and Competitive-
ness) and the European Regional Development Funds
(ERDF).

Early signalling during mlo-based papilla resist-
ance involve a subtle crosstalk between jasmonate,
salicylic acid and abcisic acid pathways. F. CAN-
ALES-CASTILLA!, G. MONTILLA-BASCON', N.
RISPAIL!, A. GOMEZ-CADENAS?, V. ARBONA?,
PRATS E'. 'Department of Plant breeding, Institute for
Sustainable Agriculture (IAS), Spanish National Re-
search Council (CSIC), Alameda del Obispo s/n, P.O. Box
4084, 14004 Cérdoba, Spain. *Ecofisiologia i Biotecnolo-
gia. Dpt. Ciencies Agraries i del Medi Natural. Univer-
sitat Jaume I - Campus Riu Sec. E-12071 Castell6 de la
Plana, Spain.

Powdery mildew is one of the most widespread and
damaging crop diseases. One of the most efficient
and durable powdery mildew resistance mecha-
nisms was originally found in barley lines carrying
homozygous recessive alleles at the Mlo locus. These
lines show efficient resistance to pathogen penetra-
tion based on formation of papillae, which are lo-
calised cell wall appositions at attack sites. The Mio
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gene encodes a protein considered a negative regu-
lator of the defence response so that its loss leads to
more rapid and/or enhanced papilla formation. Al-
though it is known that host plants sense powdery
mildew fungi and start to activate defenses as early
as 30 min following pathogen challenge, very little
is known of the signaling that leads to the efficient
papillae formation of mlo genotypes. We have ex-
plored the profile of several signaling molecules in
two sets of mlo-isogenic lines with different genetic
background, over a time course ranging from 30 min
to 24 h. Abcisic acid decreased following inoculation
in all susceptible and resistant genotypes whereas
salicylic acid increased only in the resistant mlo gen-
otypes from 2 h post inoculation, with a maximum
at 24 h. Jasmonic acid and its derivative, Ile-jasmonic
increased in resistant genotypes at 10-12 h after in-
oculation, whereas its biosynthetic intermediate 12-
OPDA accumulated in resistant genotypes as early
as 4 h and following. These data, showing a subtle
and very early regulation of these signaling path-
ways, will shed light on the mechanisms of papilla
formation.

This research was supported by the Project AGL2013-
48687-R and AGL2016-78965-R (Spanish Ministry of Econ-
omy and Competitiveness) and the European Regional
Development Funds (ERDF).

Biocontrol, natural compounds and
plant defense stimulants

Characteristics of the biocontrol rhizobacterium
Pseudomonas chlororaphis PCL1606. S. TIENDA,
C. VIDA, A. DE VICENTE, EM. CAZORLA. Insti-
tuto de Hortofruticultura Subtropical y Mediterrdnea “La
Mayora” (IHSM-UMA-CSIC), Departamento de Micro-
biologia, Facultad de Ciencias, Universidad de Mdlaga,
Spain. E-mail: sandratienda@uma.es

The major disease affecting avocado crops in the
Mediterranean area is avocado white root rot, caused
by Rosellinia necatrix. The biocontrol rhizobacterium
Pseudomonas chlororaphis PCL1606 has been isolated
from rhizosphere of healthy avocado trees, grow-
ing in an area affected by white root rot. As a main
characteristicc PCL1606 showed strong in vitro an-
tagonism against R. necatrix and other important
soil-borne pathogens. This is mainly due to produc-
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tion of the antimicrobial compound 2-hexyl, 5-pro-
pyl resorcinol (HPR). Production of other antifun-
gal compounds by PCL1606 has also been detected.
PCL1606 has the ability to persist on and colonize
avocado roots, where the bacterium interacts closely
and colonizes R. necatrix hyphae, leading to negative
effects on the fungus. Those phenotypes, acting to-
gether, allowed PCL1606 to display biocontrol activ-
ity towards R. necatrix in avocado plants. We have
observed that PCL1606 shows no plant growth pro-
moting activities. The availability of the complete
genome sequence of PCL1606 will allow identifica-
tion of additional features of the strain involved in
biocontrol.

This work was supported by National plan I+D+I MINE-
CO (AGL2014-52518-C2-1-R; MINECO, Spain), and with
FEDER (EU). S. Tienda has received a grant from FPI pro-
gram MINECO.

Biological characterisation of Pochonia chlamydo-
sporia isolates associated with root-knot nema-
todes. J. HORTA, 1. ABRANTES, L.L. CONCEICAO
Centre for Functional Ecology (CFE), Department of Life
Sciences, University of Coimbra, Calgada Martim de Frei-
tas, Universidade de Coimbra, P-3000 456 Coimbra, Por-
tugal. E-mail: isabelluci@gmail.com

The nematophagous fungus Pochonia chlamydospo-
ria (Pc) is a ubiquitous facultative parasite of eggs
of potato cyst nematode (PCN; Globodera spp.), and
root-knot nematode (RKN; Meloidogyne spp.). This
study assessed the potential of Portuguese Pc iso-
lates as biocontrol agents (BCA) of nematodes. Four
isolates associated with Meloidogyne spp. eggs (Pcl,
Pcll, PcIV and PcV), three associated with tomato
infected roots (PcVI, PcVIII and PcIX), one(Pc2) from
PCN eggs, as well as an exotic isolate (Vcl10), were
evaluated, using in vitro assays, for their abilities to
produce chlamydospores, colonise tomato rhizos-
pheres, and parasitise G. rostochiensis and M. inco-
gnita eggs. The isolates had marked differences in
performance. Isolate Pcl colonised the host rhizos-
phere extensively (89%), whereas PcIX was a poor
coloniser (<50%). Isolates PcIl and Pc2 produced
greatest numbers of chlamydospores on solid me-
dium (>20 x 10° chlamydospores g*). The proportion
of RKN eggs parasitised was low (<60%) for all iso-
lates. Pcl and PcVIII were the best parasites against
RKN eggs (>50%), and PcV and Pc2 parasitised more

than 50% of the PCN eggs. These results suggest that
Pcl is the native isolate with the greatest potential
as a BCA, since this isolate revealed desirable traits
such as good rhizosphere competence and prolific
chlamydospore production, thus having a greater
potential than the other isolates for exploitation as
a BCA.

This research was supported by FEDER — “Fundo Europeu
de Desenvolvimento Regional”, through the COMPETE
2020 - “Operacional Programme for Competitiveness and
Internationalisation” (POCI), and by Portuguese funds
through FCT — “Fundag&o para a Ciéncia e a Tecnologia” in
the framework of the project POCI-01-0145-FEDER-016611
(PTDC/AGR-PRO/3438/2014).

The efficacy of plant-derived protein hydrolysates
against zucchini powdery mildew is affected by
their biochemical characteristics. M. CAPPEL-
LETTIY*, M. PERAZZOLLI}, A. NESLER"?, O. GIO-
VANNINI', I. PERTOT". 'Department of Sustainable
Ecosystems and Bioresources, Research and Innovation
Centre, Fondazione Edmund Mach, 38010 San Michele
all’Adige, Italy. DI4A, Department of Agrifood, Envi-
ronmental and Animal Sciences, University of Udine,
33100 Udine, Italy. *Bi-PA - Biological Products for Ag-
riculture, B-1840 Londerzeel, Belgium. “Center Agricul-
ture, Food and Enviroment, University of Trento, 38010
San Michele all’Adige, Italy. "E-mail: martina.cappellet-
ti@fmach.it

The substitution of pesticides has become a prior-
ity in agriculture, and induction of plant resistance
by protein hydrolysates may offer a sustainable
solution. Peptide fragments can act as elicitors of
plant immunity, and a protein extract was shown
to reduce powdery mildew symptoms by stimulat-
ing grapevine defense responses under field condi-
tions. The present research investigated potential
correlations between the efficacy of plant-derived
hydrolysates against the zucchini powdery mildew
(caused by Podosphaera xanthii) and their biochemical
features, such as peptide and amino acid composi-
tion, in order to clarify their modes of action. Under
greenhouse conditions, soybean, rapeseed and guar
hydrolysates were tested. These were obtained by
enzymatic and acid hydrolysis of low-cost protein
meals. Preventative foliar treatments with guar hy-
drolysates produced with Alcalase and 6N sulfuric
acid demonstrated disease reduction compared with
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the non-hydrolysed protein source. A positive corre-
lation was found between efficacy of guar acid hy-
drolysates and degree of hydrolysis, suggesting that
this hydrolysis method may enhance the functional
properties of the original protein source. Positive
correlations were also found between efficacy and
concentrations of specific peptides and amino acids,
which may contribute to the induction of resistance.
Different from acid hydrolysates, no toxic effect on P.
xanthii conidium germination was observed for the
enzymatic hydrolysates, suggesting the activation of
plant defense responses. Our results confirmed that
the biocontrol activity of protein hydrolysates is af-
fected by the original source, and the method and
degree of hydrolysis. Further research is required to
fully clarify the mode of action of these compounds.

This project was supported by the European Union’s
Seventh Framework Programme for research, technologi-
cal development and demonstration under grant agree-
ment no. 324416 (project INNOVA, theme FP7-PEOPLE-
2012-IAPP), and the European Union’s Horizon 2020
research and innovation programme under the Marie
Sktodowska-Curie grant agreement no. 722642 (project
INTERFUTURE).

Geosmithia spp. and Ophiostoma novo-ulmi, a new
fungus-fungus association mediated by elm bark
beetles. A.L. PEPORIL, A. SANTINI. Institute for Sus-
tainable Plant Protection, CNR, Via Madonna del Piano,
10 50019 Sesto Fiorentino, Italy. E-mail: alberto.santini@
cnr.it

Geosmithia is a mainly insect-associated monophyl-
etic morphogenus of Ascomycota. Some recent high-
lights show that some Geosmithias may play roles
in the elm-Dutch elm disease (DED) pathosystem.
Geosmithia and Ophiostoma novo-ulmi (ONU) have
been found to be spread by elm bark beetles; they
share the same habitat for consistent parts of their
life cycles. Highly frequent horizontal gene transfer
has been observed between the two fungi. We inves-
tigated the relationship between ONU and several
elm Geosmithias, using: dual culture and colony in-
teraction trials; ONU fertility tests in the presence of
Geosmithia; microscopy observations of the interac-
tion between ONU and Geosmithia; and pathogenic-
ity trials on elm trees. The relationship between the
two fungi was close and stable, and characterised by
parasitism of ONU by Geosmithia. Our results add
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new complexity to the DED pathosystem, by dem-
onstrating that Geosmithia conducts mycoparasitic
activity against ONU. The rise of Geosmithia modifies
the relationships and the dynamics among the DED
components, potentially reducing the overall impact
of the disease. For this reason, Geosmithia can be ex-
ploited as a possible biocontrol agent against ONU.
Such a holistic approach to plant pathology strength-
ens the idea that different management of diseases in
natural environments is possible.

Endo- and epi-phytic fungal communities of olive
twigs is influenced by cultivar and olive knot infec-
tion. T. GOMES"?, J.A. PEREIRA!, T. LINO-NETQO?,
A. BENNET’, P. BAPTISTA'. 'CIMO/ Polytechnic
Institute of Braganga, School of Agriculture, Campus
de Santa Apoldnia, 5300-253 Braganga, Portugal. pbap-
tista@ipb.pt. *Biosystems & Integrative Sciences Institute
(BiolSI), Plant Functional Biology Center (CBFP), Uni-
versity of Minho, Campus de Gualtar, 4710-057 Braga,
Portugal. *Ecological Sciences, The James Hutton Insti-
tute, Errol Road, Invergowrie, Dundee, DD2 5DA UK.
E-mail: teresa.mdg@gmail.com

Olive tree phyllospheres are colonized by a diverse
microbial assemblage that may interact with patho-
genic fungi, making them potential candidates for
disease supression. Olive knot (OK) is caused by
the bacterium Pseudomonas savastanoi pv. savastanoi
(Psv.), causing significant economic losses in olive
tree (Olea europaea). We evaluated the effects of culti-
var and OK infection on endo- and epi-phytic fungal
communities inhabiting olive twig tissues. For this,
fungal composition and diversity was assessed in
asymptomatic and OK-symptomatic twigs co-occur-
ring olive cultivars with different susceptibilities to
OK disease. Isolated species were identified using
ITS rDNA sequencing. The cultivar and OK infec-
tion were important in shaping the endophytic and
epiphytic fungal communities. Fungal community
composition differed (P = 0.005) between olive tree
cultivars, being Nectriaceae - the dominant family in
cvs Cobrangosa and Verdeal Transmontana, where-
as Pleosporaceae was dominant in the cv. Madural.
Epiphytic and endophytic fungal communities also
differed in size and composition in asymptomatic
and OK-symptomatic twigs, for the three cultivars.
In general, asymptomatic twigs had more diverse
and rich populations (up to 1.4-fold) when com-
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pared to OK-symptomatic twigs. Among the species
identified in the asymptomatic tissues, Cladosporium
cladosporioides was most frequently isolated within
the epiphytic community, and Chromelosporium car-
neum within the endophytic community. In the OK-
symptomatic tissues, Cladosporium sp. was the most
frequently isolated within epiphytic community and
Fusarium lateritium within the endophytic commu-
nity. According to indicator species analysis, C. car-
neum, Pyronema domesticum and Phoma aloes (IndVal
up to 0.56) may be promising species for the OK sup-
pression. Better acknowledgement should be devel-
oped to uncover their roles on olicve tree health.

This work was supported by FEDER funds through COM-
PETE (Programa Operacional Factores de Competitividade),
and with national funds from FCT (Fundagio para a Ciéncia
e a Tecnologia) in the framework of the project EXCL/ AGR-
PRO/0591/2012. T. Gomes thanks FCT, POPH-QREN and
FSE for PhD Grant SFRH/BD/98127/2013.

Constitutive secretion of pisatin in root exudates
participates in pea defence against Fusarium ox-
ysporum £. sp. pisi. N. RISPAIL', M. BANI"?, A. CIM-
MINO? A. EVIDENTE? D. RUBIALES'. Instituto de
Agricultura Sostenible, CSIC, Avenida Menendez Pidal
s/n, Cérdoba, Spain. *Dipartimento di Scienze Chimiche,
Universita di Napoli Federico 11, Complesso Universitar-
io Monte. S. Angelo, Via Cintia 4, 80126 Napoli, Italy.
3Ecole Nationale Supérieure de Biotechnologie, Ville uni-
versitaire Ali Mendjeli, BP E66 25100 Constantine, Alge-
ria. E-mail: nrispail@ias.csic.es

Root exudates are important regulators of plant
rhizospheres. They can modulate the composition
and dynamics of soil micro-organisms and par-
ticipate in the dialogue between plants and micro-
organisms. They are known to modulate germina-
tion and growth of soil microorganisms. As such,
they may contribute to crop resistance to soil-borne
pathogens. To determine whether root exudates can
contribute to defense against the pea root pathogen
Fusarium oxysporum f. sp. pisi (Fop), and to identify
the active metabolites, we studied the effects of the
root exudates of 12 pea accessions with differential
responses to the disease. Most root exudates stimu-
lated the germination of Fop conidia in liquid bioas-
says. The root exudates of three accessions, by con-
trast, inhibited germination, indicating the presence
of inhibitory substances in these root exudates. Ethyl

acetate extraction of root exudates indicated that the
inhibiting substances were contained in the apolar
fraction, that contains most secondary metabolites.
Further fractioning and analysis identified the pea
phytoalexin pisatin as the most active metabolite,
and pisatin was identified in the active fraction of
pea root exudate extracts. This compound to inhibit
Fop germination in liquid bioassay and its amount
in root exudates was negatively correlated with the
extent of Fop germination. These results indicate the
existence of a pre-penetration mechanism in pea that
can delay the build-up of pathogenic populations in
soil. Our results also suggest an important role of
pisatin in the constitutive defense of pea against Fop.

This research was supported by the European KBBE pro-
ject LEGATO (FP7-KBBE2013.1.2-02-613551), and the
Spanish national project AGL2014-52871-R from the Span-
ish Ministry of Economy and Competitiveness (MINECO),
and was co-financed by the European fund for regional
development (FEDER). NR holds a Ramén y Cajal post-
doctoral position from MINECO.

Control of bacterial plant diseases using licorice
extract with a new controlled release formulation.
S. JACOBS', H. OZAKTAN?, M. AKBABA?, A. AK-
KOPRU?, 1. KLEEBERG', A. SCHIKORA?®. 'Trifolio-
M GmbH, Dr.-Hans-Wilhelmi-Weg 1, 35633 Lahnau,
Germany. *Department of Plant Protection, Faculty of
Agriculture, University of Ege, 35100 Bornova Izmir,
Turkey. *Federal Research Centre for Cultivated Plants
(JKI), Institute of Epidemiology and Pathogen Diagnos-
tic, Messeweg 11/12, 38104 Braunschweig, Germany.
E-mails: Sophie.Jacobs@trifolio-m.de; Adam.Schikora@
julius-kuehn.de

The lack of active substances for the control of bacte-
rial diseases in plants causes serious problems. Only
a few agrobactericides are available, but all have
distinct shortcomings. The European Union banned
the agricultural use of antibiotics in 2004 fearing an-
tibiotic multi-resistant strains, which occurred in fire
blight control / prevention in orchards in USA, New
Zealand and Israel. In Europe, permission for antibi-
otic use is limited to cases of “clear and present dan-
ger”. Alternatively, different copper-based products
are authorized as bactericides, but natural resist-
ances in pathogenic Pseudomonas and Xanthomonas
strains have become prevalent, and intensive cop-
per sprays used to control the diseases resulted in
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reduced efficacies of these products. In addition,
there is an increasing body of evidence that the use
of copper products is environmentally damaging
due to harmful effects on plants and soil. Neverthe-
less, in European organic agriculture copper-based
products are the main agents used against bacterial
diseases in vegetable and fruit production systems.
Recently, the use of copper compounds has been re-
stricted by regulations of the European Community
(Directive 2009/128/EC). The limited number of ex-
isting products requires effective alternatives, which
adhere to organic farming principles. We examined
the bactericidal effects of licorice extract and a new
control release formulation against the main bacte-
rial targets in organic agriculture practice. We tested
its efficacy on the model plant Arabidopsis as well as
numerous crop plants using different patho-systems.

This research was supported by the Federal Ministry of
Food and Agriculture (BMEL, Deutsche Innovationspart-
nerschaft Agrar; DIP).

Assessment of biological control agents against
Gnomoniopsis smithogilvyi (syn. castanea), the
fugus causing chestnut brown rot and canker.
M. CONTI}, J. CROVADORE!, B. COCHARD', R.
CHABLAIS', M. JERMINP?, F. LEFORT". 'Plants and
pathogens Group, Institute Land Nature Environment,
hepia, University of Applied Sciences and Arts Western
Switzerland (HES-SO), 150 route de Presinge, 1254
Jussy, Switzerland. 2Agrosco;ae, Cadenazzo Research Cen-
tre, A Ramél 18, 6593 Cadenazzo, Switzerland. E-mail:
francois.lefort@hesge.ch

In vitro challenge tests were carried out between
Gnomoniopsis smithogilvyi and seven antagonistic
bacterial strains and nine fungal strains. Two geno-
types of G. smithogilvyi from Geneva (GE1) and Ti-
cino (TI1) were used during these tests. These in vitro
challenge tests allowed selection of five fungal and
three bacterial strains, which demonstrated strong
inhibitory activity on growth of G. smithogilvyi.
These were: Trichoderma harzianum BO5, T. harzianum
F1, T. hamatum, T. aureoviride and T. asperellum; and
Pseudomonas putida, Bacillus amyloliquefaciens Ba4
and B. amyloliquefaciens Ba2. These organisms were
retained for biological control experiments on chest-
nut scions. Batches of eight chestnut scions were in-
oculated with each fungal or bacterial antagonists by
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soaking them for 48 h at room temperature in bacte-
rial or fungal suspensions in water. The scions were
transferred individually into glass culture tubes and
placed in a climatic chamber for 3 weeks. to allow
a uniform endophytic growth of the antagonists. A
suspension of G. smithogilvyi conidia was then ap-
plied to the scions of all modalities. and half of the
control scions. The development of fructifications on
bark of the scions, and the condition of the scions,
were observed before and after inoculation, for a to-
tal duration of 6 weeks. Most of the organisms did
not reduce disease in vivo, but the bacterial strain P.
putida UASWS0946 and the fungal strain T. hamatum
UASWS1405 totally inhibited the growth of G. smith-
ogilvyi and C. parasitica.

This research was supported by the strategic research fund
of the University of Applied Sciences and Arts Western
Switzerland.

Preliminary characterization of the bioactive me-
tabolites produced by Ascochyta lentis var. lathyri,
responsible for a grasspea disease. A. BOARI', A.
CIMMINO, A. EVIDENTE? A. INFANTINO? M.
MASI, M.C. ZONNO!, and M. VURRO". 'Intitute of
Sciences of Food Production, National Research Council,
via Amendola 122/O, 70126 Bari, Italy. ’Department of
Chemical Sciences, University of Naples “Federico 117,
Complesso Universitario Montesant’Angelo, via Cinthia
4, 80126, Naples, Italy. 3C0nsigli0 per la ricerca in agri-
coltura e 'analisi dell’economia agraria, Centro di ricer-
ca per la patologia vegetale, Via C.G. Bertero 22, 00156
Rome, Italy. E-mail: evidente@unina.it

Ascochyta lentis var. lathyri causes necrotic lesions
on leaves and stems of grasspea (Lathyrus sativus L.)
plants, recently described for the first time in Italy.
This fungus was not pathogenic to seedlings of nine
other leguminous species, including lentil (Lens culi-
naris Medik.). For this reason, and in consideration
of its morphological characteristics, the fungus was
considered a pathogenic, and morphological vari-
ant, of Ascochyta lentis (pathogenic to lentil), despite
genetic similarities. Considering, (a) the increasing
interest for the cultivation of grasspea as a source
of protein and genetic resistance to diseases; (b) the
known capability of the genus Ascochyta to produce
biologically active secondary metabolites; and (c)
the potential of comparative metabolic analysis to
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provide valuable information on fungal ecology and
evolution, studies were instigated to investigate the
production of bioactive metabolites by A. lentis and
A. lentis var. lathyri. Two strains of each pathogen
were grown on a defined liquid medium. Culture
filtrates were extracted with organic solvents, and
tested for bioactivity using different assays. The suc-
cessive steps of the purification, bioassay guided,
were performed by CC and TLC. This provided dif-
ferent bioactive fractions and metabolites, which are
being characterized using spectroscopic and physi-
cal methods. Preliminary results have confirmed
differences in the metabolic profiles of the strains,
in agreement with other differences previously de-
scribed.

Inhibition of early development stages of rusts and
powdery mildew by fungal and plant metabolites.
E. BARILLI', A. CIMMINO? M.J. GONZALEZ BER-
NAL', M. MASI, D. RUBIALES', A. EVIDENTE".
Institute for Sustainable Agriculture, CSIC, Cérdoba,
14004, Spain. *Department of Chemical Sciences, Uni-
versity of Naples “Federico 11”, Complesso Universitario
Montesant’Angelo, via Cintia 4, 80126, Naples, Italy. E-
mail: evidente@unina.it

Foliar diseases caused by biotrophic pathogens, such
as rusts and powdery mildews, are major limiting
factors in legume and cereal production worldwide.
Crop protection is largely based on chemical control,
although there is renewed interest in the discovery
of natural products as alternatives to synthetic fungi-
cides. A plant and a fungal metabolite (respectively,
inuloxin A and sphaeropsidin A), belonging to differ-
ent classes of naturally occurring compounds, have
been evaluated, together with a synthetic fungicide,
at different concentrations on pea and oat plants
for their potential to inhibit spore germination and
subsequent fungal growth. Pathogens responsible of
rust (Uromyces pisi) and powdery mildew (Erysiphe
pisi) on pea, andthese diseases on oat (P. coronata f.
sp. avenae and Blumeria graminis f. sp. avenae), were
artificially inoculated on their susceptible hosts un-
der controlled conditions. Spore germination, plant
penetration and fungal development were micro-
scopically scored on detached leaves at 24 and 48 h
after inoculation. Inuloxin A and sphaeropsidin A both
reduced spore germination and fungal development
of all the pathogens, at values comparable to those

obtained by the synthetic fungicide, offering poten-
tial as natural fungicides for management of these
diseases.

This research was supported by FP7-ARIMNet-MEDILEG
and AGL2014-52871 projects and Programme STAR (A.C.)
financially supported by UniNa and Compagnia di San
Paolo, Italy.

Secondary bioactive metabolites produced by
emerging forest pathogens in Sardinia. M. MASI',
B. T. LINALDEDDU?, A. CIMMINO', P. NOCERA',
L. MADDAU?’, A. EVIDENTE". 'Department of Chemi-
cal Sciences, University of Naples “Federico 11”7, Comples-
so Universitario Montesant’Angelo, via Cinthia 4, 80126,
Naples, Italy. *Universita degli Studi di Padova - Diparti-
mento di Territorio e sistemi agro-forestali (TESAF), viale
dell’Universita 16, 35020 Legnaro (PD). *Dipartimento
di Agraria, Sezione di Patologia Vegetale ed Entomologia,
Universita degli Studi di Sassari, Viale Italia 39, 07100,
Sassari, Italy. E-mail: evidente@unina.it

Several studies have demonstrated the important
role of fungal species in the aetiology of serious dis-
ease affecting forest trees in Sardinia (Italy). Among
them, Diplodia corticola has serious impacts on oak
ecosystems, adversely affecting vitality and produc-
tivity of trees. Recently, a severe trunk and branch
disease caused by a newly described species, Dia-
porthella cryptica, was observed in several hazelnut
groves in Sardinia. The considerable ecological rel-
evance of forests, and severe damage caused by
these fungi, requires increased knowledge of the
bio-ecology of these invasive species, and particu-
larly identifying the virulence factors involved in the
pathogenesis processes. Extensive studies on liquid
cultures of D. corticola have indicated the potential of
this fungus to produce an array of bioactive second-
ary metabolites in vitro, some of which have shown
potential in application studies. Sphaeropsidin A has
been studied as novel therapeutic strategy to com-
bat drug-resistant cancer. Other metabolites, such as
diorcinol and diplopyrone B, have shown activity
against important plant pathogens belonging to dif-
ferent phyla, especially Phytophthora spp. which are
effectively controlled with few synthetic fungicides
in forestry. Investigations carried out with organic
extracts of D. cryptica have shown the ability of this
pathogen to produce bioactive compounds. Organic
extracts and column chromatographic fractions were
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phytotoxic on tomato leaves at 2 mg mL™” in a leaf
puncture assay.

Biofumigant action of Brassica seed meals against
Phytophthora cinnamomi in dehesa ecosystems.
M. GONZALEZ!, P. RIOS!, P. FERNANDEZ!, A. DE
HARO? M.S. SERRANO!, M.E. SANCHEZ'. 'ET-
SIAM, Universidad de Cérdoba, Ctra. Madrid-Cddiz km
396, 14014-Cérdoba, Spain. *Instituto de Agricultura
Sostenible (CSIC), Alameda del Obispo s/n, P.O. Box
4084, 14080 Cérdoba, Spain. E-mail: aglsahem@uco.es

Phytophthora cinnamomi causes a highly destructive
root rot that seriously affects oaks in seminatural
woodlands (dehesa systems). Disease management
using soil biofumigation is promising, but requires
further validation. The effectiveness of ground seeds
from Brassica carinata and B. juncea to inhibit myce-
lial growth and reduce chlamydospore viability of P.
cinnamomi in soil was established, in contrast with
the inability shown by B. napus seed meals. Reduced
root necrosis in inoculated Lupinus luteus plants was
also achieved when infested soils were treated with
B. carinata or B. juncea seed meals. Glucosinolate
content analyses of these seed meals indicated that
effectiveness was related to large content of sinigrin
(2-propenyl glucosinolate). Biofumigation with seed
meals rich in sinigrin should be considered as an ef-
fective measure to be incorporated in the integrated
control of the oak disease caused by P. cinnamomi in
dehesa ecosystems. Aas host seed production levels
in dehesa are low, this approach should be best ap-
plied on agricultural lands.

This research was supported by the Project RTA2014-
00063-C04-03 (INIA, Spain) and the European Union
(LIFE11 BIO/ES/726).

Control of Phytophthora root rot on Mediteranean
Quercus spp. Using fosetyl-Al trunk injections. M.
GONZALEZ!, M.A. ROMERO!, C. RAMO? M.S.
SERRANO', M.E. SANCHEZ'. 'ETSIAM, Universidad
de Cordoba, Ctra. Madrid-Cddiz km 396, 14014-Cérdoba,
Spain. *Estacion Biolégica de Dofiana (CSIC), Américo
Vespucio 26, 41092-Sevilla, Spain. E-mail: aglsahem@
1uco.es

Potassium phosphite (PP) is the most used plant de-
fense stimulant against Phytophthora diseases, but
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PP formulations are prohibited in Spain when reg-
istered as fertilizers. In previous pot experiments,
fosetyl-aluminium (fos-Al) demonstrated better ef-
ficacy than PP for prevention of root disease caused
by Phytophthora cinnamomi on Quercus suber and Q.
ilex. In November 2014, 4% fos-Al was applied by
trunk injection (one 20 mL-injector at each 20 cm-
perimeter) to trees in two different Quercus wood-
lands affected by P. cinnamomi. For each woodland,
20 asymptomatic trees (defoliation class, DC = 0), 20
trees with low crown symptoms (10-25% defoliation,
DC =1), and 20 with moderate crown symptoms (26-
50% defoliation, DC = 2), were randomly chosen. For
each DC, ten trees were injected with fos-Al and ten
with water only. All trees were sampled (rhizosphere
soil and rootlets) before treatments. At I year inter-
vals, all trees were evaluated for defoliation class,
re-sampled (roots and soil). Samples were checked
for P. cinnamomi presence (roots) and P. cinnamomi
inoculum density (chlamydospores g™ dry soil).Dis-
ease severity (variation in DC with time) decreased
in treated trees when compared with untreated trees,
mainly because the treated trees had decreased DCs,
but also because untreated trees had increased DCs.
Detection of P. cinnamomi in roots increased in the
water-treated trees, although soil inoculum densities
decreased with time, not differing between treated
or untreated trees. This trial has demonstrated the
effectiveness of fos-Al for prevention of P. cinnamomi
oak disease in the field, decreasing crown symptoms
and pathogen detection in roots.

This research was supported by the BBVA Foundation
(Spain) and the European Union (LIFE11
BIO/ES/726).

Control of Acanthoscelides obtectus (Coleoptera:
Chrisomelidae:Bruchinae) adults through trichodi-
ene produced by Trichoderma harzianum. A. ROD-
RIGUEZ-GONZALEZ', V. SUAREZ-VILLANUE-
VA!, S. MAYO!, G. CARRO-HUERGA!, S. ALVA-
REZ-GARCIA', PA. CASQUERO', S. GUTIERREZ”.
'Grupo de Investigacion en Ingenieria y Agricultura Sos-
tenible, Instituto de Recursos Naturales, Medio Ambiente
y Biodiversidad, Escuela Superior y Técnica de Ingenieria
Agraria, Universidad de Leén, Avenida de Portugal 41,
24071-Leén, Spain. *Area de Microbiologia, Universi-
dad de Ledn, Avenida de Astorga s/n, 24401-Ponferrada,
Spain. E-mail: alrog@unileon.es
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Acanthoscelides obtectus (Coleoptera: Chrisomelidae:
Bruchidae) of an emerging grape pest, Xylotrechus ar-
vicola (Coleoptera: Cerambycidae) is a pest that at-
tacks common bean (Phaseolus vulgaris). The use of
biological agents, e.g. Trichoderma, to control pests
can minimize detrimental effects on beneficial or-
ganisms and the environment. A tri5 gene from T.
arundinaceum (a trichothecene producer) has been ex-
pressed in the wild isolate of T. harzianum CECT 2413
(a trichothecene non-producing strain), a potential
biocontrol agent (BCA) of phytopathogens, to deter-
mine if trichodiene (a volatile sesquiterpene precur-
sor) had ability to control different stages of insect
pests. Trichoderma harzianum (T34) and its trichodiene
producer transformant (T34-tri5.27) were used to
determine, under laboratory conditions, their insec-
ticidal activity against A. obtectus adults. The suscep-
tibility of A. obtectus adults against T. harzianum (T34
and T34-tri5.27) was evaluated with a spray tower.
One mL of spore suspension (1 x 10" spores mL™") of
Trichoderma strains was applied directly to the insects.
Mortality monitoring was carried out every 2 d af-
ter treatment for 14 d. T34 accumulated a mortality
of 59%, whereas T34-tri5.27 reached 66%. The effects
of both fungi were different (P < 0.05) to the control
treatment. The ability of T. harzianum to control A.
obtectus adults was increased by the production of
trichodiene. Production of non-toxic volatile terpe-
nes by BCAs could be an effective tool to ameliorate
their potential to control insect pests, and hence make
them more appealing than conventional insecticides.

Evaluation of five essential oils from Mediterrane-
an aromatic plants for use as bio-fungicides in the
control of Cladobotryum mycophilum in cultivated
button mushroom. FJ. GEA!, M.J. NAVARRO!, M.
SANTOS? F. DIANEZ?, G. ORTI{Z-DE-ELGUEA*, R.
SANCHEZ*, D. HERRAIZ*. 'Centro de Investigacion,
Experimentacion y Servicios del Champifion (CIES),
16220 Quintanar del Rey, Cuenca, Spain. ’Departa-
mento de Agronomia, Escuela Politécnica Superior, Uni-
versidad de Almeria, Almeria, Spain. *Departamento de
Ciencia y Tecnologia Agroforestal y Genética, ETSIAM-
IDR (UCLM), Albacete, Spain. *Centro de Investigacién
Agroforestal de Albaladejito (CIAF), Instituto Regional
de Investigacion y Desarrollo Agroalimentario y Forestal
de Castilla-La Mancha (IRIAF), Cuenca, Spain. *Parque
Cientifico-Tecnologico de Castilla-La Mancha, Abacete,
Spain. E-mail: fjgea.cies@dipucuenca.es

Cobweb, caused by the mycoparasite Cladobotryum
mycophilum, is one of the most serious diseases that
affect cultures of white button mushroom (Agaricus
bisporus) worlwide. Effective control of this disease
includes the application of fungicides (metrafenone
or prochloraz) and strict higiene measures. However,
biological control plays an important role. The essen-
tial oils (EOs) from five typically Mediterranean aro-
matic plant species belonging to the Labiatae family
(Lavandula x intermedia, Thymus mastichina, Thymus
vulgaris, Salvia lavandulifolia and Satureja montana)
were tested against this pathogen. The plant mate-
rial was cultivated in the experimental fields of CIAF
Albaladejito — IRIAF. Essential oils were obtained by
hydrodistillation in a Clevenger-type apparatus, and
chemically characterized by Gas Chromatography
(GC-FID). Essential oils were assayed in vitro using a
macrodilution test for antifungal activity against six
isolates of C. mycophilum. The sensitivity of C. my-
cophilum was estimated from ECs, values (mg L™ of
EO inhibiting radial mycelial growth by 50%). The
most effective EOs for inhibiting in vitro growth of
C. mycophilum were T. vulgaris (mean ECsy = 3.9 - 41.7
mg L") and S. montana (ECsy = 9.4 - 27.8 mg L™). The
main compounds in T. vulgaris EO were p-cymene
(29.7%) and thymol (25.8%), while in S. montana EO
carvacrol (17.2%), p-cymene (11.5%) and camphor
(10.1%) predominated. Thymus vulgaris and S. mon-
tana EOs and their compounds, especially thymol
and carvacrol, have potential alternatives to the syn-
thetic fungicides that are applied in mushroom culti-
vation to prevent cobweb disease.

This research was supported by Project E-RTA2014-
00004-C02-01 (Instituto Nacional de Investigacién y Tec-
nologiaAgraria y Alimentaria, INIA, Spain) and the Euro-
pean Regional Development Fund (ERDF).

Assessment of specific traits of Pseudomonas flu-
orescens PICF7 for involvement in endophytic
lifestyle, rhizosphere survival and biocontrol of
Verticillium wilt of olive. N. MONTES-OSUNA, J.
MERCADO-BLANCO. Department of Crop Protection,
Institute for Sustainable Agriculture (CSIC), Avenida
Menéndez Pidal s/n, Campus “Alameda del Obispo”,
14004 Cérdoba, Spain. E-mail: nuriamontes@ias.csic.es

Pseudomonas fluorescens PICF7 is a natural colonizer

of olive rhizospheres, able to endophytically colo-
nize the root tissues and act as an effective biocon-
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trol agent against Verticillium wilt of olive. This
disease is difficult to manage, and single control
measures are mostly ineffective. An integrated man-
agement strategy is therefore recommended. Within
this framework, biocontrol approaches represent an
excellent option, particularly if they are combined
with other disease management tools. We aim to
identify and characterize genes of strain PICF7 im-
plicated in phenotypes such rhizosphere/soil per-
sistence (copper resistance, 1-aminocyclopropane-
1-carboxylate deaminase activity, ACC), root colo-
nization (biofilm formation) and plant growth pro-
motion (phytase activity). Previously, presence of a
putative ACC gene (involved in degradation of the
ethylene precursor) was suggested in the genome of
PICF7. However, ACC deaminase activity was not
demonstrated in this strain, whereas the presence
of a putative D-cysteine desulfhydrase coding gene
was found. Approx. 4,000 tetracycline-resistant col-
onies from an available Tn5 random insertion mu-
tant bank were screened for phenotypes defective
in some of the traits mentioned above. A collection
of 80 mutants was selected, including 34 showing
reduced (or no growth) or colour change in medium
supplemented with copper, ten with impaired bio-
film formation, 18 unable to grow or with altered
morphology in YEM medium, and 18 displaying re-
duced or no production of phytase. Molecular char-
acterization of these mutants is currently being per-
formed, to identify the affected genes and determine
their involvement in (endophytic) colonization, bio-
control performance, and rhizosphere survival of
strain PICF?7.

This research is supported by grant P12-AGR667 (Junta de
Andalucia, Spain), co-funded by the ERDF of the UE. The
authors thank Antonio Valverde for excellent technical as-
sistance.

Using endophytic bacteria to improve tomato
growth and control bacterial spot caused by Xan-
thomonas euvesicatoria. A. AKKOPRU. Yiiziincii Yil
University, Faculty of Agriculture Deptartment of Plant
Protection, Van, Turkey. E-mail: ahmetakkopru@yyu.edu.
tr

This study evaluates effects of endophytic bacte-
ria (EB) isolates (Ochrobactrum sp. CB36/1, Pantoea
agglomerans CC37/2, Bacillus thuringiensis CA41/1,
Pseudomonas fluorescens CC44) on bacterial spot dis-
ease of tomato caused by Xanthomonas euvesicatoria
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(Xe), and on tomato (cv. Marmande) growth param-
eters. The EB strains were applied twice to seedlings
as drenches at the second leaf stage, and 4 d before
inoculation of Xe. Suspensions of Xe (10° cfu mL™)
were applied by spraying on 4-week-old seedlings.
Disease severity was evaluated using a 0-4 scale,
3 weeks after Xe inoculation. The seedlings were
grown in peat medium at 24(+2)°C, 60% humidity,
14/10h day/night photoperiods in a climate cham-
ber. Although the EB strains did not significantly af-
fect plant length, all the strains increased fresh and
dry weights of shoots by approx. of 6.5%. Root fresh
weights were increased by 9.5% to 52% by the iso-
lates, and Bacillus thuringiensis CA41/1 was the most
effective isolate. Root dry weights were increased by
31% by the Pantoea agglomerans CC37/2, even under
the disease pressure. Although all EB isolates except
B. thuringiensis CAA41/1 decreased the disease sever-
ity compared with positive controls, the most effec-
tive isolate was Ochrobactrum sp. CB36/1 which de-
creased severity by 32%.

Assessment of water extracts and essential oils
from Mediterranean plants against Verticillium
dahliae in olive. A. MULERO-APARICIO, A. VARO,
M. ADEM, L.E. ROCA, M.C. RAYA-ORTEGA, FE]J.
LOPEZ-ESCUDERO, A. TRAPERO. Departamento
de Agronomin (Patologia Agroforestal), Universidad de
Cérdoba, Campus Universitario de Rabanales, Edificio
Celestino Mutis (C4), 14071 Cérdoba, Spain. E-mail:
z32muapa@uco.es

Verticillium wilt of olive is considered the most con-
cerning disease in all olive growing areas. In recent
years, biological control within integrated disease
management has gained importance, due to the lack
of an effective treatment against this disease. There
are several plant substances, including water ex-
tracts, essential oils or biological products, that pos-
sess antifungal activity, are easily degraded, and are
safe for human use and the environment. This study
describes the potential effect of 44 plant extracts
and 20 essential oils against Verticillium dahliae. The
results demonstrate the in vitro and in planta effec-
tiveness of essential oil from Thymus, in particular
Thymus sp. 04 (prepared in the laboratory) and the
commercial product Thymus sp. 01, against V. da-
hlige. Inhibition of mycelial growth and microscle-
rotia reached 100% for both treatments.Disease re-
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duction in olive plants reached 65% for Thymus sp.
04 and 42% for Thymus sp. 01. These treatments
showed the potential for essential oils use in the con-
trol of this pathogenas part of an integrated disease
management strategy. This is the first report of the
use of essential oils for control of Verticillium wilt in
olive plants. Further studies are warranted to iden-
tify the bioactive compounds in the essential oils that
are active against V. dahliae, and evaluate their poten-
tial use as natural fungicides.

Effectiveness of a non-pathogenic strain of Fusari-
um oxysporum (FO12) against Verticillium dahliae.
A. MULERO-APARICIO, A. VARO, A. TRAPERO.
Departamento de Agronomia (Patologia Agroforestal),
Universidad de Cérdoba, Campus Universitario de Ra-
banales, Edificio Celestino Mutis (C4), 14071 Cérdoba,
Spain. E-mail: z32muapa@uco.es

The strain FO12 of Fusarium oxysporum, isolated
from cork, was one of the most effective treatments
against Verticillium dahliae, from more than 200 nat-
ural products evaluated in previous studies. The
present study evaluated potential of FO12 as bio-
control agent (BCA) against Verticillium wilt of ol-
ive (VWO). In vitro and in vivo studies were carried
out to determine the mode of action of FO12. These
included: dual cultures and myecelial growth of V.
dahliae in potato dextrose agar amended with serial
amounts of sterilized crude FO12 extract; efficacy of
crude extract, conidia, supernatant and chlamydo-
spores against VWO in controlled conditions and
on inoculum reduction of V. dahlige in naturally in-
fested soils; and possible induction of resistance in
olive plants through foliar or irrigation treatments
in controlled conditions. In addition, FO12 was
evaluated under partially controlled and field con-
ditions with irrigation treatments. Antibiosis and
parasitism mechanisms were not observed in dual
culture essays, but mycelial growth of V. dahliae was
reduced in the presence of FO12. The treatments
with the crude extract and chlamydospores were
effective both for controlling VWO and reducing V.
dahlige inoculum in naturally infested soil under in
vitro, partially controlled and field conditions. FO12
can easily produce chlamydospores, favouring a
durable and stable product formulation, for assess-
ment of potential of FO12 as BCA against VWO in
field conditions.

Biological control of quarantine bacterial diseases
with selected strains of Bacillus amyloliquefaciens.
J. CABREFIGA, 1. MORA, E. MONTESINOS. Center
for Innovation and Development in Plant Health (CI-
DSAV), Institute of Food and Agricultural Technology,
University of Girona, Maria Aurelia Capmany, 61, 17003
Girona, Spain. E-mail: jordi.cabrefign@udg.edu

Emerging quarantine bacterial plant diseases are
important problems in crop production in the Euro-
pean Union. Some of the more relevant are caused
by Erwinia amylovora, Pseudomonas syringae pv. ac-
tinidiae, Xanthomonas arboricola pv. pruni and Xan-
thomonas fragariae. There are considerable difficulties
in control of fruit production losses and preventing
the spread of these pathogens. Chemical control in
EU countries is limited to copper compounds, be-
cause antibiotics are not authorized. Therefore, there
is urgent need for alternative or complementary
control methods. An extensive collection of strains
of Bacillus subtilis and B. amyloliquefaciens, obtained
from Mediterranean crops and forest, that have been
screened for the control of these bacterial diseases.
The first step was to build a collection of strains hav-
ing the biosynthetic genes related with to production
of antimicrobial compounds, the actual production
of these compounds, and the range of antagonistic in
vitro activity against these plant pathogenic bacteria.
The best strains were tested for control of infections
in the corresponding plant hosts (pear, peach, straw-
berry, kiwifruit), under controlled environment con-
ditions in a greeenhouse, and under semi-field as-
says. Promising results were obtained in the efficacy
of control in comparison with commercial biological
products.

Study of diversity of endophytic communities
from Posidonia oceanica and their in vitro antago-
nistic activities against Pythium aphanidermatum.
M. SANTOS, F. DIANEZ, ].M. PERALS, FJ. GEA,
M.J. NAVARRO. Agronomy Department. University
of Almeria. Carretera Sacramento s/n. Almeria 04120.
Spain.msantos@ual.esCentro de Investigacion, Ex-
perimentacién y Servicios del Champiiién (CIES), 16220
Quintanar del Rey, Cuenca, Spain. E-mail: msantos@ual.
es

Most of the Mediterranean sublittoral area occupied
by seagrasses is dominated by the endemic plant Posi-
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donia oceanica. Despite its ubiquity and dominance in
the Mediterranean Sea, the mycoflora of P. oceanica
has been rarely studied. We isolated and identified
fungal endophytes in the roots of this plant. In ad-
dition, we selected fungal strains able to produce an-
tagonistic substances in vitro against Pythium apha-
nidermatum. In summer 2016 at three sampling sites
were investigated along Parque Natural de Cabo de
Gata-Nijar, Almeria (Spain). Roots of P. oceanica were
collected using scuba diving. Roots of 45 plants were
carefully excavated from the substrate, separated
from the shoots, and placed in 100 mL capacity beak-
ers filled with seawater. These were stored in the
dark at 4°C. The rhizomes were carefully washed in
tapwater. Roots were surface-sterilised by sequential
washing in 5% NaOCl for 5 min, 95% EtOH for 1 min
and 5% H,O, for 3 min, and then rinsed three times
in distilled sterile water. Root fragments were asepti-
cally excised and placed on malt-extract agar (MEA,
Oxoid) in Petri dishes (10-cm diam.) for preliminary
morphological identification on the basis of macro-
scopic and microscopic characters. Fifteen fungal
taxa (mainly Ascomycota, and in the Pleosporales),
were identified. Antagonistic capacity of Gliomastix
sp., Papulaspora sp. Cladosporium sphaerospermum had
greater higher antagonistic activity against P. aphani-
dermatum than the other isolated fungi.

Antifungal activity of plant essential oils against
Trichoderma aggressivum f. sp. europaeum. F.
DIANEZ!, C. PARRA!, M.]. NAVARRO? FJ. GEA?,
M. SANTOS'. Departamento de Agronomia. Univer-
sidad de Almeria. Carretera Sacramento s/n. Almeria
04120. Spain. *Centro de Investigacion, Experimentacion
y Servicios del Champiiion (CIES), 16220 Quintanar del
Rey, Cuenca, Spain. E-mail: msantos@ual.es

This study investigated the fungicidal activity
against Trichoderma agqressivum £. sp. europaeum of es-
sential oils (EOs) from: Syzygium aromaticum, Pelargo-
nium graveolens, Lavandula angustifolia, Cupresus sem-
pervirens, Mentha piperita, Santolina chamaecyparissus,
Citrus sinensis, Pogostemon patchouli, Thymus mastichi-
na, Thymus vulgaris, Eucalyptus globulus and Rosmari-
nus officinalis. The disc diffusion method was used to
evaluate the inhibition of hyphal growth. Test discs
were prepared with 8 uL of each oil at concentrations
of 5, 10, 15, 20 and 30%, and control discs with 1%
Tween-80. These discs (5 mm diam.) were arranged
around the T. aggtressivum colony on each agar plate,
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at a distance of 4 c¢m, and incubated at 28°C for 1
week. The inhibition of hyphal growth was visu-
ally evaluated and photographed. EOs of rosemary
(5%, growth inhibition >50%), mentha (15%, >70%),
Patchouli and Lavandula (15%, >50%) inhibited hy-
phal growth of T. aggressivum. The other EOs did not
reduce growth of hyphae at the concentrations test-
ed. This study has indicated that rosemary, which is
available and cost effective, is an attractive option for
further investigations as an alternative to synthetic
fungicides for the control of green mold caused by
T. aggtressivum.

This research was supported by the Project E-RTA2014-
00004-C02-01 (Instituto Nacional de Investigacién y Tec-
nologia Agraria y Alimentaria, INIA, Spain) and the Euro-
pean Regional Development Fund (ERDF).

Screening of potential biocontrol bacteria against
Pseudomonas savastanoi pv. Savastanoi, and eluci-
dation of their modes of action. D. MINA', J. PEREI-
RA', T. LINO-NETO? P. BAPTISTA'. 'CIMO / School
of Agriculture, Polytechnic Institute of Braganca, Cam-
pus de Santa Apolénia, 5300-253 Braganga, Portugal.
*BioSystems & Integrative Sciences Institute (BiolSI),
Plant Functional Biology Centre, University of Minho,
Campus de Gualtar, 4710-057 Braga, Portugal. E-mail:
pbaptista@ipb.pt

Over the last decades, the olive knot disease, caused
by the bacterium Pseudomonas savastanoi pv. sava-
stanoi (Psv), has been responsible for severe damage
in olive orchards. Reduced vigour and stem dry-
ness caused by the pathogen lead to decreased ol-
ive fruit production, and severe losses for farmers.
Bacterial endophytes and epiphytes from olive tree
phyllospheres were screened for the suppression
of Psv. Several mechanisms for this activity were
also studied by evaluating indoleacetic acid (IAA),
siderophore and lytic enzyme production. Inter-
specific interactions were assessed on solid media
with agar overlays. IAA was estimated spectropho-
tometrically, and siderophores and lytic enzymes
were evaluated qualitatively. Several tested bacterial
species reduced Psv growth by up to 70%, as well
as its viability. The greatest inhibition was observed
for Frondihabitans sp. and Paenibacillus sp. Reduced
production of IAA and siderophores by Psv, which
are associated with knot development, was detected
in the presence of the most efficient bacteria. Produc-
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tion of lytic enzymes by antagonists, such as lipase,
chitinase, protease and amylase, was also identified.
These results indicate that some of the bacteria test-
ed have potential as biocontrol agents, due to their
capacity to produce metabolites/lytic enzymes that
can interfere with Psv growth and/or development
of knots. These potential biological agents should be
further evaluated under natural conditions.

This work is supported by FEDER funds through COM-
PETE (Programa Operacional Factores de Competitividade)
and by national funds by FCT (Fundacio para a Ciéncia e
a Tecnologia) in the framework of the project EXCL/AGR-
PRO/0591/2012. D. MINA thanks the Fundagdo para a
Ciéncia e Tecnologia (FCT), Portugal for the Ph.D. grant
SFRH/BD/105341/2014.

Molecular characterisation of Pochonia chlamydo-
sporia isolates associated with root-knot nema-
todes. J. HORTA, I. ABRANTES, M.C. VIEIRA dos
SANTOS. Centre for Functional Ecology (CFE), Depart-
ment of Life Sciences, University of Coimbra, Calgada
Martim de Freitas, Universidade de Coimbra, P-3000 456
Coimbra, Portugal. E-mail: mcvs@sapo.pt

Root-knot nematodes (RKN; Meloidogyne spp.) are
among the most economically damaging soil-dwell-
ing parasites of agricultural crops. Exploitation of
natural enemies of nematodes could lead to success-
ful pest management strategies. Pochonia chlamydo-
sporia is a widespread facultative parasite of nema-
tode eggs that has been developed as a biocontrol
agent. However, knowledge of the genetic diversity of
naturally-occurring of P. chlamydosporia populations
is still limited. This study identified and character-
ised Portuguese P. chlamydosporia isolates associated
with RKN. Three tomato root samples infected with
Meloidogyne spp. from three plots of a greenhouse
in Setubal, Portugal, were screened for the presence
of P. chlamydosporia. Before screening, RKN females
were identified by esterase phenotyping. Three phe-
notypes were detected: Hi4 (M. hispanica), 12 (M. in-
cognita) and J3 (M. javanica). Pochonia chlamydosporia
isolation was carried out by plating nematode eggs
and roots on a semi-selective medium. Ten isolates
were obtained and their identities confirmed by PCR
using specific diagnostic primers derived from the
p-tubulin gene. Intra-specific variation was evaluat-
ed by enterobacterial repetitive intergenic consensus
(ERIC) PCR and restriction fragment-length poly-

morphism (RFLP) of the ITS region. A Portuguese
isolate from Globodera rostochiensis eggs and two
non-native isolates, Vc10 (IMI 331547) from Brazil
and Pc3922 (IMI SD 187) from Cuba, both originally
obtained from M. incognita eggs, were also analysed.
Clustering analysis of ERIC-PCR profiles revealed
similarities related to the geographic origin of the
isolates, and there seems to be no relation between
the clusters and the host nematode species.

This work was supported by FEDER - “Fundo Europeu
de Desenvolvimento Regional” funds through the COM-
PETE 2020 — Operacional Programme for Competitiveness
and Internationalisation (POCI), and by Portuguese funds
through FCT — “Fundag@o para a Ciéncia e a Tecnologia” in
the framework of the project POCI-01-0145-FEDER-016611
(PTDC/AGR-PRO/3438/2014). A grant was also made to
M.C. Vieira dos Santos ((SFRH/BPD/92308/2013) sup-
ported by national funds FCT /MCETS and the European
Social Fund through the “Programa Operacional do Capi-
tal Humano” — POCH of the National Strategic Reference
Framework.

Assessment of specific traits of Pseudomonas fluo-
rescens PICF7 for their involvement in endophytic
lifestyle, rhizosphere survival and biocontrol of
Verticillium wilt of olive. N. MONTES-OSUNA, ]J.
MERCADO-BLANCO. Department of Crop Protection,
Institute for Sustainable Agriculture (CSIC), Avenida
Menéndez Pidal s/n, Campus “Alameda del Obispo”,
14004 Cérdoba, Spain. E-mail: nuriamontes@ias.csic.es

Pseudomonas fluorescens PICF7 is a natural colonizer
of olive rhizospheres, able to endophytically colo-
nize root tissues and act as an effective biocontrol
agent against Verticillium wilt of olive. This disease
is difficult to manage, and single control measures
are mostly ineffective. An integrated management
strategy is therefore recommended. Biocontrol ap-
proaches represent an excellent option, particularly
if they are combined with other disease control
methods. We identified and characterized genes
of strain PICF7 implicated in phenotypes such as
rhizosphere/soil persistence (copper resistance,
1-aminocyclopropane-1-carboxylate deaminase ac-
tivity, ACC), root colonization (biofilm formation),
and plant growth promotion (phytase activity). Pres-
ence, in the genome of PICF7, of a putative ACC
gene (involved in degradation of the ethylene pre-
cursor), was previously suggested. However, ACC
deaminase activity was not demonstrated in PICF7,
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whereas a putative D-cysteine desulthydrase coding
gene was found. Approx. 4,000 tetracycline-resist-
ant colonies from an available Tn5 random inser-
tion mutant bank were screened to find phenotypes
defective in some of the traits mentioned above. A
collection of 80 mutants were selected, including 34
showing reduced (or no growth) or colour change in
medium supplemented with copper, ten impaired in
biofilm formation, 18 unable to grow or with altered
morphology in YEM medium, and 18 displaying re-
duced or no production of phytase. The molecular
characterization of these mutants is currently being
performed to identify the affected genes and to de-
termine their involvement in (endophytic) coloniza-
tion, biocontrol performance, and rhizosphere sur-
vival of strain PICF7.

This research is supported by grant P12-AGR667 (Junta
de Andalucia, Spain), co-funded by the ERDF of the UE.
Thanks are due to Antonio Valverde for this excellent tech-
nical assistance.

Characteristics of the biocontrol rhizobacterium
Pseudomonas chlororaphis PCL1606. S. TIENDA,
C. VIDA, A. DE VICENTE , EM. CAZORLA. Insti-
tuto de Hortofruticultura Subtropical y Mediterrdnea “La
Mayora” (IHSM-UMA-CSIC), Departamento de Micro-
biologia, Facultad de Ciencias, Universidad de Mdlaga,
Spain. E-mail: sandratienda@uma.es

The major disease affecting avocado crops in the
Mediterranean area is white root rot, caused by Ro-
sellinia necatrix. The biocontrol rhizobacterium Pseu-
domonas chlororaphis PCL1606 has been isolated from
rhizospheres of healthy avocado trees, growing in
an area affected by white root rot. As a main charac-
teristic, PCL1606 showed strong in vitro antagonism
against R. necatrix and other important soil-borne
pathogens, mainly due to the production of the an-
timicrobial compound 2-hexyl, 5-propyl resorcinol
(HPR). Production of other antifungal compounds
has also been detected. PCL1606 persists and colo-
nizes avocado roots, closely interacting and coloniz-
ing hyphae of R. necatrix, leading to negative effect
on the fungus. These phenotypes, acting together,
allowed PCL1606 to display biocontrol activity to-
wards R. necatrix in avocado plants. We have ob-
served that PCL1606 shows no plant growth pro-
moting activities. The availability of the complete
genome sequence of PCL1606 will allow identifica-
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tion of additional features involved in biocontrol by
this bacterium.

This work is supported by National plan I+D+I MINECO
(AGL2014-52518-C2-1-R; MINECO, Spain), and co-funded
by FEDER (EU). S. Tienda is funded by a grant from FPI
program MINECO.

Characterization of new mycoviruses in Fusarium
oxysporum f. sp. dianthi. A.T. TRENAS '?, M.C.
CANIZARES?, A. VALVERDE-CORREDOR!, C.G.
LEMUS-MINOR!, M.D. GARCIA-PEDRAJAS? E.
PEREZ-ARTES'. 'Depto. Proteccién de cultivos, In-
stituto de Agricultura Sostenible, Consejo Superior de
Investigaciones Cientificas (IAS-CSIC), Alameda del
Obispo s/n, 14004 Cérdoba, Esparia. Depto. Proteccion
de plantas, Instituto de Hortofruticultura Subtropical y
Mediterrdnea “La Mayora”, Universidad de Mdlaga-
Consejo Superior de Investigaciones Cientificas (IHSM-
UMA-CSIC), 297550 Algarrobo-Costa, Mdlaga, Esparia.
E-mail: a.torres.trenas@csic.es.

Mycoviruses that cause hypovirulence are potential
biocontrol agents of their fungal hosts. In previous re-
search, we characterized FodV1, a chryso-like myco-
virus found in isolate Fod116 of Fusarium oxysporum
f. sp. dianthi (Fod). The transference of FodV1 to a
new Fod recipient isolate evidenced the induction of
hypovirulence in the fungal host. We have analysed
the prevalence of FodV1 as well as the incidence and
diversity of mycoviral dsRNAs in a collection of 300
Fod isolates. RT-PCR using total RNA extracts and
specific primers for the RdRp segment of FodV1, and
subsequent sequence analysis, showed that mycovi-
rus FodV1 was present in only three additional Fod
isolates. Cellulose column chromatography analysis
showed the presence of other dsRNA molecules in
40 isolates. These dsRNAs corresponded to at least
five banding patterns, characteristic of different viral
families, and three of them were selected for further
characterization. Partial sequence data indicated
that a monopartite 2.5 kb mycovirus corresponds
to a mitovirus, and that a cuatripartite mycovirus
shows high homology with Aspergillus foetidus
dsRNA mycovirus, and probably corresponds to a
new member of the family Alternaviridae. A third
monopartite 9.5 kb mycovirus (FodV2) has been al-
most fully sequenced. This shows high homology
with a number of previously described hypoviruses.
To determine the putative hypovirulent nature of
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FodV2, we transferred it by hyphal anastomosis to a
new hygR-tagged recipient isolate, and analysed its
effect on some hypovirulence-associated phenotypic
traits. Results obtained indicated that FodV2 does
not induce hypovirulence in its fungal host.

This research was supported by the Project AGL 2013-
48980-R, from the Spanish Ministry of Economy and Com-
petitiveness, co-funded by the European Union (FEDER
funds).

Role of the gluconic acid production by the rhizo-
bacterium Rahnella aquatilis in pH regulation and
biocontrol of the vascular wilt fungus Fusarium
oxysporum. D. PALMIERT', F. DE CURTIS', D. VIT-
ULLO!, A. DI PIETRO? G. LIMA!, D. TURRA?. 'De-
partment of Agricultural, Environmental and Food Sci-
ences, University of Molise, Via De Sanctis snc - 86100
Campobasso, Italy. *Department of Genetics, University
of Cordoba, Campus Rabanales, Ed. Gregor Mendel -
14071 Cordoba, Spain. E-mail: davide.palmieri@studenti.
unimol.it

pH affects all aspects of life. Microbes have evolved
efficient mechanisms of ambient pH adaptation and
modification. In plant rhizospheres, secretions from
roots promote the proliferation of microbes, which
can alter the pH of this ecological niche. Previous
research revealed that rhizosphere pH acts a key fac-
tor during infection of the vascular wilt fungus F. ox-
ysporum £. sp. lycopersici (Fol) on its host plant tomato
(Solanum lycopersicum). While non-infected roots
acidify the extracellular environment, infection by
Fol results in marked root alkalinization, which pro-
motes fungal pathogenicity. We studied the role of
pH muodification by the soil-inhabiting Gram-nega-
tive bacterium Rahnella aquatilis (Ra) in its interaction
with Fol in the tomato rhizosphere. Co-inoculation
of tomato roots with Ra provided efficient protec-
tion from vascular wilt caused by Fol. Ra produced
strong extracellular acidification, both in artificial
media and in the tomato rhizosphere, most likely
through production of gluconic acid from glucose
through the enzyme glucose dehydrogenase (Ged).
Preventing rhizosphere acidification by Ra, either
through application of a buffer solution or by target-
ed deletion of the bacterial Ged gene, led to loss of
the biocontrol activity against Fol. These results sug-
gest that extracellular pH regulation plays a key role
in the interaction between bacteria and fungi in the

rhizosphere, with important consequences for plant

health.

This research was supported through project BIO2013-
47870-R from the Spanish Ministerio de Innovacién y
Competitividad (MINECO).

Effects of farnesol production by Trichoderma
on the development of bean (Phaseolus vulgar-
is). S. MAYO'!, A. RODRIGUEZ-GONZALEZ', O.
GONZALEZ-LOPEZ', A. LORENZANA!, G. CAR-
RO-HUERGA!, M.P. CAMPELO!, S. GUTIERREZ?,
P.A. CASQUERQ". 'Research Group of Engineering and
Sustainable Agriculture, Natural Resources Institute,
University of Leén, Av. Portugal 41, 24071 Leén, Spain.
*Area of Microbiology, Research Group of Engineering
and Sustainable Agriculture, University School of Agri-
cultural Engineers, University of Leén, Ponferrada Cam-
pus, Av. Astorga s/n, 24401 Ponferrada, Spain. E-mail:
pacasl@unileon.es

Common bean (Phaseolus vulgaris) is the third most
important food legume worldwide, surpassed only by
soybean and peanut. Trichoderma (Teleomorph: Hypo-
crea) is a fungal genus found in the soil. These fungi
are secondary, fast growing, opportunistic invasive
organisms, which produce enzymes that degrade fun-
gal cell walls, and induce production of compounds
with antimicrobial activity. We evaluated the effect
of farnesol production of T. harzianum (T34) on the
development of bean. In vivo assays were performed
with this isolate and two transformants (T34dpp1.2
and T34dpp1.3) which were overexpressing the dppl
gene. Bean seeds were coated with a spore suspen-
sion of each Trichoderma isolate. They were sown and
maintained with a photoperiod of 16 h light, 25°C/16
°C (day/night), and 60% RH. Plants were removed
45 d after sowing, evaluated for: hypocotyl diameter,
, root system length,and dry weights of shoots and
roots. T34dpp1.3 and control plants (without fungi)
were larger than plants inoculated plant with T34, in
hypocotlyl diameter, root system length, and shoot
dry weight. However, T34 did not present differences
in comparison with T34dpp1.3 for root system dry
weight root system, but T34dpp1.2 did.

This research was supported by the National project
(AGL2012-40041-C02-02) (Ministry of Economy and Com-
petitiveness) and by the Regional project (LE228U14) (Jun-
ta de Castilla y Ledn).
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Biological control of Pseudomonas savastanoi pv.
savastanoi by two bacteria isolated from olive tree
phyllospheres. D. MINA', A. SANTOS', J. PEREI-
RA', T. LINO-NETO?, P. BAPTISTA'. 'CIMO / School
of Agriculture, Polytechnic Institute of Braganga, Cam-
pus de Santa Apolénia, 5300-253 Braganca, Portugal.
’BioSystems & Integrative Sciences Institute (BiolSI),
Plant Functional Biology Centre, University of Minho,
Campus de Gualtar, 4710-057 Braga, Portugal. E-mail:
pbaptista@ipb.pt

Olive knot disease, caused by the bacterium Pseu-
domonas savastanoi pv. savastanoi (Psv), has been re-
sponsible for severe crop losses in olive orchards,
especially in Mediterranean countries. Olive knot
cannot be eradicated once it is established in an or-
chard, so control is based on preventative measures.
Previous laboratory experiments showed the capac-
ity of some bacterial species, isolated from olive tree
phyllospheres, to inhibited Psv growth. The two
most promising bacterial isolates (Frondihabitans sp.
and Paenibacillus sp.) were evaluated for the control
of Psv in olive plantlets (Olea europaea) under green-
house conditions, to predict their effects in natural
conditions. In pot experiments, 2-year-old olive
plants (cv. Cobrangosa) were inoculated with the an-
tagonistic bacteria and Psv, individually or in com-
bination. Inoculations were performed in wounds
previously made in three different sites of the main
stem of each plant. Thirty replicate plants were used
per strain. The plants were observed for symptom
development and the number of bacteria on the in-
oculation sites was periodically evaluated, for up to
120 d after inoculation. To quantify the reduction
of symptom expression, knots were excised from
stems and their weights were compared between
treatments. Inoculation with Psv resulted in the for-
mation of knots with greater weights compared to
plants inoculated simultaneously with Psv and an-
tagonistic bacteria. Both tested bacteria also reduced
the amount of Psv in the inoculation sites, suggest-
ing their effectiveness for reducing multiplication of
the pathogen. Data presented demonstrate, for the
first time, this bacterial potential in supressing olive
knot, and these two species should be considered in
the future as potential biocontrol agents against Psv.

This work is supported by FEDER funds through COM-
PETE (Programa Operacional Factores de Competitivi-
dade) and by national funds by FCT (Fundag&o para a Cién-
cia e a Tecnologia) in the framework of the project EXCL/
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AGR-PRO/0591/2012. D. Mina thanks the Fundagdo para
a Ciéncia e Tecnologia (FCT), Portugal for the Ph.D. grant
SFRH/BD/105341/2014.

Antimicrobial activity of natural plant compounds
against phytopathogenic bacteria and interfer-
ence with quorum sensing. A. CARUSO', A. AN-
ZALONE', L. GURRIERI', S. PROVENZANO!, P.
BELLA 2, R. PALMERI', V. CATARA ', G. LICCIAR-
DELLO". 'Dipartimento di Agricoltura Alimentazione e
Ambiente, Universita degli Studi di Catania, Via Santa
Sofia 100, 95130 Catania, Italy. *Dipartimento di Scienze
Agrarie e Forestali, Universita degli Studi di Palermo,
Viale delle Scienze Ed. 4, 90128 Palermo, Italy. E-mail:
gralicci@unict.it

Natural plant products have received a great deal of
attention as sustainable alternatives for management
of plant diseases caused by bacteria. We evaluated the
antimicrobial activity of citrus peel components and
phenols with relevant antioxidant activity (cathecol,
citronellol, esperidin, limonene, quercitin and rutin)
against nine phytopathogenic bacteria in the genera
Clavibacter, Erwinia, Pectobacterium, Pseudomonas and
Xanthomonas. The greatest inhibitory activity was in-
duced by cathecol against Xanthomonas species and
P. syringae pv. Tomato, and by citronellol against C.
michiganensis subsp. michiganensis and E. amylovora.
Cathecol minimum inhibitory concentrations ranged
from 0.5 to 0.0625 mg mL?, and those for citronellol
were 1 to 0.125 mg mL". In addition, the ability to
inhibit the quorum sensing (QS) cell-to-cell signaling
system, which controls the virulence behaviour of a
broad spectrum of bacterial pathogens, was evalu-
ated. Using Chromobacterium violaceum as a biosensor
system, citronellol was active against medium chain
N-acyl-homoserine lactones preventing the produc-
tion of violacein, as indicated by the lack of pigmen-
tation of the indicator organism in vicinity of the
treated disks. To determine if this suppression was
linked to anti-virulence activity, the effect of citron-
ellol was tested in the QS active phytopathogen Pseu-
domonas corrugata strain CFBP 5454, causal agent of
tomato pith necrosis, in which the PcoIR AHL- based
signaling system regulates production of phytotoxic
cyclic lipopeptides (CLPs). Consistently with QSI ac-
tivity, the relative expression of genes contributing to
the production of the CLPs cormycin and corpeptins
was reduced in a concentration-dependent manner
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in response to non-lethal concentrations of citron-
ellol.

Innovative approaches in plant disease
diagnosis and management

Establishment of specific molecular diagnostic
tests for Gnomoniopsis smithogilvyi (syn. cas-
tanea) and Cryphonectria parasitica. M. CONTT,
J. CROVADORE', B. COCHARD', R. CHABLAIS',
J.B. MEYER?, M. JERMINP’, F. LEFORT". 'Plants and
Pathogens Group, Institute Land Nature Environment,
hepia, University of Applied Sciences and Arts Western
Switzerland (HES-SO), 150 route de Presinge, 1254
Jussy, Switzerland. *Unit Biodiversity and Conservation
Biology, Swiss Federal Research Institute WSL, Ziircher-
strasse 111, 8903 Birsmendorf, Switzerland. > Agroscope,
Cadenazzo Research Centre, A Rameél 18, 6593 Cadenaz-
zo, Switzerland. E-mail: francois.lefort@hesge.ch

Two fungi cause chestnut tree diseases in Switzer-
land: Cryphonectria parasitica, the endemic chestnut
canker agent, and Gnomoniopsis smithogilvyi, an en-
dophytic fungus, recently identified in Europe and
Switzerland as the main agent of chestnut fruit
brown rot, also causing chestnut canker. Gnomoniop-
sis smithogilvyi causes high plant mortality in young
chestnut nurseries and orchards. Presence of these
fungi was evaluated in plant material used for the
multiplication of six of chestnut varieties in Ticino,
using specific molecular diagnostic tests developed
for both species. All sequences available in GenBank
for the internal transcript spacer (ITS) of the riboso-
mal DNA, the elongation factor 1-alpha (EF1a) gene
and the beta-tubulin gene (TUBB), were collected
for these two fungi. Significant differences between
G. smithogilvyi, Gnomoniopsis spp. and C. parasitica
were sought. After analysing 164 ITS, 90 EFla and
45 TUBB sequences, only the TUBB gene sequenc-
es showed any significant differences between the
species. Specific PCR primers for each species were
then designed from the TUBB sequences alignment.
In silico analyses with BLAST (GenBank) confirmed
the strict specificity of these primers. The two primer
pairs were then tested with DNA extracted from pre-
viously characterised isolates of G. smithogilvyi and
C. parasitica from Ticino, Wallis and Geneva, from
roots and stems of germinated chestnuts or leaves of
chestnut trees. These tests showed great robustness,

and provide a tool to indicate the phytosanitary sta-
tus of propagation material, especially for the endo-
phyte G. smithogilvyi.

This research was supported by the strategic research fund
of the University of Applied Sciences and Arts Western
Switzerland.

Does resistance to Plasmopara viticola in grape-
vine influence infectivity of sporangia? F. BOVE, T.
CAFFL, V. ROSSI. Department of Sustainable Crop Pro-
duction, Diproves, Universita Cattolica del Sacro Cuore,
Via E. Parmense 84, 29122 Piacenza, Italy. E-mail: fed-
erica.bove@unicatt.it

Partial plant resistance impacts on different epide-
miological components of pathogens, which modify
dynamics of disease epidemics. In Plasmopara viti-
cola, the causal agent of grapevine downy mildew,
different morphological characteristics have been
observed between sporangia originated from le-
sions on susceptible and resistant hosts. This study
evaluated whether, in addition to morphological
modifications, partial host resistance can affect the
infectivity of P. viticola sporangia, i.e., their ability to
cause infection. Artificial inoculation experiments
were performed between 2014 and 2016. A popula-
tion of P. viticola sampled from susceptible vineyards
was used for artificial inoculations on leaf discs of
cv. Merlot and of fifteen grape breeding lines show-
ing partial resistance, conferred by one or more Rpv
loci. The sporangia produced on lesions originating
on the susceptible and resistant varieties were then
re-inoculated on leaf discs of cv. Merlot at three dif-
ferent vine growth stages (shoot elongation, full
flowering, ripening of berries), and the infection ef-
ficiency was evaluated as the proportion of inocula-
tion sites showing disease symptoms. There were no
significant differences for the infection efficiency of
sporangia produced on the different host varieties.

This research was supported by the European collabora-
tive project InnoVine, from the European Union’s Seventh
Framework Programme for research, technological devel-
opment and demonstration, under grant agreement N°
311775.

Development of DDct Real Time RT-qPCR for the
detection of Onion yellow dwarf virus. A. TIBER-
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INI', R. MANGANO), S. B. GRANDE', L. TOMAS-
SOLY’, G. ALBANESE'. "Universiti degli Studi Medi-
terranea di Reggio Calabria, Dipartimento di AGRAR-
IA, Localita Feo di Vito - 89122 Reggio Calabria (RC)
Italy. *Consiglio per la ricerca in agricoltura e l'analisi
dell’economia agraria — Centro di ricerca per la patologia
vegetale, Via C.G. Bertero 22 - 00156 Roma (RM) Italy.
E-mail: antonio.tiberini@unirc.it

Onion yellow dwarf virus (OYDV, genus Potyvirus),
an aphid stylet-borne virus, was identified in Italy
in 1993, and in the Italian onion variety ‘Rossa di
Tropea’ in 2005. First investigations for OYDV were
performed using serology, whereas, more recently, a
specific RT-PCR test was used to examine the inci-
dence of the virus in ‘Rossa di Tropea’, in bulb and
seed production cycles. The correlation was assessed
between OYDV infection and nutraceutical com-
pounds in ‘Rossa di Tropea’, and a specific Real Time
RT-qPCR assay was developed for OYDV. Specific-
ity has been evaluated by including no target viruses
related to OYDV and/or viruses generally found in
onion. Analytical sensitivity was determined using
ten-fold dilution series in crude extracts, either from
leaf or bulb samples derived from field trials and
from surveys carried out in Calabria (Southern Ita-
ly). The analytical sensitivity was directly compared
with ELISA and end point RT-PCR, and allowed de-
tection of the virus up to the dilution limit of 1 x 10
for leaves and 1 x 10° for bulbs. A DDCt Real Time
RT-qPCR assay was performed using the 5.85 rDNA
gene as reference to normalize the relative quantifi-
cation data. This assay allowed investigation of the
modulation of virus titre in the OYDV - ‘Rossa di
Tropea’ pathosystem.

This research was supported by the SLORTO research pro-
ject funded by the Italian Ministry of Education, Univer-
sity and Research.

Cytogenomic analyses reveal nuclear content vari-
ation along the life cycles of the Pucciniales (rust
fungi). T. RIBEIRO', C. FEITEIRA', S. TAVARES"*?,
A.P. RAMOS', M. MONTEIRO*, M COELHO®, M.C.
SILVA'?, J. LOUREIRO®, L. MORAIS-CECILIO and
P. TALHINHAS'". 'LEAF-Linking Landscape, Envi-
ronment, Agriculture and Food, Instituto Superior de
Agronomia, Universidade de Lisboa. Tapada da Ajuda,
1349-017 Lisboa, Portugal. *Centro de Investigagio das
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Ferrugens do Cafeeiro, Instituto Superior de Agronomia,
Universidade de Lisboa. Quinta do Marqués, 2780-505
Oeiras, Portugal. 3Section for Plant and Soil Science, De-
partment of Plant and Environmental Sciences, Faculty
of Science, University of Copenhagen, Frederiksberg Co-
penhagen, Denmark. *Instituto Gulbenkian de Ciéncia. R.
Quinta Grande, 6. 2780-156 Oeiras, Portugal. "CREM-
Centro de Recursos Microbioldgicos, Departamento de
Ciéncias da Vida, Faculdade de Ciéncias e Tecnologia,
Universidade Nova de Lisboa. Quinta da Torre, Campus
Universitdrio, 2829-516 Caparica, Portugal. °CFE, Cen-
tre for Functional Ecology, Department of Life Sciences,
University of Coimbra. 3001-401 Coimbra, Portugal. E-
mail: ptalhinhas@isa.ulisboa.pt

Rust fungi (Basidiomycota, Pucciniales) are bio-
trophic plant pathogens with complex life cycles
(up to five spore types). The urediniosporic infection
cycle is frequently the most important for pathogen
dissemination, as the only stage capable of multiple
uninterrupted repetition. The cell nuclear content of
rust fungi is thought to follow that of other Basidi-
omycota, with haploid nuclei throughout the life cy-
cle, only becoming diploid upon karyogamy in telia
and immediately returning to the haploid state as
meiosis takes place leading to the formation of ba-
sidiospores. The presence of 1C, 2C and a low pro-
portion of 4C nuclei was recently detected in differ-
ent stages of the urediniosporic cycle of several rust
fungi, using genome size quantification techniques,.
These results suggest the presence of diploid nuclei
that supposedly only occur in teliospores, compat-
ible with the occurrence of karyogamy and meiosis
prior to urediniospore formation, although endopol-
yplody or other parasexuality phenomena cannot
be ruled out. This unexpected phenomenon may be
transversal to the Pucciniales, since it has been de-
tected in over 60 rust species, with no apparent phy-
logenetic structural forms.

This research was financially supported by the Project
PTDC/BIA-MIC/1716/2014 (Fundagdo para a Ciéncia e a
Tecnologia, Portugal).

A diagnostic microarray for the multiplex charac-
terization of strains of the Ralstonia solanacearum
species complex. G. CELLIER!, S. ARRIBAT? F.
CHIROLEU?, P. PRIOR?, I. ROBENE?. 'Tropical Pests
and Diseases unit, Plant Health Laboratory, ANSES,
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Saint-Pierre, La Réunion, France. *UMR Peuplement
Végétaux et Bioagresseurs en Milieu Tropical, CIRAD,
Saint-Pierre, La Réunion, France. 3Département Santé
des Plantes et Environnement, INRA, Saint-Pierre, La
Réunion, France. E-mail: isabelle.robene@cirad.fr

Bacterial wilt, caused by the Ralstonia solanacearum
species complex (Rssc), is one of the most destructive
plant diseases worldwide. Rssc affects a wide host
range, and includes several ecotypes that represent
major constraints and are under strict regulation
(e.g. brown rot or Moko strains). The reliable char-
acterization of epidemiological strains at the ecotype
level is a challenge because of this complexity, and is
generally achieved by combining several diagnostic
protocols. We used microarray technology (Array-
Tube) to develop a standard protocol that performs a
multiplex characterization of RSSC strains in a single
reaction, from the phylotype to the ecotype level (17
targeted groups of interest). Based on 27 sequenced
genomes of RSSC, probes were designed with a 50-
mer length constraint and thoroughly evaluated for
any flaws or secondary structures. Validation data
performed on 75 target and 12 non-target strains
showed strong intra- and inter-repeatability, repro-
ducibility, and good specificity, which allowed for
the accurate detection of the 17 groups of interest.
This custom microarray represents a significant im-
provement in the epidemiological monitoring of
Rssc strains worldwide, and it has the potential to
provide insights for phylogenetic incongruence of
Rssc strains, based on the host of isolation. The mi-
croarray may be used to indicate potentially emer-
gent strains.

This research was supported by the European Union
(POSEIDOM  phytosanitaire, 2011/132/UE, 2012/182/
UE, 2013/175/UE, C(2014)8353, the Conseil Régional de
La Réunion, and the French National Research Institutes
ANSES, INRA and CIRAD.

Selection of genetic variants of Citrus tristeza vi-
rus as a strategy to protect against severe seedling
yellows strains. G. SCUDERI'?, R. FERRARO?, M.
RUSSO'"?, M. C. BAZZANO'!, A. CATARA?, G. LIC-
CIARDELLO". 'Agrobiotech Z.1. Blocco Palma I, Str.
le V. Lancia 57- 95121 Catania Italy. *Parco Scientifico e
Tecnologico della Sicilia ZI. Blocco Palma I, Str.le V. Lan-
cia 57- 95121 Catania Italy.’ Dipartimento di Agricoltura
Alimentazione e Ambiente, Universita degli Studi di Cat-

ania, Via Santa Sofia 100, 95130 Catania, Italy. E-mail:
gralicci@unict.it

Citrus tristeza virus (CTV) is a phenotypically com-
plex virus causing severe economic losses to citrus
industries worldwide. In Sicily (Italy) tristeza disease
affects more than 5 million trees with devastating ef-
fects in some areas and mild symptoms in others,
despite the same scion/stock combinations being
grown. To investigate either the presence of different
CTV strains or a natural cross protection phenom-
enon, a genetic assessment of the virus population
structure has been carried out through an In-Check
platform based on Lab-on-chip technology. This has
revealed a prevalent diffusion of VTI-like genotypes.
Two genotypes showed symptomless phenotypes,
despite the VT genotype. Appropriate biological
tests showed they reduced severe symptoms in pre-
inoculated sour orange seedlings challenged with
the aggressive CTV-VT isolate SG29 (KC748392)
prevalent in Sicily. A study of genetic variants has
been undertaken to find genetic differences of the vi-
rus (if any) which interfere with the VT aggressive
genotype. Deep sequencing of the two potentially
cross-protective VT strains revealed they are genetic
variants of isolate SG29, which differ for few nucleo-
tides. Comparative analyses have shown eight con-
served non-silent mutations in comparison to the VT
aggressive strain, including three in the p33 gene,
described as involved in cross-protection by the su-
perinfection exclusion mechanism. This technology
opens new prospects in the strategy against seedling
yellows CTV, and may be suitable for other patho-
gens.

This research was supported by the Project PON 2007-2013
IT-Citrus Genomics (PON 01_1623), coordinated by Sci-
ence and Technology Park of Sicily.

CRISPR-Cas for genome-editing of fungi of in-
terest in agriculture. S. SARROCCO', J. VANG?, L
VICENTE MUNOZ!, L. MALFATTI', M. LUBECK?,
G. VANNACCI'. 'Department of Agriculture, Food and
Environment, University of Pisa, Via del Borghetto 80,
56124, Pisa, Italy. *Section for Sustainable Biotechnology,
Department of Biotechnology, Chemistry and Environ-
mental Engineering, Aalborg University of Copenhagen,
A.C. Meyers Vange 15, 2450, Copenhagen, Denmark. E-
mail: giovanni.vannacci@unipi.it

Vol. 56, No. 2, August, 2017 351



15th Congress of the Mediterranean Phytopathological Union, June 20-23, 2017, Cérdoba, Spain

Genome editing of filamentous fungi using CRISPR-
Cas9 technology has increased in recent years. There
are few reports about CRISPR-engineered filamen-
tous fungi related to biocontrol and crop disease. Our
goal was to use this technique, as proof of concept
of its feasibility, to edit the genome of a Trichoderma
afro-harzianum and a T. gamsii isolate, well known
as biocontrol and biostimulating fungi, as well as
in a mycotoxigenic Fusarium graminearum isolate,
the causal agent of Fusarium Head Blight (FHB). A
gene encoding a polyketide-synthase, disruption of
which can be easily detected phenotypically, was
chosen as the target gene in all the three isolates, and
used to design the RNA-guide to be included in the
RGR-cassette. The cassette was then assembled in a
Cas9 expressing plasmid. The resulting vector will
be used for fungal transformation by protoplasts.
Resulting mutants from all the three fungi will be
phenotypically and molecularly analyzed, to verify
the knockout of the selected gene. The presence of a
shortened AMA1 sequence will allow rapid removal
of the plasmid from the edited strains, simply by
reducing the selection pressure. Edited strains will
be checked for the presence of foreign DNA, to con-
tribute to the debate about the inclusion of this type
of genetically manipulated microorganisms within
GMOs. The ability to manipulate, beneficial and
plant pathogenic isolates at a genetic level with these
techniques represents a tool to increase knowledge
of how these fungi interact with their hosts.

Spore trapping and quantitative PCR for monitor-
ing airborne inoculum of Mycosphaerella nawae
in persimmon. M. BERBEGAL/, J.L. MIRA?, J. AR-
MENGOL!, A. VICENT?. "Instituto Agroforestal Medi-
terrdneo, Universitat Politecnica de Valéncia. 46022,
Valencia, Spain. *Centro de Proteccién Vegetal y Biotec-
nologia, Instituto Valenciano de Investigaciones Agrarias
(IVIA). Moncada 46113, Valencia, Spain. E-mail: mober-
mar@etsia.upv.es

Circular leaf spot of persimmon, caused by My-
cosphaerella nawae, includes symptoms of necrotic
leaf lesions, defoliation and fruit drop. The disease
is widespread in humid regions in Japan and South
Korea, and, more recently, also in Mediterranean ar-
eas in Spain. The pathogen reproduces in leaf litter
through ascospores formed in pseudothecia. Fungi-
cide sprays are scheduled based on ascospore moni-
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toring to define the periods of inoculum availability.
Airborne ascospores of M. nawae are routinely quan-
tified by counting using microscopy. This technique
is time-consuming, especially for field sampling
for rapid decision making. Monitoring airborne in-
oculum using spore traps combined with real-time
PCR assays for quantification can be rapid, specific,
reproducible and reliable. A real-time PCR assay for
M. nawae quantification (qQPCR) was designed and
evaluated under laboratory conditions. To validate
the technique under field conditions, two Burkard
volumetric spore traps were deployed in a 100 m?
plot. Soil was covered with persimmon leaf litter se-
verely affected by M. nawae, and overhead sprinkle
irrigation was used to enhance ascospore release.
The spore traps were operated during May to July
in 2016. Tapes from both spore traps were changed
weekly, one was used for microscope counting and
the other for qPCR analyses. Ascospore counts were
correlated against DNA concentration of M. nawae
based on Ct gPCR values. Results indicate that mon-
itoring of M. nawae ascospores by qPCR may be a
more efficient alternative to conventional inoculum
counting, based on microscope examination.

This research was supported by RTA2013-00004-C03-00
INIA-FEDER.

Root colonization of host (Cucumis sativus) and
non-host (Solanum lycopersicum) species by a
DsRed-fluorescent strain of the specific pathogen
Fusarium oxysporum f£. sp. radicis-cucumerinum. M.
DE CARA-GARCIA', C. LECOMTE?, M. FERNAN-
DEZ-PLAZA!, L. MUELA-JORDAN!, A. BOIX-
RUIZ®, C. STEINBERG?. '[FAPA Centro La Mojonera,
Camino de San Nicolds, 1, 04745, La Mojonera, Spain.
’LLN.R.A. UMR Agroécologie, Rue Sully, 17, 21065, Di-
jon, France. *University of Almeria. Dept. Agronomia,
Ctra. Sacramento s/n., 04120, Almeria, Spain. E-mail:
franciscom.cara@juntadeandalucia.es

A monoconidial Fusarium oxysporum isolate (codified
as 14/1Fo3), originally collected from sporodochia of a
diseased cucumber plant showing root and stem rot,
was identified as F. oxysporum f. sp. radicis-cucumer-
inum. The isolate was transformed by Agrobacterium
tumefaciens, by means of ‘EHA 105-DsRed2’ strain
containing the binary vector pAN-DsRed2, carry-
ing red fluorescent insert DsRed2, and the hgh gene.
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One transformant (codified as Forc3T1) was selected
for its fitness (growth rate, production of chlamydo-
spores and macroconidia), root colonization ability,
fluorescence intensity and sporodochium produc-
tion. Forc3T1 and 14/1Fo3 isolates were inoculated
separately on 2-4 true-leaf cucumber ‘Marketer” and
tomato ‘RAF’ plants, by watering each pot with 10°
microconidia suspended in water. Twenty-four days
post inoculation (dpi), all cucumber plants showed
rotten stems and roots, and most died, but no tomato
plant was symptomatic (100% roots were healthy).
Results were identical for both isolates, so tomato re-
sponded as a non-host for the transformant, whereas
cucumber behaved as a host. In parallel, the root col-
onization strategy was studied with epifluorescence
microscopy. Roots from tomato and cucumber were
excised, washed and directly mounted under the mi-
croscope, from 1 to 16 dpi. At 3 dpi, appresoria were
detected on epidermal cells and at 5 dpi intercellular
hyphae were observed for both plant species. How-
ever, intracellular invasion of root cells was present
on tomato (as early as 5 dpi), but not on cucumber
(even at 16 dpi). Many macro- and micro-conidia
were recovered from the supernatant obtained after
root washing at 16 dpi for both host plant species.

This research was supported by the European Regional
Development Fund (ERDF) and the European Social Fund
(ESF) through the research project PPTRA.TRA201600.9
and the fellowship granted to M. de Cara by IFAPA.

Rapid isothermal detection of Grapevine red blotch-
associated virus through recombinase polymerase
amplification. R. LI', M.F. FUCHS?, K.L. PERRY?, T.
MEKURIAY, S. ZHANG'. 'Agdia, Elkhart, IN, U.S.A.
*Cornell University, Geneva, NY, U.S.A. *Cornell Uni-
versity, Ithaca, NY, U.S.A.. 4Vinmge Nurseries, Wasco,
CA, U.S.A. E-mail: rugang.li@agdia.com

Grapevine red blotch-associated virus (GRBaV) is a new-
ly identified DNA virus in the family Geminiviridae in
North America. GRBaV infects red and white grape-
vine cultivars, and affects fruit quality by delaying
fruit ripening and reducing sugar content at harvest.
A rapid, sensitive, and user-friendly test is needed
to quickly identify GRBaV-infected grapevines, and
facilitate their timely removal from vineyards. An
isothermal test (AmplifyRP Acceler8) was devel-
oped for GRBaV that can be used in laboratories and
vineyards. The test consistently detects GRBaV up

to a 1:10° dilution of infected grapevine leaf crude
extracts diluted in healthy grapevine leaf crude ex-
tracts, and up to 11 copies of GRBaV genomic DNA
in a matrix of healthy grapevine leaf crude extract.
The test has no cross reactivity to host plant tissues
and grapevine-infecting pathogens, including Arabis
mosaic virus, Grapevine fanleaf virus, Grapevine leafroll-
associated virus 1, Grapevine leafroll-associated virus 2,
Grapevine leafroll-associated virus 3, Grapevine leafroll-
associated virus 4 strain 5, Grapevine fleck virus, Tomato
ringspot virus, Tobacco ringspot virus, Xylella fastidiosa,
and Botrytis cinerea. The test has been validated us-
ing both viral DNA and crude plant extracts as tem-
plates.

This research is supported by Agdia, Inc.

Detection of plant pathogenic bacteria by the
LAMP based ICGENE mini system. G.R. QUINTE-
RO MACIAS', P. BELLA? V. CATARA® S. DRAGO..
'Enbiotech S.r.l., Via Aquileia, 34. 90144 - Palermo, Italy.
ZDipartimento di Scienze Agrarie, Alimentari e Forestali,
Universita degli Studi di Palermo, Viale delle Scienze, Ed.
4, 90128 - Palermo, Italy. Dipartimento di Agricoltura,
Alimentazione e Ambiente, Universita degli Studi di
Catania, Via S. Sofia 100, 95123 - Catania, Italy. E-mail:
patriziabella@unipa.it

The ICGENE mini system includes ready-to-use kits
with reagents and a portable device to perform on-
site analyses based on Loop mediated isothermal
amplification (LAMP) technology in different fields
of applications. This system utilizes rapid DNA ex-
traction from a small quantity of sample, isothermal
genetic amplification, detection of the fluorescence
emitted from the sample and automatic interpreta-
tion of the final result using the instrument ICGENE
mini. We developed a diagnostic kit for Xylella fasti-
diosa (Xylella Screen Glow EBT501) that was vali-
dated according to EPPO PM 7/98 and PM 7/84,
and this is in use in many laboratories. We report
the optimization of two additional protocols for the
detection and identification of Erwinia amylovora
(Ea), which causes fire blight of Rosaceae, and Xan-
thomonas campestris pathovars (Xc) infecting culti-
vated Brassica crops. Both kits were able to identify
target strains from different plant species and geo-
graphical origins with a sensitivity of approximately
107 cells for both bacterial species, and not react with
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non-target strains. Spiked samples and naturally in-
fected plants were tested with ICGENE mini, allow-
ing completion of the test in less than 1 h. Diagnosis
was also accomplished by isolation on culture media
and/or PCR based techniques. Based on laboratory
tests, LAMP with the ICGENE mini system could
provide a rapid diagnostic presumptive test and di-
rect bacterial colony identification.

Early detection of Citrus tristeza closterovirus us-
ing remote sensing. F. SANTORO, S. GUALANO,
AM. D'ONGHIA. CIHEAM - Istituto Agronomico
Mediterraneo di Bari, Via Ceglie 23, Valenzano (BA)
70010, Italy. E-mail: fsantoro@iamb.it

The early detection of Citrus tristeza virus (CTV) is cru-
cial for efficient large-scale virus monitoring and the
rapid application of control measures. Remote sens-
ing, supported by GIS and spatial analysis methods
(automatic tree counting), was evaluated for the iden-
tification of CTV-suspected trees on a large scale. Pre-
liminary trials were conducted in agreenhouse and
in the field, collecting leaf spectral signatures of CTV-
positive and negative plants grafted onto the suscep-
tible rootstock. Spectral reflectance of CTV-positive
plants was greater in the visible region and less in
the near infrared region. Specific indices (NDVL mYI,
PSRI, NCI, MCARI) were selected for the implemen-
tation of a detection algorithm, which was developed
for processing GeoEye-1satellite images. The output
synthetic image with all combined indices was effec-
tive in discriminating CTV-infected and non-ninfect-
ed trees in the studied groves. The correlation of CTV
infection to different canopy stresses was almost 100%
in the severe declining trees, while it reached 75% in
highly chlorotic trees. However, 52% of correlation
was also reported in mild chlorotic or apparently
asymptomatic trees. The developed algorithm was
validated by processing a multispectral image from
an apparently pathogen-free area. The prediction
map obtained showed the suspected infected sites as
coloured spots ranging from red (high probability to
find CTV infection) to green (low probability to find
CTV infection). Three red spots were highlighted in
the prediction map, the assessment of which showed
a new CTV focus, whereas Phytophthora disease was
observed in the remaining red spots. The new finding
of CTV in a free area revealed the potential of this ap-
proach for large scale virus monitoring.
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The utility of mtDNA and rDNA for barcoding and
phylogeny identification of plant-parasitic nema-
todes from Longidoridae (Nematoda, Enoplea).
J.E. PALOMARES-RIUS!, C. CANTALAPIEDRA-
NAVARRETE', A. ARCHIDONA-YUSTE', S.A. SUB-
BOTIN®®, P. CASTILLO". 'Instituto de Agricultura
Sostenible (IAS), Agencia Estatal Consejo Superior de
Investigaciones Cientificas (CSIC), Avda. Menéndez Pi-
dal s/n, 14004, Cérdoba, Spain. *Plant Pest Diagnostic
Center, California Department of Food and Agriculture,
3294 Meadowview Road, Sacramento, CA 95832-1448,
USA. *Center of Parasitology of A.N. Severtsov Institute
of Ecology and Evolution of the Russian Academy of Sci-
ences, Leninskii Prospect 33, Moscow, 117071, Russia. E-
mail: palomaresje@ias.csic.es

Traditional identification of plant-parasitic nematode
species by morphology and morphometric methods
is difficult because of the high morphological vari-
ability which can lead to considerable overlapping of
many characters and ambiguous nematode identifi-
cation. It is essential to use several approaches to give
accurate species identification (integrative taxono-
my). DNA barcoding aids identification of species
and advances species discovery. We have unravelled
the use of the mitochondrial marker cytochrome c
oxidase subunit 1 (coxI) for Longidoridae nematode
species identification, as barcoding, for determining
their molecular diversity and use as phylogenetic
marker. Ribosomal markers (ITS region and the D2
and D3 expansion segments of the 285 rRNA gene)
have also been explored. This provides molecular
markers obtained using voucher specimens identi-
fied by integrative taxonomy. The results showed
that mitochondrial and ribosomal markers could be
used as barcoding markers using several barcoding
approaches, with the exception of some species from
the X. americanum-group. However, some species
presented variability in coxI that need to be further
studied. Analysis of the newly provided sequences,
deposited in GenBank, showed some misidentifica-
tions, and the use of voucher species and topotype
specimens is a priority for this group of nematodes.
The use of coxI and the D2 and D3 expansion seg-
ments of the 285 rRNA gene did not clarify phylog-
enies at the generus level, but showed important ac-
curacy at the species level.

This research was financially supported by grants P12-
AGR 1486 and AGR-136 from ‘Consejeria de Economia,
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Innvovacion y Ciencia’ from Junta de Andalucia, and Un-
ion Europea, Fondo Europeo de Desarrollo regional, “Una
manera de hacer Europa’, grant 219262 ArimNET_ER-
ANET FP7 2012-2015 Project PESTOLIVE “Contribution of
olive history for the management of soilborne parasites in
the Mediterranean basin’ from Instituto Nacional de Inves-
tigacion y Tecnologia Agraria y Alimentaria (INIA), and
Project AGL-2012-37521 from Ministerio de Economia y
Competitividad” of Spain.

Integrative taxonomic approach and molecular
phylogeny for identification of dagger and needle
nematode species infesting grapevine soils in Por-
tugal. C. GUTIERREZ-GUTIERREZ', M. TEIXEIRA
SANTOS?, M. MOTA"Y. 'NemaLab/ICAAM, Instituto
de Ciéncias Agrdrias e Ambientais Mediterrdnicas &
Dept. de Biologia, Universidade de Evora, Niicleo da Mi-
tra, Ap. 94, 7002-554 Evora, Portugal. Instituto Nacion-
al de Investigacdo Agrdria e Veterindria (INIAV), Quinta
do Marqués, 2780-159 Oeiras, Portugal. *Dept. Ciéncias
da Vida, Universidade Luséfona de Humanidades e Tecno-
logias, EPCV, C. Grande 376, 1749-024 Lisboa, Portugal.
E-mail: carlosg@uevora.pt

“Dagger” (Xiphinema spp.) and “needle” (Longidorus
and Paralongidorus spp.) nematodes are economical-
ly important parasitic nematode groups in grapevine
worldwide. They are polyphagous root ectoparasites
causing severe damage to plants by their direct feed-
ing, and in addition some species can transmit plant
viruses. Grapevine fanleaf virus (GFLV) is transmitted
by Xiphinema index, and is one of the most economi-
cally important viral diseases affecting grapevine in
many Mediterranean growing regions. Nematode
surveys have been conducted from 2015 to 2017 dur-
ing spring and autumn seasons in the main Portu-
guese grapevine-growing areas. An integrative taxo-
nomic approach, based on the combination of mor-
phometric and morphological characterizations with
molecular analysis using ribosomal DNA (rDNA) se-
quences from ITS regions and D2-D3 expansion seg-
ments of the 285 gene, were used for species delimi-
tation and identification. High biodiversity of longi-
dorid nematode species was found, greater in dag-
ger than needle nematodes. Xiphinema pachtaicum, X.
santos and X. index were the most frequently found
dagger nematodes in Portuguese vineyards, while
L. vineacola was the most common needle nematode.
Severe nematode infestations were found in grape-
vine soils in the oldest vineyard regions, highlight-

ing the importance X. index. Disease symptoms were
observed on aboveground plant parts of the grape-
vines infected with X. index, and these included yel-
low mosaic pattern in leaves which are characteristic
of infections by GFLV.

This research was supported by FCT - Foundation for
Science and Technology postdoctoral fellowship SFRH/
BPD/95315/2013 and FEDER Funds through the Opera-
tional Programme for Competitiveness Factors — COM-
PETE, and National Funds through FCT under the Stra-
tegic Projects PEst-C/AGR/UI0115/2011 and PEst-OE/
AGR/UI0115/2014 (Portugal).

Epidemiology and modeling

Modelling yield losses, caused by multiple wheat
diseases in France. L. WILLOCQUET S. SAVARY.
AGIR, INRA, Université de Toulouse, INPT, INP- EI
PURPAN, Castanet-Tolosan, Centre Inra Occitanie-Tou-
louse, France. E-mail: laetitia.willocquet@inra.fr

Yield loss quantification is critical to inform tactical
and strategic decisions in plant disease management.
Yield loss quantification and modelling entails anal-
ysis of relationships between disease intensity, and
attainable and actual yields, of a crop grown in a giv-
en production situation. Yield losses caused by indi-
vidual and combined wheat diseases were estimated
using a process-based simulation model, WHEAT-
PEST, together with a dataset from a network of
experiments on winter wheat in France where dis-
ease intensity and actual yields were measured. The
disease-free, attainable yield was not measured. The
analysis focused on 70 combinations [year x Region
x variety x crop management]. These considered
five years (2003 to 2008), four French Regions, two
varieties (one high yielding and one hardy variety),
and two levels of crop management corresponding
to two levels of chemical intensification. Simulated
overall yield losses from combined diseases ranged
from 0 to 4.2 t ha, with a mean of 0.80 t ha' and a
standard error of the mean of 0.10 t ha™. Variety and
crop management had significant (P < 0.05) effects
on yield loss caused by combined diseases. Septoria
tritici blotch was associated with greatest simulated
yield loss, followed by brown rust, Fusarium head
blight, yellow rust and powdery mildew. This ap-
proach allows estimation of yield losses caused by
individual and combined diseases, and can be ap-
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plied to other spatial and temporal scales, as well as
to other crops and diseases.

Identification of TYLCD-associated begomovi-
ruses and ToLCNDV-ES co-infections in Spain.
A. SIMON, L. RUIZ, C. GARCIA, D. JANSSEN. In-
stituto Andaluz de Investigacion y Formacion Agraria
y Pesquera (IFAPA), Camino San Nicolds, 1, 04745 La
Mojonera, Almeria, Spain. E-mail: dirk.janssen@juntade-
andalucia.es

In 2014, leaf samples from 50 tomato plants show-
ing symptoms of tomato yellow leaf curl disease
(TYLCD), ) including leaf curling, chlorosis and
vein thickening, were collected from natural infec-
tions in commercial greenhouses from southern
Spain. None of the sampled tomato cultivars car-
ried resistance genes against begomovirus. The Mld
strain of Tomato yellow leaf curl virus (TYLCV-MId,
referred to as TYLCV), Tomato yellow leaf curl Sar-
dinia virus (TYLCSV), Tomato yellow leaf curl Axar-
quia virus (TYLCAxV), and the ES strain of Tomato
leaf curl New Delhi virus (TOLCNDV-ES) were de-
tected, using species-specific primers and conven-
tional PCR. From the sampled tomato plants, 41%
had mixed infections of TOLCNDV-ES and one or
more TYLCVD-associated species. The most fre-
quent combination of mixed begomovirus infections
was ToLCNDV-ES+TYLCV+TYLCSV, although
ToLCNDV-ES+TYLCV+TYLCSV+TYLCAXV ~ was
also identified in single tomato plants. Many of the
mixed infection plants showed more severe symp-
toms than plants with single infections, expressed as
green-bright yellow mosaic, vein thickening and leaf
distortion. Despite of differences in degree of symp-
tom expression, qPCR revealed that the titres of ge-
nome DNA-A and DNA-B from TOLCNDV-ES were
similar in single and mixed infected tomatoes plants
(P > 0.05). The infections of TOLCNDV-ES and TYL-
CV-complex begomoviruses were also independent
(Fisher’s test, P > 0.05). Nevertheless, the frequency
of mixed infections of TYLCD-associated begomovi-
ruses and TOLCNDV-ES in tomatoes from southern
Spain could pose epidemiological risks, because of
genome recombination events which are likely to oc-
cur between different begomovirus species.

This research was supported by the Project RTA2013-
00020-C04-01 (Instituto Nacional de Investigacién y
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Tecnologia Agraria y Alimentaria, INIA, Spain), and co-
financed by the European Union through the ERDF 2014-
2020 “Programa Operativo de Crecimiento Inteligente”.

Virus diseases affecting chickpea crops in Uzbeki-
stan. S.G. KUMARI', Z. ZIYAEV? S.D.A. KEMAL’.
International Center for Agriculture Research in the Dry
Areas (ICARDA), Terbol Station, Beqa’a Valley, Zahla,
Lebanon. *Kashkadarya Scientific Research Institute of
Grain Breeding and Seed Production, Beshkent 3km,
Karshi, Uzbekistan. 3SICARDA, Rabat, Morocco. E-mail:
s.kumari@cgiar.org

A field survey was conducted during the 2012 and
2013 cropping seasons to monitor occurrence of
virus diseases affecting chickpea in the major pro-
duction areas of Uzbekistan (Tashkent, Sirdarya,
Jizzah, Samarkand and Surkhandarya regions).
Surveyed fields were randomly selected and types
of viruses and their incidence were determined
based on symptoms observed. In addition, 15-20
symptomatic samples were collected from each
field for laboratory testing. Chickpea samples with
symptoms suggestive of virus infection (chlorosis,
stunting, necrosis, yellowing, reddening, mosaic/
mottling) were collected from 23 (386 samples) dur-
ing 2012 and 19 fields (288 samples) during 2013.
All samples collected were tested by tissue blot im-
munoassay (TBIA) using 12 specific polyclonal and
monoclonal antibodies. Serological tests showed
that Faba bean necrotic yellows virus (FBNYV) was
the most common (detected in 20% of tested sam-
ples), followed by Bean yellow mosaic virus (BYMV)
(6%), Bean leafroll virus (BLRV) (5%) and Chickpea
chlorotic stunt virus (CpCSV) (3%). Molecular char-
acterization (PCR and sequencing) indicated that
the viruses which infect chickpea crops in Uzbeki-
stan are BYMV, FBNYV, BLRV, CpCSV, Beet western
yellow virus (BWYV), Soybean dwarf virus (SbDV)
and Cucurbit aphid-borne yellows virus (CABYV). We
conclude that a long term research plan is needed
to manage the spread of virus diseases, and to mini-
mize yield losses in areas where virus incidence is
high and chickpea crops are important for small
holder farmers.

This work was partially supported by CGIAR Research
Program on Climate Change, Agriculture and Food Secu-
rity (CCAFS).
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Ecological succession of pathogenic fungi of
pines in Italy associated with climate change. L.
GHELARDINI"?, P. CAPRETTI', L. BOTELLA®, C.
AGLIETTI', N. LUCHY. 'Department of Agrifood Pro-
duction and Environmental Sciences, University of Flor-
ence, Piazzale delle Cascine 28, 1-50144, Firenze, Italy.
’Institute for Sustainable Plant Protection - National
Research Council (IPSP-CNR), Via Madonna del Piano
10, I-50019, Sesto Fiorentino, Firenze, Italy. 3Department
of Forest Protection and Wildlife Management, Faculty
of Forestry and Wood Technology, Mendel University in
Brno, Zemédélskd 1, 61300 Brno, Czech Republic. E-mail:
paolo.capretti@unifi.it.

Gremmeniella abietina is an ascomycete causing Scle-
roderris canker on Pinus species and conifers in the
Northern Hemisphere, including Europe from the
Boreal to the Mediterranean regions. The disease oc-
casionally caused severe damage in Europe, and is
a constant threat in North America and Japan. The
pathogen kills buds, young shoots and foliage of
hosts, and bark necroses and branch dieback. Whole
crowns may be infected, and plants may die after re-
peated attacks. Seedlings may die quickly. The patho-
genis psychrophilic, favoured by wet and cool weath-
er, recurrent late frost and prolonged snow cover. In
Italy, Scleroderris canker was historically observed
on young and adult pines in the Alps and the Apen-
nines, where conditions were locally favourable. Fun-
gal populations were genetically differentiated be-
tween northern and southern sites, and had different
optima and host ranges. We surveyed areas where G.
abietina had been observed in the past and found that
its prevalence decreased over the last 40 years. Espe-
cially reduced was the frequency of the thermophilic
form of the fungus in southern areas. The pathogen
was often replaced by Diplodia sapinea, an opportun-
istic fungus shifting from an endophytic to patho-
genic lifestyle in stressed host plants. Replacement of
G. abietina by D. sapinea in the Apennines is likely a
bioindicator of current climate change. The incidence
of Scleroderris canker has probably decreased in oth-
er areas at the southern range edges, and distribution
of G. abietina will be further reduced, making way for
the emergence of other pathogens driven by climate-
change related stressors.

Field studies on the primary inoculum and early
infections of almond red leaf blotch (caused by

Polystigma amygdalinum) in Spain. E. ZUNIGA', J.
LUQUE!, X. MIARNAU? O. ARQUERO?, M. LOV-
ERA’ A. OLLERO* L.F. ROCA* A. TRAPERO". Pa-
tologia Vegetal, IRTA, Carretera de Cabrils km 2, 08348
Cabrils, Spain. *Estacié Experimental de Lleida, IRTA,
Parc Cientific i Tecnologic Agroalimentari de Lleida (PCi-
TAL), Parc de Gardeny, Edifici Fruitcentre, 25003 Lleida.
IFAPA “Alameda del Obispo”, Avenida Menéndez Pidal
s/n, 14080 Cérdoba, Spain. 4Departamento de Agronomia
(Patologia Agroforestal), Universidad de Cérdoba. Cam-
pus de Rabanales, Edificio C-4, 14071 Cérdoba, Spain. E-
mail: erick.zuniga@irta.cat

Red leaf blotch of almond (caused by Polystigma
amygdalinum), is a common disease in continental
climate areas of Spain and other countries in the
Mediterranean region. Early symptoms are yel-
low discoloured blotches on leaves, which turn red
and then become dark necroses. The disease usu-
ally causes early defoliation of trees that causes de-
creased fruit production. Little is known about the
biology of the pathogen in Spain and worldwide.
Co-ordinated research was carried out in southern
(Andalusia) and northeastern (Catalonia) Spain, to
monitor the dynamics primary P. amygdalinum inoc-
ulum production, and the period of plant infectivity.
Monitoring in Catalonia of ascocarp and ascospore
development showed optimum maturation of prop-
agules by mid spring (April-May), which was coin-
cident with high ascospore records obtained from
leaf samples in the field. In Andalusia, the primary
inoculum potential occurred from February to May,
a longer period than in Catalonia. The period of
maximum ascospore production was less in both
areas, and varied greatly between years and areas.
The periodical exposure of almond ‘trap’ plants to
natural infections in the field showed that the infec-
tivity period in Catalonia extended from April to
late June, while in Andalusia it occurred from March
to May. These preliminary results on the biology of
P. amygdalinum are a first step in the establishment
of an integrated disease control strategy against al-
mond red leaf blotch in Spain, and other almond
growing regions.

This research was supported by projects RTA2013-
00004-C03-01 (INIA, Spain), Transforma de Fruticultura
Mediterrdnea (IFAPA, Spain) and the European Regional
Development Fund (ERDF). The first author was support-
ed by a predoctoral grant by CONACYT, Mexico.

Vol. 56, No. 2, August, 2017 357



15th Congress of the Mediterranean Phytopathological Union, June 20-23, 2017, Cérdoba, Spain

Epidemiology and control of Cucumber green mot-
tle mosaic virus in Spain. M.A. ELORRIETA', L.
RUIZ?, D. JANSSEN®. 'LABCOLOR, COEXPHAL,
C/ Esteban Murillo, 3. Venta EI Viso 04746 La Mojon-
era, Almeria, Spain. *Instituto Andaluz de Investigacién
y Formacion Agraria y Pesquera (IFAPA), Camino San
Nicolds, 1, 04745 La Mojonera, Almeria, Spain. E-mail:
dirk.janssen@juntadeandalucia.es

Spain is one of the main producers of cucurbit crops
in Europe, and one of the top-ten producers in the
world. The tobamovirus Cucumber green mottle mo-
saic virus (CGMMYV) was first described in Spain
during the early 1990’s, and has caused periodic out-
breaks since then in cucumber and watermelon in
greenhouses in the province of Almeria. To improve
CGMMV control, we studied the epidemiology of
the virus in the southeast of Spain. Between the years
2013 and 2015, 154 protected crops of cucumber (119),
melon (21), watermelon (13) and zucchini (1), locat-
ed in the provinces of Almeria and Granada, were
selected randomly and examined. Leaves of plants
were collected for analysis of CGMMYV, and detailed
information was gathered on the location, the green-
house features, and the management of crops and
diseases. CGMMYV infections were detected in 23
greenhouses, predominantly of cucumber (20/119).
The presence of CGMMYV was not dependent on
the use of grafted plantlets, the variety and source
of seeds and plantlets, or on the origin of the irriga-
tion water (owned or shared water wells). However,
infections did depend heavily on the previous infec-
tion history of farms and surroundings. The enquir-
ies revealed that the greenhouse structures and the
irrigation water reservoirs were not cleaned peri-
odically. Gloves and disinfectants were rarely used
during crop manipulation. Successful control of
CGMMV through crop management was positively
correlated with soil disinfection by solarization and
with crop rotation using non-cucurbit species.

This work was supported by the Project RTA2012-00003-
00-00 (Instituto Nacional de Investigacién y Tecnologia
Agraria y Alimentaria, INIA, Spain).

Temporal persistence and distribution of Heteroba-
sidion abietinum in a planted forest of silver fir in
Central Italy: a contribution to forest management.
L. GHELARDINI'?, L.B. DALYA? C. AGLIETTT,
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P.CAPRETTI'. ' Department of Agrifood production and
Enviromental sciences (DISPAA), University of Flor-
ence, Piazzale delle Cascine 18, 50144, Firenze, Italy. *
Department of Forest Protection and Wildlife Manage-
ment, Mendel University in Brno (UOLM). Zemédeélskd
3, 61300 Brno, Czech Republic. E-mail: luisa.ghelardini@
unifi.it

One of the main problems in mature conifer planta-
tions is related to damage by Heterobasidion annosum.
Occurrence and persistence of H. abietinum were as-
sessed in a planted forest of silver fir (Abies alba) in
Vallombrosa (Florence, Central Italy) over the past
60 years. The presence of the pathogen in the area
has been known since the 18" Century, and is relat-
ed to management choices. For centuries, silver fir
in Vallombrosa was regularly managed with a 100
year growth period and artificial replanting. When a
modern Forest Management Plan was first compiled
in the 1960s, the occurrence of Heterobasidion was re-
ported in the ecological description of all silver fir
areas of the forest. Again in 1990, the presence and
frequency of Heterobasidion in Vallombrosa was in-
vestigated in wood samples from Silver fir stumps
left after thinning. At the time, H. abietinum, identi-
fied according to Korhonen’s method (paring colo-
nies with testers), was found at over 80% of the in-
tersection points of a square (500 m) sampling grid
covering the whole forest, with the greatest frequen-
cy (56%) on silver fir stumps. More recently, after a
severe wind storm destroyed about 50 ha of the for-
est in spring 2015, a systematic sampling was carried
out, and Heterobasidion species were identified with
molecular methods. Taken together these studies
define distribution of the pathogen over space and
time, providing support for design of an informed
recovery plan for the Vallombrosa forest.

Ecological succession of pathogenic fungi of
pines in Italy associated with climate change. L.
GHELARDINI'?, P. CAPRETTI', L. BOTELLA? C.
AGLIETTI', N. LUCHY®. 'Department of Agrifood Pro-
duction and Environmental Sciences, University of Flor-
ence. Piazzale delle Cascine 28, 1-50144, Firenze, Italy.
*Institute for Sustainable Plant Protection - National
Research Council (IPSP-CNR), Via Madonna del Piano
10, I-50019, Sesto Fiorentino, Firenze, Italy. 3Department
of Forest Protection and Wildlife Management, Faculty
of Forestry and Wood Technology, Mendel University in
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Brno, Zemédélskd 1, 61300 Brno, Czech Republic. E-mail:
paolo.capretti@unifi.it

Gremmeniella abietina caused Scleroderris canker on
Pinus species and conifers in the Northern Hemi-
sphere, including Europe from the Boreal to the Med-
iterranean regions. The disease occasionally caused
severe damage in Europe, and is a constant threat in
North America and Japan. The pathogen kills buds,
young shoots and foliage, causes bark necroses and
branch dieback. Whole crowns of trees may be in-
fected, and plants may die after repeated attacks.
Seedlings may die quickly. The pathogen is a psy-
chrophilic fungus favoured by wet and cool weather,
recurrent late frost and prolonged snow cover. In
Italy, Scleroderris canker was historically observed
on young and adult pines in the Alps and the Ap-
ennines, where conditions were locally favourable.
Fungal populations were genetically differentiated
between northern and southern sites, and had dif-
ferent optima and host ranges. We surveyed areas
where G. abietina had been observed in the past, and
found that its prevalence decreased over the last 40
years. Especially reduced was the frequency of the
thermophilic form of the fungus in southern areas.
Gremmeniella abietina was often replaced by Diplodia
sapinea, an opportunistic fungus shifting from en-
dophytic to pathogenic state in stressed host plants.
The replacement of by D. sapinea in the Apennines is
likely to be a bioindicator of current climate change.
Incidence of Scleroderris canker has probably de-
creased in other areas at the southern range edges,
and the distribution of G. abietina will be further re-
duced, making way for the emergence of other path-
ogens driven by climate-change related stressors.

Epidemiology, aetiology and modelling of olive
anthracnose. P. TALHINHAS, A. LOUREIRO, A.P.
RAMOS, J.P. MELO E ABREU, H. OLIVEIRA. LEAF-
Linking Landscape, Environment, Agriculture and Food,
Instituto Superior de Agronomia, Universidade de Lis-
boa. Tapada da Ajuda, 1349-017 Lisboa, Portugal. E-mail:
ptalhinhas@isa.ulisboa.pt

Olive anthracnose affects olive fruit at maturity,
causing yield losses and poor olive oil quality. Spe-
cific agroecological circumstances, combining in-
creased average humidity and rainfall during au-
tumn, widespread use of susceptible varieties and

abundance of inoculum reservoirs favour high dis-
ease incidence and severity. Disease control using
agrochemicals is often the only immediate disease
management option, although the presence of pes-
ticide residues is problematic in table olives and ol-
ive oil. Olive anthracnose is associated with at least
six species of Colletotrichum, with C. nymphaeae be-
ing prevalent in some Mediterranean areas and C.
godetiae in others, while C. acutatum s.s. is emerg-
ing. Colletotrichum nymphaeae and C. acutatum s.s.
are more virulent than others, although differential
interactions between fungal species and olive varie-
ties have been documented. Modelling anthracnose
epidemiology is therefore very important, and this
should consider the combination of climatic fac-
tors, production systems (super—intensive, intensive
or traditional orchards, considering also neglected
groves and oleaster patches), prevalence of the crop,
cultivar preference and predominant pathogen spe-
cies, at regional scales. Olive anthracnose will be ad-
dressed combining epidemiological, aetiological and
agroecology-based modelling approaches. This will
better characterize the disease, forecast disease risk
scenarios, and assist informed decisions regarding
disease control.

LEAF research unit is supported by Fundagéo para a Cién-
cia e a Tecnologia, Portugal (UID/AGR/04129/2013).

Cryptic species and population genetic structure of
Plasmopara viticola in Sdo Paulo State, Brazil. M.P.
CAMARGO!, C.F. HONG? L. AMORIM" H. SCH-
ERM?. 'Department of Plant Pathology, Luiz de Queiroz
College of Agriculture, University of Sdo Paulo, CEP
13418-900, Piracicaba, SP, Brazil. *Department of Plant
Pathology, University of Georgia, Athens, GA 30602,
USA. E-mail: meyrielecamargo@usp.br

Downy mildew (caused by Plasmopara viticola) is one
of the most important diseases in grape-growing are-
as worldwide, including Brazil. Little is known about
the pathogen population structure in subtropical
areas. To examine pathogen diversity, 516 single le-
sions of P. viticola were collected during the 2015/16
growing season from 11 locations in Sdo Paulo State,
and from nine grapevine cultivars. To allow recog-
nition of cryptic species (clades), a subsample of
130 isolates were analyzed using cleaved amplified
polymorphic sequence (CAPS) markers with two re-
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striction enzymes (Asel and HpyCH4V). In addition,
the ITS1 region of 94 isolates was sequenced to sub-
stantiate results. Seven previously reported micros-
atellite markers were used for genotyping all 516 P.
viticola isolates. Results obtained from CAPS analy-
sis and ITS1 sequencing suggest that the population
of P. viticola in Sdo Paulo State may a single cryp-
tic species, P. viticola clade aestivalis. Twenty-three
alleles and 55 multilocus genotypes (MLGs) were
observed among the 516 isolates. Half of the MLGs
observed were clonal, and four dominant MLGs rep-
resented 66% of the observed genotypes. Most pop-
ulations showed significant linkage disequilibrium,
and excess of heterozygosity was verified in many
loci. Principal coordinate analysis revealed no clus-
ters among populations. No significant isolation by
distance was found, suggesting high levels of gene
flow. These results demonstrate that epidemics re-
sult from multiple clonal infections caused by a few
genotypes, and that asexual reproduction predomi-
nates for P. viticola in Sdo Paulo, Brazil.

This research was supported by the Sdo Paulo Research
Foundation (FAPESP Project 2015/26106-5) and the Uni-
versity of Georgia.

Development and verification of a dynamic model
for predicting olive scab development. ]. ROME-
RO', L.FE. ROCA', C. AGUSTI-BRISACH', E. GON-
ZALEZ-DOMINGUEZ?, V. ROSSI’, A. TRAPERO'.
'Departamento. de Agronomia, Universidad de Cérdoba,
Campus de Rabanales, Edif. C4, 14071 Cérdoba, Spain.
“Istituto di Entomologia e Patologia vegetale, Universita
Cattolica S. Cuore, Via E. Parmense 84, 29100 Piacenza,
Italy. E-mail: joaquinromrod@gmail.com

Olive scab, caused by Venturia oleaginea, is the main
olive leaf disease worldwide. Traditionally, chemical
control of this disease was based on a fixed schedule
of fungicide applications, mainly using copper prod-
ucts. However, integrated pest management (IPM)
should be implemented to rationalize fungicide
treatments. A mechanistic model to predict risk of
infection and olive scab epidemics was developed,
according to the system analyses, and implemented
in a computerized system. Hourly data of air tem-
perature, rainfall and relative humidity were used
to produce daily olive scab predictions as outputs.
Simulations are based on sub-processes of conidial
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production and dispersal, infection and latent peri-
od (i.e., the state variables). Mathematical equations
that relate state variables (i.e., the driving variables)
were developed using published data on V. oleaginea.
The model was able to represent the real system, and
assisted understanding of olive scab epidemicsin
four olive-growing areas, traditionally considered as
having different favourable conditions for olive scab
development. Model outputs for these areas were
generated, agreeing with traditional knowledge.
Based on the model outputs, different strategies of
fungicide treatments can be suggested in each grow-
ing area, reducing the amount of fungicide applied.
Weaknesses of the model are discussed, and addi-
tional research is advisable. However, this model
could be useful for implementing an IPM approach.
This is the first olive scab model based on the biolog-
ical knowledge of the disease. Other disease models
will soon be added to complete a decision support
system for the main aerial diseases in olive groves.

This research was supported by the project “Validacién del
modelo epidémico Repilos” funded by the Bayer Crop Sci-
ence. Carlos AGUSTI-BRISACH is the holder of a ‘Juan de
la Cierva-Formacién’ fellowship from MINECO.

Epidemiology of peach powdery mildew (Po-
dosphaera pannosa) in Catalonia, Spain: towards a
degree-day model to initiate fungicide spray pro-
grammes. N. MARIMON/, J. LUQUE!, ]. MARTIN-
EZ- MINAYA? D. CONESA? A. VICENT®. 'Patologia
Vegetal, Institut de Recerca i Tecnologia Agroalimentaries
(IRTA), Carretera de Cabrils km 2, 08348 Cabrils, Spain.
’Departament d’Estadistica i Investigacié Operativa,
Universitat de Valéncia, 46100 Burjassot, Spain. 3Centro
de Produccién Vegetal y Biotecnologia, Instituto Valen-
ciano de Investigaciones Agrarias (IVIA), 46113 Mon-
cada, Spain. E-mail: neus.marimon@irta.cat

Powdery mildew of peach (caused by Podosphaera
pannosa) is a common disease in Spain where these
fruit trees are grown. The disease is usually managed
by calendar-based fungicide spray programmes,
commencing at the petal fall host stage. This study
monitored powdery mildew progress in untreated
trees, in order to: 1) describe overall disease progress
in relation to a degree-day scale starting at 50% blos-
som; and 2) establish a degree-day threshold for the
detection of primary infections and thus initiate a
more rational weather-based fungicide programme.
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Five trees per experimental plot were chosen in each
of seven commercial peach orchards located in Cata-
lonia, NE Spain. Disease monitoring was carried out
from March to summer (June-July) 2013 to 2015, by
recording the incidence and severity of the disease
on fruits. An automatic weather station was located
in each plot to record the main environmental data.
Accumulated degree-days (ADD) from the blossom
biofix were calculated for each orchard. Observa-
tions indicated that primary infections were detect-
ed at 242.0 + 13.1 ADD, while last infections were at
483.5 + 42.2 ADD (mean + standard error, n = 15).
Disease progress followed a clear sigmoidal trend,
and Beta-regression equations between disease in-
cidence on fruits and ADD were successfully fitted
using Bayesian inference with Integrated Nested
Laplace Approximation. The model showed good
performance when validated against independent
data. This preliminary research is a first step towards
a decision support system based on epidemiological
modelling for the integrated management of peach
powdery mildew in Catalonia.

This research was supported by projects RTA2013-
00004-C03-00 (INIA, Spain), MTM2016-77501-P (Ministry
of Economy and Competitiveness, Spain) and VALi+d
ACIF/2016/455 (Generalitat Valenciana), and the Europe-
an Regional Development Fund (ERDF). The first author
was supported by a predoctoral grant by INIA, Spain.

Huanglongbing epidemiology in Brazilian or-
chards. K. PAZOLINI, ].H. ARRUDA, G.A. CHINE-
LATO, A. BERGAMIN FILHO, J. BELASQUE JUN-
IOR. Luiz de Queiroz College of Agriculture, University
of Sdo Paulo, Av. Pddua Dias, 11 — Piracicaba, Brazil. E-
mail: pazolinikelly@gmail.com

Huanglongbing (HLB) (caused by ‘Candidatus liberi-
bacter spp.’) is the main citrus disease worldwide.
There are still no viable curative measures or varie-
ties with genetic resistance to HLB. Recommended
disease management is the use of healthy seedlings,
eradication of symptomatic trees and chemical con-
trol of the vector, Diaphorina citri. Our aim was to un-
derstand the temporal and spatial progress of HLB
in an area, with strict management of disease in Bra-
zilian orchards. Temporal (logistic and Gompertz)
and spatial (exponential and power law) models
were tested, by non-linear regression to orchard data
(177 plots for temporal, 12 plots for spatial analyses),

on a single farm in Sdo Paulo state. The management
of HLB in this property was carried out with four or
more inspections per year, for eradication of symp-
tomatic trees and weekly or biweekly sprays with
insecticides for vector control. For temporal analy-
ses, the logistic model was adjusted (P < 0.05) to 115
of the 177 plots studied (progress rates of 0.2 to 1.5),
while the Gompertz model was adjusted to only 29
plots (progress rates from 0.2 to 0.5). For spatial anal-
ysis, both models presented a good fit to the 12 plots
studied. However, the model inverse power law pre-
sented the best residual pattern and greater R* (0.91)
than the exponential model (R* = 0.88). The progress
of HLB with time was best described by the logistic,
and in space by the inverse power model.

This research was supported by the projects
2016/01796-1(FAPESP) and 161090/2015-0 (CNPq).

Microbiomes and their roles in plant
health

New Pseudomonas strains from olive rhizospheres
as effective biocontrol agents against Verticillium
dahliae. C. GOMEZ-LAMA CABANAS', G. LEGAR-
DA?, D. RUANO-ROSA!, P. PIZARRO-TOBIAS?, A.
VALVERDE CORREDOR!, J.L. NIQUPT, J.C. TRIV-
INO?, A. ROCA?, J. MERCADO-BLANCO". 'Depart-
ment of Crop Protection, Institute for Sustainable Ag-
riculture (CSIC), Avenida Menéndez Pidal s/n Campus
‘Alameda del Obispo’, 14004 Cérdoba, Spain. 2Bioinfor—
matics Department, Sistemas Gendémicos Ltd, Valencia,
Spain. *Bio-liberis Research and Development SL, Gra-
nada, Spain. E-mail: cgomezlama@gmail.com

Previous studies have demonstrated that rhizos-
pheres of nursery-produced olive (Olea europaea L.)
plants are sources of bacteria with potential as biolog-
ical control agents (BCA) of Verticillium wilt of olive
(VWO), caused by Verticillium dahlige. A collection of
189 bacterial isolates from healthy olive (cv. Picual)
plants was generated, based on different morpho-
logical and biochemical characteristics and in wvitro
antagonistic activity against several olive pathogens.
Three strains (PIC25, PIC105 and PICF141) showing
the greatest potential as BCAs, particularly against
V. dahliae, were eventually selected. These were fur-
ther tested for nutritional requirements and chemi-
cal sensitivities. Their effectiveness against VWO
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caused by the defoliating pathotype of V. dahliae
was also demonstrated. Genotypic and phenotypic
traits traditionally associated with plant growth pro-
motion and/or biocontrol abilities were evaluated
(e.g. phytase, xylanase, and glucanase activities, and
siderophore and HCN production). Phylogenetic
analysis revealed that the strains belonged to the
Pseudomonas genus. Strain PICF141 was affiliated to
the ‘P. mandelii subgroup’, with P. lini as the closest
species. Strains PIC25 and PIC105 were affiliated to
the ‘P. aeruginosa group’, P. indica being the closest
species. Strain PIC105 was identified as P. indica, this
being the first reort of the species as a potential BCA.
Sequencing and in silico analyses of the genomes of
these strains enabled the identification of traits in-
volved in plant-bacteria interactions. Seed adhesion
and root colonization abilities of the novel BCA were
also assessed, providing valuable information for
the development of future bioformulations based on
these rhizobacteria.

This research was supported by grants P12-AGR667 (Junta
de Andalucia) and RECUPERA 2020 (MINECO/CSIC con-
tract), both co-funded by ERDF of the EU.

New bacterial antagonists for the biocontrol of fire
blight caused by Erwinia amylovora. S. AIT BA-
HADOU", A. OUIJJA'!, A. KARFACH?, A. TAHIRT.
"Laboratory of Plant Biotechnology and Molecular Biol-
0gy, Moulay Ismail University, Faculty of Sciences, BP
11201, Ave Zitoune Meknes, Morocco. *Laboratory of Mi-
crobial Biotechnology, Sidi Mohamed Ben Abdellah Uni-
versity, Faculty of Sciences and Technologies, BP 2202,
Route d’Imouzzer FES, Morocco. *Department of Plant
Protection and Environment of the National School of
Agriculture-Meknes, Km10, Rte Haj Kaddour, BP S/40,
Meknes 50001 , Morocco. E-mail: s.aitbahadou@edu.umi.
ac.ma

The biocontrol effectiveness of antagonistic bacteria
against fire blight (caused by Erwinia amylovora) was
evaluated under in vitro and field conditions. Among
61 bacteria isolated from soil and flowers of fire blight
host plants from different Moroccan areas, 20 iso-
lates showed antagonistic activity against the patho-
gen during agar-diffusion-tests, attached blossoms
assays and in a bioassay on immature pear fruits.
Effective isolates were identified using biochemical
tests and 16S rDNA gene sequencing. These isolates
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were grouped into the following genera: Alcaligenes
(ACBC1), Bacillus (CPal2, CPa2, HF6, JB2, LMR2,
SF14, SF16, SP10, SP13, SP18), Brevibacterium (SF3,
SF4, SF7, SF15), Pantoea (ACBC2, ACBP1, ACBP2),
Pseudomonas (SP9), and Serratia (HC4). The isolates
were reported in the NCBI nucleotide sequence da-
tabase (GenBank) under the accession numbers from
KY357285 to KY357304. In a field assay with suscep-
tible apple varieties, spray treatments were carried
out with different bacterial antagonists. Their effica-
cies were evaluated 15 d post-inoculation on blos-
soms, and ranged from 55 to 95% for 11 strains. Most
strains gave efficacies that were better than that ob-
tained with commercial bacterial strains P10c (66%)
and QST713 (63%). The strains showed no patho-
genicity towards plant tissue (pear fruitlets, pear and
apple blossoms, and tobacco leaves), and are, there-
fore, considered as potential candidates to as micro-
bial biocontrol formulations for fire blight control.

Qualitative and quantitative impacts of Bac-
trocera oleae on the fungal microbiota of ripe olive
drupes. D. RUANO-ROSA', A. ABDELFATTAH?,
M.G. LI DESTRI NICOSIA? S.O. CACCIOLA®, G.E.
AGOSTEQ?, L. SCHENA?®. ' Department of Crop Protec-
tion, Institute for Sustainable Agriculture (IAS), Spanish
National Research Council (CSIC), Alameda del Obispo
s/n, P.O. Box 4084, 14080 Cérdoba, Spain. *Dipartimento
di Agraria, Universita Mediterranea di Reggio Calabria,
Localita Feo di Vito-89122 Reggio Calabria, Italy. *Dipar-
timento di Agricoltura, Alimentazione e Ambiente, Uni-
versita degli Studi, Via S. Sofia 100, 95123 Catania, Italy.
E-mail: ruanodavid@gmail.com

The olive fly, Bactrocera oleae, is a major key pest of ol-
ive drupes, greatly affecting quality and quantity of
olive oil production. Fungus species associated with
olive drupes can also have important impacts on ol-
ive production. However, little is currently known
about the interaction between olive fly and fungi.
Ripe olive drupes of three olive varieties, either with
or without olive fly infestations, were collected in
southern Italy. These were pitted and total DNA was
extracted and analyzed using real-time quantitative
PCR (qPCR) and metabarcoding based on Illumina
MiSeq sequencing. Both analyses were performed
using fungal universal primers targeting the ITS2
region of the rDNA. QPCR analyses enabled the
quantification of the total fungal DNA, and revealed
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a significant increase of the fungal biomass in all
olive fly infested samples. Metabarcoding analyses
revealed prevalence of Ascomycota (90.2%) followed
by Basidiomycota (9.4%). Overall, the genera Aureoba-
sidium, Cladosporium, Alternaria, Colletotrichum and
Pseudocercospora were the most abundant, although
significant differences were revealed for different
varieties and sampling sites. The presence of olive
fly ovipositor punctures modified the composition
of the fungal microbiota. Although greater fungus
diversity was observed in samples without fly, im-
portant fungal genera, such as Aureobasidium and
Hanseniaspora, were more abundant (Aureobasidium)
or exclusively (Hanseniaspora) present on infested ol-
ives. These yeasts are likely to play important roles
in the low quality of olive oil from insect-infested ol-
ives by promoting fermentation processes.

This research was supported by the Italian Ministry of
Education, University and Research (MIUR) with the
grant “Modelli sostenibili e nuove tecnologie per la valor-
izzazione delle olive e dell’olio extravergine di oliva pro-
dotto in Calabria - PON Ricerca e competitivita 2007-2013
(PONO3PE_00090_02).

Dynamics of fungus endophytes during different
phenological stages of olive trees. . MARTINS"?,
J.A. PEREIRA', P. BAPTISTA'. 'CIMO / School of Ag-
riculture, Polytechnic Institute of Braganca, Campus de
Santa Apolonia, 5300-253 Braganga, Portugal. 2 Univer-
sity of Léon, Department of Engineering and Agricultural
Sciences, Av. Portugal, n° 41, 24071 Léon, Spain. E-mail:
pbaptista@ipb.pt.

Endophytic fungi are a diversified group of micro-
organisms that reside asymptomatically in the tis-
sues of most plant species. Despite their known roles
in protecting hosts against several diseases, little is
known on the sources of established endophytes and
how plants select specific microbial communities to
establish associations. We used cultivation-depend-
ent approaches to assess the endophytic fungus com-
munities in olive tree floral buds, inflorescences and
fruits, to determine differences in different hos pho-
nological stagesfollow the phenological stages from
floral buds to fruits. The fungus endophytes were
identified by rDNA sequencing. From the floral bud
to flower stage, the frequency of colonization and
abundance of endophytes increased progressively
up to 2.4-fold; and from flower to fruit decreased up

to 5.0-fold. Biscogniauxia mediterranea was the most
frequent species isolated from the buds and inflo-
rescences (N = 89), whereas at the fruit stage, the
most abundant species was Neofabraea vagabunda (N
= 38). Endophytic fungus communities also differed
in composition over the phenological stages, prob-
ably due to variations of weather conditions and
the chemical nature of the plant organs. Phomopsis,
Venturia and Coniozyma were common in floral buds
and inflorescences, but disappeared from fruits, be-
ing replaced by genera such as Aspergillus, Coriolopsis
and Eutypella. Our results indicate that endophytic
fungusl communities were distinct and specific to
the host phenological stages, raising the question of
whether these specific species may induce plant pro-
tection against biotic stresses.

The authors are grateful to the Foundation for Science
and Technology (FCT, Portugal) and FEDER under Pro-
gramme PT2020 for financial support to CIMO (UID/
AGR/00690/2013). The first author also thanks the award
of a PhD Scholarship (ref. SFRH / BD / 112234/2015) by
FCT.

Fungal endophyte communities in olive fruits:
effects of maturation index and anthracnose inci-
dence. F. MARTINS'?, J.A. PEREIRA', P. BAPTISTA".
!CIMO | School of Agriculture, Polytechnic Institute of
Braganga, Campus de Santa Apolonia, 5300-253 Bra-
ganga, Portugal. E-mail: pbaptista@ipb.pt. *University of
Léon, Department of Engineering and Agricultural Sci-
ences, Av. Portugal, n° 41, 24071 Léon, Spain. E-mail:
pbaptista@ipb.pt

Olive anthracnose, caused by different species of
Colletotrichum, is one of the most economically
harmful fruit diseases of olive crop worldwide. In
the Trds-os-Montes region (Northeast of Portugal),
although the presence of the pathogen has been re-
ported on olive orchards in almost all areas, lower
levels of incidence were observed in specific areas.
This study evaluated the diversity of endophytic
fungi inhabiting fruits of the anthracnose-susceptible
cultivar Madural, in olive groves from areas of high
and low anthracnose incidence. Differences in the
endophytic community composition were assessed.
Fungi were isolated from symptomless olive fruits at
three different maturation indices (MI). The isolates
were identified by rDNA sequencing. Overall, the
frequency of colonization and abundance of endo-
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phytes were greater in areas with high anthracnose
incidence (12.4%; 78) compared with areas with low
incidence (7.3%; 46). Despite this, the composition of
fungal communities in both areas was very similar.
Genera with the greatest abundance were Trametes
(33%), Alternaria (43%) and Neofabraea (26%). Dur-
ing fruit maturation, the frequency of endophyte
colonization increased up to 16-fold, abundance up
to 6-fold, and diversity up to 8-fold. Although en-
dophytic communities of the three MIs overlapped,
several genera preferred either olives from MI2 (e.g.
Apodospora, Hyalodendriella, Pyrenochaeta), or from
MI3 (e.g. Mollisia, Ulocladium) or M14 (Colletotrichum,
Epicoccum). In addition to providing insights into
fungal endophyte community structures, our survey
provided candidates for further evaluation as poten-
tial management tools against olive anthracnose.

This research was supported by the Foundation for Sci-
ence and Technology (FCT, Portugal), and FEDER under
Programme PT2020 (UID/AGR/00690/2013). The first
author also received a PhD Scholarship (ref. SFRH / BD /
112234 /2015) from FCT.

Endophytic and epiphytic fungal communities as-
sociated with olive trees differ in antagonistic ac-
tivity against Pseudomonas savastanoi pv. savas-
tanoi. T. GOMES'? J. A. PEREIRA', T. LINO-NETO?,
P. BAPTISTA'. 'CIMO/ Polytechnic Institute of Bra-
ganga, School of Agriculture, Campus de Santa Apolénia,
5300-253 Braganga, Portugal. *Biosystems & Integrative
Sciences Institute (BioISI), Plant Functional Biology
Center (CBFP), University of Minho, Campus de Gual-
tar, 4710-057 Braga, Portugal. E-mail: pbaptista@ipb.pt

Olive knot (OK) caused by the Pseudomonas savas-
tanoi pv. savastanoi (Psv) is an important disease,
causing severe damage and yield losses in olive
trees worldwide. In a previous study, we isolated
this bacterium from the phyllospheres of olive trees,
together with many fungal species. In these complex
communities, microorganisms compete for space
and resources, promoting survival of the best-adapt-
ed individuals. This has prompted interest in the ex-
ploitation of these microorganisms for OK control. In
this study, 48 fungal species from the endo- and epi-
phytic communities of olive twigs were screened for
growth inhibition of Psv under in vitro conditions.
The time course of interspecific interactions (24, 48,
72 and 144 h) was studied on potato dextrose agar
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and olive leaf + twig extract (OLTE) media, by assess-
ing clear zones of bacterial growth inhibition around
fungus colonies. The epiphytic community was the
main reservoir for antagonistic fungi. Almost 70%
of the tested epiphytes inhibited Psv growth, with
Dothiorella iberica, Aspergillus felis and Aspergillus bra-
siliensis the most prominent species. The proportion
of antagonists within endophytic communities was
less (46%), with the most efficient being Epicoccum
nigrum and Rhinocladiella similis. Antibacterial activ-
ity was observed to be affected (P < 0.01) by growth
medium and period of interaction. Greater growth
inhibition was found with the OLTE culture me-
dium, showing that inhibition of these endophytic
and epiphytic fungi was specifically enhanced by the
host plant extracts. Most of the fungi tested (up to
64%) from both microenvironments showed greatest
antibacterial activity in the first 24 h of interaction,
whereas only 16% strongly inhibited Psv after 48h
and 19% after 144 h. These results indicate that D.
iberica, E. nigrum and A. felis are the best candidates
for biocontrol of olive knot, and these should be fur-
ther evaluated under natural conditions.

This work is supported by FEDER funds through COM-
PETE (Programa Operacional Factores de Competitividade),
and by national funds by FCT (Fundagio para a Ciéncia e
a Tecnologia) in the framework of the project EXCL/AGR-
PRO/0591/2012. T. Gomes thanks FCT, POPH-QREN and
FSE for the PhD grant SFRH/BD /98127 /2013.

New bacterial antagonists for biocontrol of fire
blight, caused by Erwinia amylovora. S. AIT BA-
HADOU'"’, A. OUIJJA!, A. KARFACH?, A. TAHIRP.
!Laboratory of Plant Biotechnology and Molecular Biol-
0gy, Moulay Ismail University, Faculty of Sciences; BP
11201, Ave Zitoune Meknes, Morocco. 2Labomtory of Mi-
crobial Biotechnology, Sidi Mohamed Ben Abdellah Uni-
versity, Faculty of Sciences and Technologies; BP 2202,
Route d’Imouzzer FES, Morocco. *Department of Plant
Protection and Environment of the National School of
Agriculture-Meknes, Km10, Rte Haj Kaddour, BP S/40,
Meknes 50001, Morocco. E-mail: s.aitbahadou@edu.umi.
ac.ma

The biocontrol effectiveness of antagonistic bacte-
ria against fire blight (caused by Erwinia amylovora)
was evaluated under in vitro and field conditions.
Among 61 bacteria isolated from soil and flowers
of fire blight host plants from different Moroccan
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areas, 20 isolates showed greatest antagonistic ac-
tivity against the pathogen in agar diffusion tests,
attached blossoms assays and in a bioassay on im-
mature pear fruits. Effective isolates were identi-
fied using biochemical tests and 16S rDNA gene
sequencing. These isolates were grouped in the fol-
lowing genera: Alcaligenes (ACBC1), Bacillus (CPal2,
CPa2, HF6, JB2, LMR2, SF14, SF16, SP10, SP13, SP18),
Brevibacterium (SF3, SF4, SF7, SF15), Pantoea (ACBC2,
ACBP1, ACBP2), Pseudomonas (SP9), and Serratia
(HC4). The isolates were reported in the NCBI nu-
cleotide sequence database (GenBank) under the ac-
cession numbers KY357285 to KY357304. In a field
assay with the susceptible varieties of apple, spray
treatments were carried out with different genera of
bacterial antagonists. Their efficacies were evaluated
15 days post-inoculation on blossoms, and ranged
from 54.6 to 95.0% for 11 strains, most of which gave
better reductions than that obtained with commer-
cial bacterial strains P10c (66%) and QST713 (63%).
The strains showed no pathogenicity towards plant
tissues (pear fruitlets, pear and apple blossoms, to-
bacco leaves), and are candidates for microbial for-
mulations for fire blight control.

Diversity of fungal endophytic community in
Quercus suber L. and detection of opportunistic
phytopathogenic fungi. D. COSTA"™, J. CUNHA',
R. M. TAVARES', P. BAPTISTA? T. LINO-NETO'.
'BioSystems & Integrative Sciences Institute (BiolSI),
Plant Functional Biology Centre, University of Minho,
Campus de Gualtar, 4710-057 Braga, Portugal. *CIMO/
School of Agriculture, Polytechnic Institute of Braganga,
Campus de Santa Apolonia, 5300-253 Braganca, Portu-
gal. E-mail: tineto@bio.uminho.pt

Cork oak (Quercus suber) is of high ecological impor-
tance in the Mediterranean region, and has high rel-
evance for the Portuguese economy, due to cork pro-
duction and processing. The sustainability of cork
oak is currently being threatened by reduction of
water availability that would increase the occurrence
of diseases. Charcoal disease, caused by Biscogniaux-
ia mediterranea, leads to death of the cork oak trees.
Diplodia corticola is involved in various diseases con-
sidered responsible for the decline of cork oak in the
Mediterranean region. To identify endophytic fungi
in cork oak, including opportunistic pathogens,
four sites of continental Portugal (Braganga, Gerés,

Alcobaga and Grandola), with differences in water
availability, were selected for collection of biologi-
cal material. Fungal endophytes from leaves, stems
and roots were evaluated. Roots had more diverse
fungal communities than the aboveground organs.
Although no disease symptoms were detected on the
studied trees, the pathogenic fungi were essentially
affecting stems and leaves. In general, greatest endo-
phyt colonization frequency and diversity occurred
in Grandola, and least in Alcobaga. From all studied
sites, cork oaks from Gerés showed the most distinct
community and did not present the pathogens. Diplo-
dia corticola only infect trees from southern regions,
while B. mediterranea also infected trees in Braganca.
The exclusive presence of both pathogens in above-
ground organs and the absence of visible disease
symptoms in all studied cork oaks, encourage the
search for adequate biocontrol agents from the en-
dophytic communities for restricting these cork oak
diseases.

This research was supported by National Funds from
FCT - Portuguese Foundation for Science and Technol-
ogy, under the project UID/Multi/04046/2013. Daniela
Costa was supported by FCT, grant reference SFRH/
BD/120516/2016, and the Doctoral Programme “Ag-
ricultural Production Chains - from fork to farm”
(PD/00122/2012).

Xylella fastidiosa research in Europe

Natural competence and recombination in vitro oc-
curs frequently among Xylella fastidiosa isolates
from subsp. fastidiosa and multiplex. P.P. KAN-
DEL', L. DE LA FUENTE'. 'Department of Entomology
and Plant Pathology, Auburn University, Auburn, Ala-
bama, USA, 36849. E-mail: 1zd0005@auburn.edu

Xylella fastidiosa (Xf) is a plant pathogenic bacterium
that causes incurable diseases in economically im-
portant crops such as grapevine and citrus. For more
than a century, Xf-caused diseases were restricted
to the Americas, but recent reports in new locations
(e.g. Italy, France, Spain), and new hosts (e.g. olive,
Polygala myrtifolia) exemplifies the ability of this
pathogen to adapt to new environmental conditions.
Based on genetic diversity studies, inter-subspecific
recombination (ISR) was proposed to contribute to
host shifts. Natural competence, as a mode of re-
combination, was shown to occur at high frequen-
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cies in model systems mimicking natural habitats;
viz. microfluidic chambers with xylem sap. How-
ever, little is known about the variability of recom-
bination potential among Xf isolates. Therefore, we
compared recombination frequencies of thirteen Xf
isolates belonging to two subspecies (fastidiosa and
multiplex), using five different plasmids containing
antibiotic resistance markers flanked on either side
by Xf homologous regions. Recombination frequen-
cy varied greatly among isolates (3.14 x 107 to 2.3
x 10”® recombinants per parental cell), and was not
correlated with the sequence identity of the homolo-
gous regions. Nevertheless, the ability to recombine
was correlated with twitching motility (r = 0.71, P
= 0.006). When combination of marker-tagged, heat-
killed donor and live recipient cells from two sub-
species were mixed, ISR occurred within a genomic
region of ~10kb. This study demonstrates that re-
combination, and therefore evolutionary potential,
differ among Xf isolates, which is a serious threat in
those cases where isolates can co-exist in the same
environment.

This research was supported by the HATCH AAES (Ala-
bama Agricultural Experiment Station) program, and Ag-
riculture and Food Research Initiative competitive grant
no. 2015-67014-23085 from the USDA National Institute of
Food and Agriculture

Photointerpretation of high resolution aerial im-
ages for large scale monitoring of the olive quick
decline syndrome associated to Xylella fastidiosa.
S. GUALANO, F. SANTORO, F. VALENTINI, A.M.
D’ONGHIA. CIHEAM - Istituto Agronomico Mediter-
raneo di Bari, Via Ceglie 23, Valenzano (BA) 70010, Italy.
E-mail: donghia@iamb.it

Xylella fastidiosa (Xf) is the main cause of the olive
quick decline syndrome (OQDS), a serious threat for
the olive trees in the EU-Mediterranean regions. Af-
ter the first outbreak in 2013, the rapid identification
of Xf on territorial basis was crucial in Apulia, Italy.
For this purpose, the photointerpretation of high
resolution aerial images was successfully applied to
identify OQDS-like trees in a buffer area of Lecce,
with 20% correlation between OQDS and ELISA-
positive trees. The same technique was evaluated in
the buffer/containment zones (apparently Xf-free)
of the demarcated area in Apulia. High geometrical
resolution aerial images from three regions of inter-
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est (ROI), ranging from about 0.5 to 1.6 km* each,
were processed in the visible (VIS) and near infrared
(NIR) in a GIS environment. Analyses were oriented
to identification of phototypes, morphologically as-
sociated to the OQDS. Results of the recognition pro-
cess have provided the classification of 637 OQDS-
like trees (3.7%) out of 17,220 photointerpreted trees.
Following field inspections, 462 trees (73%) showed
OQDS while the remaining could not be inspected
(pruned trees or inaccessible groves), and few were
altered by other factors. All OQDS trees were sero-
logically tested for Xf, which was found in two ROI
with different infection rates: 12% (20 infected trees
out of 165 OQDS trees) and 3.5% (four infected trees
out of 112 OQDS trees). The method was effective
for identifying new foci of infection in the buffer and
containment zones, orienting inspections in the of-
ficial monitoring for rapid identification of infected
trees and allowing immediate modification of the
demarcated areas.

Genetic diversity of Xylella fastidiosa assessed
in imported ornamental Coffea arabica plants. M.
BERGSMA-VLAMI*, J.L.J. VAN DE BILT, N.N.A.
TJOU-TAM-SIN, C.M. HELDERMAN, PPM.A.
GORKINK-SMITS, N.M. LANDMAN, J.G.W. VAN
NIEUWBURG, E.J. VAN VEEN, M. WESTENBERG.
Dutch National Plant Protection Organization (NPPO-
NL), P.O. Box. 9102, 6700 HC Wageningen, the Nether-
lands. E-mail: m.vlami@nuwa.nl

The diversity of Xylella fastidiosa in imported orna-
mental Coffea arabica plants was assessed through a
MLST analysis, and compared with X. fastidiosa in-
fecting different host plants worldwide. Different se-
quence types (STs) of X. fastidiosa were found, such
as ST 53 and ST 73 (X. f subsp. pauca) and ST 72 and
ST 76 related to X. f subsp. fastidiosa. Additionally,
a novel ST, ST 77 has been assessed, that is related
to X. f subsp. fastidiosa, but shares allelles from at
least two different subspecies of X. fastidiosa. Isola-
tion of X. fastidiosa from infected C. arabica plants
was successfully performed only after the applica-
tion of a brief ultrasonication step during extraction.
The acquired X. f subsp. pauca isolates belonged to
either ST 53 or ST 73. Data acquired from PACBIO/
Mlumina next generation sequencing (NGS) on X. f
subsp. pauca isolate PD 7202 (ST 53) demonstrated
that, at the chromosomal level, PD 7202 is identical
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to CoDiRo-5T53 found in Italy on olive. However, at
plasmid level, clear differences have been assessed
in individual genes. Virulence studies are currently
ongoing after inoculation of X. f subsp. pauca isolates
PD 7202 (ST 53) and PD 7211 (ST 73) on several plant
species including Coffea arabica. Preliminary results
on virulence will be presented.

This study was supported by research grant OS 2015330
project for X. fastidiosa of the Ministry of Economic Affairs
in the Netherlands and partly by H2020 programme — SFS-
09-2016, XF-ACTORS, grant agreement 727987.

Fast and sensitive detection for Xylella fastidiosa
through recombinase polymerase amplification. R.
LI', P. RUSSELL', S. ZHANG', B. DAVENPORT', A.
EADS!, K. SCHUETZ', S. BERKANF’, M. AMATO".
'Agdia Inc., Elkhart, IN 46514, U.S.A. *Agdia-EMEA,
91350 Grigny, France. E-mail: Rugang.li@agdia.com

Xylella fastidiosa (Xf), living and multiplying in host
xylem, is regulated in many countries. Xf originated
in the American continent, but in recent years has
appeared in Mediterranean countries including Ita-
ly, France, and Spain, and is causing grave concern
from damage in olive trees of southern Italy and
rapid spread to other crops and areas. The genetic
diversity indicates that these new introductions are
independent of one another. A fast and sensitive de-
tection method is critical to reduce the likelihood of
Xf introduction into new areas. Agdia has developed
a rapid and sensitive DNA test for specific detection
of Xf using the advanced recombinase-polymerase
amplification technology (AmplifyRP). The assay
performs both as a real-time and an endpoint test,
from a single reaction tube at 39°C for 20 min. Reac-
tion template is simply prepared by soaking 50 mg
of petiole cross-sections in 0.5 mL AMP1 extraction
buffer for 10 min, or by suspending one culture col-
ony in 100 uL AMP1 buffer. The assay reacts to 28 Xf
isolates from grapevine, citrus, olive, almond, coffee,
oleander, mulberry, American elm, sycamore, oak,
blueberry, and blackberry, while consistently detect-
ing 22 and even less copies of spiked Xf genome in
soaking extract (1:10, w:v). No reaction background
was observed in host tissues, and no cross-reaction
was observed to Xanthomonas, Erwinia, Pseudomonas,
and E. coli. This DNA test provides a reliable tool to
fight against Xf spread, as it can be performed di-
rectly on site.

This research is supported by Agdia, Inc.

Current situation in France regarding Xylella
fastidiosa: methods of detection and subspecies
characterization, strains and host plant diversity.
F. POLIAKOFF!, B. LEGENDRE!, V. OLIVIER', C.
DOUSSET!, S. PAILLARD!, D. MOLUSSON', A.
SAINTE- LUCE', V. JUTEAU', N. DENANCE'?,
M.A. JACQUES®. 'Bacteriology, Virology and GMO
Unit - ANSES /| Plant Health Laboratory — 49044 An-
gers, France. ’IRHS, INRA, AGROCAMPUS-Ouest,
Université d’Angers, SFR4207 QUASAV, 42, rue Georg-
es Morel, - 49071 Beaucouzé, France. E-mail: francoise.
poliakoff@anses.fr

In conjunction with the emergence of Xylella fa-
stidiosa (Xf) in Europe, several interceptions of coffee
plants contaminated with Xf occurred in France. Dif-
ferent XF subspecies and sequence-types (ST) were
identified: fastidiosa (ST75), sandyi (ST72 and ST76) and
pauca (ST53 and ST74). Since the discovery of a focus
of Polygala myrtifolia (Pm) in natural settings in 2015 in
Corsica and the French Riviera, this pathogen has been
detected on thirty plant species with a validated meth-
od based on real time PCR (Harper ef al, 2010) associ-
ated with a DNA extraction kit (BioNobile). Character-
ization of isolates directly on plants, or for strains iso-
lated on modified PWG medium is performed accord-
ing to multilocus sequence typing (MLST) (http://
pubmlst.org /xfastidiosa/). Following EPPO protocol
PM 7/24, isolates were mostly allocated to sequence
types ST6 and ST7 (subspecies multiplex). Mixed infec-
tion by ST6 and ST7 was demonstrated by isolation of
both strains from one Pm. Modifications to a proposed
amplification protocol revealed infections linked to the
subspecies pauca, sandyi, one recombinant and some
mixed infections. The EPPO protocol MLST confirmed
identification of four Pm contaminated with subsp
pauca but not the identification of other contaminants.
These contaminations were not observed again in the
immediate environment after plant eradication. Sub-
species assignation directly from plant material is not
always successfully linked to PCR inhibitors depend-
ing of host plants. This study confirms the diversity of
subspecies of Xfin France, but the subspecies multiplex
was found to greatly predominate.

This research is partly supported by the Project H2020
PONTE.
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Flashdiag®XF Kit, a quick field diagnostic tool for
detection of Xylella fastidiosa. T. VANDEWALLE',
K. OULDELKABLA!, C. FABRE!, G. LOCONSOLE?,
M. MASSON'. 'Anova-Plus, 4 rue Pierre Fontaine,
Genopole Campus 3, Evry 91030, France. 2Department
of “Scienze del Suolo, della Pianta e degli Alimenti”, Uni-
versity of Bari Aldo Moro, Via Amendola, 165/A 70126
Bari, Italy. E-mail : thomas.vandewalle@anova-plus.com

Anova-Plus is developing Flashdiag®XF, a diagnos-
tic kit for field use that will detect Xylella fastidiosa
from a wide spectrum of plant hosts using DNA iso-
thermal amplification. Samples from public collec-
tion were obtained for sub-species X. f. fastidiosa, X. f.
pauca and X. f. multiplex, isolated from different plant
hosts (grapevine, coffee, almond, olive or plum). The
isothermal amplification method was conceived to
test in one reaction all these X. fastidiosa sub-species.
DNA from healthy plants was used as negative con-
trol and absence of cross-reaction was ensured with
closely related species (i.e. several Xanthomonas spe-
cies). Flashdiag®XF was designed to be used directly
in the field, and is adapted for users without labo-
ratory experience. From a symptomatic plant leaf/
petiole, and in less than one hour, the test clearly
indicates the presence or absence of X. fastidiosa for
a given plant sample. In 2017, DNA samples from
infected plants of olive, almond, oleander, cherry,
Polygala mirtifolia, laurel, lavender and rosemary, col-
lected by the University of Bari Aldo Moro, will be
tested. In 2018, the kit will be tested with other host
species. A field validation will be conducted by the
end of 2017 on olive trees in Apulia (Italy), to test
the kit in field conditions with a high number of
samples. Flashdiag®XF aims to provide a rapid di-
agnostic leading to quick monitoring of X. fastidiosa
the pathogen in a field-based, user-friendly format.

This project was supported by Bpifrance (the French Pub-
lic Investment Bank).

The Android application XylApp for the survey
of Xylella fastidiosa infections. F. SANTORO, S.
GUALANQO, G. FAVIA, AM. D’'ONGHIA. CIHEAM
- Istituto Agronomico Mediterraneo di Bari, Via Ceglie
23, Valenzano (BA) 70010, Italy.

Xylella fastidiosa is an important quarantine bacteri-
um, vector-transmitted, which infects more than 380
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plant species worldwide. Following the EU imple-
mention of Decision 789 /2015, surveys for X. fastidio-
sa are mandatory in member states, but these suveys
time- and human resources- consuming, and require
accuracy in field data acquisition and rapid data
transmission. Support for inspectors could be pro-
vided by handheld devices, such smartphones and
tablets. A dedicated application for Android smart
devices, named ‘XylApp’, has been designed and
developed for the accuracy in the monitoring activ-
ity of X. fastidiosa in Apulia, Italy. Improved versions
of XylApp have been made to enhance the accuracy
and rapid use of survey data, and to support statisti-
cal analyses for the epidemiological studies. The ver-
sion dedicated to inspectors is composed of five inde-
pendent modules: ‘Sample’, for data acquisition and
geolocalization without map support; ‘Browse and
Sample’, for data acquisition and geolocalization us-
ing the regional cartographic grid; ‘Find’, for finding
one or more targets through geographic coordinates;
“Archives’, for field data storage and transmission to
a remote database; and ‘Vademecum’, for providing
inspectors with a valuable information as a practical
guide. An additional module is ‘Improve localiza-
tion’, for manual improvement of geolocalization. A
light version of the application, composed of three
modules (Check, Mail, Learn), was also developed
for rapid reporting of suspected symptomatic host
plants by stakeholders (XylAppsu). XylApp facili-
tates, optimizes and rationalizes data acquisition,
geolocalization, storage and realtime transmission to
the a central server of the Plant Protection Service.

Flashdiag®XF Kit, a rapid field diagnostic tool for
detection of Xylella fastidiosa. T. VANDEWALLE',
K. OULDELKABLA', C. FABRE', G. LOCONSOLE?,
M. MASSON'. 'Anova-Plus, 4 rue Pierre Fontaine,
Genopole Campus 3, Evry 91030, France. *Department
of “Scienze del Suolo, della Pianta e degli Alimenti”, Uni-
versity of Bari Aldo Moro, Via Amendola, 165/A 70126
Bari, Italy. E-mail: thomas.vandewalle@anova-plus.com

Anova-Plus is developing Flashdiag®XEF, a diagnos-
tic kit for field use, that will detect Xylella fastidiosa
from a wide spectrum of plant hosts using DNA iso-
thermal amplification. Xylella fastidiosa samples from
public collections were obtained for sub-species X. f.
fastidiosa, X. f. pauca and X. f. multiplex, isolated from
several plant species (grapevine, coffee, almond, ol-
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ive and plum). The isothermal amplification method
has been conceived to test, in one reaction, all the
above sub-species. DNA from healthy plants was
been used as negative control, and absence of cross-
reaction has been ensured with closely related spe-
cies (i.e. several Xanthomonas species). Flashdiag®XF
has been designed for field use, and is adapted for
users without laboratory experience. From a symp-
tomatic plant leaf/petiole and in less than 1 h, the
test will clearly indicate the presence or absence of
X. fastidiosa for a given plant sample. In 2017, DNA
samples from infected plants of olive, almond, ole-
ander, cherry, Polygala mirtifolia, laurel, lavender and
rosemary, collected by the University of Bari Aldo
Moro, will be tested. In 2018, the kit will be tested
on other host species. Field validation will be con-
ducted by the end of 2017 on olive trees in Apulia
(Italy), to test the kit in field conditions with a high
number of samples. Flashdiag®XF aims to provide
rapid diagnosis leading to efficient monitoring of X.
fastidiosa in a field-based, user-friendly format.

This project was supported by the French Public Invest-
ment Bank (Bpifrance).

The emergence of Xylella fastidiosa in the Balearic
Islands, Spain, is associated with several subspecies
and sequence types of the bacterium. D. OLMO', M.
MONTES-BORREGO? A. NIETO!, F. ADROVER',
A. URBANQ?, O. BEIDAS?, A. JUAN*, E. MARCO?®,
M.M. LOPEZ’, I. NAVARRO®, A. MONTERDE?, J.A.
NAVAS-CORTES?, B.B. LANDA?. Serveis de Millora
Agraria. Govern Balear. Eusebi Estada 145. 07009, Palma
de Mallorca, Spain.*Department of Crop Protection, Insti-
tute for Sustainable Agriculture (IAS), Spanish National
Research Council (CSIC), Alameda del Obispo s/n, 14004
Cérdoba, Spain. "TRAGSA, Empresa de transformacion
Agraria, Delegacion de Baleares. Pasaje Cala Figuera, 6.
07009, Palma. * Servicio de Agricultura. Conselleria de
Medi Ambient, Agricultura i Pesca. C/Reina Constanca,
4. 07006 Palma. *Instituto Valenciano de Investigaciones
Agrarias (IVIA), Carretera Moncada-Ndquera km 4,5,
Moncada 46113, Valencia, Spain

Xylella fastidiosa is a quarantine organism in the Eu-
ropean Union (EU), that was first detected in Europe
in Italy in 2013 where it is associated to a severe epi-
demic on olive trees. The bacterium has also been
detected in France (2015) and Germany (2016). Due

to the recent outbreaks and to different interceptions,
mainly on ornamental coffee plants, the EU has im-
plemented annual surveys in its member states
to prevent new introductions or the spread of this
harmful organism. During official surveys in late au-
tumn 2016 in Mallorca Island, Spain, the bacterium
was first detected in a garden centre near the locality
of Manacor. Since then a total of 189 positive samples
in 11 different host species have been found in dif-
ferent disease foci in the islands of Mallorca (124),
Menorca (16) and Ibiza (49). Sequence analysis of the
RNA polymerase sigma 70 factor sequence and mul-
tilocus sequence analysis (MLST)/typing revealed
the presence of X. fastidiosa subsp. fastidiosa ST1 and
X. fastidiosa subsp. multiplex ST6* (a new ST closest to
ST6) and ST7 in Mallorca island, X. fastidiosa subsp.
multiplex ST6* in Menorca island, and X. fastidiosa
subsp. pauca ST80 (a new ST) in Ibiza island. Polygala
myrtifolia was found to be infected by all subspecies
and ST types. These results suggest that the emer-
gence of X. fastidiosa in the Balearic Islands is likely
due to several introduction events of diverse strains
and different subspecies. Eradication measures were
taken in the garden centre according to the Spanish
contingency plan and EU legislation. Following the
Commission Decision 2015/789/EU of establishing
a 10 km radius delimiting buffer zone for each infec-
tion focus, 80% of the territory of Mallorca 50% of
Menorca, and 90% of Ibiza are considered as demar-
cated areas. The best strategies to control the differ-
ent outbreaks are under study.

This study was supported by funding from the Europe-
an Union’s Horizon 2020 research and innovation pro-
gramme, under grant agreements No. 635646 POnTE (Pest
Organisms Threatening Europe) and No. 727987 XF-AC-
TORS (Xylella Fastidiosa Active Containment Through a
multidisciplinary-Oriented Research Strategy).

Fast and sensitive detection for Xylella fastidiosa
through recombinase polymerase amplification. R.
LI', P. RUSSELL', S. ZHANG', B. DAVENPORT', A.
EADS', K. SCHUETZ', S. BERKANI’, M. AMATO".
'Agdia Inc., Elkhart, IN 46514, U.S.A. *Agdia-EMEA,
91350 Grigny, France. E-mail: Rugang.li@agdia.com

Xylella fastidiosa (Xf), living and multiplying in host
xylem systems, is regulated in many countries. Xf
originates from the American continent. In recent
years the pathogen has appeared in Mediterranean
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countries, including Italy, France, and Spain, and is
causing grave concern through damage in olive trees
of southern Italy and rapid spread to other crops and
areas. The genetic diversity of Xf indicates that these
new introductions are independent of one another.
Therefore, a fast and sensitive detection method is
required to reduce the likelihood of Xf introduction
into new areas. Agdia has developed a rapid and
sensitive DNA test for specific detection of Xf, using
advanced recombinase-polymerase amplification
technology (AmplifyRP). The assay performs both as
a real-time and an endpoint test, from a single reac-
tion tube held at 39°C for 20 min. Reaction template
is simply prepared by soaking 50 mg of plant petiole
cross-sections in 0.5 mL AMP1 extraction buffer for
10 min, by suspending one culture colony in 100 pL
AMP1 buffer. The assay reacts to 28 Xf isolates, from
grapevine, citrus, olive, almond, coffee, oleander,
mulberry, American elm, sycamore, oak, blueberry,
and blackberry, while consistently detecting 22 (and
even less) copies of spiked Xf genome in soaking
extract (1:10, W/V). No reaction background was
observed in host tissues. No cross-reaction was ob-
served to Xanthomonas, Erwinia, Pseudomonas, and E.
coli. This test provides users with a reliable tool to as-
sist against Xf spread as it can be performed directly
on site.

This research is supported by Agdia, Inc.

Isolation , genetic characterization and phenotipic
profiling of Xylella fastidiosa strains from Costa
Rica. N. RODRIGUEZ-MURILLO, 1. ABDALLAH-
QUIROS, A. BADILLA-LOBO, G. GONZALEZ-ES-
PINOZA, C. CHACON-DIAZ. Centro de Investigacion
en Enfermedades Tropicales, Universidad de Costa Rica,
San Pedro 2060, Costa Rica. E-mail: carlos.chacondiaz@
ucr.ac.ct.

Xylella fastidiosa is endemic in Costa Rica. In the last
decade this pathogen has been detected and isolated
from more than 20 different economically important
crops and ornamentals, extending the geographic
range of detection of the bacterium. However, al-
though X. fastidiosa has great potential to cause dis-
ease, and is widespread througout Costa Rica, the
symptoms related to infected plants are usually mild
or infections are asymptomatic. In recent years, the
presence of X. fastidiosa in Europe has had impor-

370 Phytopathologia Mediterranea

tant social and economic consequences, and also in
plant exporting countries such as Costa Rica. From
previous reports it is known that X. fastidiosa strains
isolated from Costa Rica have broader genetic vari-
ability than strais in other countries. There is genetic
similarity among ST53 isolates from Costa Rica and
the CoDiRo strains from affected olives in Italy. The
parallel study of X. fastidiosa circulating strains from
Costa Rica can contribute to outline of specific traits
of the European X. fastidiosa strains. We isolated and
characterized X. fastidiosa strains from different hosts
to broaden genetic and phenotipic information on
our circulating strains. We have isolated X. fastidiosa
ST33, ST21 and ST61 strains from coffee and ST33
from guava, and these sequence types are related to
X. fastidiosa subspecies fastidiosa. Complementary to
genetic profiling, we are phenotipically characteriz-
ing our strains through biochemical and fatty acid
profiling and through biofilm formation assays. Our
goal is to standarize a series of In vitro assays that
could eventually be used in reference and research
units for X. fastidiosa profiling.

This research was supported by the European Union’s
Horizon 2020 research and innovation programme, under
grant agreements No. 635646: POnTE (Pest Organisms
Threatening Europe) and No. 727987: XF-ACTORS (Xylella
fastidiosa active containment through a multidisciplinary
oriented research strategy).

A new molecular LAMP tool for Xylella fastidiosa
early detection. C. AGLIETTT', L. GHELARDINI'?,
P. CAPRETTI!, A. SANTINI?, N. LUCHI*. 'Depart-
ment of Agrifood production and Enviromental Sciences
(DISPAA), University of Florence, Piazzale delle Cascine
18, 50144, Firenze, Italy. *Institute for Sustainable Plant
Protection- National Research Council (IPSP-CNR), Via
Madonna del piano 10, 50019, Sesto fiorentino (Firenze),
Italy. E-mail: chiara.aglietti@unifi.it

Xylella fastidiosa is a Gram-negative bacterium that
causes considerable economic damage by xylem oc-
cludion in over 200 different plant hosts. This patho-
gen was confined to America until 2013, when it was
found in Italy (Apulia) and thought to be responsi-
ble of olive quick decline syndrome. The pathogen
was also reported in Europe on oleander (Nerium
oleander) and on Polygala myrtifolia. As an invasive
pathogen, its spread might cause severe environ-
mental and economic damage. An effective control
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plan is necessary to contain X. fastidiosa impacts, and
this requires specific and sensitive diagnostic tools.
PCR-based methods are favoured for their sensitiv-
ity and specificity, but these require laboratory fa-
cilities. Advantages might be gained from moving
testing closer to sampling sites. A diagnostic assay
based on loop mediated isothermal amplification
(LAMP) was developed to detect X. fastidiosa. This
assay, optimized on the portable instrument Genie
IT (Optigene, UK) and based on RimM target region,
can recognize the pathogen DNA with high levels of
specificity, identifying only X. fastidiosa, and sensi-
tivity, detecting DNA as little as 0.128 pg/uL, equal-
ling results obtained with the compared X. fastidiosa
qPCR assay. The LAMP method used for detecting
X. fastidiosa on symptomatic and asymptomatic sam-
ples could assist checking of imported and exported
live plants, limiting the uncontrolled spread of this
pathogen. Simplicity, sensitivity and specificity, high
speed (only 30 min) and minimum required equip-
ment make the assay ideal for field applications,
helping routine plant testing in cities and forests.

Wood, root and foliar diseases in fruit
and forest crops in the Mediterranean
region

Pine wilt disease: insights into the biology of Bur-
saphelenchus xylophilus-associated Serratia. C.S.L.
VICENTE', K. HASEGAWA?, M. MOTA'. 'ICAAM
— Instituto de Ciéncias Agrdrias e Ambientais Mediter-
rénicas, Universidade de Evora, Pélo da Mitra, Ap. 94,
7006-554 Evora, Portugal. *Department of Environmen-
tal Biology, Chubu University, Kasugai, Japan. E-mail:
cvicente@uevora.pt

Pine wilt disease (PWD) is caused by the parasitic
nematode Bursaphelenchus xylophilus (pinewood
nematode; PWN), which infects mainly Pinus spe-
cies with the aid of an insect-vector, Monochamus sp..
Bacteria isolated from B. xylophilus are being con-
sidered as a fourth element in this disease complex.
Their precise roles of these organisms in this interac-
tion are unclear, as both beneficial and pathogenic
bacteria have been found associated with PWD.
Previously, we have shown the high oxidative stress
tolerance of the PWN-associated bacteria Serratia sp.
LCN16 and Serratia marcescens PWN146, and their
beneficial effects towards the nematode under harsh

oxidative stress conditions. Here, we present a de-
tailed analysis of the genome sequences of these two
PWN-associated bacteria and provide new insights
into their biology and contributions to PWD and the
PWN. Serratia sp. LCN16 is phylogenetically most
closely related to the phytosphere group of Serratia,
and shares many features with endophytes (plant-
associated bacteria). These include genes coding for
plant polymer degrading enzymes, iron uptake/
transport, siderophore and phytohormone synthesis,
aromatic compound degradation and detoxification
enzymes. Serratia marcescens PWN146 can also with-
stand and colonize the plant environment, without
having any deleterious effects towards B. xylophilus
nor to the nematode model C. elegans. PWN146 has
the potential to interfere with plant metabolism via
hormonal pathways or nutritional acquisition (i.e.
iron), and to be competitive against other bacteria
and fungi, through resource acquisition or produc-
tion of antimicrobial compounds.

This research was supported by the JSPS KAKENHI Grant
numbers P14394 (to CSLV) and 26450204 (to KH); and by
National Funds through FCT—Foundation for Science and
Technology under the Project UID/AGR/00115/2013.

Comparative study of Pseudomonas syringae pv.
syringae strains isolated from mango trees dis-
tributed worldwide with over 25 years apart. F.
APRILE, J.A. GUTIERREZ-BARRANQUERO, EM.
CAZORLA, A. DE VICENTE. Instituto de Hortofrutic-
ultura Subtropical y Mediterrdnea “La Mayora” (IHSM-
UMA-CSIC), Departamento de Microbiologia, Facul-
tad de Ciencias, Universidad de Mdlaga, Spain. E-mail:
aprile@uma.es

Mango (Mangifera indica L.) is one of the most im-
portant world fruit crops. In 1992, the disease bacte-
rial apical necrosis (BAN) of mango was described
for the first time in southern Spain. BAN is caused
by Pseudomonas syringae pv. syringae (Pss), and is
mainly associated with Mediterranean climate. The
disease has been described in other mango-produc-
ing areas with similar weather (Portugal, Italy, Israel,
Egypt, Florida and northeast Australia). Different Pss
isolates from mango have been studied for years, to
decipher their virulence and epiphytic fitness mech-
anisms. Genes associated with these biological char-
acteristics have been described: mbo operon involved
in the mangotoxin production, copABCD or cusCBA
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operons involved in copper resistance, and the pro-
duction of cellulose by wss genes. Phylogenetic stud-
ies have revealed a differentiated phylotype of the
Pss strains isolated from mango characterized by
mangotoxin production. This study analysed epide-
miology and evolution of different Pss isolates from
mango from different Spain, Portugal, Italy, Israel
and Australia, isolated in 2000 (UMA lab collection),
and recently obtained isolates (2016 and 2017). A
comparative genomic analysis representative strains
of each collection will be carried out to unravel the
evolutionary processes which have occurred during
the last 25 years.

This research is supported by Incentivos a Proyectos de
Excelencia de la Consejeria de Innovacién, Ciencia y Em-
presa, Junta de Andalucia (P12-AGR-1473), cofinanced by
FEDER (EU).

Survey of Cylindrocarpon-like anamorphs in Span-
ish forest nurseries. B. MORA-SALA!, A. CABRAL?,
M. LEON', C. AGUSTI-BRISACH?, ]. ARMENGOL',
P. ABAD-CAMPOS'. 'Instituto Agroforestal Mediter-
rdneo, Universidat Politecnica de Valeéncia, Camino de
Vera s/n, 46022-Valencia, Spain. °Linking Landscape,
Environment, Agriculture and Food (LEAF), Instituto
Superior de Agronomia, Universidade de Lisboa, Tapada
da Ajuda, 1349-017 Lisbon, Portugal. *Departamento de
Agronomia, ETSIAM, Universidad de Cérdoba, Campus
de Rabanales, Edif. C4, 14071 Cérdoba, Spain. E-mail:
beamosa@upunet.upuv.es.

Cylindrocarpon-like anamorphs infect herbaceous
and woody plants, mainly in agricultural situations,
but also in forests. This study characterized, by DNA
analysis, a wide collection of Cylindrocarpon-like iso-
lates recovered from roots of a broad range of forest
hosts showing decline symptoms in nurseries. From
2009 to 2012, 18 Spanish forest nurseries were sur-
veyed and a total of 103 Cylindrocarpon-like isolates
were obtained. The isolates were identified based on
sequencing a fragment of the histone H3 gene (HIS),
which was amplified by PCR with the primer pair
CylH3F and CylH3R. Some isolates were addition-
ally sequenced for the Internal Transcribed Spacer
(ITS) region, and partial B-tubulin (TUB) and trans-
lation elongation factor 1-a (TEF) genes, to better re-
solve their phylogenetic positions. Thirteen species
of Cylindrodendrum, Dactylonectria, Ilyonectria and
Neonectria were identified from damaged roots of 15

372 Phytopathologia Mediterranea

different hosts. The species C. alicantinum, D. macro-
didyma, D. novozelandica, D. pauciseptata, D. pinicola,
D. torresensis, 1. capensis, I. cyclaminicola, L. liriodendri,
L. pseudodestructans, 1. robusta, I. rufa and Neonectria
sp. were identified. In addition, two new Dactylonec-
tria and one new Ilyonectria species were described.
This study is the first characterization of a wide col-
lection of Cylindrocarpon-like anamorphs obtained
from forests plants, and demonstrates the prevalence
of this fungal group associated with seedlings of di-
verse hosts showing decline symptoms in Spanish
forest nurseries.

This research was supported by the project AGL2011-
30438-C02-01 (Ministerio de Economia y Competitividad,
Spain).

Simulation of the potential infectivity range of Phy-
tophthora cinnamomi under climate change. M.C.
CABALLERO, LM. PEREZ-RAMOS, L. MATIAS, M.
SERRANO. Instituto de Recursos Naturales y Agrobi-
ologia de Sevilla, Avenida Reina Mercedes, 10, 41012, Se-
ville, Spain. E-mail: maria.serrano@irnas.csic.es

Quercus open-woodlands, dehesas in Spain, are one
of the most important ecosystems of the Mediterra-
nean Basin, but their sustainability and persistence
could be seriously affected by global change and
exotic pathogen introductions. This study examines
the interactive effects of climate change and land-use
(over-grazing) changes on production of sporangia
by Phytophthora cinnamomi in high risk area of trees
suffering from root rot disease. An experiment of
reduced rainfall and increased temperature (simu-
lating the future climate conditions predicted by
climate change models) was set up in three dehesas
systems facing different grazing intensities (low, me-
dium or high) in open areas and below Q. ilex trees,
during September 2016. A total of 48 replicates were
established, with six replicates per site, location and
climate treatment. Five months later (January 2017),
soils obtained under trees were more stimulatory to
sporangium production than the soils from open ar-
eas, regardless of the grazing intensity, due to release
of root exudates. Preliminary results showed that the
number of P. cinnamomi sporangia producee with the
soil obtained from the low grazing intensity dehesa
was greater than in the other two intensities, which
did not differ. Differences in pathogen response



15th Congress of the Mediterranean Phytopathological Union, June 20-23, 2017, Cérdoba, Spain

among the climate change treatments have not yet
observed, but differences were recorded for plant
composition related to treatments and sites. These
differences increased during spring. Climate change
and grazing effects on plant communities and their
relationships with sporangium production with time
will be presented.

This research was supported by the Project DECAFUN:
CGL2015-70123-R (Ministry of Economy, Industry and
Competitiveness) and Marie Sklodowska-Curie Actions-
H2020 (European Union).

Increasing diversity of vegetative compatibility
types in Cryphonectria parasitica in the Eastern
Black Sea region of Turkey and its relation to sex-
ual reproduction. E. MANGIL, O. ERINCIK. Adnan
Menderes University, Faculty of Agriculture, The De-
partment of Plant Protection, 09100, Aydin, Turkey. E-
mail:oerincik@adu.edu.tr.

This study aimed to determine the vegetative com-
patibility (vc) type diversity of Cryphonectria parasiti-
ca in the Eastern Black Sea Region of Turkey, and the
role of sexual reproduction in this diversity. Vc types
of 344 C. parasitica isolates collected from Artvin,
Trabzon and Rize provinces in 2016 were identified
by growing pairs of isolates on media. Mating types
were detected using a PCR with specific primers.
Single ascospore isolates were obtained from peri-
thecia of 21 field cankers and at least 25 isolates per
perithecium were subjected to vc type assay. There
is large vc type diversity in the region. Among 344
isolates, 293 were compatible with the European vc
testers, EU-1 (68%), EU-17 (6.7%), EU-12 (6%), and
EU-3 (4%), whereas 51 isolates were not compatible
with any of the European testers. The unidentified
vc types were in six groups, designated TU-1 (6.4%),
TU-2 (2.6%), TU-3 (1.2%), TU-4 (1.7%) and TU-5
(0.9%). MAT-1 and MAT-2 comprised, respectively,
37.4% and 55.3%, respectively. Thirteen isolates were
heterokaryotic carrying both mating alleles. Peri-
thecia were found in 130 bark samples, which indi-
cates widespread occurrence of sexual reproduction.
Number of vc types within the group of single as-
cospore isolates from single perithecia ranged from
1 to 13. Diversity of vc types increases in Turkey, and
this increase can be partially related to the recom-
bination of vegetative incompability genes through
sexual reproduction.

This research was supported by the Scientific Reseach
Fund of Adnan Menderes University through the grant
no: ZRF-15077.

Phenotypic, molecular and pathogenic characteri-
zation of Phlyctema vagabunda, the cause of olive
leprosy. ]. ROMERO', M.C. RAYA', L.F. ROCA', C.
AGUSTI-BRISACH', J. MORAL"?, A. TRAPERO'
'Departamento. de Agronomia, ETSIAM, Universidad
de Cordoba, Campus de Rabanales, Edif. C4, 14071 Cér-
doba, Spain. *Department of Plant Pathology, University
of California, Davis, Kearney Agricultural Research and
Extension Center, 9240 South Riverbend Ave., Parlier
93648, CA, USA. E-mail: agltrcaa@uco.es

Olive leprosy, caused by the fungus Phlyctema
vagabunda, is a classic fruit rot disease widespread
in the Mediterranean basin. From 2009-2013, new
disease symptoms consisting of small circular ne-
crotic leaf lesions, coin branch canker and shoot
dieback were observed in Spanish and Portuguese
olive orchards showing intense defoliation. Neo-
fabraea-like fungal colonies were consistently iso-
lated from symptomatic leaves and shoots. Repre-
sentative isolates from affected leaves, shoots and
fruits were characterized by morphology of colo-
nies and conidia, optimal growth temperatures
and comparison of DNA sequence data from four
regions: ITS, tub-2, MIT and rpb2. Pathogenicity
tests were performed on apple and olive fruits,
and on branches and leaves of olive trees. Maxi-
mum mycelial growth rate ranged between 0.54
and 0.73 mm d"'. Morphology of conidia produced
on apple fruit and phylogenetic analysis showed
homogeneity among fungal isolates, which were
identified as Phlyctema vagabunda. On fruits, influ-
ence of wounding, ripening and cultivar resist-
ance were studied, with cv. Blanqueta being the
most susceptible cultivar. On branches, mycelial
plug inoculation reproduced olive leprosy symp-
toms and caused shoot dieback. On leaves, Koch’s
postulates were fulfilled and the pathogen caused
characteristic necrotic spots and plant defoliation.
Wounds had a key role on olive leprosy develop-
ment. This is the first time that Ph. vagabunda is de-
scribed as a causal agent of leaf spot and defolia-
tion in olive trees. The integration of mechanized
practices in olive crop management could be the
cause of re-emergence of this disease.
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This research was funded by Bayer Crop Science and
ELAIA companies. C. Agusti-Brisach is holder of a ‘Juan
de la Cierva-Formacién’ fellowship from MINECO. J. Mor-
al holds a Marie Sktodowska-Curie fellowship launched
by the European Union’s H2020 (contract number 658579).

The importance of identifying the vegetative
compatibility types of chesnut blight (Cryphonec-
tria parasitica) at local level; case study in a ches-
nut stand in El Bierzo (Leén). A. LORENZANA}
D. RODRIGUEZ!, S. MAYO?, M.P. CAMPELO!, F.
CASTEDO-DORADO". 'Departamento de Ingenieria y
Ciencias Agrarias, Escuela Superior y Técnica de Ingenie-
ria Agraria, Universidad de Leén, Campus de Ponferrada,
Avda. de Portugal s/n, 24401 Ponferrada, Leén, Spain.
’Grupo de Investigacion de Ingenieria y Agricultura Sos-
tenible, Instituto de Medio Ambiente, Recursos Naturales
y Biodiversidad, Universidad de Leén, Avda. de Portugal,
41, 24071 Ledn, Spain. E-mail: alorv@unileon.es

The most used treatment for control of chestnut
blight (caused by Cryphonectria parasitica) is based on
the use of hypovirulent fungal strains. The success of
this method depends on the knowledge of the veg-
etative compatibility (vc) types present in the stand
of chesnut trees. Our research highlights the im-
portance of establishing the vc types at local levels,
through the case study of a stand of 250 ha located
in Oencia (El Bierzo, Ledén province). The aims were:
(i) to determine the prevalence of chesnut blight can-
ker in the stand; (ii) to identify vc types existing; and
(iii) to compare these vc types with the most com-
mon European vc types in El Bierzo, according to the
literature. A systematic sampling was carried out in
60 plots in which samples of bark with symptoms of
the disease were collected. The results indicated that
more than 70% of the trees and 100% of the sampled
plots were affected. Furthermore, four vc types were
identified in the stand, a large numbers considering
that recent studies found five vc types throughout
the province of Le6n and nine vc types in Galicia. Of
the fourvce types found, only two were compatible
with the European vc testers EUI and EUIL The high
diversity found could be due to genetic recombina-
tions caused by previous infections by hypovirulent
strains.

Diversity of subtypes of Cryphonectria hypovi-
rus 1 in the chestnut areas of Turkey where hypo-
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virulence is present. O. ERINCIK, S. ACIKGOZ,
S. HOSSEINALIZADEH, S. YORGANCI, M.T.
DOKEN, Adnan Menderes University, Faculty of Ag-
riculture, The Department of Plant Protection 09100,
Aydn, Turkey. E-mail:oerincik@adu.edu.tr

Biological control, based on the use of hypovirulent
strains of Cryphonectria parasitica, is one the most ef-
fective methods for managment of chestnut blight.
Success in biological control on the subtype of Cry-
phonectria hypovirus 1 (CHV1) infecting hypovirulent
strains. This study aimed to determine the diversity
of the subtypes of CHV1 in Turkey. In 2014 and 2015,
C. parasitica isolates were obtained from hypoviru-
lent-type cankers from 14 provinces of the Marmara
and Black Sea Regions, where hypovirulence is pre-
sent. Among the 215 double-stranded RNA (dsRNA)
positive isolates, 92 CHV1-infected C. parasitica iso-
lates were sampled to use in subtype determination.
The dsRNA of the virus was extracted and reverse
transcription (RT) PCR product was obtained, using
the primer pair hvep-1 and EP721-4. This amplifies
a polymophic DNA fragment from the open reading
frame A region of the viral genome. Nucleotide se-
quence and phylogenetic analyses of the PCR prod-
ucts showed evidence of low diversity of subtype
in CHV1 throughout the sampling area. The two
subtypes of CHV1, Subtype I and Subtype F2, were
found. Subtype I comprised of 78% of the isolates
(76) and was dominant and found in 11 provinces.
Subtype F2 accounted for 12% of the isolates (16) and
was found in six provinces and restricted mostly to
the Eastern Black Sea Region.

This research was supported by The Scientific and Tech-
nological Research Council of Turkey (TUBITAK) through
the grant no: 1140403.

Investigation of mycovirus double-stranded RNA
in Phomopsis viticola isolates from grapevine in
the Aegean Region of Turkey. S. ACIKGOZ, S. HOS-
SEINALIZADEH, O. ERINCIK. Adnan Menderes Uni-
versity, Faculty Of Agriculture, Dep. of Plant Protection.
E-mail: oerincik@adu.edu.tr

Certain dsRNA viruses found in fungi have been
associated with hypovirulence, and they are recom-
mended as biological control agents in the manage-
ment of several plant diseases caused by fungi. The
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most successful example this strategy is the use of
mycoviruses for management of chestnut blight.
One of the important fungal diseases of grapevine
that leads to economic damage in the Aegean Re-
gion, is dead arm (Phomopsis cane and leaf spot),
caused by Phomopsis viticola. This study determined
the presence of dsRNA in P. viticola isolates from
grapevines in Turkey. Eighty samples were collected
in 2016 from grapevine dark fissure-like lesions on
canes and leaf spot symptoms, in the Manisa-Salihli
and Izmir provinces of Aegean Region. A total of 75
P. viticola isolates were obtained. Nucleic acids were
extracted from freeze-dried fungal mycelia and dsR-
NA was separated by cellulose CF-11 chromatogra-
phy. The dsRNA electrophoretic pattern of 18-20 kb
was detected in eight P. viticola isolates, on agarose
gel. The diagnosis of this new mycoviral dsRNA in
P. viticola has not yet been made, and it is not known
whether this mycovirus is associated with hypoviru-
lence. In future studie, the dsRNAs found be diag-
nosed by full genome sequence analysis. Vrulence
tests will be conducted on potted grapevine plants
to determine the relationship between the mycoviral
dsRNA and P. viticola hypovirulence.

This research was supported by the Project BAP2016-
ZRF16009 (Adnan Menderes University, Turkey).

Charactecterization of Fusarium oxysporum isolat-
ed from a young vineyard affected by grapevine de-
cline. T. CINELLI, P. REVEGLIA? C. COMPARINT',
M. NOCENTINT', A. EVIDENTE?, L. MUGNALI'. 'Di-
partimento di Scienze delle Produzioni Agroalimentari
e dell’Ambiente, University of Florence, Piazzale delle
Cascine 28, 50144 Firenze, Italy. *Dipartimento di Sci-
enze Chimiche, Universita di Napoli Federico II, Comp-
lesso Universitario Monte S. Angelo, Via Cintia 4, 80126
Napoli, Italy. E-mail: tamara.cinelli@unifi.it

Ayoung vineyard (2 years old) of cv. Pinot Gris, locat-
ed in Veneto, North-Eastern Italy, showed two large
areas of declining grapevines. The affected vines
were stunted or dead. Sixteen plants were sampled
from the two areas following a defined sampling
scheme. The explanted vines showed large numbers
of aerial roots, while the root systems of 87% of the
vines were severely damaged. The majority of the
few roots of the affected plants were fully necrotic
or showed internal necrotic tissues. The necroses ex-

tended into the rootstocks and, in some, also into the
scions. Fourteen of the 16 plants were mostly colo-
nized by a single species, which was isolated from 70
to 90% of the woody tissues of the roots, of the root-
stock and of the cultivar, and occasional Cylindrocar-
pon-like isolates were also obtained. For identifica-
tion, multigene phylogenetic analyses were carried
out. The internal transcribed spacer (ITS1-5.85-1TS2)
region and parts of the translation elongation factor
1-a (TEF1) and B-tubulin (TUB) genes of four isolates
were sequenced. Nucleotide sequences were com-
pared with those in the NCBI databases, showing a
100% identity with those belonging to Fusarium ox-
ysporum. Since this is a species known for the produc-
tion of phytotoxic metabolites that could have roles
in symptom induction, EtOAc-pH6 and EtOAc-pH2
extracts from culture filtrates were tested on tobacco
leaves. Both the extracts showed toxicity on tobacco
leaves, inducing necrosis of the tissues. The phyto-
toxic compounds produced are currently being puri-
fied, and chemically and biologically characterized.

Grapevine trunk diseases: the relevance of disin-
fection of propagation material. L. MUGNAI', T.
CINELLI', C. COMPARINI', M. NOCENTINTI', E.
BATTISTON', M. BENANCHI', F. OSTP?, T. NEM-
CIK? S. DI MARCO?. 'Dipartimento di Scienze delle
Produzioni Agroalimentari e dell’ Ambiente, University of
Florence, Piazzale delle Cascine 28, 50144 Firenze, Italy.
*Istituto di Biometeorologia (IBIMET), CNR, Via Gobetti
101, 40129 Bologna, Italy; 3510 Las Lomas Road, Sonoma,
CA 95476, USA. E-mail: laura.mugnai@unifi.it

Grapevine trunk diseases (GTDs) are a major threat
for viticulture, in all grape-growing countries. The
main diseases affecting vineyards in Europe are the
Esca complex: grapevine leaf stripe disease, black
wood streaking, Petri disease and white rot. Cankers
caused by Botryosphaeriaceae are also found with
increasing frequency, associated with the death of
grapevine cordons and spurs. Nursery production
has a major role in producing plants strong enough
to withstand aggressive wood pathogens, once they
are planted in the field. At the same time, they must
be as free as possible from pathogen infections at ear-
ly life stages. Many years of trials have been carried
out to evaluate strategies for reducing early nursery
infections, comparing different new with established
methods. Plant material infections by Phaeomoniella
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chlamydospora, Phaeoacremonium minimum, and spe-
cies of Botryosphaeriaceae were assessed in either
non-inoculated or artificially inoculated graftings,
treated with different products. Promising results
were obtained in the control/limitation of GTDs
pathogen infections by treatment with innovative,
low impact products (e.g. electrolysed water, ozone)
and biological control methods. The benefits and rel-
evance of superior quality planting stock are only
realized when subsequent agricultural activities fol-
low well-planned and balanced vineyard manage-
ment practices.

Occurence of Hop stunt viroid (HSVd) in Turkish
pistachio trees. S.C. BALSAK, N. BUZKAN, M.Z.
AY and M. GURBUZ. 'Department of Plant Protection,
Faculty of Agriculture, University of Kahramanmarag
Siitcii Imam, 46060 Kahramanmaras, Turkey. E-mail:
nbuzkan@gmail.com

Turkey is one of the greatest world producers of pis-
tachio (Pistacia vera) after Iran and the USA. Planta-
tions are generally in semi-arid areas of the south-
ern part of Turkey. Recently, Hop stunt viroid (HSVd)
(Hostuviroid, Pospiviridae) infection was reported
from Tunisia, although information of diseases asso-
ciated with viruses and viroids is scarce. HSVd has
a wide host range including trees, shrubs and her-
baceous plants. In Turkey, HpSVd has been detected
in grapevine, plum, peach, apricot, sweet cherry and
almond, by RT-PCR, but without molecular char-
acterization. We investigated HpSVd in a pistachio
tree collection in Turkey. In July 2016, leaf and shoot
samples were collected from 50 pistachio trees with
virus-like symptoms, from the research and experi-
mental orchard of the University of Kahramanmaras
Siit¢i Imam in the Kahramanmaras province of
eastern Mediterranean. RT-PCR detection of HSVd
was performed with dsRNAs using VP-19 and VP-
20 primers. One sample of positive PCR was di-
rectly sequenced in two directions and was aligned
with isolates from GenBank using CLUSTALX 1.8.
Blast analysis of the Turkish HSVd pistachio isolate
showed 99% nucleotide similarity with an HSVd iso-
late from Japan (Accesion number: X00009). A phy-
logenetic tree was constructed with 17 HSVd isolates
from various hosts, using the neighbour-joining
method. The Turkish HSVd isolate from pistachio
trees aligned with an HSVd-grapevine isolate from
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Turkey. To our knowledge, this is the first report of
HSVd in pistachio trees in Turkey. No symptom as-
sociation was made with HSVd in pistachio trees.

This research was supported by the Research fund of
Kahramanmarasg Siit¢ii Imam University (2016/5-35YLS).

Comparative study of Pseudomonas syringae pv.
syringae strains isolated from mango trees dis-
tributed worldwide and separated by 25 years. F.
APRILE, J.A. GUTIERREZ-BARRANQUERO, EM.
CAZORLA, A. DE VICENTE. Instituto de Hortofrutic-
ultura Subtropical y Mediterrdnea “La Mayora” (IHSM-
UMA-CSIC), Departamento de Microbiologia, Facul-
tad de Ciencias, Universidad de Mdlaga, Spain. E-mail:
aprile@uma.es

Mango (Mangifera indica) is one of the most important
fruit crops in the world. In 1992, the disease bacterial
apical necrosis (BAN) was described for the first time
on mango in southern Spain. BAN is caused by Pseu-
domonas syringae pv. syringae (Pss), and is mainly as-
sociated with Mediterranean climate. BAN has also
been described in other mango producing areas with
similar weather (Portugal, Italy, Israel, Egypt, Flor-
ida and northeast Australia). Different Pss isolates
from mango have been studied, to decipher their vir-
ulence and epiphytic fitness mechanisms. Different
genes associated with these biological characteristics
have been described: mbo operon involved in the
mangotoxin production, copABCD or cusCBA oper-
ons involved in copper resistance, and wss genes in-
volve with cellulose production. Phylogenetic stud-
ies have revealed the presence of a differentiated
phylotype of Pss strains isolated from mango, and
characterized by mangotoxin production. This study
included epidemiological and evolutionary analyses
of different Pss isolates from mango from different
growing areas (Spain, Portugal, Italy, Israel, Austral-
ia), isolated by 2000 (UMA lab collection), and new
isolates obtained in 2016 and 2017. We will perform
a selection of the most representative strains of each
collection, to carry out a comparative genomic analy-
sis to unravel the evolutionary processes which have
taken place through more 25 years.

This research is supported by Incentivos a Proyectos de
Excelencia de la Consejeria de Innovacién, Ciencia y Em-
presa, Junta de Andalucia (P12-AGR-1473), cofinanced by
FEDER (EU).
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Characterization of Colletotrichum acutatum
isolates causing almond anthracnose in Spain.
A. LOPEZ-MORAL!, M.C. RAYA-ORTEGA!, C.
AGUSTI-BRISACH!, L.F. ROCA', M. LOVERA?, F.
LUQUE', O. ARQUERO? A. TRAPERO'. 'Departa-
mento de Agronomia, ETSIAM, Universidad de Cérdoba,
Campus de Rabanales, Edif. C4, 14071 Cérdoba, Spain.
*Departamento de Fruticultura Mediterrdnea, IFAPA,
Alameda del obispo, 14004 Cérdoba, Spain. E-mail: trap-
ero@uco.es

Almond anthracnose, caused by Colletotrichum spp.,
is a serious and emerging disease in the major al-
mond-growing areas worldwide. All isolates caus-
ing almond anthracnose have been assigned to the C.
acutatum s.l. complex, in which only C. fioriniae and
C. godetiae have been associated with the disease.
This study characterized Colletotrichum isolates re-
covered from almond fruits affected by anthracnose
from ten commercial orchards located in Andalusia,
between 2014 and 2016. Additionally, two Colletotri-
chum isolates causing olive anthracnose were also
included for comparison. Morphological characters,
mainly colony colour and conidial shape, were use-
ful to separate the isolates within fungal groups or
species. Pathogenicity tests were conducted on de-
tached fruits from almond, olive and apple. Results
showed differences in virulence and some degree of
pathogenic specialization among isolates. Molecular
characterization using six genomic regions was es-
sential to clarify the identification of Colletotrichum
isolates tested. Olive isolates were identified as C.
godetiage and C. nymphaeae, which had been identi-
fied before in Andalusian olive orchards. For isolates
from almond, two phylogenetic species were identi-
fied: C. godetine (grey colony subpopulation), which
is well known in other countries; and C. acutatum
sensu stricto, (pink colony subpopulation), which
was more virulent and did not match with C. fiori-
niae, the pink colony subpopulation described in
other countries. This is the first report of a new Colle-
totrichum species causing almond anthracnose with-
in the C. acutatum s.I. complex.

This research was supported by the Junta de Andalucia
(project “Transforma de Fruticultura Mediterrdnea’ from
Andalusian Institute for Research and Formation in Agri-
culture and Fishery, IFAPA) with the collaboration of ‘Cri-
sol/ Arboreto’ and ‘Mafidn’ OPFHs, and the private compa-
ny ‘Almendras Francisco Morales’. C.A.B. is the holder of
a ‘Juan de la Cierva-Formacién’ fellowship from MINECO.

Phenotypic, molecular and pathogenic characteri-
zation of Phlyctema vagabunda, causal agent of ol-
ive leprosy. J. ROMERO', M.C. RAYA!, L.E. ROCA',
C. AGUSTI-BRISACH', ]. MORAL'? A. TRAPERO".
'Departamento. de Agronomia, ETSIAM, Universidad
de Cérdoba, Campus de Rabanales, Edif. C4, 14071 Cér-
doba, Spain. *Department of Plant Pathology, University
of California, Davis, Kearney Agricultural Research and
Extension Center, 9240 South Riverbend Awve., Parlier
93648, CA, USA. E-mail: agltrcaa@uco.es

Olive leprosy, caused by Phlyctema vagabunda, is a
classic fruit rot disease widespread in the Mediter-
ranean region. From 2009-2013, new disease symp-
toms consisting of small circular necrotic leaf le-
sions, coin branch canker and shoot dieback were
observed in Spanish and Portuguese olive orchards
showing intense defoliation. Neofabraea-like fungal
colonies were consistently isolated from sympto-
matic leaves and shoots. Representative isolates
from affected leaves, shoots and fruits were charac-
terized using morphology of colonies and conidia,
optimal growth temperature and comparison of
DNA sequence data from four regions: ITS, tub-2,
MIT and rpb2. Pathogenicity tests were also per-
formed on apple and olive fruits, and on branches
and leaves of olive trees. Maximum mean myce-
lium growth rate ranged from 0.54 to 0.73 mm d™.
Morphology of conidia produced on apple fruit and
phylogenetic analysis showed homogeneity among
fungal isolates, which were identified as Phlyctema
vagabunda. On fruits, influence of wounding, rip-
ening and cultivar resistance was studied, with cv.
Blanqueta being the most susceptible cultivar. On
branches, mycelial-plug inoculation reproduced
olive leprosy symptoms and caused shoot dieback.
On leaves, Koch’s postulates were fulfilled, and the
pathogen caused characteristic necrotic spots and
plant defoliation. Wounds had a key role on olive
leprosy development. This is the first description
of Ph. vagabunda as a causal agent of leaf spot and
defoliation in olive trees. The integration of mecha-
nized practices in olive crop management could be
the cause of the disease re-emergence.

This research was supported by Bayer Crop Science
and ELAIA companies. C. Agusti-Brisach is holder of a
‘Juan de la Cierva-Formacién’ fellowship from MINECO.
J. Moral holds a Marie Sktodowska Curie fellowship
launched by the European Union’s H2020 (contract num-
ber 658579).
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Unravelling the beta diversity of plant-parasit-
ic nematodes associated with cultivated olive
in southern Spain. A. ARCHIDONA-YUSTE', T.
WIEGAND?, P. CASTILLO!, J.A. NAVAS-CORTES'.
nstituto de Agricultura Sostenible, CSIC, Avenida
Menéndez Pidal s/n, 14004-Cérdoba, Spain. *Helmoltz
Centre for Environmental Research-UFZ, Leipzig, Ger-
many. E-mail: aarchidona@ias.csic.es

Olive trees host many plant-parasitic nematodes
(PPNs). Understanding the factors that maintain bio-
diversity in communities depends on identification
of diversity. We investigated the effects of environ-
mental conditions, soil properties, agronomic man-
agement practices and spatial structure, on the varia-
tion of species community composition (B-diversity)
and species richness of PPNs infesting rhizosphere
soil from 376 commercial olive orchards widely dis-
tributed in Andalusia, southern Spain. We identified
128 species of PPNs with different feeding behav-
iours. Constrained ordination analysis showed that
all explanatory variables together accounted for ap-
prox. 13% of the variation of community composi-
tion and 30% of species richness. These low values
showed that spatial variability in the distribution of
plant-parasitic nematodes is generally very stochas-
tic. Also, with redundancy analysis and variation
partitioning, we determined the relative importance
of environmental conditions, soil properties, agro-
nomic management and spatial structure, as well as
different tendencies among species composition and
richness. Environment (6% of community composi-
tion variance), soil (35%), agronomic management
(7%) and spatial structure (18%) explained variance
from the total explained variance of community
composition. For species richness, environment ex-
plained 0% of variance, soil 5%, agronomic manage-
ment 14%, and spatial structure 34%. Overall, the
diversity of PPNs species infesting soils from culti-
vated olive is mainly influenced by land properties
and spatial habitat, and to a lesser extent by environ-
mental conditions and agronomic management.

This research was supported by the Project AGL-2012-
37521 from "Ministerio de Economia y Competitividad’
of Spain, Project P12-AGR-1486 from “Consejeria de
Economia, Innovacién y Ciencia” of Junta de Andalucia,
and FEDER financial support from the European Union.

378 Phytopathologia Mediterranea

A new selective growth medium for Phaeoacre-
monium aleophilum, a first colonizer in grapevine
trunk disease. G. CARRO-HUERGA'!, J.A. RU-
BIO? E. BARAJAS?, S. MAYO!, A. RODRIGUEZ-
GONZALEZ', V. SUAREZ-VILLANUEVA!, O.
GONZALEZ-LOPEZ', S. GUTIERREZ?, P.A. CAS-
QUERO". 'Research Group of Engineering and Sustain-
able Agriculture, Natural Resources Institute, Universi-
dad deLeén, Leén, Spain. *Unidad de Cultivos Leiiosos Yy
Horticolas ITACYL, Junta de Castilla y Leon. Ctra. Bur-
gos km 119, Finca Zamaduerias 47071, Valladolid, Spain.
’Research Group of Engineering and Sustainable Agricul-
ture, Area of Microbiology, University School of Agricul-
tural Engineers, Universidad de Leén, Ponferrada, Spain.
E-mails: gcarh@unileon.es; pacasl@unileon.es

Phaeoacremonium aleophilum is one of the first coloniz-
ers in grapevine trunk disease, and is the main path-
ogen isolated in Castile-Leon vineyards. The general
growth media PDA and MEA have been used for
growing this pathogen, but its growth rate is very
slow compared to other grapevine trunk pathogens.
A new growth medium, containing vine sawdust,
dextrose and agar (VSDA), has been assayed, and
compared with PDA (potato, dextrose and agar).
Using compounds from vines could improve patho-
gen growth rates, and provide information on which
compounds have roles in development of disease.
Phaeoacremonium aleophilum strain Y-38-05-03-a from
ITACyL was taken from 14-d-old mycelium. This
strain was put onto VSDA and PDA in Petri plates,
and the plates were each marked with two perpen-
dicular crosses. The experiment was repeated, using
four replicates of each time. The plates were incubat-
ed at 28°C in a phytotron for 15 d, and colony growth
(mean colony diameters) was then measured. In
VSDA, mean P. aleophilum colony diameter was 2.49
(20.25) (typical error 0.09), and on PDA was signifi-
cantly less (P < 0.05) (1.25 +0.17) (typical error 0.06),
as indicated by Tukey LSD tests. After this positive
first assay, other parameters fungal will be evaluated
on VSDA, including spore production, growth of
other Phaeoacremonium aleophilum strains, and other
growth media.
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