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INVITED LECTURES

Fungi in the marine environment: prevalence
and potential

O. Yarden

Department of Plant Pathology and Microbiology, The Robert
H. Smith Faculty of Agriculture, Food and Environment,
The Hebrew University of Jerusalem, Rehovot 76100, Israel

[e-mail: Oded.Yarden@huji.ac.il]

Marine environments constitute approximately 70% of the
earth's surface and are comprised of many ecological niches.
Even thoughmarine environments can be considered hostile to
fungi, members of the fungal kingdom are prevalent in the seas
(especially in association with sessile marine invertebrates).
The definition of marine fungi is an ecological, rather than a
taxonomical one, and the extent of dependence of different
fungi on their marine environments varies. Based on DNA
analysis of hundreds of fungal strains isolated from coral and
marine sponges, many of them have been taxonomically
assigned to ubiquitous terrestrial taxa. Among them Penicilli-
um, Aspergillus, Cladosporium, Trichoderma and Alternaria
species were highly prevalent. In addition to their functions via
possible interactions with hosts and other microorganisms, as
well as their roles in carbon and nitrogen cycling, many
marine-derived fungi can be potentially beneficial for medic-
inal, agricultural and industrial purposes. Examples include the
increased salt tolerance of marine-derived mycoparasitic
Trichoderma spp. Such isolates have proven to be as efficient
(so far, under greenhouse conditions) biocontrol agents as their
terrestrial counterparts. Many marine-derived fungi produce
biologically active metabolites. Thus, they are well suited for

bioprospecting, a fact supported by the growing number of
novel compounds identified from these organisms. Combining
the isolation of fungi producing unique metabolites, the chem-
ical analysis of those compounds and the genetics-based anal-
yses of their mode of action provides a promising platform for
increasing the arsenal of putative anti-fungals for medical and
agricultural uses.

Prof. Israel Reichert—pioneer of phytopathology research
in Israel

Sara Spiegel

Department of Plant Pathology and Weed Research,
Agriculture Research Organization – The Volcani Center, Bet
Dagan 50250, Israel

[e-mail: spiegsa@gmail.com]

The Department of Phytopathology was established shortly
after the Agricultural Experimental Station was founded in
Tel Aviv in 1921. The leader and head of the department was
Dr. Israel Reichert, a young scientist, scholar and active Zion-
ist. Israel Reichert, born in Poland in 1891, moved to Israel
(then Palestine) as a pioneer in 1908. He started as a manual
worker and studied in a college to become a teacher and
subsequently taught biology in a school. In 1913 he went to
study Natural Sciences in Humboldt University (Berlin, Ger-
many) and in 1921 graduated as a Ph.D., his research entitled
BThe fungi flora of Egypt^. Returning to Palestine (Israel) he
started the Department of Phytopathology. In those days, agri-
culture in Palestine was basic, with no infrastructure for re-
search and no information on plant diseases. Therefore, the
main objectives studied by Reichert and a small team of
coworkers were: (a) identification of disease-causing agents
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(fungi, bacteria and later viruses) in crops for local con-
sumption and/or export. The crops included grains, vege-
tables, fruit trees and tobacco. (b) Collection of samples
from symptomatic plants in various parts of the country
and evaluation of ecological factors affecting appearance
and spread of diseases. (c) Control of plant pathogens by
adapting chemical and agro-technical procedures. Reichert
developed a new comprehensive approach in plant pathol-
ogy in which pathogens are characterized by geographical
origin, spread and environmental factors. This approach,
known as pathogeography, became the basis of forecasting
the spread of diseases to new geographic areas. Prof.
Reichert, head of the Phytopathology Department for 39
years (1922-1959) also taught and supervised students in
the Faculty of Agriculture, the Hebrew University, and was
active in social and cultural issues of national interest. In
1955 he received the "Israel Prize" in Life Sciences and
passed away in 1975.

DISEASE CONTROL

Passive heating of sweet basil polyethylene walk-in tunnels
controls downy mildew (Peronospora belbahrii)

Y. Elad1,*, C. Omer1,2, Z. Nisan1,2, D. Rav David1, D. Harari3,
H. Goren4, M. Borenshtein1, U. Adler5, D. Silverman6 and
S. Biton6

1Department of Plant Pathology and Weed Research, Agricul-
ture Research Organization – The Volcani Center, Bet Dagan
50250, Israel; 2Section Agroecology and Plant Health, Robert
H. Smith Faculty of Agriculture, Food and Environment, The
Hebrew University of Jerusalem, Rehovot, Israel; 3Central
and Northern Arava R&D, Hatzeva, Arava, Israel; 4Eden
Research Station, Emek Hama'aynot R&D, Israel; 5Agricul-
tural Growers Council, Yehud, Israel; 6Extension Service,
Ministry of Agriculture and Rural Affairs, Bet Dagan, Israel

[*e-mail: elady@volcani.agri.gov.il]

Elevated daytime temperatures obtained by closing the
entrances of unheated greenhouses resulted in significant
suppression of tomato and pepper powdery mildews. This
method suppressed sweet basil gray and white mold dis-
eases in field experiments during 2009-2013. Additionally,
this technique was found to be effective against downy
mildew (Peronospora belbahrii) in three field experiments
since 2012 where air temperatures commonly reached 44-
48 °C and soil temperatures reached 32-33 °C. Tests were
conducted to correlate disease severity with microclimate
parameters. Disease severity was negatively correlated with

the occurrence of air temperatures above 25 °C and rela-
tive humidity of 65 to 85 % and soil temperature above
the range of 21 to 27 °C. The increase in air temperatures
resulted in a leaf temperature increases of up to 30-32 °C.
Symptomless plants from warmer temperatures transferred
to conditions that promote downy mildew (22 °C, relative
humidity >95 %) became severely diseased. Experiments
in controlled conditions revealed that treating the roots
with a high temperature, while maintaining the shoot at
ambient temperature (22 °C), reduced downy mildew sig-
nificantly compared with the maintaining the air and soil
temperature at 22 °C. The effect in the canopy of soil
heating lasted, under optimal conditions for pathogen de-
velopment, for one to two weeks after the plants were
removed from the heated soil treatment. In conclusion,
the effect of high greenhouse temperature on basil downy
mildew results from an indirect high-temperature effect on
the host which becomes less susceptible to P. belbahrii
development.

Day time solar heating controls Peronospora belbahrii in
basil

Y. Cohen*, A.E. Rubin and Y. Ben-Naim

Faculty of Life Sciences, Bar-Ilan University, Israel

[*e-mail: ycohen@mail.biu.ac.il]

The biotrophic oomycete Peronospora belbahrii causes
a devastating downy mildew disease in sweet basil.
Current control measures rely heavily on fungicide de-
ployment. However, mefenoxam, one of the most effec-
tive fungicides became ineffective in controlling the disease due
to the appearance of resistant isolates, and dimethomorph and
mandipropamid show reduced efficacy. Here, we took advan-
tage of the fact that P.belbahrii is quite sensitive to heat and
employed day time solar heating in the field to control it.
Laboratory experiments showed that exposure of P. belbahrii
spores, infected leaves, or infected plants to 35-45 °C for
several hours suppressed the survival of the spore and the
mycelium. In the field, covering net houses of sweet basil,
already infected with downy mildew, with transparent Infra-
Red impermeable polyethylene sheets for a few hours during 1-
3 consecutive days raised the daily maximal temperature during
sunny hours by 11-22 °C. This had a detrimental effect on the
survival of P. belbahrii: killing the pathogen and/or suppressing
disease progress, while enhancing growth of the host basil
plants. We recommend that growers employ this technology
in their growth houses but avoid excessive heating beyond 48-
50 °C.
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Resistance to Peronospora belbahrii in wild Ocimum spe-
cies and its introgression into sweet basil

Y. Ben Naim, L. Falach and Y. Cohen*

Faculty of Life Sciences, Bar Ilan University, Ramat Gan,
Israel

[*e-mail: ycohen@mail.biu.ac.il]

Downy mildew, caused by the oomycete Peronospora
belbahrii, is a devastating disease of sweet basil worldwide.
Farmers rely on fungicides to combat the disease as no downy
mildew resistant sweet basil cultivars are available. We have
tested 113 accessions ofOcimum species (83 PI accessions from
USDA and 30 commercial accessions) for resistance against
downy mildew at the seedling stage in growth chambers and
during three seasons in the field. Most cultivated accessions
belonging toO. basilicumwere highly susceptible to the disease,
whereas most wild accessions (belonging to O. americanum,
O. kilimanadascharicum,O. gratissimum,O. campechianum or
O. tenuiflorum) were immune or highly resistant at both the
seedling stage and in the field. Twenty seven crosses were
produced between immune or highly resistant individual plants
and the susceptible sweet basil ‘Peri’. The F1 progeny plants of
24, 2 and 1 crosses were moderately resistant, highly resistant
and susceptible, respectively, suggesting partial, full or no dom-
inance of the resistance gene(s). The data confirm the feasibility
of producing downy mildew-resistant cultivars of sweet basil by
introgression of resistance genes from wild Ocimum species.
However, genome duplication of sweet basil was necessary to
enable the production of fertile F1 progeny plants from a cross
between sweet basil × wild basil.

Oxathiapiprolin, a new fungicide active against downy
mildews

Y. Cohen*, A.E. Rubin, M. Galperin and A. Jacob

Faculty of Life Sciences, Bar Ilan University, Ramat Gan,
Israel

[*email: ycohen@mail.biu.ac.il]

Oxathiapiproline is a new fungicide (piperidinyl thiazole
isoxazoline class) produced by DuPont, active against
Oomycete plant pathogens. It is a single-site inhibitor of
oxysterol-binding proteins involved in cell trafficking.
Growth chamber studies with potted plants and detached
leaves showed excellent activity of oxathiapiproline against
Pseudoperonospora cubensis in cucurbits, Peronospora
belbahrii in basil and Phytophthora infestans in potato

and tomato. Detailed studies with P. cubensis and P. infestans
showed that the compound affected almost all stages of the
asexual life cycle of these pathogens. It inhibited zoospore
release, cystospore germination, lesion formation, lesion expan-
sion and sporulation. When applied to the foliage as a preven-
tive spray (0.1 ppm) no lesions developed due to inhibition of
fungal germination, and when applied curatively, at one or two
days after inoculation (1-10 ppm), small restricted lesions de-
veloped but no sporulation occurred. When applied at a later
stage to mature lesions, sporulation was strongly inhibited. UV
and confocal microscopy observations made with cucumber
leaves infected with P. cubensis revealed that inhibition of
mycelium growth and sporulation induced by oxathiapiprolin
was associated with callose encasement of the haustoria.

Pyraclostrobin (AgCelence) positive effect on yield increase
and quality in various crops

T. Klitsinaris1,* and K. Bar Tzion2

1BASF Hellas S.A , Panos Klitsinaris BASF Hellas S.A,
Greece; and 2WRL Israel

[*e-mail: tassos.klitsinaris@basf.com]

The "AgCelence" effect is a combination of the words
"Agricultural + Excellence", and is a BASF trademark.
This refers to a product group that besides offering the
best disease/insect control, goes beyond crop protection
offering also improved "Yield and Quality", by having
physiological effects on the plants themselves. One of the
BASF active ingredients, which has physiological effects
on plants and crops, is pyraclostrobin (chemical group
strobilurins). The results of our trials in different crops
worldwide regarding increase of yield and quality with
Pyraclostrobin show the following figures: yield increase
(in disease-free plants Pyraclostrobin-treated versus untreat-
ed controls): maize +10 %, soyabean +10-12 %, wheat +
15 %, sunflower +10 %, sorghum +12 % (in Brazil),
potato +8-9 %. From our trials positive effects have been
found in other crops, such as: industrial tomato (Brix) +10-
12 %, and better shelf life in cherries, apples, pears,
peaches and apricots. Almonds have +10 % increase in
nut size and increased cold tolerance, while increased
drought tolerance was observed in peanuts and chickpeas.
The treatment has a positive effect on greenhouse tomato
defense responses against plant viruses (Cucumber mosaic
virus) and bacteria (Pseudomonas syringae pv. tomato),
and causes improved cotton fiber length and thickness.
With AgCelence the farmer has the following benefits:
increased production efficiency, better plant stress tolerance,
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improved marketable product quality and higher yield. For
many years in USA, Brazil, Canada, Europe, Asia and
South Africa farmers have enjoyed the benefits of the
Pyraclostrobin (AgCelence) effect.

Fungicide Inhibition of Rosellinia necatrix in vitro and
in vivo

S. Dor1, S. Shamian2, P. Safadi3, S. Freeman4, M. Taiseer5,
S. Kfir6 and M. Dafny-Yelin1,6,*

1Golan Research Institute, Haifa University, Katzrin 2900;
2Ministry of Agriculture, Extension Service, Kiryat Shemona,
Israel; 3Saar Agricultural Cooperative,Masáde 12435, Israel;
4Department of Plant Pathology and Weed Research,
Agriculture Research Organization – The Volcani Center, Bet
Dagan 50250, Israel; 5Elmagareq Agricultural Cooperative,
Majdel Shams 12438, Israel; 6MIGAL Northern Research &
Development, Qiryat Shemona, Israel

[*e-mail: merydy@gri.org.il]

White root rot disease caused by Rosellinia necatrix
(anamorphDematophora necatrix) is destructive to many fruit
trees, particularly apple and other deciduous crops. Today,
replanting on infected soil is not practical and many orchards
have been abandoned. R. necatrix distribution can be avoided
using physical, chemical or biological methods. Howev-
er, the fungal mycelia and microsclerotia survive at deep
soil levels and repeated treatments of infested soils are
required. The research objective was to estimate the
ability of fungicides to control infection and reduce
further spread of R. necatrix. In fungicide-amended
PDA plates, the active ingredients Azoxystrobin (15.5
ppm), Carbendazin (31 ppm), Prochloraz (54 ppm),
Fluazinam (75 ppm), Fludioxonil (23 ppm) and
Thiophanate-Methyl) 86 ppm) significantly inhibited my-
celial growth, as well as at a 1:10 dilution. At a 1:100
dilution, only Fluazinam and Azoxystrobin significantly
inhibited mycelial growth. Fungicides that contain the
active ingredients potassium phosphite (1950 ppm) and
captan (124 ppm) did not inhibit mycelial growth at all
tested concentrations. The effect of fungicides on apple
plants was tested in nursery plants artificially infected
with R. necatrix. In untreated controls plant mortality of
100% was recorded within 45±2 days post-inoculation,
compared to mortality of treated nursery plants that
wilted after 80 days post inoculation. Prochloraz (1.15
g/l), Fluazinam (2 g/l), Dimethamorph and Thiophanate-
Methyl significantly inhibited tree wilting and mortality
in naturally infected orchards. In conclusion, growth of
R. necatrix was inhibited with certain fungicides in
PDA-amended plates, and in vivo in infected seedlings,

and young trees. However, the disease was not con-
trolled by fungicide applications in adult trees in
established orchards.

Evaluation of EOS oil in prevention of black spot disease in
persimmon fruit

S. Peretz1, D .Ezra 2 and G. Ben-Ami3

1Advanced Solutions for Plant Protection , Maor,
PO Box 243, 388300, Israel; 2Department of Plant Pathology
and Weed Research Agriculture Research Organization – The
Volcani Center, Bet Dagan 50250, Israel; 3ADAMA
Makhteshim Ltd., Golan Street, Airport City 7015103, Israel
[*e-mail: pesigal@gmail.com]

Black spot disease of persimmon fruits is caused by the
fungus Alternaria alternata. The fungus penetrates
through cracks in the fruit under the sepals. Fruit dam-
age is expressed as black necrosis that disqualifies it
from marketing. The persimmon variety 'Triumph'
(Sharon) is grown in Israel primarily for export and as
such requires high quality. Most of the fruit is harvested
during November-December, a period of rain events and
fruit ripening, which both enhance disease development.
A major attempt was invested in reduction and preven-
tion of disease development on the fruit, unfortunately
with only partial success. In spite of these efforts infect-
ed fruits were still being harvested, packed and stored
for long periods. During the winter of 2011 conditions
for disease development occurred, and many fruits were
disqualified for harvest while on the trees. Persimmon
orchards located in the Bitzaron area suffered from
black spot disease as in other areas of the country.
Yet, in some orchards disease severity was lower than
in neighboring orchards. While trying to understand the
possible cause, it became evident that the orchards with
less incidence of black spot disease had been treated
against Saissetia oleae Bern (an aphid) using two appli-
cations of EOS oil, during September and October. As a
result, we tested the application of the oil during the
next seasons in collaboration with Adama Company.
Orchards were treated with EOS oil as described above.
Significant reduction of disease incidence was observed
in our experiments. For example, in a persimmon or-
chard near Binyamina, during the winter of 2014, 86 %
of the fruit in the non-treated control were damaged
from the disease while only 30 % were damaged in
the treated trees. EOS oil is an effective eradicator of
first stage larva of scale aphids and is registered in
Israel for the control of Ceroplastes floridensis Comst.
in persimmon.
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GENETICS, RESISTANCE AND INDUCED
RESISTANCE

Increased anthocyanin and flavonoids in mango fruit peel
are associated with cold and pathogen resistance

V. Sivankalyani, O. Feygenberg, S. Diskin, B. Right and
N. Alkan*

Department of Postharvest Science of Fresh Fruit,
Agriculture Research Organization – The Volcani Center,
Bet Dagan 50250, Israel

[*e-mail: noamal@volcani.agri.gov.il]

Mango fruit (Mangifera Indica L. cv. Shelly) developing at the
canopy exterior and exposed to sunlight acquires a red peel
color on the sun-exposed side, compared to the green fruit peel
that develops within the canopy. Measurements of the red
tissue showed a significant increase in total anthocyanin and
flavonoid accumulation but not in chlorophyll. The ripening
parameters between red and green mango fruit harvested at the
same day from the same orchard (including Brix, firmness and
titratable acidity) were similar at harvest, during cold storage
and subsequent shelf life. However, fruit with a red side or
those that were mostly green showed a varied response to
biotic and abiotic stresses. After three weeks of cold-storage
at 5 °C "green fruit" showed significantly more lipid peroxi-
dation and developed significantly more chilling injury symp-
toms, such as black spots and pitting, than "red fruit". Further-
more, "red fruit" were found to be more resistant to a challenge
of Colletotrichum gloeosporioides fungal inoculation and
showed reduced general decay incidence. Thus, mango fruit
with more red color in their peel correlate to anthocyanin and
flavonoids accumulation and showed increased resistance to
chilling and pathogens. The results point to new agro-
technological approaches to extend shelf life quality in mango.

The influence of biochar on cucumber damping-off caused
by Rhizoctonia solani

A.K. Jaiswal1,2, Y. Elad 1, E.R. Graber3, F. Abu Moch1,
D. Rav-David1 and O. Frenkel1,*

1Department. of Plant Pathology and Weed Research, Agri-
culture Research Organization – The Volcani Center, Bet
Dagan 50250, Israel; 2Department of Plant Pathology and
Microbiology, The Hebrew University of Jerusalem, P. O. Box
12, Rehovot, 76100, Israel; 3Department of Soil Chemistry,
Plant Nutrition and Microbiology, Agriculture Research Or-
ganization – The Volcani Center, Bet Dagan 50250, Israel

[*e-mail: omerf@volcani.agri.gov.il]

The soil application of biochar, the solid carbon-rich
product of biomass pyrolysis, provides a long-term re-
pository of carbon to mitigate climate change and can
improve soil quality and crop productivity. Recently,
biochar was found to reduce severity of foliar and soil
borne diseases. Biochar characteristics are expected to
affect its disease suppression capability, as there is a
profound variability in the physical and chemical prop-
erties of biochar, depending on the initial feedstock and
production parameters. The aim of this research was to
explore the influence of biochar produced from different
feedstocks and at different production temperatures on
its ability to suppress the soil borne pathogen Rhizocto-
nia solani in cucumber. Biochar prepared from two
feedstocks (eucalyptus wood and greenhouse waste)
each produced at 350 and 600 °C were tested for their
suppressive ability against damping-off at concentrations
of 0, 0.5, 1, and 3 % as a soil amendment. In general,
biochar addition at lower concentrations suppressed
damping-off by R. solani. However, at higher concen-
trations, biochar was ineffective or even increased the
disease incidence and severity compared with the con-
trol, forming a U-shape response curve versus biochar
concentration. Biochars produced at both low and high
temperatures were equally effective against several dis-
ease parameters. However, suppression of disease was
affected by the feedstock type. There was significant
interaction between feedstock and concentration for sev-
eral disease parameters, indicating that each feedstock
had an optimum concentration for disease control. The
most effective dose for suppressing disease was 1 % for
eucalyptus wood biochar and 0.5% for greenhouse waste
biochar.

De-novo assembly of mango fruit peel transcriptome
reveals mechanisms of mango response to hot water
treatment

N. Luria, N. Sela, O. Feygenberg and D. Prusky*

Department of Postharvest Science of Fresh Produce, Agri-
culture Research Organization – The Volcani Center, Bet
Dagan 50250, Israel

[*e-mail: dovprusk@volcani.agri.gov.il]

Postharvest treatment by hot water brushing for 15–20 s
was introduced commercially to improve fruit quality of
mango fruits and reduce postharvest disease. This treat-
ment enabled successful storage for 3–4 weeks at 12 °C,
with improved color and reduced disease development,
but with enhanced lenticel discoloration on the fruit
peel. We investigated global gene expression induced

Phytoparasitica (2015) 43:369–381 373



in fruit peel by hot water brushing treatment and iden-
tified key genes involved in mechanisms potentially
associated with fruit resistance to pathogens, peel color
improvement and development of lenticel discoloration
which may explain the fruit’s phenotypic responses.
The transcriptome of mango fruit peel of cv. Shelly
was created and characterized by application of RNA-
seq. Gene-expression profiling identified three main
groups of genes associated with hot water brushing
treatment: 1) genes involved with biotic and abiotic
stress responses and pathogen-defense mechanisms,
which were highly expressed; 2) genes associated with
chlorophyll degradation and photosynthesis, which
showed transient and low expression; and 3) genes
involved with sugar and flavonoid metabolism, which
were highly expressed.

Identification and genetic mapping of PmAF7DS, a new
powdery mildew resistance gene in bread wheat (Triticum
aestivum)

I .N. Bheema Lingeswara Reddy1 , Y. Zewdua2 ,
A. Dinoor2, B. Keller3 and R. Ben-David1,*

1Department. of Vegetables and Field Crops, Institute of Plant
Science, Agriculture Research Organization – The Volcani
Center, Bet Dagan 50250; 2Department of Plant Pathology
andMicrobiology, The Robert H. Smith Faculty of Agriculture,
Food and Environment, The Hebrew University of Jerusalem,
Rehovot 76100, Israel; 3Institute of Plant Biology, University
of Zurich, Zollikerstrasse 107, 8008 Zurich, Switzerland

[*e-mail: roib@volcani.agri.gov.il]

In this study we used the Arina × Forno recombinant
inbred lines (RILs) population to identify and character-
ize resistance genes against powdery mildew (Pm) in
bread wheat (Triticum aestivum). Initially, the two pa-
rental lines (Arina and Forno) were screened with a
collection of 61 isolates of Blumeria graminis f. sp.
tritici (Bgt) from Israel. Only three Pm isolates
Bgt#210, Bgt#211 and Bgt#213 produced differential
reactions in the parents: Arina – resistant (IT=0), Forno
– intermediate (IT=2-3). Therefore, those three isolates
were used to inoculate the full RIL set. The segregation
patterns of plant reactions, among the RILs, indicated
that a dominant gene confers resistance to Bgt#210,
Bgt#211 and Bgt#213. The RIL population showed a
high degree of co-segregation between the three Pm
isolates indicating common genetic control of resistance.
This gene, temporarily designated PmAF7DS, was locat-
ed on the distal region of chromosome arm 7D. A
genetic map of the gene region was assembled with

simple sequence repeat (SSR), Expressed Sequence Tag
(EST) and Restriction Fragment Length Polymorphism
(RFLP) of markers from previous studies and the current
study, and assigned the gene to the 7D physical bin map
distal to Lr34\Yr18\Pm38. Based on the current genetic
map we may assume that this gene is a novel powdery
mildew resistance gene in wheat. The identified Pm
resistance gene may facilitate the improvement of pow-
dery mildew resistance in elite wheat cultivars via
marker-assisted selection.

DISEASE CONTROL - NEMATODES AND
ENDOPHYTES

Oxylipines – lipid signals regulating plant defense response
to root-knot nematode infection

N. Naor*, Y. Speigel and S.B. Horowitz

Dept. of Entomology, Nematology and Chemistry units, Plant
Protection Institute, Agriculture Research Organization – The
Volcani Center, Bet Dagan 50250, Israel

[*e-mail: nogaomesi@gmail.com]

The root-knot nematode Meloidogyne spp. is one of the
harshest soil-related problems in crops around the world.
This nematode maintains sophisticated interactions with
root cells using signal exchange between the nematode
and the plant. Different methods have been used trying
to eradicate this crop devastator, but without any suc-
cess. In this study, by combining genetic and biochem-
ical tools, we have investigated the lipid signal system
regulating the interaction between the plant-parasitic
nematode M. javanica and its host, Arabidopsis, by
focusing on interpreting these signals with fatty acids
oxidation products–oxylipines. We also aim to charac-
terize the role of the host plant gene family of Allene
Oxide Cyclase (AOC) and Allene Oxide Synthase
(AOS) in plant-nematode interactions and study the in-
volvement of pure oxylipines in hatching processes,
survival and development of nematodes. The accumulat-
ed results so far indicated that among the AOC gene
family, expression of AOC3 and AOC4 is strongly in-
duced by nematode infection. Furthermore, the use of
aoc3 and aoc4 mutants resulted in increased susceptibil-
ity as indicated by an increased number of females and
egg masses produced on mutant plants. Studying the
effect of pure oxylipines on second-stage J2 behavior
indicated that exposure of nematodes to certain
oxylipines elicits a potent and persistent paralysis of
J2s. Continuing the research might lead to a better
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understanding of factors regulating the outcome of this
parasitic interaction.

Improving plant resistance against root-knot nematodes
in an interface control management

D. Shtriker1,2,*, I.A. Gamliel 3 and S. Brown Horwitz1

1Department of Entomology, Nematology and Chemistry
units, Agriculture Research Organization – The Volcani
C e n t e r , B e t Da g a n 5 0 2 5 0 , I s r a e l [ * e -m a i l :
daniel.shtriker@mail.huji.ac.il]; 2Department of Plant Pathol-
ogy and Microbiology, the Faculty of Agriculture Food &
Environment, the Hebrew University of Jerusalem, Rehovot,
76100, Israel; and 3Laboratory for pest management research,
Institute of Agricultural Engineering, Agricultural Research
Organization, The Volcani Center, Bet Dagan 50250, Israel

[*e-mail: daniel.shtriker@mail.huji.ac.il]

Meloidogyne incognita, a root-knot nematode, is considered
worldwide to be a major destructive plant pest, damaging a
wide range of crops including ornamentals and vegetables. In
Israel, M. incognita infects pepper and tomato crops and can
reduce yield by 30 %.M. incognita infects and dwells in deep
roots, which facilitates nematode survival and is a great chal-
lenge in their management. The J2 stage of M. incognita
survives in deep soil layers and can migrate vertically to infect
the roots of a new-planted crop. Traditionally, nematode
control was achieved mainly by chemical measures,
mostly soil fumigants. However, the phase-out of soil
fumigants, including methyl bromide and other fumi-
gant-nematicides, results in there being few effective
tools to mitigate nematode infection in agricultural
crops. Nitrogen-phosphorus salts (NFS) can improve
plant tolerance to root-knot nematode and increase plant
growth and yield. The objectives of the current study
were to improve nematode control by enhancing plant
tolerance to nematode infection. We studied the effect of
combinations of urea and phosphite salt on the infection
of pepper transplants by M. incognita. We found that
mixtures of these compounds can reduce nematode re-
production by 60%, regardless of the nematode density
in the root zone. The effect of the NFS substances on
bell pepper root-knot nematode resistance will be inte-
grated in a management control interface to include
different soil treatments. In two heavily infested fields,
where different soil treatments took place with monthly
additions of NFS substances, we did not find root-knot
nematodes to the depth of 40 cm, and the monitoring of
the fields continues. Due to the lack of nematicides the
use of NFS substances can be an important contribution to
plant tolerance against the root-knot nematode M. incognita
and maybe to other pathogens.

The use of the endophytic fungus Daldinia concentrica and
its volatiles as a bio-control agent

O. Liarzi1,*, E. Bar2, E. Lewinsohn2 and D. Ezra1

1Department of Plant Pathology and Weed Research, Agricul-
ture Research Organization – The Volcani Center, Bet Dagan
50250, Israel; and 2Newe Ya'ar Regional Research Center,
P.O. Box 1021, Ramat Yishai 30095, Israel

[*e-mail: ornal@volcani.agri.gov.il]

Endophytic fungi are microorganisms that spend most of their
life cycle inside plant tissues without causing any visible
damage to the host plants. Many endophytes have been found
to secrete secondarymetabolites that may assist fungal survival
inside the plant, as well as confer fitness benefits to their hosts,
such as growth enhancement and tolerance to biotic and abiotic
stresses. Some endophytic fungi are capable of emitting vola-
tile organic compounds (VOCs), which may be biologically
active. The beneficial contributions of endophytic emission of
VOCs to their host are similar to those gained by other endo-
phytes that do not produce VOCs. In this study we report on
the isolation and characterization of an endophytic VOCs-
emitting fungus from an olive tree (Olea europaea L.) growing
in Israel. This isolate was identified as Daldinia concentrica.
We found that the VOCs emitted by the fungus exhibited
anti-fungal activity against various fungi of different phyla.
Results from postharvest experiments demonstrated that
D. concentrica prevented development of mold fungi on
organic dried fruit, and eliminated Aspergillus niger infec-
tion in peanuts. Gas chromatography–mass spectrometry
analysis of D. concentrica volatiles identified 28 VOCs
emitted by the fungus. On the basis of these VOCs we
prepared various mixtures, two of which demonstrated
strong anti-fungal activity against fungi of different phyla.
In postharvest experiments those mixtures prevented the de-
velopment of mold fungi on wheat grains and eliminated
A. niger infection in peanuts. Further experiments to examine
additional applications of the mixtures are in process.

The activity of Daldinia concentrica, an endophytic fungus,
and its bioactive volatiles against the plant parasitic nem-
atode Meloidogyne javanica

P. Bucki1,*, O. Liarzi2, D. Ezra2 and S. Brown Horwitz1

1Department of Entomology and Nematology and Chemistry
units, Agriculture Research Organization – The Volcani Cen-
ter, Bet Dagan 50250, Israel; 2Department of Plant Pathology
and Weed Research, ARO The Volcani Center, Bet Dagan
50250, Israel

[*e-mail: pbucki@volcani.agri.gov.il]
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During most of their life cycle, endophytic fungi are located
inside the plant tissue without causing any visible damage.
Many endophytes secrete secondary metabolites that possess
biological activity. Daldinia concentrica was isolated as an
endophytic fungus from an olive tree (Olea europaea L.) in
Israel. It was found to emit biologically active volatile
organic compounds (VOCs). Meloidogyne javanica is a
plant pathogenic, root-knot nematode and a major agricul-
tural pest. In this study, we tested the ability of
D. concentrica and its VOCs to control M. javanica J2
larvae. For this purpose, J2 larvae were exposed to the
fungus or to an artificial mixture based on its emitted
volatiles. We found that exposure of the J2 larvae to
D. concentrica resulted in 67% mortality of the larvae,
demonstrating nematicidal activity. The activity of the VOCs
mixture resulted in J2 mortality of 90%. In addition, it is
shown that although each of the VOCs significantly in-
creased the larvae mortality relatively to the control, one
of the compounds exhibited the same mortality level as the
whole mixture. This compound demonstrated nematicidal
activity similar to that of the fungus. Future studies will
aim to elucidating the mechanism of these compounds to
control nematodes as well as developing application proto-
cols for these compounds to improve nematode management
of infested soil.

VIRAL DISEASES

Squash vein yel lowing virus (SqVYV)—a new
cucurbit viral disease in Israel

V. Reingold1, O. Lachman1, N. Sela1, S. Omer2,
A. Koren3 and A. Dombrovsky1,*

1Department of Plant Pathology, Agriculture Research Orga-
nization – The Volcani Center, Bet Dagan 50250, Israel;
2Agricultural Extension Service (SHAAM), Ministry of
Agriculture, Israel, 3Hishtil Nursery, Nehalim, Israel

[*e-mail: aviv@agri.gov.il]

During spring 2014 unfamiliar watermelon vine decline
(WVD) symptoms were observed on 1,000 hectares of water-
melon plants (Citrullus lanatus Thunb) growing in open fields
in the Jordan and Beit-She'an Valleys, Israel. Disease symp-
toms consisted of systemic wilt and necrosis on leaves and
stems, in some cases leading to a dieback of the plants. Differ-
ent degrees of fruit distortion were observed, including exo-
carp deterioration and rotting of the fleshy mesocarp, leading
to unmarketable fruit. Virus purification was carried out from
watermelon exocarp or necrotic leaves. Transmission electron
microscopy analysis of purified virus preparations indicated
the presence of viral particles with a flexible filamentous

morphology. The disease could be transmitted by sap mechan-
ical inoculation and by the silverleaf whitefly Bemisia tabaci
vector from symptomatic plants to healthy cucurbits. The
purified virus preparations served for reverse-transcription
cDNA synthesis and PCR amplification to generate amplicons
of 590 and 848 bp using Squash vein yellowing virus (SqVYV)
primers located at the capsid protein gene. Cloned and se-
quenced PCR products demonstrated a high level of sequence
identity (98% and 97%) with a partial sequence of a watermel-
on isolate of SqVYV from Florida-U.S.A. using GenBank
database and BLASTanalyses. However, a lower identity level
(89%) was detected when compared to the complete genome
of SqVYV Florida isolate.

Evidence for Tomato yellow leaf curl virus replication in its
whitefly vector Bemisia tabaci B biotype

P. B. Cathrin and M. Ghanim*

Department of Entomology, Agriculture Research
Organization – The Volcani Center, Bet Dagan 50250, Israel

[*e-mail: ghanim@volcani.agri.gov.il]

Tomato yellow leaf curl virus (TYLCV) is a plant monopartite
ssDNA begomovirus which is exclusively transmitted by the
whitefly Bemisia tabaci in persistent, circulative, non-
propagative manner. Replication of TYLCV in its vector re-
mains controversial and thus far the virus has been considered
as non-propagative. Alteration in insect defense responses
upon virus retention led us to hypothesize that the immune
system plays a role in suppressing virus replication. We thus
imposed stress conditions on the whitefly, in addition to the
virus, and measured the expression levels of three viral gene
sequences on the virus and complementary DNA strands, over
time. As expected, under normal rearing conditions, the virus
levels accumulated for up to two days then continuously de-
creased over seven days of the retention experiments. In con-
trast, when whiteflies acquired TYLCVand were then exposed
to two pesticide treatments (acetamiprid and imidacloprid) the
virus levels increased. Alternatively, following virus acquisition
with exposure to heat stress of 35 °C, the virus levels gradually
decreased, without the typical initial accumulation. Switching
whiteflies between these treatments and controls caused fluctu-
ating increase and decrease in the virus levels, depending on the
treatment. Florescence in situ hybridization analysis confirmed
these results and showed the virus accumulation signal in
midgut epithelial cells nuclei. Altogether, our results demon-
strate for the first time that a ssDNA begomovirus is able to
accumulate in its insect vector under stress conditions. These
results have important implications on virus dynamics and
levels in vector populations in the field under changing envi-
ronmental conditions.
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Development of a fluorescent in situ hybridization (FISH)
technique for visualizing of CGMMV in plant tissues

D. Shargil1,*, H. Zemach2, E. Belausov2, O. Lachman1, A.
Dombrovsky1 and R. Kamenetsky2

1Departments of Plant Pathology and Weed Research, and
2Ornamental Horticulture, Agriculture Research Organization
– The Volcani Center, Bet Dagan 50250, Israel

[*e-mail: dorit.shargil@gmail.com]

Cucumber green mottle mosaic virus (CGMMV) belongs to
the genus Tobamovirus and is a major pathogen of cucurbits.
Currently, ELISA and PCR are employed for the detection of
this virus, but it is important to develop a simple and reliable
system to visualize the pathogen in situ. To this purpose a
fluorescent in situ hybridization (FISH), using oligonucleotide
labels with red Cy3 (Cyanine 3) or green FITC (Fluorescein
Isothiocyanate) at the 5' terminus of the probes was developed.
The FISH methods for the localization of CGMMV in the
vegetative and reproductive tissues of cucumber and melon
were found to be reliable and repeatable. Using this method it
was possible to distinguish between the anther and the pollen
grains in the male flower. The anther was infected by the virus
while the virus was not observed in pollen grains. These results
can have important epidemiological implication in the manage-
ment of CGMMV, e.g. the data can help explain why no insect
has been shown to vector CGMMV through pollination.

Genetic structure of Potato virus Ypopulations in potato in
Israel

L. Avrahami-Moyal*, Y. Tam, N. Sela and V. Gaba

Department. of Plant Pathology and Weed Science,
Agriculture Research Organization –The Volcani Center, Bet
Dagan 50250, Israel

[*e-mail: moyal.liat@gmail.com]

Leafy shoots from daughter tubers of various potato (Solanum
tuberosum L.) cultivars grown in the spring 2014 season in the
NW Negev region of Israel were screened for Potato virus Y
(PVY) infection by ELISA using a broad spectrum monoclo-
nal antibody mixture (Bioreba Co). Selected PVY-infected
plants were screened using the immunocapture multiplex
reverse-transcription polymerase chain reaction (IC-RT-PCR)
method of Chikh-Ali et al. (Plant Disease 1370, 97, 2013),
developed to identify PVY isolates with unusual recombinant
structures. All field PVY strains tested by the IC-RT-PCR
method were found to be recombinants of the classical PVYO

and PVYN strains. These strains were also found in a highly
infected test plot in the Sharon region, and also in our

collection of field strains. The relative distribution of viral strains
varied in every field. Small RNA populations of representative
plants infected with each of the above PVY strain groups were
"deep sequenced" by IlluminaMiSeq, and full-length sequences
assembled for each strain, with some ancillary Sanger sequenc-
ing. No other plant virus was observed in these samples.

EMERGING DISEASES

Mortality of young avocado plants: identification of the
causal agent and development of means for management

D. Shtienberg1,*, E. Simanski2, R. Shulhani1, M. Borenstein1,
M. Golani3, N. Okon-Levy1, M. Sharon1, and S. Freeman1

1Department of Plant Pathology and Weed Research, Agricul-
ture Research Organization – The Volcani Center, Bet Dagan
50250, Israel; 2Nevatim Ltd., Carmel, Israel; and 3Luxem-
bourg Industries Ltd., Tel Aviv, Israel

[*e-mail: danish@volcani.agri.gov.il]

Since 2013, branch dieback and mortality of young avo-
cado plants has been observed a few months after planting,
throughout Israel. The incidence of affected trees ranged
from 10 to 40 % (national average ca. 20 %). Pruning
made at the graft section in trunks revealed necrosis which,
in most cases, developed at the scion. Two fungi were
routinely isolated from symptomatic tissues: Lasiodiplodia
theobromae (LT) and L. pseudotheobromae (LPT). Both
fungal species belong to the Botryosphaeria group, identi-
fied according to morphology and molecular analysis. Dis-
ease symptoms developed also in nurseries, where mortal-
ity of seedlings was observed soon after grafting. During
the years 2012 and 2013, approximately 150,000 avocado
seedlings died in nurseries and young plantations. Typical
Botryosphaeria symptoms were also observed in mother-
tree plantations from where scions were taken—both fungi
were also isolated from these trees. Koch postulate tests
were successfully completed to verify the involvement of
LT and LPT in the development of symptoms. All avocado
trees used to provide propagation material to nurseries
were disqualified by the Extension services and the Plant
Protection and Inspection Services of the Ministry of Ag-
riculture, and who also identified new, non-infected plan-
tations for this purpose. At the same time, ARO re-
searchers developed a protocol for producing disease-free
material for grafting in the nurseries. This protocol has
been implemented since early 2014 and, to date seedling
mortality in the nurseries is negligible. In a series of
experiments carried out in commercial avocado plantations
in 2013-14, spraying potassium phosphite (Canon) at six
week intervals reduced mortality of young trees by 50%.
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Botryosphaeria in deciduous trees: determination of the
causal agent and disease development in young trees

D. Ezra1,*, E. Simanski2, S. Antman3, R. Shulhani1, M.
Borenstein1, M. Golani4, M. Hershcovich 1, O. Liarzi1 and
D. Shtienberg1

1Department of Plant Pathology and Weed Research, Agricul-
ture Research Organization – The Volcani Center, Bet Dagan
50250, Israel; 2Nevatim Ltd., Carmel, Israel; 3Agricultural
Extension Service (SHAAM), Ministry of Agriculture, Israel
and 4Luxembourg Industries LTD, Tel Aviv, Israel

[*e-mail: dezra@volcani.agri.gov.il]

Dieback and mortality of young deciduous fruit trees
(apricot, peach, nectarine and plum) were observed
throughout Israel during the last few years, mainly in
newly planted orchards. Mortality of individual plants in
new orchards is not uncommon. The phenomenon de-
scribed refers to incidence of 30 % and more of new
plantings. Additionally, reports from nurseries describe
significant losses of grafted plants at all stages of pro-
duction, in total thousands of plants. Significant damage
was also observed in mature trees of various deciduous
species. Symptoms of the disease on young plants in the
nurseries are expressed as secretion of gummosis at the
grafting area, followed by necrosis and drying out of the
grafted section, and in some cases development of the
necrosis to the stock and plant death. In some of the
young plants the disease does not develop at this stage,
but their development is delayed and only when they
are planted in the orchard is the disease expressed.
Symptoms found in the orchard are similar to those
described at the nurseries: secretion of gummosis on
the branches and trunk, delayed plant development, die-
back of the branches and eventually tree death. Sections
of trunks and branches revealed characteristic necrosis
of the xylem and phloem. Fungi routinely isolated from
symptomatic tissues belong to the Botryosphaeria group,
identified according to morphology and molecular anal-
ysis as Neoscytalidium dimidiatum. Koch postulates
were completed by direct infection of healthy plants
with the fungal mycelium or using artificially infected
grafting material. Since N. dimidiatum was isolated from
symptomatic plants from different nurseries, we assumed
that the origin of the pathogen is the mother plants used
as the main source for grafting propagation material.
Inspection of the source collection of deciduous varieties
revealed significant distribution of Botryosphaeria and
wood degrading fungi in the trees. Extension service
personnel together with the plant production and mar-
keting board started to build a new collection of non-

infected mother plants. Methods to cope with the disease
in the nurseries and young plants in the orchards are
under study as part of a "Botryosphaeria Hosen pro-
ject". The economic damage to the growers caused by
the disease includes the loss of trees and also reduced
fruit yield. We found that the size and weight of the
fruit developing on diseased trees are smaller than those
on healthy trees.

Dissemination of the fungi Fusarium euwallaceae,
Graphium sp. and Acremonium sp., in symbiosis with the
ambrosia beetle Euwallacea nr. fornicatus

M. Sharon*,1, M. Maymon1, A. Protasov2, O. Margalit2, K.
Mohotti3, K. O'Donnell4, Z. Mendel2 and S. Freeman1

1Departments of Plant Pathology and Weed Research and
2Entomology, Agriculture Research Organization – The
Volcani Center, Bet Dagan 50250, Israel; 3Tea Research In-
stitute of Sri Lanka, Entomology and Nematology Division, St.
Coombs, Talawakelle 22100, Sri Lanka; 4Bacterial Foodborne
Pathogens and Mycology Research Unit, NCAUR-ARS-
USDA, Peoria, IL 61604, USA

[*e-mail: ms_me100@yahoo.com]

Fusarium euwallaceae is carried within mycangia of the
ambrosia beetle Euwallacea nr. fornicatus, both new
invasive species in Israel. To date, the beetle has been
recorded from 48 tree species in 25 botanical families,
and among the most affected is avocado. The adult
female tunnels a gallery in the xylem and inoculates it
with F. euwallaceae. The adult beetle and larvae feed
on the fungus. The xylem adjacent to the galleries
stains brown, becoming necrotic and non-functional,
resulting in branch dieback. The beetle has now spread
to 60 % of the avocado plantations in Israel and was
found recently in California. Molecular analyses of the
F. euwallaceae collection demonstrated uniformity of
isolates from different areas in Israel, tree species and
Californian isolates, indicating a single origin. In some
tree species the beetle penetrated the sapwood, without
or with minimal fungal colonization. In both instances
the beetle does not reproduce. Two additional fungi
were isolated from the heads of beetles: Graphium sp.
and Acremonium sp., both mainly in callow adults.
Both were isolated also from galleries. Larvae grown
solely on F. euwallaceae or Graphium sp. completed
their life cycle; unlike larvae grown solely on
Acremonium sp. or non-specific Fusarium spp. The
interactions of Graphium sp. and Acremonium sp. with
the beetle and their pathogenic role in avocado are
under study.
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Phytophthora species in citrus in Israel

E. Levy1,*, G. Elkind1, E. Gomberg1, Y. Meller Harel1, E.
Teverovsky1, R. Gofman1, M. Hamburger1, I. Assoulin3, Y.
Oren2 and I. S. Ben-Ze’ev1

1Plant Protection and Inspection Services (PPIS); 2Extension
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[*e-mail: ednal@moag.gov.il]

Exports of red grapefruit from Israel to China were
suspended in April 2012 due to an interception of
brown rot fruit disease caused by the pathogen
Phytophthora syringae (Berk.), a quarantine pathogen
in China. To resume exports to China, the Plant Protec-
tion and Inspection Services (PPIS) revised orchard sys-
tem management regarding the use of pesticides and
agro-technology, as well as the detection level in the
laboratory. Eight Phytophthora spp. known to attack
citrus were imported from the American Type Culture
Collection for molecular and morpho-physiological stud-
ies regarding growth temperature, selective media, my-
celium, zooospores and oospores. Hithereto, the
Phytophthora spp. known in Israel on citrus were
P. citrophthora, P. parasitica and P. hibernalis (the last
found 40-50 years ago). A Phytophthora survey was
initiated to clarify whether P. syryngae was present in
Israel on citrus varieties and to find Phytophthora-free
areas destined for export to China; tests for the presence
of the pathogen were conducted in soil, roots and fruit.
Morphological distinction between P. syringae and
P. hibernalis has always been difficult due to many
similarities. DNA sequences allow a distinction, although there
is still controversy if this distinction is at the species level or
below. The preliminary results of our survey reveal one species
in the root zone: P. nicotiana (formerly P. parasitica), and
P. citrophthora, and P. syringae on fruit. Areas free of
P. syringae were found for export.

Interception and characterization of bakanae disease of
rice in Israel

Y. Meller Harel1,*, Y. Haza2, D. Cafri2, G. Elkind1, E.
Teverovsky3, R. Gofman3 and E. Levy1

1Laboratory of Plant Pathology; 2Quarantine Unit and 3Lab-
oratory of Molecular Biology, Plant Protection and Inspection
Services (PPIS), Ministry of Agriculture and Rural Develop-
ment, Bet Dagan 50250, Israel
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Bakanae is one of the oldest diseases of rice in Asia. In Japan,
where it was first described, its name means Bfoolish seedling^.
Among the variety of symptoms of the disease, the most
characteristic one is hypertrophy of the primary leaves of the
seedlings due to secretion of gibberellic acid by the fungal
disease agents, the Gibberella Fujikuroi Species Complex
(GFSC). Fusarium spp. belonging to GFSC have morpholog-
ical as well as biological specificities that will be described.
However, molecular biological tools are crucial for differenti-
ating the fungal species involved in GFSC in general, and in
bakanae disease of rice in particular. We will present a case
study of bakanae disease intercepted in an experimental rice
field in the north of Israel. We will show how a F. andiyazi
isolate, belonging to GFSC, was identified. This work gives a
good example of the advantage in combining classical micro-
biological tools with molecular biology for diagnosis of a
disease agent.

BACTERIAL DISEASES

Plant diseases caused by fastidious prokaryotes - an over-
view and research directions

Ofir Bahar

Department of Plant Pathology and Weed Research, Agricul-
ture Research Organization – The Volcani Center, Bet-Dagan
5025001, Israel

[email: ofirb@agri.gov.il]

Fastidious prokaryotes are a group of bacteria defined by
their inability, or particular requirements, for in vitro
growth. The main characteristics of this group are lack of
cell wall and complete dependence on host for survival, as
they are intra-cellular inhabitants of the host and, in most
cases, being unable to grow in axenic culture. Among this
group are several plant pathogens causing significant dam-
age to agricultural crops. These diseases are mainly caused
by bacteria of the genera Phytoplasma, Spiroplasma and
Liberibacter, and depend on insect vectors for distribution.
In recent years, the Liberibacters have gained much atten-
tion with the dissemination of Huanglongbing of citrus
(citrus greening) disease to the Western world and the
recent association of Liberibacter species with diseases in
other major crop plants such as potato, tomato and carrot.
Phytoplasma diseases have been wide-spread for many
years and cause significant losses in vineyards, orchards,
ornamentals and field crops. I will review several diseases
caused by fastidious prokaryotes in Israel and around the
world, highlighting the difficulties in managing these dis-
eases and the current research in this field.
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Serine proteases and cell-wall degrading enzymes are in-
volved in blister formation on tomato leaves by Clavibacter
michiganensis subsp. michiganensis

L. Chalupowicz1,*, M. Reuven1, O. Dror1, I. Barash2, G.
Sessa2 and S. Manulis-Sasson1
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Clavibacter michiganensis subsp. michiganensis (Cmm) is the
causal agent of bacterial canker and wilt of tomato, an eco-
nomically important disease worldwide. Pathogenicity of
Cmm is primarily dependent on the presence of two plasmids
(pCM1 and pCM2) and a chromosomal pathogenicity island
(PAI) harboring several serine proteases. Cmm can enter the
plant through wounds or natural openings causing wilting of
the whole plant or blister formation on leaves. The genome of
Cmm contains numerous genes encoding for extracellular ser-
ine proteases and cell wall degrading enzymes. In this study we
examined the hypothesis that virulence genes are differentially
expressed during blister formation as compared to wilting of
the plant. Tomato seedlings spray-inoculated with Cmm382
(wild type) and Cmm100 (lacking both plasmids) formed
blisters on leaves eight days post inoculation, whereas
Cmm27 (lacking the PAI) did not. The use of GFP labeled
Cmm strains showed that the wild type and Cmm100 formed
aggregates and penetrated mainly through trichomes, coloniz-
ing the intercellular space of the mesophyll tissue. In contrast,
Cmm27 was unable to penetrate and colonize the leaf. Expres-
sion of the serine proteases chpC, ppaA and sbtAwas highly
induced at 8-16 h after spray-inoculation, whereas the plasmid-
located genes celA and pat-1 were hardly expressed. The chpC
mutant did not form blisters on tomato leaves. In addition to
serine proteases other chromosomal genes involved in cell wall
degradation contributed to blister formation. Results of this
study showed that Cmm differentially expressed virulence
genes according to the site of penetration in tomato plants.

Predicting severity of bacterial canker and wilt caused by
Clavibacter michiganensis subsp. michiganensis in tomato
greenhouses

L. Blank1,*, Y. Cohen2, M. Borenstein1, R. Shulhani1, M.
Lofthouse3, M. Sofer3 and D. Shtienberg1

1Department of Plant Pathology and Weed Research; and
2Institute of Agricultural Engineering, Agriculture Research
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Clavibacter michiganensis subsp. michiganensis (Cmm) is the
causal agent of bacterial canker and wilt of tomato (Solanum
lycopersicum). In the year 2000 there was an increase in the
number of infected greenhouses and in the severity of the
disease in Israel. As part of the effort to cope with the disease,
a comprehensive survey was conducted. Inspectors visited the
surveyed plots (681 in total) monthly and assessed the severity
of the disease and recorded relevant details of the crop and the
cultural practices employed. The variables were divided into
three groups: (1) variables affecting primary inoculum inside
and (2) outside the plots, and (3) variables affecting disease
severity during the season. We tested these three groups of
variables including or excluding three hierarchical scales:
grower, village and local council, as variables. The results
suggested an absence of anisotropy pattern in the study region.
Global Moran's I analysis showed that disease severity had
significant spatial autocorrelation. We found that the strongest
spatial autocorrelation occurred within a 1900 m neighbor-
hood. The contribution of the three hierarchical scales de-
creased when ascending from small (grower) to larger (local
council) scales. When the grower was included in each group
of variables, the explained variation increased from 0.09, 0.04
and 0.35 to 0.49, 0.44 and 0.65 for the first, second and third
groups of variables, respectively. Overall, the results of this
study demonstrate that the most influential factor on bacterial
canker severity was "the grower". This variable probably
encompasses variation in experience and differences in agri-
cultural practices between growers.

Comparative genomics in Acidovorax citrulli: analyses of
type III secreted effectors and group-specific DNA regions

N. Eckshtain-Levi1*, M. Gershovits2, R. Walcott3, T. Pupko2

and S. Burdman1

1Department of Plant Pathology and Microbiology, The
Robert H. Smith Faculty of Agriculture, Food and
Environment, The Hebrew University of Jerusalem, Rehovot,
Israel; 2Department of Cell Research and Immunology,
George S. Wise Faculty of Life Sciences, Tel Aviv University,
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Acidovorax citrulli is the causal agent of bacterial fruit blotch
of cucurbits. Serious economic losses due to bacterial fruit
blotch occurred in watermelon and melon in many parts of
the world, and the disease represents a serious threat to the
cucurbit industry. A. citrulli requires a type III secretion system
for pathogenicity. The type III secretion system injects effector
proteins directly into the plant cell, which collectively allows
the pathogen to manipulate the host cellular activities to its
own benefit. Comparative analyses of effector sequences from
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various A. citrulli strains combined with experimental data
support the existence of at least three groups within this spe-
cies. We are investigating the contribution of type III effector
genes in virulence and host preferential association of
A. citrulli following mutagenesis of selected genes in combi-
nation with appropriate virulence assays. We are using yeast
growth inhibition assays to explore the contribution of a single
effector to pathogen virulence. We demonstrated that expression
of some of the effectors in yeast affects its survival. Moreover,
for some effectors the strength of the effect was associated with
SNP variation between groups. In addition, we are performing
comparative genome analysis between two model strains that
represent the two major groups of A. citrulli, M6 (group I) and
AAC00-1 (group II). Preliminary results revealed that 8 major
genomic segments present in the AAC00-1 genome, ranging
from ~30 to 120 kb, are absent in M6. Those segments lacking
in the M6 genome explain why its size is ~500 kb less than that
of AAC001. We are now exploring whether these findings
reflect broad differences among the two groups of strains.
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Chemical control of downy mildew in basil caused by
Peronospora belbahrii

Y. Cohen*, M. Vaknin and Y. Ben Naim

Faculty of Life Sciences, Bar Ilan University, Ramat Gan
5290002, Israel
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The efficacy of fungicides in controlling basil downy mil-
dew was tested during 2012-2014 in the greenhouse and the
field. Experiments conducted in 2012 were performed with
plants inoculated with mefenoxam (MFX)-sensitive isolates
whereas those of 2013-2014 were performed with plants
inoculated with MFX-resistant isolates. When inoculating
with a MFX-sensitive isolate, MFX was most effective
control agent: ED50 values were about 1 and 10 ppm (active
ingredient) in potted plants and the field, respectively. MFX
lost efficacy at the end of 2012 when MFX-resistant isolates
appeared in the country (1). Therefore, fungicides with an-
other mode of action were tested, including: protectants,
CAAs, QoIs and Phosphites. In both greenhouse and field
experiments CAAs (e.g. dimethomorph, mandipropamid)
and QoIs fungicides (e.g. azoxystrobin) and their mix-
tures were highly effective, whereas protectants and
Phosphites were poorly active. The plant activators Bion
and BABA showed partial efficacy against the MFX-
sensitive isolate but not against the MFX-resistant
isolates.

Reference

1. Cohen, Y., Vaknin, M., Ben-Naim, Y., Rubin, A. E.,
Galperin, M., Silverman, D., Bitton, S. & Adler, U.
(2013). First report of the occurrence and resistance to
mefenoxam of Peronospora belbahrii, causal agent of
downy mildew of basil (Ocimum basilicum) in Israel.
Plant Disease, 97, 692.

Phytoparasitica (2015) 43:369–381 381


	Abstracts of presentations at the 36th Congress of the Israeli Phytopathological Society
	Reference


