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Welcome to the XVI International Botrytis Symposium

The XVI International Botrytis Symposium has been organized by the Section of Plant
Pathology of the Department of Soil, Plant and Food Sciences of the University “Aldo
Moro” of Bari (Italy) (DISSPA) in cooperation with the Research, Experimentation and
Education Centre in Agriculture "Basile Caramia" (CRSFA).

The Symposium will be held from 23 to 28 June 2013 in Locorotondo (Bari, Italy), a small
and old town looking out over the Itria Valley (Valle d'Itria), one of the most beautiful
landscapes and touristic attractive areas all over the Puglia region (Southern Italy).

Like in the past meetings, the Symposium will bring together scientists representing a broad
spectrum of countries, topics, research approaches, crops, and agricultural practices all over
the world. Skilled and young researchers with different backgrounds and interests, all
focused on Botrytis and related fungi, will share knowledge, expertise, and ideas.

The XVI International Botrytis Symposium is based on invited key-note lectures, short oral
presentations and posters concerning all the most relevant aspects of Botrytis and related
fungi: identification, management, ecology and epidemiology, biology, genetics, chemical
and biological control, post-harvest management, -omics, post-genomics and host-
pathogen interactions. The Scientific Committee and the Organizing Committee of the
Symposium did all their best to combine an exciting scientific programme with the pleasant
and friendly hospitality, excellent foods and wines, beautiful landscapes, and historical
traditions characterizing the Itria Valley and the Puglia region.
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Masato Soma', Masanao Takaishi’, Francesco Farabullini’ and Michele Pizzi’
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Botryotinia fuckeliana (de Bary) Whetz. (an. Botrytis cinerea Pers.) is considered the second
most significant fungal pathogen in molecular plant pathology based on both scientific and
economic impacts (Dean R. ¢f a/, Molecular Plant Pathology, 2012, 13 (4), 414-430) and
can infect more than 200 plant species. It is one of the major causes of both qualitative
(taste, aroma, oxydasic casse in wine) and quantitative (yield losses in fruit and vegetable
crops and ornamentals) degradation; its economic impact is mainly on wine- and table-
grape, solanaceae (tomato, pepper, eggplant), cucurbits, strawberry, lettuce and other salad
vegetables, beans, bulbs and ornamentals.

The actual economic impact is not easy to estimate, because of the broad range of
host crops. However, the global cost of crop protection against the pathogen has been
estimated around § 310 million (Phillips McDougall, 2011), mainly in France and Italy for
grapevine and China and Japan for vegetables; other important countries are Spain, Chile,
U.S.A., Germany, Australia and The Netherlands. According to an estimation reported by
the Genoscope website (Genoscope - Centre National de Séquencage, France;
http:/ /www.genoscope.cns.ft/spip/Botrytis-cinerea-estimated-losses.html?var_recherche=
botrytis), B. fuckeliana is responsible for about 20% of the host crop losses and their cost is
estimated at € 10-100 billion per year.

During the last 30 years, agrochemical companies have provided the market with
fungicides having different modes of action. Sumitomo Chemical contributed with the
dicarboximide procymidon (1976), the N-phenyl-carbamate diethofencarb (1987) and,
recently, with amino-pyrazolinone fenpyrazamine (world premiere in Italy in 2012). Beside
these, the main Botryticide families are: benzimidazoles, thiophanates, phenylpyrroles,
anilino-pyrimidines, 2,6-dinitroanilines, hydroxyanilides and SDHIs.

In the last decades, an increasing interest in biological control led to an in depth study
of several biological control agents (BCAs). Bacillus subtilis, Bacillus amyloliquefaciens,
Aureobasidinm pullulans, Trichoderma harzianum, Ulocladinm atrum, Pichia guillermondz, Bacillus
mycordes, Clonostachys rosea, Fusarium semitectum, Saccharomyces cerevisiae and Candida sake are only
few examples. Some of them have already been introduced to the market by crop
protection companies.

B. fuckeliana is well known for its relatively easy acquisition of resistance to fungicides.
Thus, in addition to the continuous effort to discover and develop new fungicides with
new modes of action, integrated pest management using suitable anti-resistance strategies is
needed to satisfy market demands in terms of high quality, food safety, low residues and
sustainability of production processes. An overview of grey mold control throughout the
world will be described, focusing also on the new challenge of fungicide resistance
management.



P.1.1 Reduction of Botrytis incidence in long journey chains
for Rose
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Botrytis infection is considered the number one disease affecting floral crops (e.g., rose,
gerbera and eustoma) resulting in huge uncalculated economic losses. Bofrytis infection
begins with deposition of conidia during flower development and the disease symptoms are
visualized later on the petals as small quiescent lesions If the conditions are favorable (very
humid, >93% RH), then the lesions become necrotic and infect the petals. Production
areas of cut flowers and consumer markets are distant. Thus, roses from South America are
transported to USA or Europe, roses from Kenya and Ethiopia are transported via
Western Europe to Eastern Europe — and Asian countries. Due to sustainability issues and
lower costs, a lot of focus is currently being placed on flower transport by sea containers.
Even though, long transport is executed at low transport temperatures Bozrytis development
still threatens the successful transport execution to distant markets.

The aim of this study was to assess the impact of dry and wet transport to distant
markets at low temperatures of three rose cultivars. The effect of dry and wet transport on
Botrytis development during the distribution and distribution plus retailer chains were
evaluated. The impact of dry and wet transport on vase life, the effect of transport time,
cultivar and temperature on Bo#ryzis development and further vase life were also evaluated.

Three rose cultivars ‘Red Naomil’, ‘Aqual’ and ‘Avalanche+’ were tested. Long
journeys at low temperatures for reefer transport were simulated. Thus, roses were dry or
wet stored for 4, 7, 10, 14 and 21 days at 0.5°C and for 7 and 14 days at 2°C and RH of 90-
95%. Flower opening stage (1-5 scale), visual symptoms of Botrytis (0-4 scale), number of
bent necks, wilted flowers and number of stems with flower damage and leaf damage were
determined. Quality assessment was carried out at the start of vase life (day 0) and after 7
days of vase life.

Results showed that the type of transport (dry or wet), transport time and cultivar
influence the Bozrytis damage level, affecting the number of flowers in poor condition at the
start of vase life. Dry transport of roses was significantly better to reduce Bozrytis
development during transport and subsequent vase life. Longer transport times resulted in
increased Bo#rytis development. The ‘Red Naomi!” variety was the most sensitive cultivar to
Botrytis development.

In conclusion, this study shows that transport of roses in water or wet transport at low
temperatures is not necessary and even can have a negative impact on the quality of the
product compared to dry transport. These results showed that Bo#yis development can be
substantially reduced in three varieties of roses by using dry transport at low temperatures.
Transport and handling costs in addition can be substantially reduced



P.1.2 Botrytis bunch rot impact on phenolic and sensory
quality of Merlot grapes, musts and wines

Bénédicte Lorrain™, Isabelle Ky™, Marc Fermaud®, Michael Jourdes', Grégory
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This study was aimed at defining an acceptable grey mould infection threshold level below
which phenolic and sensory quality of Bordeaux red wines remain unaffected. The
pathogen effect on phenolic composition of Merlot grapes was quantitatively assessed,
notably for proanthocyanidin and anthocyanin composition. After wine making, the impact
of different percentages of Botrytis-affected grapes (0, 5, 10, 15 and/or 20%) was assessed
on the chemical, phenolic and sensorial quality of derived musts and wines.

In two seasons, 2009 & 2010, grey mould development was assessed in the
experimental vineyard. In 2009, under dry summer conditions, a low disease incidence at
harvest (23 Sept.), ze. 7%, led us to artificially inoculate with B. cnerea healthy mature
berries (“mat” incubated 8 days). On 21 Oct., over-maturated berries, naturally infected by
the pathogen (“overmat”) showed a mean disease age of 9 days. In 2010, conducive
climatic conditions led, at maturity (3 Oct.), to a mean disease incidence of 23% associated
with a mean disease age of 4 days for infected berries.

At maturity or overmaturity, in skins of rotted berries (naturally or artificially infected),
the concentrations of all the phenolic compounds decreased drastically. These compounds
included anthocyanins and proanthocyanidin monomers, dimmers and trimmer. The mDP,
Ze. mean degree of polymerization, of the proanthocyanidin polymeric fraction was also
affected in these skins. Chemical analyses of musts and wines made with different
percentages of rotted berries showed a moderate pathogen impact on their phenolic
composition. In the must, the anthocyanin depletion rate was higher in 2009 (“mat”) than
in 2010. This would confirm that recently contaminated grapes may show a lower laccase
activity than older rotted berries.

Importantly, a significant loss of quality in wines containing rotted grapes was
evidenced by sensory analyses from the threshold as low as 5% of botrytized berries
upward. This depreciation was mainly due to off-flavours, ze. organoleptic deviations, such
as “damp earth”, “vegetal/herbal like”, “mushroom”. Moreover, in botrytized wines
(2010), a significant decrease in astringency and in the mDP was perceived, confirming that
molecular size of proanthocyanidins could affect their bitterness and astringency.

In conclusion, B. cinerea drastically affects the phenolic and organoleptic properties of
grape skins and derived wines. The phenolic variations and the resulting negative impact in
grapes, associated musts and wines may be related to the B. wnerea laccase oxidative activity
which may vary according to both severity and age of grey mould symptoms. Thus,
prophylactic measures at early stages in the vineyard, evaluation of the sanitary status of the
harvested grapes and berry sorting are crucial, even under low disease pressure.

Ky et al., 2012. Assessment of grey mould (Botrytis cinerea) impact on phenolic and sensory quality of Bordeaux
grapes, musts and wines for two consecutive vintages, Australian |. Grape Wine Res. 18, 215-226. # Both authors
contributed equally.
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KN.2.1 An overview of Botrytis spp. populations causing gray
mold in table grapes, kiwifruits and blueberries in Chile
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Gray mold (Borytis spp.) causes considerable economic losses on table grapes (177 vinifera),
kiwifruits (Actinidia deliciosa), and blueberries (IVaccinium spp.) in Chile, due to favorable
environmental conditions and widespread planting of susceptible cultivars. Despite the
economic impact of gray mold in these crops, until recently, there was little information
about the predominant Bozrytis spp. (B¢) populations in Chile.

The first study was conducted to evaluate the genetic diversity of Be and to investigate
the frequency of Be genotypes in 67 isolates randomly collected from the most important
fruit crops (grapes, tomato, kiwifruits, and blueberries), based on the detection of
transposable elements. Lately, during the course of the different studies, significant
differences in Be genotype frequencies were observed among the host samples.

From table grapes (cv. Thompson Seedless), 457 isolates were recovered from three
different Chilean growing zones and characterized genetically. In all locations and during all
phenological stages, #ransposa isolates were the most common genotype (93.6%), followed
by boty (4.9%) and vacuma (1.5%). In other studies flipper were detected only in flower
remainders.

From kiwifruit, 279 single spore Br isolates recovered from ‘Hayward’ flowers and
truits. [Vacuma was the predominant genotype during blossom (36%) and post-harvest
(69.2%); transposa had low frequency during blossom (20%), it increased al harvest (84%)
but was only 7.7% at post-harvest. F/jpper isolates had a low frequency in all the analyzed
period, except for the pea size stage (24%), and boty isolates were only recovered in a high
proportion during blossom (32%), but not detected at post-harvest.

By the other side, in a recent study Be isolates were collected from flowers and fruits
of two blueberries varieties (Legacy and Brigitta) (n=189), located in the three major
growing zones of this crop in Chile. Vacuma genotype was predominant (57.4%) and 83.5%
of the isolates corresponded to group II (Bo#rytis cinerea sensu stricto), independent of the
variety, phenological stage and the growing zone. On group I (Botrytis psendocinerea, 16.5%),
the highest proportion corresponded also to vacuma genotype (71.4%) and the remaining
percentage was only boty.

The results of the current report strongly support previous finding that the pathogen’s
host shapes its genetic structure, despite the absence of strict host specificity. The
knowledge of population genetic structure on the attacked hosts is fundamental for
developing more effective and rational control strategies.



KIN.2.2 Not a necrotroph but an endophyte? Implications for
the epidemiology of Botrytis cinerea

Michael Shaw', Anuja Cooray’, Aminath Shafia’ Alice Davies’ and Molly Dewey’
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wolhy@fmdewey.com

Many Botryzis species pass extended periods in quiescent or endophytic growth, without causing
external symptoms. The majority of these have restricted host ranges, such as B. a/lii or the
recently discovered B. deweyae in Hemerocallis. In contrast, B. cinerea has an exceptionally wide
host range and is damaging to crops during aggressive necrotic growth. However, there are
several routes by which this phase of growth may arise.

The aggressive spread of established mycelium between neighbouring plants or tissues is
best seen as mycelia growth. Aside from this it is possible to provide evidence for a number of
successively more endophytic life-cycles. (1) Simple spore to necrotic lesion to sporulation. In
most hosts this requires both a wound or senesced tissue and a nutrient source, and possibly
multiple spores. This would be typical of stem lesions in tomato originating at pruning wounds,
for example. (2) Spore infection leading to a quiescent phase in a small number of dead host
cells, followed by necrotic spread and sporulation when plant defences are reduced or
hormonal signals change. This has been shown in grape, for example. (3) Spore infection of
lightly defended tissues such as tepals followed by endophytic growth to fruits in which latent
infection is established, followed by necrotic spread and sporulation as the fruit ripens.
Blackcurrant and strawberry are examples. (4) Spore or seed infection followed by systemic
endophytic growth through root, stem and new leaves, converting to widespread necrotic
growth on plant maturity - presumably as plant defences weaken. This has been demonstrated
in Primula, lettuce and other species. (5) There is some evidence that flower tissues in a
systemically infected plant may give rise to infected seed, implying a potentially fully endophytic
life-cycle.

Many, but not all, apparently healthy host species sampled in the natural environment are
found to carry extensive infection, inaccessible to surface sterilization, by B. ¢nerea in leaf, stem
and root tissues. Co-existing species may have zero and high levels of infection, further
suggesting that this does not simply reflect the ubiquity of B. wnerea spores. Internal root, stem,
or leaf infection is common in wild growing Taraxacum officinale, Senecio vulgaris, Centanrea nigra
and Achillea millefolinm (Asteraceae) but was completely absent from an 18-month old Gerbera
crop neatby. In Lactuca sativa (Asteraceae), Cyclamen persicum and Primula Xpolyantha (Primulacae)
there is leaf, root, stem and seed infection, possibly from generation to generation. However,
leaf or stem infection of healthy Rubus fruticosa agg., Sorbus ancuparia, Fragaria x ananassae and
Potentilla fruticosa (all Rosacae) appears rare or absent as does leaf, stem or root infection of Bellis
perennis and Tussilago farfara (Asteraceae).

The bulk of B. cnerea endophytic infection at any one time is invisible; it only causes
disease when the tissue it occupies dies. We see the fungus as a problem because we too want
to eat plant parts without defences. Good Bo#rytis IPM means understanding the causes of
damage and the epidemiology applicable to each crop. It may not be possible to eliminate
infection — and non systemic fungicides will be ineffective on endophytic infection but it may
be possible to avoid conditions which cause existing infection to become aggressive, to
eliminate seed infection, and to encourage benign endophytes which prevent damage by Bozrytis
in otherwise favourable conditions.
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02.1 Similar but not the same: fungicide resistance, genetic
diversity, taxonomy and population dynamics of Botrytis spp.

Cecilia Plesken', Michaela Leroch', Frank Kauff', Gabriel Scalliet’ and Matthias
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Repeated fungicide treatments are common to protect fruit and vegetable crops against
grey mould. Consequently, there is a strong selection pressure on the Bofrytis populations in
the fields. In addition, the host plant, cultural practice and climatic conditions are believed
to be important factors that determine population dynamics. In German strawberry fields,
which are heavily sprayed against Bosrytis, high resistance frequencies against all specific
botryticides were observed. A novel, stronger efflux-mediated multidrug resistance
phenotype, called MDR1h was discovered, caused by a small deletion in a drug efflux
regulator. MDR1h strains often contained multiple target resistance mutations and
seriously compromised fungicide control efficiency. Preliminary population studies
indicated that all MDR1h isolates are derived from a single founder cell, and that they
rapidly invade fungicide treated fields.

Multiple gene sequencing and whole genome sequencing revealed a surprising genetic
diversity of Botrytis strains on strawberries. All MDR1h strains belong to a distinct group,
called Borytis group Sa, closely related to B. wnerea and B. fabae. PCR markers were
developed for rapid identification of the main dicot infecting species (B. cinerea, B. fabae, B.
pseudocinerea, B. calthae), and three new groups (Sa, Sb, Sc). Different patterns of occurrence
of each Botrytis species or group were found, depending on host plant, fungicide treatments,
time of season, and geographic region. While B. wnerea is common on many hosts, Bozrytis
group Sa strains are largely absent from vineyards, but found worldwide in strawberry
fields. In German soft fruit fields, Sa strains showed significantly higher fungicide
resistance frequencies than B. wnerea strains strains, and were found to be selected by
fungicide treatments. In contrast, overall low resistance frequencies were observed for B.
pseudocinerea. These results have practical implications and will be used for a better
prediction of fungicide resistance frequencies and the development of anti-resistance
management strategies against Bozrytis.

A survey of several cultivated and wild host plants revealed different patterns of
distribution of Bofrytis species and groups. The host plants of the host specific B. fabae
(V'icia faba) and B. calthae (Caltha palustris), were infected sometimes predominantly by broad
host range species (B. wnerea, B. pseudocinerea, group Sa), and sometimes mainly by the
specialists. Artificial infection tests confirmed different host preferences of the dicot-
infecting Bofrytis species and genotypes. In conclusion, grey mould populations are
assemblages of diverse species and genotypes, with different host preferences and
physiological properties. Comparative genomics approaches will be used to uncover the
molecular basis of the differences in host specificity in Botrytis spp..

Leroch ez al., 2013. Appl. Environ. Microbiol., 77, 2887-2897.
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0.2.2 Use of Lateral Flow Devices for the estimation of
Botrytis antigens in dessert wines
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The presence of Botrytis cinerea (Noble rot) is desirable for the production of late harvest
desert wine. The amount of Bo#ytis present influences the sensory and chemical properties
of the resulting wine. However, quantifying the amount of Bo#ytis present and
differentiating Bofrytis from other fungi that are present on the surfaces of mature fruit is
problematic. This study investigated two commercially available lateral flow devices (LFD,
immunochromatographic devices) for the detection of Borytis antigens in wines, one
produced by EnviroLogix, Portland, ME, USA and the other by Forsite Pocket
Diagnostics, York, UK. Both devices employ the same Bo#rytis monoclonal antibody, BC-
12.CA4, that does not recognize other possible co-infecting or superficial fungi.

Twenty-seven dessert wines from Australia (from 1984 to 2009 vintages) and France
(from 2001 to 2005 vintages) were examined in this study. A Californian Semillon dessert
wine (Dolce, 2010 vintage) made from late-harvest grapes infected with B. cnerea was used
as a standard. On completion the intensity of the test lines were determined using the
respective custom made readers.

Both types of devices were easy to use. Tests were rapid (10 min). Results were
comparable and repeatability was good. Historical data for the precise incidence of Bozrytis
in vineyards is generally lacking but based on circumstantial evidence and discussion with
winemakers the levels of antigens detected in one set of Australian wines from one winery,
correlated with the perceived amount of Bozrytis in the vineyard (9 vintages over the period
from 1984 to 2008). Future work will examine this technology in comparison to other
measures of Bofrytis estimation in vineyards such as visual assessments.
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0.2.3 A novel Botrytis species, B. deweyae, is associated with
the ‘spring sickness’ foliar disease of cultivated daylilies
(Hemerocallis)

Robert Grant-Downton, Razak B. Terhem, Maxim Kapralov, Saher Mehdi, M.
Josefina Rodriguez-Enriquez, Sarah J. Gurr, Jan A.L. van Kan and Frances (Molly)
Dewey

Department of Plant Sciences, University of Oxford, South Parks Road, Oxford, England. E-mail: robert.grant-
downton@plants.ox.ac.nk

A number of distinct Bofrytis species infect various petaloid monocotyledons. Typically
these Bofrytis pathogens are specialized to individual host genera and several of these
species cause important damage to horticultural and agricultural crops. For example, B.
elliptica (fire blight, lily blight) causes major damage to lily bulb (Lzzum) crops and several
Botrytis species infect Allium crops (such as onion), for instance B. squamosa.

We investigated a mysterious foliar disease of cultivated Hemerocallis (daylily) called
‘spring sickness’, which has never been confidently associated with a specific pathogen.
Foliage developing in winter and spring affected by this disease typically shows symptoms
of necrosis, chlorosis and distortion. This usually weakens the plant but sometimes results
in death of the entire growing point. It is an emergent disease, having been first reported in
the 1960s but has recently become more prevalent in cultivated hybrids.

After rigorous surface-sterilisation of infected leaf material, from samples taken over a
period of 4 years, we isolated a non-sporulating filamentous fungus repeatedly. These
isolates did produce melanised sclerotia. Given their morphology and that the symptoms of
‘spring sickness’ resembled some Bo#rytis infections of developing spring foliage of other
monocotyledons, such as smoulder (B. narcssicola) on datfodils, we investigated this
possibility. Strong positive results from tests with the Bozry#is-specific monoclonal antibody
BC-12.CA4 suggested these isolates were likely to be Bozrytis.

Confirmation of their identity as Bo#rytis was provided by analysis of ITS sequence as
well as 5 other sequences known to be phylogenetically informative at the generic level.
Phylogenetic analysis demonstrated that these isolates constitute a distinct species most
closely related to B. e/liptica and B. squamosa.

The distinction of this new species was further demonstrated by studies of its
morphology. Formation of diagnostic macroconidia was highly suppressed except under
conditions of near-UV light with the exclusion of other spectra, and infected Hemerocallis
material was not associated with macroconidia development. This explains why this species
has remained cryptic until now and suggests that the diversity of Bo#rytis has been under-
estimated.

Pathogenicity assays on excised Hewerocallis leaf material and whole sterile Hemerocallis
plantlets demonstrated that this species could rapidly induce leaf tissue necrosis and death
of plantlets, supporting our assertion that B. deweyae is important in triggering development
of ‘spring sickness’ symptoms. We speculate that continual in-breeding in cultivated
Hemerocallis hybrid lines may have been important in triggering the emergence of this new
disease, which may have rapidly evolved from an endophytic ancestor promoted by
conditions created in cultivation.

13



0O.2.4 Aerobiology of Botrytis cinerea in raspberry, strawberry
and grape: analysis of airtborne inoculum progress curves.
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Analysis of disease progress curves is a common activity in quantitative epidemiological
research and has been used to design and evaluate various disease management strategies.
Similarly, for airborne diseases, the concentration of airborne inoculum when assessed at
several times could be used to characterize epidemics and to design efficient control
programs. To facilitate Bozrytis cinerea monitoring, a new qPCR assay was developed. The
assay was designed to accurately quantify B. cnerea conidia from air samples.

Airborne B. cinerea conidium concentration (ACC) was monitored two to three times
weekly in strawberries, raspberries and grapes plantings in 2010 and 2011. A total of 22
aitborne inoculum progress curves (IPC) were constructed and analyzed using curve
descriptors derived directly from the data: the maximum ACC (Y,,), ACC at the beginning
of the flowering period (Y), and area under the inoculum progress curves standardized for
the epidemic duration (AUIPC,,); and descriptors derived from fitting growth models: g,
fy, Iy, fg fp, L, and g, which represent the rate estimated from the Gompertz,
exponential, logistic, sigmoid, and Richards models, weighted mean absolute rate, and
shape parameter from the Richards model, respectively and the time at which ACC was

one half of the maximum (x;).

The structure of B. cnerea inoculum progress curves was examined by conducting
multivariate principal components analyses. The dimensionality of the data was reduced
into two principal components (PC) accounting for 86.50% of the variation (54.83% and
31.67% for PC1 and PC2, respectively). Regardless of the models, all descriptors derived
from growth models were associated with the PC1 with factor loadings of 0.94, 0.68, 0.94, -
0.83, 0.94, 0.94, -0.79, and -0.61, for rg, ry, 1, fg, Ty, L, 7, and x, respectively. All
descriptors derived directly from the data were associated with the PC2 with factor loading
of 0.91, 0.90, and for 0.79, for AUIPC_,, Yy, and Yy, respectively. Based on PCA analysis,
airtborne inoculum progress curves monitored in strawberry and raspberry plots were
distinct from curves monitored in grape plots and characterized by AUIPC_, Y.y, and Y
varying from 42.8-40.5, 942-753, and 20-28, respectively, which were lower than for grapes
with values of 166, 2966, and 132, respectively. Similarly, time to 50% of the maximum
ACC was lower in strawberry and raspberry with values of 38.5 and 35.9 as compare to 49
days after the beginning of flowering, respectively. In conclusion, the airborne inoculum
curves from strawberry and raspberry were different than curves from grapes.

Overall, IPC from strawberry and raspberry crops were characterized by mean
absolute rate ranging between 0.014 and 0.080 and AUIPC,, ranging from 12.30 to 98.39
while IPC monitored in grape crops were characterized by lower mean absolute rate with
values ranging between 0.006 to 0.012 and higher AUIPC_; with values ranging from 50.95
to 335.14. The low but constant progress of B. cinerea airborne inoculum observed in the
grape crops is suggestive of successive infection-sporulation cycles.
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0.2.5 Comparison of methods for quantification of botrytis
bunch rot in white wine grape varieties
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Botrytis bunch rot (BBR), caused by the fungus Borytis cinerea, is one of the most
economically damaging diseases in wine grapes in Australia and New Zealand. Although
quantification of BBR is important for both grape growers and wine makers, the widely
used method for visual estimation of BBR severity is time consuming and can be highly
subjective.

The reliability of the visual estimation method was tested by having participants from
both research and industry backgrounds measuring BBR severity on 20 digital images of
diseased bunches. Participants were asked to assess the same 20 images four months later
in a random order and their results for the two assessments were compared. Various
alternative quantification methods were compared with the visual estimation method using
naturally infected white wine grape bunches. These methods included near-infrared
spectroscopy (NIR), mid-infrared spectroscopy (MIR), quantitative PCR (qPCR) and
specialised image analysis software (RotBot).

Differences between assessors for the visual estimation method were significant (P <
0.05) but differences within assessors over time were not significant (P = 0.134). Linear
regressions showed significant relationships (P < 0.001) between the visual estimation
method and all alternative quantification methods.

Each method had advantages and disadvantages. The scanning of samples using NIR
and MIR was quick and highly sensitive. NIR penetrates farther into the sample than MIR,
potentially giving a more accurate assessment for samples that are not completely
homogeneous; however, MIR is more sensitive. Sample preparation for both these
methods was less labour intensive than the DNA extractions required for qPCR. Running
the qPCR reaction also took longer than NIR and MIR scanning. One advantage of qPCR
is that it quantifies B. enerea DNA, which is directly related to fungal mass. It is unclear
what NIR or MIR is quantifying and the relationship with BBR is purely empirical. The
RotBot method required no sample preparation or expensive equipment and the software
was able to batch-process images rapidly. However, this method only quantifies visible
BBR symptoms.

In summary, the results obtained by the visual estimation method were found to vary
significantly between assessors but not for the same assessor over time. All methods tested
were found to be reliable, accurate and objective alternatives to the visual estimation
method. The choice of method would depend on the intended purpose and whether the
additional time needed to achieve higher accuracy is justified.
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0.2.6 Seasonal and regional variation of Botrytis in New
Zealand vineyards

Peter Johnston, Paula Wilkie, Karyn Hoksbergen, Duckchul Park and Ross Beever

Landcare Research, Private Bag 92170, Auckland 1142, New Zealand. E-mail:
johnstonp@landcareresearch.co.nz;

Genetic diversity of Bozrytis in New Zealand vineyards was surveyed over the period 2008
to 2012 from five wine growing regions. Isolates were gathered from symptomless flower
buds immediately prior to flowering and, from the same vines, from diseased fruit at
harvest. The isolates collected in spring represent the total genetic diversity of Bozrytis
associated with fruit in the vineyard, whereas the isolates collected in autumn comprise
only that part of the Borry#is population that is associated with disease at harvest.

The species and transposon diversity found in New Zealand closely matched that
reported from European vineyards. Both B. cnerea and B. pseudocinerea were present, with B.
cinerea being the most common species. Within B. anerea, isolates containing both the
Flipper and Boty transposons were more common than those with only one transposon, or
with neither.

Despite the genetic similarity between the New Zealand and European populations,
and despite the fact that Bosrytis produces huge numbers of air-borne spores, strong
geographic structure to the New Zealand vineyard population was detected. B. pseudocinerea
was common in the two Auckland vineyards sampled (about 14% of the isolates sampled at
flowering) but infrequent elsewhere (between 0% and 2% of the isolates sampled at
flowering). Within B. cnerea, isolates containing only the Flipper transposon were more
common in the Auckland region (up to 22% of the isolates sampled at flowering) than
elsewhere (between 0% and 4% of the isolates sampled at flowering); isolates containing
only the Boty transposon were more common in the Waipara region (up to 54% of the
isolates sampled at flowering) than elsewhere (between 0% and 9% of the isolates sampled
at flowering).

There was also strong seasonal variation in the vineyard Bofrytis diversity. Even in
those vineyards where B. pseudocinerea, Boty-only and Flipper-only isolates were common at
flowering, they were rarely detected in association with diseased fruit at harvest. These
results suggest that B. pseudocinerea, and isolates with one or both of the Flipper and Boty
transposons missing, are less capable of causing disease than B. wnerea or isolates with both
transposons present.

To better understand the field observation of an apparent correlation between
transposon type and pathogenicity, progeny of crosses between isolates containing
different transposons are being examined for segregation of transposon type. Isolates
containing a single transposon, both Flipper and Boty transposons, or neither transposon,
are being tested for pathogenicity.
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0.2.7 Electrochemical biosensor for early detection of Botrytis
infections in the field using immunological and PCR based
identification techniques

Michael Binder, Leon A. Terry and Ibtisam E. Tothill

Cranfield Health, Cranfield University, V'incent Building (52a), MK43 0AL Cranfield, UK. E-mail:
m.binder@cranfield.ac.uk

Internal defects of onions, particularly neck rot, caused by Bomyzs species result in
considerable losses in the field and during storage. A rapid, sensitive and reliable method to
assess pathogen load of infected onions could help to prescribe an effective curing regime.
Onion growers would then have the ability to predict and manage the storage potential of
their bulbs. Hence, this research aimed to develop a biosensor for early detection and
identification of Bo#rytis infections in onions.

An enhanced sensitivity electrochemical immunosensor based on a screen-printed
gold working electrode (SPGE), with onboard carbon counter and Ag/AgCl pseudo-
reference electrode was developed for the detection and quantification of Bofrytis species.
The sensor utilised a direct sandwich enzyme-linked immunosorbent assay (ELISA) format
with Botrytis specific monoclonal antibody immobilised on the gold working electrode using
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide ~ hydrochloride =~ (EDC) /  N-
hydroxysuccinimide (NHS) activated thiolated self-assembled monolayer. A polyclonal
antibody conjugated to the electroactive enzyme horseradish peroxidise (HRP) was then
applied for signal generation. Electrochemical measurements were conducted using 3,3’,
5,5” -tetramethylbenzidine dihydrochloride (TMB)/H,0, as the enzyme mediator/substrate
system.

The developed biosensor was capable of detecting latent Borytis infections 24 h post-
inoculation with a linear range from 1500 to 0.5 pg Borrytis per gram plant tissue and a limit
of detection as low as 160 ng Borytis g'. The developed sensor format provides a new
approach for simple and sensitive in-field and in-store detection of Bo#ytis infections
caused by B. allii, B. aclada, B. byssoidea and B. cinerea.

The second stage of the development combined the biosensor with a DNA testing
procedure in order to detect and discriminate between the Bo#rytis species. Genetic
differentiation between the Borry#is species associated with neck rot was performed using
PCR amplification and restriction fragments length polymorphism (RFLP) differentiation.
Real time PCR was used to identify the pathogen-derived DNA with biotin labelled
primers specific to Bofrytis species causing neck rot. NeutrAvidin was immobilised on the
gold working electrode as a binding molecule for the amplified pathogen DNA, followed
by Streptavidin—Peroxidase polymer for signal generation.

The biosensor was able to detect pathogen DNA from Bo#rytis species associated with
neck rot (B. allii, B. aclada and B. byssoidea) after PCR amplification. The DNA based
procedure is now being optimised to combine the biosensor with PCR techniques for early
detection and identification of Borytis infections in the field.
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P.2.1 Characterization of Botrytis cinerea isolates present in
forestry nurseries in Chile

Gaston Mufoz and Felipe Campos
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Gray mold is recognized as one of the main phytopathological problem in the world
because the ability of the causal agent, the fungus Bo#rysis cinerea, to infect a wide range of
host plants of economical importance. Thus, gray mold has been longer studied in fruits
and in horticulture, however, it has also been described in woody plant species. In fact, B.
cinerea is a serious fungal problem in forest nurseries, woody plants being particularly
susceptible during the early stages of development. Despite the fact that gray mold is an
important phytopathological problem in Pinus radiata D. Don and Eucalyptus globulus 1.abill.
nurseries, the problem has been scarcely studied. Therefore, this work was conducted as a
first approximation to obtain information about the genetic composition of the causal
agent of gray mold in forestry nurseries in Chile.

For this study, B. cnerea isolates collected from P. radiata and E. globulus plants
cultivated in two nurseries, 5 km apart from each other, located in Los Angeles city, Bio-
Bio Region, Chile, were characterized in terms of: (i) determination of vegetative-
incompatibility alleles (Be-hch) (i) genotyping based on transposon (Bozy and Flipper)
detection, and (iii) identification of the most common mutations involved in resistance to
fungicides. B. cinerea isolates from native plants located near the nurseries such as Rubus spp
and Aristotelia chilensis were also included in the study.

A total of 55 isolates was collected and identified as B. cnerea Group 11 because all
isolates carried the Be-heh2 allele. This genetic group corresponds to a phylogenetic species
within Botrytis, also referred to as B. cinerea sensu stricto. Genotyping based on the presence of
transposons showed differences between isolates related to the plant host. Thus, #ansposa
isolates (containing both transposons) were detected in P. radiata and E. globulus while
vacuma isolates (containing neither transposon) were detected in all plants except E. globulus.
Notably, boty isolates (containing just the Bo#y transposon) were detected at high frequency
in all plant hosts. Based on transposon content, isolates collected from the four plant hosts
were statistically different.

Finally, analyses to detect mutations involved in resistance to fungicides such as
benzimidazoles, dicarboximides and Qols also showed differences in the collected isolates.
Isolates collected from native plant hosts did not carry any of the mutations analyzed, while
those collected from P. 7radiata presented mutations involved in resistance to
benzimidazoles only. Isolates collected from E. globulus were shown to carry mutations for
all tree fungicides. These results are in line with fungicide control programs, which are
more intense in E. globulus.

Thus, ours results suggest that migration of B. anmerea from native plant hosts to
nurseries, if it occurs, would not the origin of gray mold. Migration from other commercial
crops could be possible. B. cinerea isolates present in forestry nurseries may be adapted to
those environments and this is a situation open for evaluation.

This work was suppotted by DGID-UNAB through a DI-18-11/R grant.

18



P.2.2 Molecular identification of B. cinerea, B. paeoniae and
B. pseudocinerea in peony (Paeonia lactiflora) associated to
gray mold in Chile

Gaston Mufioz', Felipe Campos', Daisy Salgado’, Rafael Galdames” and Orlando
Andrade’
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Chile. 2Instituto de Investigaciones Agropecuarias, Temmnco, Chile. *Facultad de Recursos Naturales, Universidad
Catdlica de Temuco. Temuco, Chile. E-mail: gmunoz{@unab.c/

Peony (Paeonia lactiflora) is an ornamental plant introduced in Chile in the early 90s. Since
then, this crop has gained importance, becoming today as one of the main exported flower
of Chile. One of the most important phytosanitary problems of peony is gray mold caused
mainly by Bo#rytis cinerea, however other species, such as Bofrytis paeoniae, has been described.
Because there are no previous reports in Chile, a phenotypic and molecular characterization
was conducted to know the diversity of Bo#rytis spp. associated to peonies decay.

In this study, 17 monosporic isolates of the fungus were obtained from diseased
peony leaves. The isolates were collected in seven locations across three regions in Chile.
The phenotypic characterization was performed on PDA medium. Four isolates (IBx7,
IBx9, IBx12 and IBx16) shared common characteristic which distinguish them from the
rest, such as color and aspect of mycelium as well as a longer time required to produce
conidia and sclerotia. Isolate IBx15 showed white mycelium and a high number of small
sclerotia. Species were first determined through sequencing a region of the glyceraldehyde
triphosphate dehydrogenase gene, homology searching and phylogenetic analysis. The later
was done using the MEGAZ2.1 program and sequences related to seven Bosrytis species were
included. We found that 12 out of 17 isolates clustered with B. cnerea, while 4 out of 17
(IBx7, IBx9, IBx12 and IBx16) were closely related to B. paeoniae and one isolate (IBx15)
showed to be related to B. pseudocinerea. Determination of the vegetative-incompatibility
allele (Be-heh) confirmed the identification of B. nerea and B. pseudocinerea. Therefore, three
different Borrytis species are involved in gray mold of peony in Chile.

The isolates were characterized trough genotyping based on PCR determination of
transposons Bozy and Flipper. Among the 12 isolates identified as B. cinerea, 7 were typed as
[flipper (isolates containing just the fijpper transposon) which is a genotype scarcely reported
in others plant host, while 4 isolates were identified as #unsposa (containing both
transposons), a genotype quite common in other well studies crops such as grapes, and just
one isolate was genotyped as bofy (containing just the Bo#y transposon). This result suggests
that B. anerea isolates present in peony have a particular population structure. Regarding the
tour B. paconiae isolates, 3 were transposa and one boty. The B. pseudocinerea isolate was
identified as flipper. No vacuma isolate (containing neither transposon) was detected to be
present in the studied isolates.

Finally, with the purpose to establish a specific, fast and reliable molecular
identification of B. paeoniae the necrosis and ethylene-inducing protein gene (NEP1) was
tested in order to develop a PCR assay. A pair of primers denoted as BpNP1-F41 and
BpNP1-R378 designed on the NEP1 sequence showed to amplify a 470 pb band specific
to B. peoniae isolates, thus allowing an easy identification of the phytopathogen.
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P.2.3 Genetic and phenotypic study of Botrytis spp. isolates
from Blueberry in Chile
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The Chilean blueberry production for export is affected by Borytis cinerea (Be). Losses
associated to post-harvest Br rot can be over 20%. According to previous studies, the most
susceptible phenological stages in pre harvest period are: blossom, early and late harvest. In
order to learn more about the Be blueberry dynamic population and sensitivity levels of the
pathogen to some fungicides (fenhexamid, iprodione, cyprodinil & fludioxonil and
fludioxonil), during the 2011/2012 season, flowers or fruits wete collected in blossom and
early and late harvest, respectively, from two varieties (Legacy and Brigitta) in orchards
located in the three major blueberry growing zones of Chile (Central Zone [Maule], Central
— South Zone [B#-Bis] and South Zone [de Los Rios]). Sixty three Be isolates were analysed
for each wvariety, phenological state and growing Zone (total, =189). The detection of
transposable elements (boty/ flipper) was based on polymerase chain reaction with duplex-
PCR and specific primers. Distinction between group I and group II Be isolates was based
on PCR-restriction fragment length polymorphism (RFLP) method. The sensitivity to
fungicides was determinate by EC;, values (myceliar growth) in Sisler or PDA medium,
depending of the fungicide tested.

In the two varieties and three zones vacuma genotype was predominant (57.4%); flipper
was detected occasionally during blossom (4%); and in general fransposa and boty had low
frequency (14.6 and 11.9%, respectively). Bofy genotype was not detected in the B-Bio and
de los Rios Zones. 83.5% of the isolates corresponded to group II (Botrytis cinerea sensu stricto),
independent from the variety, phenological stage and the growing Zone, with
predominance of vacuma genotype (51.2%). On group 1 (Botrytis psendocinerea, 16.5%), the
highest proportion corresponded to the zacuma genotype (71.4%) and the remaining
percentage was only bo?y.

Regarding the fungicide sensitivity assessment, results indicate that in both varieties
(Legacy and Brigitta) and in the three growing Zones, the B¢ populations behaved as
slightly to moderately resistant to fenhexamid (EC5,=0.485 ug'mlL."), slightly resistant to
iprodione (EC4,=1.198 ug'mL") and highly sensitive to cyprodinil & fludioxonil
(EC5,=0.045 ug'mL™). In the Central — South and South Zones were detected few isolates
slightly resistant to cyprodinil & fludioxonil. But all the isolates analysed behaved as highly
sensitive to fludioxonil (ECy;: 0.021 pg'mL™).

These results are an important contribution to be considered in order to design a more
efficient blueberry Botrytis rot control programs.

Supportted by U. de Chile — Blueberty Committee, ASOEX A.G., 2011-2012 / Conicyt —Post-doctorate
Fellowship 3120001.
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P.2.4 Genetic and phenotypic characterization of Botrytis
cinerea Pers. in Actinidia deliciosa in the Chilean Central
Valley
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Currently, Chile is the third kiwifruit exporting country at worldwide level. Due to the on-
going growth of the export production and in order to search better market opportunities,
the volume of fruit stored at the origin has increased, hence the losses associated to Bo#rytis
cinerea (Be) rot has increased. Be has a high intraspecific variation levels in the pathogenesis
mechanisms.

In order to learn more about the B¢ population dynamics in kiwifruit in Chile, a
representative amount of isolates recovered from symptomatic flowers and fruits collected
pre and post harvest in the Central Valley orchards were characterized. 279 single spore
isolates were randomly selected and thus genotype correspondence was determined
through the use of specific primers (boty/flipper). Then, 10 isolates of each identified
genotype were characterized by: 1) morphologic appearance (myceliar / sclerotial), 2)
sclerotial forming capacity, and 3) sporulation level at 20°C (Malt Agar medium). In
addition, 4) the virulence of the isolates was evaluated in: a) cv. Thompson Seedless berries
(16.5° Brix), wounded and unwounded (20°C for 96 hours) and b) ‘Hayward’ kiwifruits (7-
8° Brix) only wounded inoculated and incubated at 20°C and 0°C for 17 and 60 days,
respectively.

Vacuma (boty-, flipper-) was the predominant genotype during blossom (36%) and post-
harvest (69.2%); transposa (boty+, flippert) had low frequency during blossom (20%) and,
increased at harvest (84%) but only 7.7% at post-harvest. Flipper (boty-, flipper+) isolates had
a low frequency in all the analysed periods, except for the pea size stage (24%), and the boty
(boty+, flipper-) isolates were only recovered in a high proportion during blossom (32%), but
not detected at post-harvest. These results show that the Be population composition in
kiwifruit is notoriously different from the one described on Chilean table grape, where
transposa is predominant in all phenological stages and vacuma is only seen at a lower
proportion in early bloom.

The isolates phenotype behaviours results (1, 2, 3, and 4) showed that only difference
(p<0.05) in the disease severity levels. In table grapes wounded berries, flipper isolates were
the most severe (p<0.05), but not in unwounded berries (p>0.05). In kiwifruit incubated at
20°C, vacuma genotype isolates always were more virulent, although was no statistical
differences; in inoculated fruit incubated at 0°C, vacuma and boty isolates were significantly
more aggressive than #ransposa and flipper genotypes (p<0.05).

These results suggest a possible association between the genotype composition of Be
population present in kiwifruit and the rot damage level in post-harvest.

*Agronomical Engineer Diploma Thesis, Facultad de Ciencias Agronémicas, Universidad de Chile; **Conicyt
—Post-doctorate Fellowship 3120001.
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P.2.5 Cultural and morphological characteristics of kazakhstani apple
and pear fruits Botrytis isolates
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In present research agriculturally important for Kazakhstan fruits (apple and pear) were
surveyed to identify the Bozrytis fungi. The Botrytis species complex was successfully isolated
from apple, pear, and peach fruits during last 3 years Grey mold isolates were also obtained
from tomato, soya, srawberry wine grapes and ornamental crops cultivated in Almaty
region located in south-eastern Kazakhstan. Several pome (apple, pear) and stone (peach)
fruits are believed to have originated from the area on the border of Kazakhstan and
China. For this reason strains isolated from apple and pear fruits during winter storage time
were most important.

All isolated strains were identified as three distinct species, namely B. cnerea, B. mali
and Botrytis sp. a/v. Morphological characteristics were observed in 4 and 10 d old cultures.
B. cinerea colony surface is gray, colony reverse looks pale with dark scattered discrete
sclerotia of different size and shape. B. mali colony surface is grayish with brownish
patches, colony reverse looks pale with dark concenttic sclerotia. Bo#rytis sp. a/v appearance
is characterized as white radial mycelium with rare aggregated sclerotia and abundant about
2-3 mm grayish mounds.

Under the light microscope B. mali strains demonstrate a multiple clustered conidiophores
located at the same parental hyphae with botryose clusters of conidia. Mostly unicellular,
hyaline to pale gray or brown, ovoid conidia are mean 6-8 x 6-18 um. Some hyphae are
organized in chains consisting of syringe like structures with dark cell wall. These unusual
structures supposedly serve as an additional mechanism to penetrate into host surface cells.
Moreover, intact bacterial cells inside the fungal hyphae were observed regularly under the
electron microscope observations. Molecular identification procedures and additional
studies under the electron microscope of all strains and their variants are in progress.
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Genetic diversity of Bozrytis in New Zealand vineyards was surveyed over the period 2008
to 2012 from five wine growing regions. Isolates were gathered from symptomless flower
buds immediately prior to flowering and, from the same vines, from diseased fruit at
harvest.

Two species were found, B. cinerea and B. pseudocinerea. All of the B. pseudocinerea isolates
detected were fenhexamid resistant. The distribution of B. pseudocinerea was structured
geographically, common in the two Auckland vineyards sampled, infrequent elsewhere.
However, even in the Auckland vineyards, it was rarely isolated from diseased fruit.

The presence of the Boty and Flipper transposons was assessed using a PCR-based
method. Isolates with all four transposon states (Boty onl