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INVITED LECTURES

Soil amendment with biochar improves plant
growth and plant health

Y. Elad*, E. R. Graber, M. Kolton, E. Cytryn, Y.
Meller Harel, O. Frenkel, A. Kumar Jaiswal, Z.
Mehari Haile, S. Segal and D. Rav David

ARO, The Volcani Center, Bet Dagan 50250, Israel
[*e-mail: elady@volcani.agri.gov.il]

For several years we have studied the effect of biochar
on plants. Biochar is a product of thermochemical
decomposition of organic material at elevated temper-
atures and low oxygen levels (pyrolysis). The half-life
of biochar is hundreds of years and longer. Once
placed in soil it turns into carbon storage and the result
is CO2 removal from the atmosphere and reduction of
N2O and methane emissions. Organic wastes that are
converted into char by pyrolysis can also be used as a
soil conditioner. Biochar can improve soil tilth, pro-
ductivity, nutrient retention and availability to plants
via slow-release fertilizing and it improves water- and
nutrient-holding capacity. Positive effects of biochar
soil amendment on field crops and trees grown under
greenhouse and commercial conditions have been
reported. In our research biochar was applied in pots
and under semi-commercial conditions for intensive
cropping systems. The impact of biochar on plant
growth, tested with tomato, cucumber, sweet pepper
and wheat plants grown under an optimal fertilization

and irrigation regime, proved that biochar plant-
growth stimulation goes beyond obvious contributions
to plant nutrition and improved soil physical and
chemical properties. Growth stimulation of plants re-
sults from either chemical or physical attributes of the
biochar that either directly affect plants or indirectly
affect the soil microflora. Indeed, biochar caused sig-
nificant changes in microbial community composition
in both bulk soil and the rhizosphere towards benefi-
cial plant growth-promoting rhizobacteria and fungi.
Biochar amendment was generally characterized by an
increase in the relative abundance of members of the
Actinobacteria and Bacteriodetes phyla. Moreover,
biochar in soil resulted in suppression of the foliar
pathogens of several crops. These included
Podosphaera aphanis (powdery mildew), Botrytis
cinerea (gray mold) and Colletotrichum acutatum
(anthracnose) of strawberry plants, and B. cinerea
and Oidiopsis sicula (Leveillula taurica) powdery mil-
dew in pepper and tomato plants. Research on the
effect of biochar on soilborne diseases is ongoing.
The fact that the biochar site of activity is spatially
separated from the site of infection indicates an induc-
tion of systemic response of the plant against the
pathogens. Indeed, molecular evidence for both sys-
temic acquired resistance and induced systemic resis-
tance pathways by biochar in strawberry plants and of
induced systemic resistance in tomato plants was
presented recently. Priming of plants to pathogen in-
fection was also found. All in all, biochar soil amend-
ment has been found to be effective in promoting plant
growth and plant health. The research is funded by the
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Autonomous Province of Trento, Call for Proposal
Major Projects 2006, Project ENVIROCHANGE;
and by the Chief Scientist’s Fund of the Israel
Ministry of Agriculture and Rural Development.

Downy mildew in basil, a new disease in Israel

Y. Cohen1,*, M. Galperin1, M. Vaknin1, Y. Ben-Naim1,
A.E. Rubin1, D. Silverman2, S. Bitton2 and U. Udler3

1Faculty of Life Sciences, Bar-Ilan University, Ramat
Gan 52900 [*e-mail: ycohen@mail.biu.ac.il];
2Shaham, Ministry of Agriculture and Rural
Development, Bet Dagan 50250; and 3The Plant
Council, Yahud 56000, Israel

Downy mildew in basil in Israel was first reported from
Emek Hama’yanot near Bet She’an in December 2011.
During 2012, the disease spread throughout the country to
all growing areas of basil, causing severe economic
losses. The causal agent is the oomycete Peronospora
belbahrii. The pathogen produces chlorotic lesions on
leaf blades with dark sporangia on their lower surface.
The spores disseminate by wind or water splash, germi-
nate with a germ-tube and penetrate directly into the
epidermal cells. The latent period from infection to spor-
ulation lasts 7–13 days, depending on inoculum concen-
tration and temperature. Infection takes place at 5–29°C
and requires free moisture for at least 2 h. Colonization is
optimal at 25°C. Sporulation occurs in darkness within
9 h, and requires >90%. r.h. Exposure for 1 h of healthy
trap plants to a spore shower in nature was sufficient to
produce 90% infection. Dispersed spores could survive
on leaf surfaces for up to 2 days, depending on tempera-
ture and r.h. Spore dispersal in nature occurs continuously
with no noticeable peak during the day. Effective control
of the disease under field conditions was achieved with
mefenoxam. Other effective fungicides were (in declining
order) mandipropamid, dimethomorph and azoxystrobin.
Unfortunately, an isolate resistant to mefenoxam appeared
in November 2012. PCR assays with the specific primers
Bas and Bas1 indicated the occurrence of P. belbahrii in
symptom-less plants as well as in germlings of
commercial seeds. Microscopic examinations re-
vealed hyphae of P. belbahrii in flower petals
and anthers. Current research is aimed at elucidat-
ing the mechanism of seed infection and disease
transmission via seeds. The role of latent infection
in disease outbreak will also be investigated.

pH modulation of infected host as a mechanism for
induced pathogenicity in postharvest pathogens

D. Prusky1,*, S. Barad1, I. Kobiler1 and A. Sherman2

1Dept. of Postharvest Science of Fresh Produce
[*e-mail: dovprusk@volcani.agri.gov.il]; and 2Dept.
of Genetics, ARO, The Volcani Center, Bet Dagan
50250, Israel

Insidious fungal infections by postharvest pathogens
remain quiescent during fruit growth until, at a partic-
ular phase during fruit ripening and senescence, the
pathogens switch to the necrotrophic life style and
cause decay. During ripening, fruits undergo physio-
logical processes, such as activation of ethylene bio-
synthesis, cuticular changes, cell-wall loosening–
changes that are accompanied by a decline of antifun-
gal compounds, both preformed and inducible second-
ary metaboli tes and host environmental pH
modulation. Pathogen infection of unripe host fruit
will initiate defensive signal-transduction cascades
culminating in accumulation of antifungal-proteins
that limit fungal growth and development. In contrast,
development of the same pathogens during fruit rip-
ening and storage activates a substantially different
signaling network, one that facilitates aggressive fun-
gal colonization. This report focuses on responses
induced by the quiescent and necrotrophic pathogen
of postharvest diseases such as Colletotrichum
gloeosporioides and Penicillium expansum in unripe
and ripening fruits. New genome scale experimental
approaches have begun to delineate the complex and
multiple networks of host and pathogen responses
activated to maintain or to facilitate the transition from
quiescence to necrotrophic life style.

DISEASE CONTROL

Integrated control of Alternaria blotch on cv.
‘Cripps Pink’ apple fruits

L. Gur1,2,*, M. Reuveni1, R. Stern3 and Y. Cohen2

1Golan Research Institute, University of Haifa,
Qatzrin 12900 [*e-mail: liogur@gmail.com];
2Faculty of Life Sciences, Bar-Ilan University, Ramat
Gan 52900; and 3MIGAL, Galilee Technology Center,
Qiryat Shemona 11016, Israel
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Alternaria blotch, caused by Alternaria alternata apple
pathotype (A. mali), is an economically important dis-
ease of apple. An increase in disease severity on leaves
and mainly on fruits of the prestigious cv. ‘Cripps Pink’
(Pink Lady) was recently observed in Israel. The fungus
caused external decay on the fruit body or on cracks
around the fruit calyx, and damaged up to 80% of the
fruits in some orchards. Such heavy infection on fruits
has rarely been reported in other regions of the world.
Severe damage was observed especially in fruits facing
the sun, or at the top of the tree. As an integrated control
strategy we used a fungicide, a growth regulator (to
reduce calyx cracks), an induced resistance compound
and shade nets. The results showed that the fungicide
Ortiva-Top (Makhteshim Chemical Works Ltd., Israel)
was most effective against conidial germination, myce-
lial growth and decay development in detached fruits.
Applications of Ortiva-Top and two or three sprays of
the growth regulator Superlon(GA4 + 7, 6-
benzyladenine; Merhav Agro Fine Agrochemicals,
Israel) in orchards provided the best control of the
disease in leaves and fruits. Integration of a fungicide
and a growth regulator, together with shade net (20%),
in a commercial orchard, greatly improved disease con-
trol. Injection of 0.1% of the induced resistance com-
pound BABA (β-aminobutyric acid) to the fruit
mesocarp 4 days before inoculation, or foliar sprays on
the fruits in the orchard, were as effective as the com-
mercial fungicide. The combination of an inducer, a
fungicide and a growth regulator together with a shade
net, seems to provide an adequate integrated disease
control strategy.

Lettuce big-vein disease: Disease control by soil
fumigation

M. Elbaz1,*, M. Soffer1, A. Dombrovsky2, O.
Lachman2, M. Grinberg2, S. Mordechai-Lebiush3 and
L. Tsror3

1Negev R&D, Habesor Farm 85400 [*e-mail:
elbazmoshe@mopdarom.org.il]; 2Dept. of Plant
Pathology and Weed Research, ARO, The Volcani
Center, Bet Dagan 50250; and 3Dept. of Plant
Pathology and Weed Research, ARO, Gilat Research
Center 85280, Israel

The Lettuce big-vein disease is common in the Besor
region when soil temperatures are below 20°C.

Infected plants show vein enlargement and clearing,
with the leaves becoming ruffled and malformed.
These symptoms are usually accompanied by a reduc-
tion in the size of plants: head lettuce may fail to form
marketable heads. According to the literature, two
different viral particles can be isolated from symptom-
atic lettuce plants: Lettuce big vein associated virus
(LBVaV) and Mirafiori lettuce big vein virus
(MiLBV). Both viruses are transmitted by motile zoo-
spores of the soilborne fungus Olpidium. We observed
that the dominant vector species found in lettuce roots
was Olpidium virulentus. The aim of this study was to
evaluate the efficiency of soil fumigation in control-
ling the disease. Last year a field experiment was
conducted in the winter in two plots known to be
contaminated with Olpidium. The soil fumigants test-
ed included: chloropicrin, dimethyl disulfide, methyl
bromide and metham sodium. Two varieties, Romaine
and Iceberg, were used. The main results obtained
indicated that in the chloropicrin and methyl bromide
treatments, virus-infested plants (confirmed by
ELISA) and disease incidence were significantly re-
duced (70–80% on average in both varieties for both
parameters). Moreover, in chloropicrin and methyl
bromide treatments the head weight was increased by
300 g on average compared with the control. None of
the other treatments was effective in reducing either
infection or disease symptoms. Future research will
examine chloropicrin doses, timing of fumigation
treatments as well as other lettuce cultivars.

DISEASE CONTROL–NEMATODES AND FUNGI

Bionem establishment as a nematode biological
control agent in Israel and abroad

M. Lazare* and Y. Benyamini

Luxembourg Industries Ltd., Tel Aviv 6812509, Israel
[*e-mail: michel@luxembourg.co.il]

Bionem, based on a local bacterial isolate, Bacillus
firmus, was developed in Israel in the late 1990’s by
Agrogreen, a unit of the Minrav Group. The use of a
wettable powder formulation started in 2003 and ex-
panded in the Israeli agriculture. In Israel, Bionem is
approved for the control of six nematode species in a
large variety of annual and perennial crops. In 2009
Bayer acquired the operations, and since 2011 the
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bacterium has been marketed in the U.S.A. for corn,
soybean and cotton crops as a seed coating to reduce
nematode damage in the early stages of growth and to
increase yields. The product is also marketed for nem-
atode control in lawns, and in Europe for control in
carrot crops. The registrations for other crops are in
progress. According to Bayer’s publications, the list of
nematodes controlled by the product includes dozens
of pathogenic nematode species. In many studies we
find that the bacteria’s activity in soils is maintained
over an extended period of time. Activity declines
after 80 to 100 days from the application. Over the
years, various research groups have contributed to
elucidate the mechanism of biocontrol activity: sec-
ondary metabolites, secreted by the bacteria, causing
rapid paralysis and death of eggs and juveniles of
plant-parasitic nematodes. From the metabolites of B.
firmus, a nematocidal biosurfactant was purified and
evaluated for nematocidal activity. The identification
of enzymes produced by the bacteria–proteases, amy-
lases, lipases, and cellulases–suggests that other
modes of action against nematodes remain unknown.

MCW-2, a new nematic ide developed by
Makhteshim-Agan

D. Karmon1, *, A. Azmon1, R. Hefez2 and Y. Oka3

1Makhteshim-Agan, Airport City 70151 [*e-mail:
danny.karmon@ma-industries.com]; 2Makhteshim
Chemical Works, The Agricultural Department,
Airport City 70151; and 3Nematology Unit, Gilat
Research Center, ARO, M. P. Negev 85250, Israel

Nematode damage to crops worldwide is valued today
at more than 120 billion dollars per annum. Existing
measures taken by farmers to cope with nematode
damage vary and include crop rotation, resistant vari-
eties, sanitation, ‘suppressive crops’, different organic
substances and chemical plant protection products
(PPPs). The variety of PPPs has declined over recent
years. Methyl bromide was phased out and other soil
fumigants, like metham sodium and dichloropropene,
are under increasing regulatory pressure. Specific
nematicides belong mostly to organophosphate (OP)
and carbamate groups with a common mode of action,
and are also under increasingly heavy regulatory pres-
sure in many countries. Makhteshim-Agan is in the
registration process for MCW-2, which contains the

active ingredient fluensulfone. The material belongs to
a new chemical class–fluoroalkenyle (-thioether).
MCW-2 is a true nematicide with irreversible activity
on nematodes, causing their death, in contrast to OP’s
and carbamates that have only reversible nematostatic
activity. MCW-2 has a novel mode of action and
affects different developmental stages of nematodes
in a variety of ways. MCW-2 has a tox and ecotox
profile which is much better than the existing nemati-
cides currently on the market. The registration file has
already been submitted in several leading countries
with the main target crops being vegetables from the
families of Solanaceae and Cucurbitaceae. Additional
crops will be added to the registration at a later stage.
The global field trial program proved the excellent
efficacy of MCW-2 in controlling root knot nematodes
(Meloidogyne spp.) as well as a variety of other eco-
nomically important species.

Managing deterioration of ruscus in commercial
fields in Israel

Y. Tamari1,*, Y. Gottleib1, N. Mor1, S. Gutman1, T.
Lahav2, Y. Kuzidui3, A. Gumberg3, G. Alkinde3, M.
Lang4, Y. Shur5, Y. Ofer6 and A. Abramov7

1Extension Service, Ministry of Agriculture and Rural
Deve lopment , Be t Dagan 50250 [*e-mai l :
yatamari@shaham.moag.gov.il]; 2Private agrono-
mist, Nofit; 3Dept. of Plant Protection and Control,
Ministry of Agriculture and Rural Development, Bet
Dagan 50250; 4Luxembourg Industries Ltd., Tel Aviv
6812509; 5Merhav Agro Ltd., Herzliyya; 6Lidor
Chemicals Ltd., Ramat Hasharon; and 7A grower,
Moshav Mishmeret, Israel

During the last decade the deterioration of ruscus in
commercial fields has spread and intensified. Plants
become weak, and then die, creating bare patches in
the fields, leading to yield losses. In a preliminary
survey of 30 fields which suffer from these phenom-
ena, soilborne pathogens–the nematode Rotylenchus
buxophilus and the fungi Fusarium solani and
Fusarium verticilliodes–were found in the soil sam-
ples. Based on these findings and previous work, an
experiment was set up in a field suffering from this
problem in Moshav Mishmeret, testing five nemati-
cides: Nemacur, Vydate, Nemacur + Vydate, Rugby,
and Movento™. These treatments were applied in
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combination with three fungicides: Hercules,
Commodore, and Octave. All together 24 different
treatments were tested (including a control plot with-
out chemical treatment), in a random block design of
four parallel plots. During the summer four applica-
tions of the treatments were given: the nematicides
through the drip irrigation system, and the fungicides
as a foliar spray. On Oct. 10, 2012, a month after the
last treatment application, the soil and roots were
sampled from 96 plots and were brought to the labo-
ratory for pathogen and nematode diagnosis. On Nov.
25, 2012, during the season of renewal of ruscus
growth, we counted the number of branches in all of
the plots of the different treatments. We found the
following results: the fungicides had no effect on the
soil pathogen lab results or on the intensity of the new
growth in the field (most probable explanation was
faulty implementation of the chemical sprays), while
the correlation between the nematicides’ effect in the
lab reports and on the plant growth was excellent. All
of the nematicides that were tested (except for
Movento™) surpassed the control, by decreasing the
nematode population in the soil and by the regrowth of
the ruscus in the fields. The combination of Nemacur
+ Vydate had the greatest effect compared with the
other treatments (204 branches in the plot that received
this treatment vs only 25 branches in the control plot).

Comparison of Colletotrichum coccodes isolates’
spectral and biological similarity levels, using
FTIR-ATR spectroscopy

A. Pomerantz1,*, A Salman2, E. Shufen2, L. Tsror3, M.
Huleihal1, R. Moreh4 and S. Mordechai4

1Dept. of Microbiology, Immunology and Genetics,
Faculty of Health Sciences, Ben-Gurion University,
Be’er Sheva 84105 [*e-mail: amipo@bgu.ac.il];
2Dept. of Physics, SCE-Sami Shamoon College of
Engineering, Be’er Sheva 84100; 3Dept. of Plant
Pathology, Gilat Experiment Station, M.P. Negev,
85250; and 4Dept . of Physics , Ben-Gurion
University, Be’er Sheva 84105, Israel

Colletotrichum coccodes is the causal agent of black-dot
on potato crops worldwide. Vegetative Compatibility
Groups (VCGs) are composed of isolates that tend to
be similar due to a common genetic pool. Vegetative
compatible isolates may form subpopulations that are

similar in pathological and physiological characteristics,
differing from isolates that are not assigned to the same
VCG. Knowledge of the extent of similarity between
different VCGs of C. coccodes is helpful in tracking the
origin of the fungus and assessing disease severity.
DNA sequencing can determine similarity between fun-
gal isolates based on their genome; however, the process
is complicated and expensive. In this study we
suggested infrared spectroscopy (FTIR) attenuated total
reflectance (ATR) combined with mathematical and sta-
tistical tools as a method for VCG classification. Using
FTIR we determined the similarity of different C.
coccodes isolates. Our results were in high compliance
with the biological classification methods. FTIR is an
inexpensive and reagent-free technique which gives
accurate results in only a couple of hours. FTIR may
turn into an important in situ and in vivo alternative
diagnostic tool in agricultural research.

GENETICS AND RESISTANCE

Seed transmission of Pseudoperonospora cubensis
in dalorit (Cucurbita moschata)

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

Faculty of Life Sciences, Bar-Ilan University, Ramat
Gan 52100, Israel [*e-mail: ycohen@mail.biu.ac.il]

Pseudoperonospora cubensis is an oomycete patho-
gen producing downy mildew disease in leaves of
cucurbits. Reproduction is driven by asexual
sporangia. Since the appearance of the A2 mating type
in Israel in 2010 on dalorit (butternut squash;
Cucurbita moschata) sexual reproduction by oospores
was observed. A previously unseen appearance of
downy mildew was observed in C. moschata plants
growing during 2011 and 2012 in net-houses and
greenhouses at the Bar-Ilan University Farm.
Necrotic areas developed at the distal ends of the leaf
blades in 3- to 5-leaf plants at 3–4 weeks after sowing.
The necrotic area expanded to cover the whole blade,
while younger leaves gradually developed similar
symptoms. Infected leaves showed scarce sporulation
on petioles and laminae, and the sporangia produced
regular lesions, with sporangia, on various cucurbits.
In fruits harvested from infected dalorit plants, the
pericarp tissue surrounding the seed cavity was dark.
Microscopy of this tissue revealed a few sporangia of
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P. cubens i s and some coenocy t ic hyphae .
Homogenates made from the tissue surrounding the
seed cavity were pathogenic to various cucurbits, pro-
ducing regular lesions with sporangia. Further micros-
copy showed a few sporangia also in the seed
integument but not in the embryo. Polymerase chain
reaction assays with a specific primer MT3 supported
the occurrence of P. cubensis in fruits of C. moschata.
Some seeds taken from infected fruits produced plants
with typical downy mildew symptoms with sporula-
tion. This is the first report in the world on seed
transmission of P. cubensis in C. moschata.

Isolate-dependent inheritance of resistance to
downy mildew in cucumber

Tomer Chen and Yigal Cohen*

Faculty of Life Sciences, Bar-Ilan University, Ramat
Gan 52100, Israel [*e-mail: ycohen@mail.biu.ac.il]

Downy mildew is a foliar disease of cucurbits caused
by the oomycete Pseudoperonospora cubensis. The
wild cucumber accessions PI-197088 and PI-330628
are known to be highly resistant to downy mildew. We
tested PI-197088, PI-330628 and Wisconsin SMR-18
for resistance against 23 isolates of P. cubensis.
Artificial inoculation of detached leaves showed that
SMR-18 was susceptible to all isolates, while the wild
accessions showed varying levels of resistance. We
crossed SMR-18 with a resistant (to all 23 isolates)
individual of PI-197088, as well as SMR-18 with a
resistant (to all 23 isolates) individual of PI-330628.
Parents, F1 and F2 progeny plants of SMR-18 x PI-
197088 and SMR-18 x PI-330628 were inoculated
with 16 and 14 P. cubensis isolates, respectively.
Different Mendelian segregation patterns were ob-
served in the F2 populations, depending on the isolate
used for inoculation. For example, while the parents
PI-197088 and PI-330628 were resistant to isolates A,
B and C and the parent SMR-18 was susceptible, the
F1 plants were resistant to isolates A and B but sus-
ceptible to isolate C. The F2 population segregated
resistant : susceptible at a ratio of 3:1 to isolate A, 9:7
to isolate B and 1:3 to isolate C. Since resistances to
isolates A, B and C were not randomly distributed we
calculated that they are genetically linked, and most
probably reside on a chromosomal region of about
26.4 cM. We constructed a model that explains this

isolate-dependent inheritance. The model suggests a
cluster of R genes in the resistant host, of which one or
more genes are activated by effectors secreted by a
specific isolate of the pathogen. Certain secreted ef-
fectors facilitate the establishment of the pathogen in a
plant resulting in a susceptible response, whereas in
the resistant plant they initiate a cascade of reactions
leading to a resistant response that prohibits further
establishment of the pathogen.

The Pm–AvrPm interaction in the wheat powdery
mildew pathogen: is it gene-for-gene?

R. Ben David1,*, F. Parlange2, E. Claverie2, S.
Oberhaensli2, T. Wicker2 and B. Keller2

1Dept. of Agronomy and Natural Resources, Institute
of Plant Science, ARO, The Volcani Center, Bet Dagan
50250, Israel [*e-mail: roib@volcani.agri.gov.il]; and
2Institute of Plant Biology, University of Zurich, 8008
Zurich, Switzerland

This study focuses on the interaction of the wheat Pm3
resistance alleles with the corresponding Avr genes in
the powdery mildew (Blumeria graminis f.sp. tritici,
hereafter Bgt) pathogen. On the host side, a set of 17
functional Pm3 alleles has been molecularly isolated,
whereas none of the corresponding Avr genes has yet
been cloned. We have constructed two genetic map-
ping populations for a map-based cloning approach of
several AvrPm genes. Both mapping populations share
a common parent, isolate 96224, which was se-
quenced by 454 and a complete physical map
consisting of BAC clones is available. Mapping re-
sults for several Avr genes reveal a highly complex
genetic mechanism. The analyzed five AvrPm3 alleles
(a, b, c, d, f) and the genes AvrPm2 and AvrPm5-a
behave genetically different, although there are genet-
ic loci which are common to avirulence of several of
those genes. The AvrPm3-f gene segregated as a single
locus in the first mapping population and was previ-
ously localized in a genomic interval of 30 kb.
However, none of the AvrPm3-f candidate sequences
could be functionally validated. This could be
explained with the recently obtained mapping results
of the second population, showing that two genes are
involved in AvrPm3-f avirulence. In contrast, the
genes AvrPm3-a, AvrPm3-c and AvrPm5-a show a
segregation ratio of a single gene. We conclude that
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the mechanism of avirulence is more complex than
expected, based on the gene-for-gene hypothesis, and
that more than one gene can be required for
avirulence.

Ancient diversity of splicing motifs and protein
surfaces in the wild emmer wheat (Triticum
dicoccoides) LR10 coiled coil (CC) and leucine-
rich repeat (LRR) domains

H. Sela1,2*, L N. Spiridon3, A.J. Petrescu3, M.
Akerman4,Y. Mandel-Gutfreund4, E. Nevo1, C.
Loutre5, B. Keller5, A. H. Schulman6 and T. Fahima1

1Dept. of Evolutionary and Environmental Biology,
Institute of Evolution, Faculty of Natural Sciences,
University of Haifa, Mt. Carmel, Haifa 31905, Israel
[*e-mail: hans@tauex.tau.ac.il]; 2Institute for Cereal
Crops Improvement, Tel-Aviv University, Tel Aviv
69978, Israel; 3Institute of Biochemistry of the
Romanian Academy, 060031 Bucharest 17, Romania;
4Faculty of Biology, Technion-Israel Institute of
Technology, Haifa 32000, Israel; 5Institute of Plant
Biology, University of Zürich, 8008 Zürich,
Switzerland; and 6MTT/BI Plant Genomics
Laboratory, Institute of Biotechnology, University of
Helsinki, FIN-00014 Helsinki, Finland

In this study, we explore the diversity and its
distribution along the wheat leaf rust resistance
protein LR10 three-dimensional structure. LR10 is
a leaf rust resistance gene encoding a coiled coil–
nucleotide-binding site–leucine-rich repeat (CC–
NBS–LRR) class of protein. LR10 was cloned
and sequenced from 58 accessions representing
diverse habitats of wild emmer wheat in Israel.
Nucleotide diversity was very high relative to oth-
er wild emmer wheat genes (p=0.029). The CC
domain was found to be the most diverse domain
and subject to positive selection. Super-imposition
of the diversity on the CC three-dimensional struc-
ture showed that some of the variable and posi-
tively selected residues were solvent-exposed and
may interact with other proteins. The LRR domain
was relatively conserved, but showed a hotspot of
amino acid variation between two haplotypes in
the ninth repeat. This repeat was longer than the
other LRRs, and three-dimensional modeling
suggested that an extensive alpha-helix structure

was formed in this region. The two haplotypes
also differed in splicing regulation motifs. In ge-
notypes with one haplotype, an intron was alterna-
tively spliced in this region, whereas in genotypes
with the other haplotype, this intron did not splice
at all. The two haplotypes are proposed to be
ancient and maintained by balancing selection.

Ecological adaptation of leaf rust fungi attacking
wild barley in Israel

Y. Anikster*, P. Ben Yehuda, S. Ezrati, T. Eilam, J.
Manisterski and H. Sela

Institute for Cereal Crops Improvement, Faculty of
Life Sciences, Tel-Aviv University, Tel Aviv 69978,
Israel [*e-mail: aniksty@post.tau.ac.il]

Wild barley (Hordeum spontaneum) is the direct par-
ent of cultivated barley. It is widespread throughout
Israel: north of the 300 mm rainline it forms extensive
populations and south of the 200 mm rainline it oc-
cupies the beds of ephemeral streams. In the more
humid areas it is attacked each year by barley leaf
rust, Puccinia hordei. The barley leaves become
densely covered with pustules of urediniospores early
in the growing season and teliospores at the end of the
season. This rust is heteroecious, and different species
of the geophyte Ornithogalum serve as alternate hosts.
Teliospores that oversummer on the dry barley haulms
germinate and form basidiospores that infect the alter-
nate host, on which pycnia with pycniospores develop.
Fertilization is brought about by insects or rain
drops; aecia form and release aeciospores that re-
infect wild barley seedlings in December–January.
In the desert belt, P. hordei is rare and the rust
that attacks wild barley is another heteroecious
fungus: Uromyces viennot-bourgini i , wi th
Bellevalia eigii as an alternate host. This fungus
has a shortened life cycle, without the pycnial
stage, and therefore without cross-fertilization.
Instead, self-fertilization occurs in the basidium.
On the leaves of the alternate host aecia and
aeciospores are formed directly after infection. In
the desert conditions of Israel, where rain is scarce
and unpredictable, there is an advantage in elimi-
nation of the pycnial stage by shortening the life
cycle by about 3 weeks, and dependence on in-
sects or rain for fertilization is spared.
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PHYSIOLOGY AND FRUIT TREE DISEASES

Induced systemic resistance in tomato (Solanum
lycopersicum) by biochar soil amendment

Y. Meller Harel1,*, Z.M. Haile1, D. Rav-David1, M.
Borenstein1, R. Shulchani1, E.R. Graber2 and Y. Elad1

1Dept. of Plant Pathology and Weed Research,
I n s t i t u t e o f P l a n t P ro t e c t i o n [ * e -ma i l :
yaelm@volcani.agri.gov.il]; and 2Dept. of Soil
Chemistry, Plant Nutrition and Microbiology,
Institute of Soil, Water and Environmental Sciences,
ARO, The Volcani Center, Bet Dagan 50250, Israel

Biochar, a solid product of biomass pyrolysis, is a
novel control agent inducing systemic resistance to
foliar pathogens in various plants when amended into
the soil. Recently, defense-related transcriptional mod-
ifications consecutive to biochar amendment have
been described in strawberry and in tomato. To dissect
the induced resistance pathway mediated by biochar in
the tomato–Botrytis cinerea pathosystem, we studied
(i) the effect of genetic variations affecting salicylic
acid, ethylene or jasmonic acid (JA) on response to
biochar-mediated induced resistance; (ii) the varia-
tions in the early cellular response of H2O2 burst
associated with biochar-mediated resistance; and (iii)
the transcriptional changes of 13 defense-related genes
induced by biochar amendment upon B. cinerea inoc-
ulation on detached leaflets. We show that amendment
of potting mix with greenhouse waste biochar pro-
duced at 450°C resulted in ca 50% reduction in dis-
ease severity in all tested genotypes except in a JA-
deficient mutant, def1, which did not respond to
biochar-mediated induced resistance to B. cinerea.
We observed stronger and earlier H2O2 accumulation
as a result of the biochar amendment subsequent to B.
cinerea inoculation, and a disruption of this effect by
the def1 mutation. Finally, while transcriptional
changes due to biochar amendment and infection var-
ied with the tomato genotype, the genes Pti5 and Pi2,
which are known as crucial elements in resistance
against B. cinerea, were generally upregulated by the
combination of biochar and pathogen infection at a
higher rate (priming) than, or at a similar rate to
infect ion alone. The research is funded by
Autonomous Province of Trento, Call for Proposal
Major Projects 2006, Project ENVIROCHANGE;

and by the Chief Scientist of the Israel Ministry of
Agriculture Fund.

Differential susceptibility of the bottom and the
stem end tissue of persimmon fruits to Altenaria
alternata colonization

E. Biton*, O. Feygenberg, I. Kobiler, H. Fridman and
D. Prusky

Dept. of Postharvest Science, ARO, The Volcani
Center, Bet Dagan 50250, Israel [*e-mail:
dovprusk@volcani.agri.gov.il]

Development of back spot disease is one the main prob-
lems that reduces the long-term storage capabilities of
persimmon fruits. Spores of the pathogen A. alternata
germinate and penetrate the fruit during fruit growth and
the fungus remains quiescent until fruit harvest and stor-
age. Rapid growth of the fruit affected by copious rains
during the last month before harvest, enhances small
wounds in the stem end region of the fruit, through which
the fungus can penetrate the fruit. Under these conditions
black spot symptoms are observed already in the orchard
and they increase significantly during storage. It is not
clear what are the factors that induce the increased sus-
ceptibility of the stem end region compared with the
bottom end of the fruit. Experiments carried out during
the last 2 years indicate that several development factors
are involved in the induction of the differential suscepti-
bility of the stem and bottom end of the fruits to black spot
disease. These factors include ripening of tissue, wound
development and increase in pH that occur in the stem end
region of the fruit. In the present work, treatments that
modulate the different development factors were tested as
tools to enhance and attenuate Alternaria colonization.

Characterization of Alternaria alternata causing
black spot disease of pomegranate in Israel using
a molecular marker

T. Gat, O. Liarzi*, Y. Skovorodnikova and D. Ezra

Dept. of Plant Pathology and Weed Research,
ARO, The Volcani Center, Bet Dagan 50250,
Israel [*e-mail: ornal@volcani.agri.gov.il]

Black spot disease of pomegranate is a relatively new
disease in Israel that is caused by Alternaria alternata.
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The symptoms include black spots on leaves, flowers,
and fruits. Only the outer part of the fruit is damaged;
the edible tissue remains unaffected. In this study, we
obtained 50 isolates of A. alternata from infected
pomegranates that were classified based on pathoge-
nicity tests with detached leaves. Using an arbitrarily
primed polymerase chain reaction (apPCR), we iden-
tified one primer (primer CAG) that reacted only with
DNA of isolates that induced the most severe disease
symptoms. Based on the sequence of the amplified
fragment, we generated a specific primer (primer C)
that recognizes these highly virulent isolates.
Accordingly, only isolates that were recognized by
primer C caused symptoms at the whole plant level.
Therefore, we suggest that primer C can be utilized as
a molecular marker for the detection of A. alternata
isolates that cause black spot disease of pomegranate.

Effect of irrigation on leafroll development and
fruit quality in Cabernet Sauvignon vines

Y. Roshansky1, A. Schwartz2, M. Mawassi3, A. Naor4,
Y. Gal5, M. Peres1, R. Nelevitzky1, G. Sapir1 O.
Crane1 and T. Zahavi5

1Northern R & D, Qiriat Shemona 11016; 2Dept. of
Agricultural Botany, Faculty of Agriculture, Food &
Environment, The Hebrew University of Jerusalem,
Rehovot 76100; 3Dept. of Plant Pathology and Weed
Research, ARO, The Volcani Center, Bet Dagan
50250; 4Golan Research Institute, Qatzrin 12900;
and 5Extension Service, Ministry of Agriculture,
Q i r i a t Sh emona 10200 , I s r a e l [*e -ma i l :
tirtzaz@yahoo.com]

Leafroll (LR) disease of grapevines is caused by sev-
eral members of the Closteroviridae family, among
which GLRaV-3 is dominant in Israel. The severity
of symptoms in infected vines is variable: some show
early reddening that develops to clear rolling of the
leaves while in others the symptoms are mild and
develop late in the season. In some instances non-
symptomatic vines were found positive by polymerase
chain reaction for GLRaV-3. The horticultural perfor-
mance of the symptomless infected vines resembled
that of non-infected vines more than that of symptom-
atic vines. This raises the question whether leaf symp-
toms are the cause of reduced quality in LR-infected
vines or are one among other effects expressed by

infected plants. An irrigation experiment was set up
in an infected Cabernet Sauvignon block. Vines were
either well irrigated to ensure minimum stress (midday
stem water potential from −0.6 to −0.8 MPa) or kept
under stress (−1.2 to −1.4 MPa). Leaf reddening
started later and was less severe at harvest (index
3.75 & 2.84) in the stress-irrigated vines. Virus titer
tended to be lower in these vines, compared with the
well-irrigated vines. Photosynthesis of stressed vines
was higher than in well-irrigated ones at the same
stomata conductance. Fruit sugar was better in the
stressed vines (22.6% vs 18.7%) but yield was lower
(3.77 vs 5.8 kg per vine). Although it is difficult to
separate the direct effect of irrigation on fruit param-
eters from the effect through the effects on the virus,
we show that irrigation has an effect on LR and LR
symptoms as well as on fruit quality.

BACTERIAL DISEASES

Effect of temperature on disease development and
virulence of the pathogen Clavibacter michiganensis
subsp. michiganensis in tomato

G. Sharabani1, S. Manulis-Sasson1,*, M. Bornstein1,
R. Shulhani1, L. Chalupowicz1, M. Lofthouse2, M.
Sofer2, O. Frenkel1, O. Dror1 and D. Shtienberg1

1Dept. of Plant Pathology and Weed Research, ARO,
The Volcani Center, Bet Dagan 50250 [*e-mail:
shulam@volcani.agri.gov.il]; and 2Negev R&D
Center, M.P.4 haNegev 85400, Israel

Clavibacter michiganensis subsp. michiganensis
(Cmm), the causal agent of bacterial canker and wilt,
causes severe economic losses in tomato net-houses
and greenhouses in Israel. The effect of temperature
on disease development, population size and expres-
sion of virulence genes was determined in greenhouse-
grown plants which were planted monthly during
2 years of research. The plants were inoculated
2 weeks after transplanting by cutting the first true
leaves (close to the apex) with scissors dipped in
bacterial suspension, and disease symptoms were
recorded at different times post inoculation. Results
showed that tomato plants wilted and died earlier in
the spring and autumn than in the winter and summer:
the occurrence of T50 (the time in which 50% of the
plants had wilted or died) was 2 and 3–4 months after
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inoculation, respectively. Temperature was recorded
hourly and a highly significant (P<0.001) correlation
was found between the average temperatures during
the first month after inoculation and T50. In addition,
the population size and the expression of the virulence
genes (pat-1, celA, chpC and ppaA) were higher in
plants inoculated during the spring as compared with
those inoculated in the summer. The effect of temper-
ature (15°, 28° and 35°C) was determined under con-
trolled conditions. One week after inoculation Cmm
population size in the lower part of the stem was
smaller in plants maintained at 15°C and 35°C than
those at 28°C. A different pattern of gene expression
was observed in plants at 35°C and 28°C compared
with those at 15°C. The level of virulence gene ex-
pression at 35°C was lower than at 28°C but not at
15°C. The effect of temperatures on disease incidence
was recorded in plants that were transferred 2 weeks
after inoculation to the greenhouses of the Negev
R&D Center. Four months after inoculation, the inci-
dence of wilting and dying plants was higher in plants
maintained at 28°C as compared with those
maintained at 15°C or 35°C. These results suggest that
the temperature prevailing soon after inoculation plays
a significant role in determination of Cmm population
size, expression of virulence genes and bacterial can-
ker development.

Foliar fertilization affects the severity and dispersal
of Clavibacter michiganensis in tomato nurseries

O. Frenkel1,*, L. Chalupowicz1, R. Shulhani1, G.
Sharabani1, M. Bornstein1, F. Abu Moch1, M.
Lufthouse2, M. Sofer2, S. Manulis-Sasson1 and D.
Shtienberg1

1Dept. of Plant Pathology and Weed Research, ARO,
The Volcani Center, Bet Dagan 50250 [*e-mail:
omerf@volcani.agri.gov.il]; and 2Negev R&D
Center, M.P. Negev 85400, Israel

Bacterial canker caused by Clavibacter michiganensis
subsp. michiganensis (Cmm) is an important disease
of tomatoes grown under cover. Seedlings supplied by
nurseries can serve as a potential source of primary
inoculum in commercial production. Cmm can spread
in the nurseries aerially and through aerosols to young
seedlings (second leaf stage), which are highly sus-
ceptible to infection. In the nurseries fertilizers are

applied via the overhead irrigation systems
(fertigation). The specific goals of the research were
to: (i) study the effect of foliar fertilization on disease
severity; (ii) study the effect of washing the leaves
with fresh water after fertigation on disease severity
and spread of Cmm; and (iii) determine the effect of
fertilizers on the virulence of Cmm. Tomato seedlings
were artificially inoculated by spraying the leaves with
bacteria suspension and disease severity (the number
of blisters formed on the leaves) was recorded after
7 days. Results showed that even a single aerial appli-
cation of fertilizer at 50 ppm prior to infection signif-
icantly increased disease severity in inoculated
seedlings. Fertigation via a high pressure system (as
commonly done in nurseries) further increased disease
severity by ~75%. Washing the foliage with fresh
water soon after fertigation significantly reduced dis-
ease severity. Furthermore, in experiments which sim-
ulate the pathogen dispersal, the washing effect
reduced the incidence of the colonized seedlings.
The fertilizer did not affect Cmm population, but rath-
er significantly increased the transcription level of four
genes related to Cmm virulence. This effect was not
recorded in vitro or on Cmm-inoculated melon leaves.

Characterization of endophytic bacteria with
benefit to agriculture in cucurbit fruits

H. Glassner1,3*, S. Yaron1, N. Katzir2, V. Portnoy2 and
E. Zchori-Fein3

1Faculty of Biotechnology and Food Engineering,
Technion-Israel Institute of Technology, Haifa 32000
[*e-mail: h.glass1@gmail.com]; 2Dept. of Vegetable
Crops, and 3Dept. of Entomology, ARO, Newe Ya’ar
Research Center, Ramat Yishay 30095, Israel

The capability to colonize internal host tissues and
contribute to plant growth has made endophytes valu-
able in agriculture as a tool for improving crop per-
formance. Diseases inflicted by fungi, bacteria,
viruses, and even insects can be reduced or even
prevented by antipathogenic properties of different
endophytes. The aim of this ongoing study is to iden-
tify endophytic bacteria with bio-control properties for
improving melon (Cucumis melo), from cultivated and
wild cucurbit fruits. In order to test the influence of the
plant genotype (wild vs cultivated) and habitat (com-
mercial field vs wild growing) on endophyte
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populations, the following plant lines were tested:
Melon: Cucumis melo reticulatus (Dulce), Cucumis
me lo momord i ca (P I ) , Cucumi s ca l l o su s .
Watermelon: Citrullus lanatus, Citrullus colocynthis,
and the wild growing species Ecballium elaterium and
Bryonia cretica. Fruits of these plants were surface
sterilized, aseptically opened, and fruit homogenates
and seeds were plated on TSA and R2A medium.
Cultured bacteria were identified using sequence-
based techniques, and all isolates were screened for
their ability to suppress the growth of various patho-
genic fungi on Potato Dextrose Agar plates. Bacteria
found were mainly of the genus Bacillus, but genera
such as Burkholderia and Streptomyces were also
present. The different isolates varied greatly in their
ability to suppress the growth of pathogenic fungi;
while some bacteria did not show any activity, others
significantly suppressed these fungi. Overall it is con-
cluded that endophytic bacterial isolates from cucurbit
fruits may serve as bio-control agents for improving
cultivated melon crops.

VIRUSES AND VIRAL DISEASES

Prevention of geminivirus damage in Malali
watermelons

D. Sadeh1, Y. Steinberg1, R. Yifa1, O. Ram2, G. Tal3,
I. Abarbanel4 and M. Ghanim5,*

1Ha’emek Farmers Association 23100; 2Shaham
Ha’amakim, Ministry of Agriculture and Rural
Development, Gilboa Regional Council, 18120;
3Field Crops Hari Megido, Kibbutz Megido, 19230;
4Field Crops, Kibbutz Lavi 15267; and 5Dept. of
Entomology, ARO, The Volcani Center, Bet Dagan
50250, Israel [*e-mail: ghanim@agri.gov.il]

Malali watermelon is a summer field crop, considered
one of the profitable field crops in this period, due to
its minimum water consumption and the mechanized
harvesting. During the last 5 years, many Malali fields
in the northern Amakim region collapsed without
known reason. During the summer, watermelon fields
are exposed to heavy infestations with populations of
the whitefly Bemisia tabaci, a well-known vector for
some important geminiviruses in cucurbits. The ma-
jority of the collected B. tabaci populations in the
collapsed watermelon fields were of the B biotype,

the best known vector for Squash leaf curl virus
(SLCV) and Watermelon chlorotic stunt virus
(WmCSV). Both viruses were detected in Israel about
10 years ago and they infect many cucurbit crops such
as melon, watermelon and squash. Combined infec-
tions with the two viruses usually lead to more severe
infections and symptoms, compared with single infec-
tions with either virus alone. Furthermore, infections
with these viruses during the early stage of the plant
development lead to suppression of the plant growth.
B. tabaci populations usually rise during the summer
and reach their peak in July, the time when watermel-
on fruit set is at its sensitive development stage. Thus
it was proposed that in order to evade these B. tabaci
populations, seeding of watermelons must be at a very
early date before the temperatures rise. Due to the low
efficacy of insecticides in reducing the whitefly
populations in the summer, a cultural approach, using
transplanting instead of direct seeding, was applied.
Indeed, this agro-technical change seems to be effec-
tive and profitable, enabling escape from the whitefly
damages.

Next-generation sequencing in the service of plant
virology

N. Sela*, Y. Antignus, O. Lachman, E. Glanz, R.
Sapkota and A. Dombrovsky

Dept. of Plant Pathology and Weed Research, ARO,
The Volcani Center, Bet Dagan 50250, Israel
[*e-mail: noa@volcani.agri.gov.il]

DNA and RNA genomic sequencing have become
indispensable for basic biological research, as well as
research in numerous applied fields, such as diagnos-
tics, biotechnology, forensic biology and systematics.
The rapid sequencing made possible by modern DNA
and RNA technologies has been instrumental in the
sequencing of the complete genomes of numerous
species, including humans and many other animals,
plants, microbes and viruses. Next-generation se-
quencing has recently emerged as a new tool for the
rapid identification of viral sequences and the charac-
terization of crop epidemics. Here, we describe the
characterization of three new plant-pathogenic viruses:
a new eggplant Ipomovirus, Eggplant mild leaf mottle
virus (EMLMV); a pepper Polerovirus, Pepper yellow
leaf curl virus (PYLCV); and a novel strain of Melon
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necrotic spot virus (MNSV) that caused an epidemic
in watermelon. All three of these viruses were fully
characterized in a high-throughput sequencing analy-
sis. Assembly of the fragmented sequences generated
using a high-throughput method enabled us to identify
these new viruses, even though we had little previous
knowledge of them. For example, in one of the sam-
ples, an unexpected cryptic virus (Bell pepper
endornavirus) was identified. Once we had obtained
the full genomic sequences, we could then character-
ize these viruses further using molecular-evolution
tools and phylogeny.

Exploring Bemisia tabaci proteins involved in the
circulative transmission of Tomato yellow leaf curl
virus

A. Kliot1,*, H. Czosnek2 and M. Ghanim1

1Dept. of Entomology, ARO, The Volcani Center, Bet
Dagan 50250 [*e-mail: adi.kliot@mail.huji.ac.il];
and 2The Robert H. Smith Institute of Plant Sciences
and Genetics in Agriculture, Faculty of Agriculture,
Food and Environmental Quality Sciences, The
Hebrew University of Jerusalem, Rehovot 76100,
Israel

The whitefly Bemsia tabaci is a cosmopolitan polyph-
agous insect pest that feeds on over 600 plant species
including many vegetable, field, ornamental and fresh
herb crops. B. tabaci transmits over 100 plant viruses,
of which Tomato yellow leaf curl virus (TYLCV)
(Geminiviridae: Begomovirus) is the most devastating
worldwide. TYLCV is transmitted exclusively by B.
tabaci in a persistent circulative manner. In this mode
of transmission, the virus is ingested with phloem sap
into the stylet and the foregut to reach the midgut.
Most of the virus particles are internalized into midgut
epithelial cells of the filter chamber to reach the he-
molymph. In our lab, an insect Heat Shock Protein 70
(HSP70) protein and a GroEL protein produced by the
insect secondary symbiont Hamiltonella, were impli-
cated in the transmission of the virus. HSP70 interacts
with TYLCV in the midgut, while GroEL interacts
with the virus in the hemolymph. Our recent results
indicate that Rickettsia, another secondary endosym-
biont of B. tabaci, may influence TYLCV transmis-
sion. Unlike the rest of the secondary endosymbionts
in B. tabaci which reside in the bacteriome, Rickettsia

occupies most of the body cavity of the insect, and
reaches extreme amounts in the midgut. We hypothe-
size that the presence of Rickettsia in midgut epithelial
cells may impact the virus passage and transmission
by B. tabaci. Our results indicate that the amounts of
Rickettsia may impact the amounts of the virus in the
midgut. Furthermore, TYLCV transmission results by
Rickettsia-infected and Rickettsia-free populations
show that the infected population is a much more
efficient transmitter than the Rickettsia-free popula-
tion.

The current sweet potato virus epidemic in Israel

S. Prakash1, Y. Tam1, A. Abu-Ras2, M. Zeidan2 and V.
Gaba1,*

1Dept. of Plant Pathology and Weed Research, ARO,
The Volcani Center, Bet Dagan 50250 [*e-mail:
vpgaba@volcani.agri.gov.il]; and 2Plant Protection
and Inspection Services, Ministry of Agriculture and
Rural Development, Bet Dagan 50250, Israel

In October 2011 sweet potato (Ipomoea batatas L.)
mother plants in Israel suffered an epidemic of sweet
potato viral disease (SPVD). The plants were of poor
appearance, grew feebly and showed strong leaf mo-
saic, purpling, cupping, leaf malformation and vein
yellowing. RNA extraction was performed on leaves
from symptomatic plants (cvs. ‘Georgia Jet’ and
‘Beauregard’). Potyvirus degenerate primers corre-
sponding to the cylindrical inclusion protein gene
were used for the detection of potyviruses by poly-
merase chain reaction. After first strand cDNA syn-
thesis followed by 1% agarose gel electrophoresis, a
distinctive fragment of ~700 bp was obtained from
five different SPVD-symptomatic plants. The frag-
ment was excised from the gel, cloned and sequenced.
The sequence was found to correspond to the Sweet
potato virus C (SPVC) Bungo isolate. The entire nu-
cleotide sequence (10,828 nts excluding the 3′-termi-
nal poly (A) tail) of the Israeli SPVC isolate has been
determined. The Israeli strain corresponded 98% to the
Bungo strain at the nucleotide level, and 99% at the
amino acid level. SPVC is a distant variant of Sweet
potato feathery mottle virus (SPFMV), known for
many years in Israel. The crinivirus Sweet potato
chlorotic stunt virus (SPCSV) (a synonym for Sweet
potato sunken vein virus) was also identified in the
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SPVD-symptomatic plants. Examination of field sam-
ples collected between March and June 2012 indicated
that both SPVC and SPCSV were widespread in sweet
potato-growing regions in Israel.

Identity factors involved in Tomato yellow leaf curl
virus (TYLCV)-induced yield reduction

D. Levy1 and M. Lapidot2,*

1Hazera Genetics, Mivhor, M.P. Lachish Darom; and
2Dept. of Vegetable Research, Institute of Plant
Sciences, ARO, The Volcani Center, Bet Dagan 50250,
Israel [*e-mail: lapidotm@volcani.agri.gov.il].

In many reports, yield reduction due to Tomato yellow
leaf curl virus (TYLCV) infection was associated with
the claim of flower abortion. Yet, there is no experi-
mental data that support this claim. In this research we
attempted to study factors that may be involved in
yield reduction due to TYLCV infection. The main
factors examined were: number of flowers and fruit set
in each inflorescence, yield parameters including ma-
ture fruit number and pollen parameters–quality and
quantity of pollen. The most significant effect of
TYLCV infection was the reduction in number of
flowers developed in the inflorescence. The suscepti-
ble plants had the most dramatic reduction in flower
number developed post-TYLCV infection compared
with their non-inoculated controls. In the resistant
cultivars the reduction in flower number was in accor-
dance with their level of resistance. The higher the
resistance level, the lower the flower reduction in a
given inflorescence. As a consequence, all other yield
parameters were influenced by the reduction in flower
number. These findings contradict the claim that
TYLCV-induced yield reduction is due to flower abor-
tion. In fact, the main yield reduction parameter is the
reduced flower development in the inflorescence,
resulting in a lower flower number and, as a result,
less fruit set. The number of flowers, number of fruits
set and number of mature fruits in the inflorescence
were in accordance with the resistance or susceptibil-
ity of a tested genotype. Following virus infection a
relatively mild decrease in pollen viability occurred in
both susceptible and resistant plants. However, sus-
ceptible plants had a dramatic decrease in the amount
of pollen, whereas the decrease in resistant plants was
modest. Differences were prominent in the susceptible

varieties and less so in the resistant ones. The addition
of external pollen taken from a non-infected control
plant increased the number of seeds in fruits of sus-
ceptible plants and, as a result, the yield. Differences
were found between growing seasons and the number
of flowers and pollen level between cultivars. These
differences also can be attributed to factors related to
the process of cultivation and breeding under a spon-
taneous selection pressure when plants are exposed to
high temperatures and simultaneously pass a heat set-
ting selection.

Insect viruses: the next generation of biological pest
control?

N. Luria, O. Lachman and A. Dombrovsky*

Dept. of Plant Pathology and Weed Research,
ARO, The Volcani Center, Bet Dagan 50250,
Israel [*e-mail: aviv@volcani.agri.gov.il]

Biological pest control and integrated pest manage-
ment are methods used to protect vegetable and fruit
crops from insect pests and keep pesticide applications
and other interventions to levels that are economically
justified, reducing or minimizing risks to human
health and the environment. In biological pest control
programs, natural predators are introduced into the
natural habitat to help manage pest populations.
Occasionally, the populations of these introduced
predators will explode and pesticides may be used to
control those populations as well, until a healthy equi-
librium can be reached. Natural predator populations
affected by pesticide applications will then need to be
reestablished. An alternative approach based on the
use of insect-pathogenic viruses could supplement
traditional biological pest control programs. For this
purpose, a wide survey of aphid viruses was
conducted in Israel during 2011. A new isolate of
Aphid lethal paralysis virus (ALPV) was isolated from
the Nerium oleander aphid, Aphis nerii, and tentative-
ly named ALPV-An. RNA was extracted from the
virus particles, amplified and used to identify the
whole virus genome. ALPV-An belongs to the family
Dicistroviridae, genus Cripavirus. It is a positive
single-stranded RNA virus that is composed of 9835
nucleotides and contains two open reading frames. In
preliminary experiments, spray applications of ALPV-
An particles against the peach aphid Myzus persicae
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resulted in 95% aphid mortality within 96 h after
treatment. Surprisingly, no pathogenic symptoms were
observed on A. nerii harboring ALPV-An. These find-
ings indicate that ALPV-An may be useful as a bio-
logical pesticide for the control of M. persicae and
possibly other destructive aphids as well.

PHYTOPLASMA AND GRAPE DISEASES

Model systems to study phytoplasma in vitro

V. Naor1,2,*, M. Mawassi3, D. Ezra3, R. Raz4, R.
Bordolay1, M. Dafny-Yelin1, M. Ziv5 and T. Zahavi6

1Golan Research Institute–Haifa University, Qatzrin
12900 [*e-mail: vered_n@macam.ac.il]; 2Ohalo
College, Qatzrin 12900; 3Dept. of Plant Pathology
and Weed Research, ARO, The Volcani Center, Bet
Dagan 50250; 4Northern R&D, Qiryat Shemona
10200; 5Institute of Plant Sciences and Genetics in
Agriculture, The Robert H. Smith Faculty of
Agriculture, Food and Environmental Quality, The
Hebrew University of Jerusalem, Rehovot 76100;
and 6Extension Service, Ministry of Agriculture and
Rural Development, Qiryat Shemona 10200, Israel

Phytoplasma, the causal pathogen of yellows disease
in grapevine, is an obligatory parasite that resides in
the phloem cells of the host plant or the hemolymph
system of the insect vector. The symptoms appear in
older plants only. The pathogen is distributed uneven-
ly in the plant organs; the symptoms are visible for a
relatively short period and thus research is season-
dependent. Furthermore, controlled inoculation is very
limited because phytoplasma cannot be grown artifi-
cially. Artificial inoculation is possible only by
grafting, by a dodder or via insect vector which in this
case is non-cultivable too. These constraints led to the
development of two model systems: (i) In vitro nurse
culture of plantlets carrying phytoplasma. We grow
grapevine and periwinkle plantlets carrying Stolbur
and witch’s broom type phytoplasmas, respectively.
The grapevine system is less stable than periwinkle.
(ii) A bacterium model system. Spiroplasma
melliferum was chosen as our model bacterium since
it is phylogenetically close to the pathogen and is
cultivable. We developed an experimental system
where the bacteria are grown in a liquid medium and
several methods to measure their development in the

presence of various inhibitors were adapted. These
methods enable us to study the interactions of bacte-
ria–plant, insect vector–plant, pathogen–endophytes
and the inhibitory effect of various substances on the
bacteria growth.

Insect-associated bacteria as possible control
agents against phytoplasma in grapes

L. Iasur-Kruh1,2,*, V. Naor3,4, S.J. Perlman5, R.
Sharon6 and E. Zchori-Fein1

1Dept. of Entomology, ARO, Newe Ya’ar Research
Center, Ramat Yishay 30095, Israel; 2Faculty of
Biology, Technion-Institute of Technology, Haifa
32000, Israel [*e-mail: Iasur@agri.gov.il]; 3Golan
Research Institute 12900, Israel; 4Ohalo College,
Qatzrin 12900, Israel; 5Dept. of Biology, University
of Victoria BC V8W 3N5, Canada; and 6Northern
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Bacteria of the genus Phytoplasma pose a major threat to
many agricultural crops including grapevine. The con-
ventional application of chemical sprays for controlling
phytoplasma and other phloem-restricted pathogens is
inefficient, and the role of endophytes in the induction of
plant resistance against such pathogens has been
suggested. We hypothesized that host plants and insect
vectors harbor microbes that affect phytoplasma infec-
tion. The current study is focused on the bacterial com-
munity composition of the phytoplasma’s insect vector,
the planthopper Hyalesthes obsoletus (Hemiptera:
Cixiidae), as a source for such potentially beneficial
bacteria. Sequences of 16S rRNA gene obtained from
the planthopper showed dominance of Sulcia (77.95% of
sequences in the sample), Wolbachia (4.51%) and a
bacterium which belongs to Enterobacteriaceae
(16.89%), with the remaining 0.65% of the sequences
belonging to Actinobacteria, Alpha- and Gamma-
proteobacteria. Subsequently, different bacteria were iso-
lated from the insect on CV agar. One of these isolates
belonged to the bacterial family Xanthomonadaceae, and
its 16S rRNA sequence resembled one of the rare bacte-
rial taxa found by the mass sequencing analysis. This
isolate was introduced into healthy and phytoplasma-
infected grapevine-plantlets by submerging the plant’s
roots in the isolate culture for 24 h pre-planting. The
presence of the isolate in plant tissues was confirmed by
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specific polymerase chain reaction 3 weeks post-
inoculation. The effect of phytoplasma on plant mor-
phology was markedly reduced in the presence of the
isolate. Further study is needed to examine the potential
use of this isolate as a bio-control agent against phyto-
plasma.
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Phytoplasma is the pathogen of grapevine yellows
disease that causes heavy damage to vineyards in most
growing areas around the world including Israel.
Phytoplasmas are endocellular obligatory parasites

that exist only in the phloem tissue of the host plant
or in the digestive system of the insect vectors. The
vector, which likely transmits Stolbur phytoplasma
(16SrXII-II) to grapevines in Europe, is Hyalesthes
obsoletus (Ho). In Israel the preferred host plant of Ho
is Vitex agnus-castus, that was found to be negative to
phytoplasma in polymerase chain reaction (PCR) anal-
yses. The aim of this study was to survey perennial plant
species as a potential source for Stolbur phytoplasma
infection in the vineyards. In this survey we collected 11
plant species (between 30 and 230 plants for each spe-
cies) known from Europe as Stolbur phytoplasma or
plants that Ho has been found on them. PCR analyses
revealed that Convolvulus arvensis, Ziziphus spina-
christi, Quercus sp., Polygonum equisetiforme, Rubus
sanguine, Olea europaea and Vitex agnus-castus were
infected in 3–33% of the samples, whereas all the
samples of Crataegus azarolus, Rosa canina,
Lavandula sp. (n=19) and Myrtus communis (n=
12) were found negative. Most of the infected
plants, excluding Quercus sp., were found in the
southern part of the Golan. Sequence analyses
showed that Convolvulus and Vitex harbor 16SrIX
phytoplasma, whereas Quercus is infected with
16SrII. These results show for the first time that
several perennial plants in the Golan Heights har-
bor phytoplasma; however, the source plants for
16SrXII-II in the vineyard were not found.
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