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spread in other Mediterranean countries, it is important to improve
oak disease monitoring and to understand the pathways by which
this pathogen can be spread.
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A number of important citrus pathogens are spread by graft
propagation, arthropod vector transmission and inadvertent im-
port and dissemination of infected plants. For these reasons, citrus
disease management and clean stock programs require economi-
cal and sensitive pathogen detection systems apt to maintaining
a healthy industry. To this end, multiplex quantitative real-time
PCR (gPCR) assays were developed allowing high-throughput and
simultaneous detection of major invasive citrus pathogens. Auto-
mated high-throughput extraction comparing several bead-based
commercial extraction kits were tested and compared with tissue
print and manual extraction to obtain nucleic acids. Then two one-
step TagMan-based multiplex RT-qPCR assays were developed.
The first assay included primers and probes for broad spectrum
detection and genotype differentiation of ‘Candidatus Liberibacter
asiaticus’ (CLas) and Citrus tristeza virus (CTV). In the second assay
primers and probes were used for Hop stunt viroid (HSVd), Citrus
exocortis viroid (CEVd) and the mitochondrial NADH dehydroge-
nase (nad5) mRNA as an internal citrus host control. The assays
were validated using infected tissues from our pathogen collection
(HSVd, CEVd and CTV) or non-infectious CLas infected tissues
obtained from China. Based on quantitation cycle values, automat-
ed high-throughput extraction of samples proved to be as suitable
as manual extraction. The multiplex RT-qPCR assays detected both
RNA and DNA pathogens in the same dilution series as singleplex
assays and yielded similar quantitation cycle values. Taken together,
high throughput extraction and multiplex RT-gPCR assays reported
in this study provided a rapid and standardized method for routine
and simultaneous diagnosis of different RNA and DNA invasive
citrus pathogens.
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Trichoderma spp. are ubiquitous saprophytic fungi, known for
their ability to colonize a variety of niches, antagonize and control
plant pathogenic microorganisms and establish a direct beneficial
interaction with plants, resulting in the enhancement of growth,
nutrient uptake and systemic resistance to diseases. It has been re-
cently demonstrated that the root colonizing fungus Trichoderma
longibrachiatum strain MK1 positively affects the production of
volatile compounds that attract both predators and antagonists of
the aphid Macrosiphum: euphorbiae (Battaglia et al., 2013. Molecu-
lar Plant-Microbe Interaction DOIL: 10.1094/MPMI-02-13-0059-R).

Therefore, we hypothesize that a similar mechanism is used by the
plant to promote the growth and the activity of beneficial root-
colonizing microbes (RCM) upon the exposure to pathogen attack
or certain abiotic stresses. This may occur by the release of com-
pounds that, more or less specifically, modify the root microbiome
in favour of species that help the plant to overcome the incoming
stresses. We observed in a split root experiment that the contact
with Pythium ultimum on one side stimulates the development of
Trichoderma colonies located in a separated compartment, also
increasing the chemiotactic growth of the mycelium toward the
plant. This suggests the release of specific compounds through the
root system that attract and stimulate beneficial root-colonizing
microbes, which helps the plant to overcome biotic and/or abiotic
stresses.
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Establishment of functional genomics in Vitis sp. is still chal-
lenging, due to the lack of reliable high-throughput tools for grape-
vine transformation. Virus-induced gene silencing (VIGS) makes
use of a plant virus-based vector carrying a sequence of an endog-
enous plant gene. By delivery of the vector and replication of the
recombinant virus within the plant, the plant defence mechanism
known as post-transcriptional gene silencing (PTGS) is activated
against the virus resulting in silencing of the plant gene. This sys-
tem has been recently applied on Vitis vinifera plants with vectors
based on the Grapevine Virus A (GVA) and Grapevine leafroll-asso-
ctated virus 2 (GLRaV-2). We developed a new VIGS system using a
vector based on Grapevine Algerian latent virus (GALV), a member
of the genus Tombusvirus. The whole GALV genomic sequence was
cloned into the binary vector pK7WG2 and modified to carry a pol-
ylinker site in which different sequences could be easily inserted to
induce silencing against any gene of interest. Preliminary results of
Agrobacterium-mediated GALV infections in grapevine have been
obtained. GALV could replicate and spread systemically in several
grapevine varieties. The presence of a ribozyme sequence immedi-
ately downstream of the viral sequence was crucial for viral replica-
tion. The silencing-inducing ability of the GALV-based vector was
confirmed by downregulation of the phytoene desaturase gene in
N. benthamiana, associated to the expected bleaching phenotype.
Availability of an efficient GALV-based VIGS vector for grapevine
could be precious for functional genomics as it is a systemic and
latent grapevine virus.
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Visual symptom assessment and PCR amplification were used
to survey the occurrence of apple proliferation (AP) disease in low-
intensity orchards in the Agri valley, a major cultivation area of
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Basilicata (southern Ttaly). The apple trees examined, whose culti-
vars were not determined as they consisted mostly of local types,
were more than 20-year-old. Therefore, these plants had been ex-
posed to insect vectors for a long time. The survey revealed that a
high percentage of trees were infected reaching more than 50%
in some locations. The symptoms of diseased trees were generally
mild and consisted of enlarged stipules, rosettes, witches-brooms
as well as subterraneous witches™-broom-like growth arising from
large roots. However, the incidence and severity of symptoms in the
aerial parts of affected trees were more pronounced in trees which
had been heavily pruned in the previous dormant season. Specific-
ity of the primers used and RFLP analysis of PCR-amplified 16S
rDNA sequences employing Sspl and BsaAl restriction endonucle-
ases showed that the trees testing positive by PCR were infected by
the AP agent ‘Candidatus Phytoplasma mali’. The high incidence of
AP infections in low-intensity orchards of the Agri valley is likely
due to inappropriate vector control. The trees examined were not or
rarely treated with insecticides. Although a few AP-affected apple
trees grown in a low-intensity orchard in the Agri valley had previ-
ously been observed, our survey shows that the distribution of AP
disease in Europe extends further south than previously thought
and that the climatic conditions of southern Italy are not unsuitable
for this quarantine disease.
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Fungi of the genus Trichoderma are successfully applied world-
wide in the form of live inocula as biofungicides and biofertilizers
due to their ability to protect crops from various diseases, as well
as to increase plant growth, development and yield under different
conditions. These microbes are capable of producing a plethora of
chemically different compounds, i.e. lytic enzymes, antibiotics, re-
sistance inducers, etc. that have beneficial effects on the plant and a
negative activity on pathogens. Treatment with Trichoderma metab-
olites produces significant modifications of the plant expressome,
proteome and metabolome, acting on specific pathways involved in
the defence response to biotic/abiotic stresses and nutrient uptake.
The direct use of bioactive metabolites may provide various advan-
tages over the application of the living microbes. For instance, the
semi-purified compounds are less susceptible to losses of activity
due to storage or environmental changes, thus allowing to overcome
some of the performance inconsistencies often observed in the field.
We have conducted a large 7z vivo study by testing isolated metabo-
lites from different Trichoderma species, both singly and in a variety
of combinations also with the living microbes, on many different
crops, pathogens and applications. Selection of the compounds to
be used was based on the actual knowledge of the mechanisms of
action, in order to complementing different beneficial effects. New
biopesticides based on secreted proteins and/or secondary metabo-
lites related to the biocontrol/plant-growth-promoting-activity of
Trichoderma spp. are being patented, registered and included in the
pipeline for commercialization.
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The aim of this study was to relate peach fruit susceptibility to
brown rot, the main disease on stone fruits caused by Mon:linia
spp., to the presence of secondary metabolites with antifungal prop-
erties, that are mostly concentrated in the peel at the immature
stage. The susceptibility to pathogens was evaluated weekly as the
percentage of infected fruits after artificial inoculation in wounded
and unwounded fruits incubated for seven days at 20°C. The sus-
ceptibility presented the same seasonal pattern for the three Moz-
tlinia species and a high resistance to Monzlinia rots was found 6-8
weeks after full bloom. In this phase, the pit hardening occurred
(S2). The presence of antifungal compounds ethanol extracts from
peach peels of cvs Maycrest, Red Heaven, and Tardibelle at differ-
ent developmental stages was evaluated by 1D TLC biossays. Using
a solvent system 60:40:30 (hexane:ethylacetate:methanol), inhibi-
tion spots with R values of 73.3, 53.3 were found in S1 (4 weeks
after full bloom), S2 (pit hardening) and S4 (harvest) stages. Spots
with R¢ values of 26.6, 13.3 were also observed in S2. No inhibition
spots were detected on cvs Maycrest and Tardibelle in S4, while
very feeble inhibition spots were found in cv. Red Heaven with R¢
73.3 and 53.3. These results suggest that the presence of preformed
compounds in peach peel could be considered partially respon-
sible for the resistance to brown rot observed in fruit 6-8 weeks
after full bloom. However, further investigations are required to
identify these compounds and understand their role in brown rot
susceptibility.
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The effect of environmental factors such as temperature should
be studied to better assess the resistance of Monilinia spp. to chemi-
cal fungicides used in the orchards. For 7z vitro assay, PDA plates
amended with tebuconazole or thiophanate methyl at a concentra-
tion corresponding to ECsg value for each isolate were inoculated
with both sensitive (S) and resistant (R) isolates. Thirteen M. laxa,
seven M. fructicola, and three M. fructigena isolates were tested. For
in vivo assay peaches were wounded and inoculated with a spore
suspension (10° conidia mI™') of M. laxa or M. fructicola six hour af-
ter treating the fruits with the fungicides at a concentration of half
the label rate. To determine the effect of the temperature, the plates
and the fruits were incubated at 15, 20, 25, 30°C for seven days in
the dark. The percentage of infected fruits were calculated in the
in vivo assay. In vitro results showed that the growth of M. laxa on
tebuconazole-amended substrates incubated at 20°C was signifi-
cantly reduced (-78%) while in the case of M. fructigena isolates the
treatment was more effective at 15°C (-90%). I vitro assays with
thiophanate methyl showed that the largest pathogen reduction was
obtained when M. laxa and M. fructicola isolates were incubated at
30°C (with a reduction of -62% and -73%, respectively). Similar
results were observed in 7z vivo tests with both fungicides, demon-
strating that the temperature affects the efficacy of the fungicide
treatments against Monzlinia isolates.



