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Abstract

The brown rot fungi belong to a group of fungalhmatens that causes
considerable damage to cultivated fruits treegjqudarly stone fruits
and apples in the temperate regions of the World @umring the
postharvest with an important economic impact. drtipular in Italy,
it is important to monitor theMonilinia population to control
economic losses associated to the peach and mectaarket.

This motivates the research steps presented indikgertation on
Monilinia Italian isolates. Th&onilinia species collected from stone
fruits have been identified using molecular analyssed on specific
primers. The relevant role M. fructicolawas confirmed and, for the
first time, it was found also on apple fruits.

To avoid the development of resistant strains anglement valid
treatment strategies, the understanding of thé fratural resistance
during different developmental stages and the assa® of the
Monilinia sensitivity/resistance to fungicides are required.

The relationship between the inhibition spots ah& fphenolic
compounds in peach fruit peel was highlighted ia thsearch.

Three methods were used to assess isolate reg&ansitivity, the
amended medium, the Spiral Gradient Endpoint Metf®@D) and
the Alamar Blue method.

The PCR was used to find possible mutation pomtthe b-tubulin
gene that is responsible for fungicide resistaringerestingly, no
mutation points were observed in resisténiaxaisolates, suggesting

that the resistance could be stimulated by enviental factors.



This lead to the study of the effect of the temperon the resistance
and the preliminary results of in vitro tests shdwthat maximum

inhibition was observed at 30°C.



Chapter 1

Introduction

A diet rich in fruit and vegetables plays a sigrafit role in improving
the health of people around the world. An increaxfe fruit
consumption and its promotion as alternative tonKjuood” are
encouraged by the European Community and USA. énpist few
decades, the fruit industry has changed considemldrder to adapt
itself to the fast evolution of the market and be requirements of
consumers increasingly concern about food heaklkineand
environmental issues. In addition fruits and vegles contribute
significantly to the economy of the European caestrin the
Mediterranean area, among the leading exportefsuivfin the world
(79). In this context, world peach production iraged during the first
decade of 21st century and reached 20 Mt. Duriagséime period the
production in Europe, over 95% of which is from Eduntries,
slightly decreased.

The top 15 producers of stone fruits are: Chinaly JtUSA, Spain,
Greece, Turkey, Iran, Egypt, Chile, France, Mexidérazil,
Argentina, South Africa and South Korea. China pies 50% of the
World production, followed by the Mediterranean coties (with 6
countries in the top 15), North America, and SoAtherica. Iran,
South Korea and South Africa stand among the topriBucers.The
Italian production remained stable with 1.6 Mt.

Peach and nectarine export is growing at an hightr than the
production. European import/export market is preaamt, with 75%

and 82% of the overall imports and exports, respelgt Among the
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top 15 exporting countries, 11 are European, whits and Italy at
the top positions. Russia, Poland, and Ukraineiecezasing their
exports. The first non-European exporting countaes the US and
Canada. Italy and France, that were mainly expmrieave become
importers (34, 103).

Transport by road, rail, sea or air allows frumdavegetables too) to
reach large areas of the World; however, to beidiged overtime
and space, these products need to be subjectedskmra or long
retention period, in relation to product charastecs and market
demands.

Peaches, nectarines, plums and apricots (climactarits), able to
ripen on or off the tree, are usually harvesteduneabut not ripe. The
maturity indices currently recommended for theineat are based on
the compromise between those parameters that vemddre the best
eating quality to the consumer and those that geovninor losses
during handling, storage and marketing (59, 90).e Tihse of
appropriate postharvest technology proceduresenast few decades
has greatly reduced product losses from productimapplication of
low temperature storage delays fungal growth ineganand fruit
ripening, which translates into reduced developmédisease (73).
When the stone fruits are transferred to highempezature than that
used in storage to develop their typical flavor aexture and reach
optimal eating quality, the pathogens resume groand develop
rapidly into decay lesions (21, 46, 90, 91, 1034)10n addition,
excessive handling in self-service display or stibagd disposal of
fruits at retail store often cause mechanical isgi{punctures, cuts or
bruises), that create infection opportunities fathpgens that can
development diseases after purchase (114, 122, 1@€9es occurring

at the consumer level are generally not taken msickeration, but can
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negatively affect consumer satisfaction and projpeibs consumption
(78).

Stone fruits are characterized by a relatively sipmstharvest life,
passing quickly from ideal ripeness to over-matuugs, depending
in part of temperature and handling practices {83, Protection from
heating after harvest and rapid movement to coolarg thus
Important to avoid excessive flesh softening byteeslly to reduce
postharvest decay. Brown rot cauded hylonilinia laxa
(Aderhol&Ruhland), Monilinia fructigena (Aderhol&Ruhland) and
Monilinia fructicola (G. Winter) is the major postharvest decay of
stone fruits, follow by gray mould caused Bgtrytis cinera(Pers.:Fr)

and Rhizopus rot caused Byizopus stolonifefEhrenb.:Fr) (21)

1.1 Brown rot of stone fruit

The brown rot fungi belong to a group of fungalhmatens that causes
considerable damage to cultivated fruits treegjquaarly stone fruits
and apples in the temperate regions of the World.

Monilinia spp. can cause severe losses in peaéhasys persicdL.)
Batsch) worldwide, with an important economic impdairect yield
losses result from infection of flowers, blossond awig blight, and
from fruit rot at harvest and postharvest (80). da3s depend on
weather conditions and are especially severe i ligmidity, warm
temperatures, and abundant rainfall prevail poharvest (15, 104).
Indirect losses are due to the cost of fungicidaliegtion during the
bloom and during the pre-and postharvest perio@)(1Marketing of
decay-free fruits, especially to long-distance m&sk can
consequently be problematic overall for Europeaantites, where

postharvest fungicide treatments are not allowed lrown rot is
12



controlled only by fungicide spray programs in fiedd. Preharvest
treatments can be fundamental as a consequence isefisd
epidemiology and the importance of controlling tefections (66).
The plant pathogen is primarily a wound pathoged mvades the
fruit through wounds and injuries that occur befard, most
importantly, during and after harvest. The conicéa also penetrate
through micro lesions, stomata and lenticels oft fskin; in some
cases, infections occurring in the field remainegaent until the fruit
reaches ripening, allowinlonilinia to overcome host defenses (30).
Latent infections by. fructicola or the closely relatetdl. laxa have
been documented in peach for the first time in 1€72), later the
latent infections byM. fructicola on peach fruits were described by
Schlogbawer (111) and by Michailidis in Californ(@4). Other
authors reported also latent infection in aprictt(),plum (82, 94,
111), prune (83) and cherry (131, 36). A betteranstinding of the
importance of latent infection in the epidemiolagfybrown rot could
facilitate the early detection of fruit rot risk foee harvest and
consequently increase lead time for disease maragetecision (1,
2, 36, 82, 83, 84).

1.1.1 History

The brown rot diseases of fruits have been extehsistudied in

Europe for over 150 years, in North America for @thb00 years, and
more recently in other parts of the World, as Aalsr New Zealand,
China and Japan.

In Europe there are references on fruit diseasesuily literature that
could be attributed to the brown rot fungi. Thestfirauthentic

description of brown rot fungus on fruit was pubéd in 1796 by

Persoon. During the ¥9Century there was a greater awareness of
13



fungal plants diseases in Europe and the numbepubfications
increased, including those concerned with the broamnfungi on
fruits. By the end of the I9Century it had been established that there
are two brown rot species in Europé: fructigenaandM.laxa (18).

M. fructicola causes brown rot of stone fruit in India, Japdre t
Republic of Korea, Oceania, and North and South Agae It was
considered a quarantine pathogen by EPPO (Alurgt) 2001 when

it was detected in peach orchards in France (&4¢y lin the Czech
Republic (28) and in 2006 in mummified peach fanid trees in an
orchard located in Lleida (Spain) (25). Stored aeaoes from two
orchards in Lagnasco (Italy) were found infected 2@08 (100).
Following these communicationd. fructicola was inserted in A2
EPPO list (29, 31, 32, 96M. laxais a quarantine pathogen in China
(though there is no finding) while in some Statethe North America

it was detected for the first time in 2008 on “Sued cherries in
Niagara, in 2009 on cherries from Wayne, and in120h sweet
cherries and plums in New York, Rhode Island angddahusetts by
Cox et al. (23, 125).

1.1.2 Symptoms

The pathogen infects aerial parts of host plantdh & variety of
symptoms, including blighting of blossoms, cankamswoody tissues
and rotting of fruits.

Blossom blight is the first symptom in the sprimgappears on the
blossoms, and develops when spores (conidia) landnd penetrate
on flowers stem of susceptible plants. In humid tveia (moist and
moderately warm) blighting of flowers results imealuction in the set
of fruit and also in the infections. Any part oetHowers, the stigma,

stamens, petals or sepals can be sites of infecliom infected tissue
14



turns dark brown and is covered with the grayishalr conidia of the
fungus and later shrivels and dries up, with th&ng mass clinging
to the twigs for some time. Some infected blosstatigo the ground
but others can remain attached to the tree for pmrgpds, and during
moist weather the pathogen within the withered 8mvproduces tufts
of spores over the infected tissues. The chairnidia provide the
inoculum for other parts of the same or neighbotiegs.

At the base of infected flowers, small, sunken easkdevelop on
twigs around the flower stem, which sometimes tkegircle and
cause twig blight. The fungus grows from the flgralts through the
peduncle in the twigs where the infected tissugseap brown, as
collapsed area. These symptoms gradually extendowm the twig.
Gum may exude from the infected shoots and graydavn tufts of
spores produced in sporodochia often are foundn@ectted tissues.
Gray tan-colored tufts of spores emerge on blighteds andinfected
blossoms. These parts (such as shucks) may clieglérging fruit,
and with moisture, they tend to produce sporedltreguas sources of
inoculum for infection of the developing green frui

Stem cankers develop usually from blighted twigdrait spurs by
growth of mycelium into larger limbs of the trea.the early stages of
canker formation the bark in the infected area,di®s tissue beneath
the bark becomes sunken and discolored and fialppen wound
develops. Gum is often exuded in the diseased &areaally callus
tissue develops around the canker and restrictiseiugrowth, so that
the cankers heal up. If environmental conditions auitable for
sporulation, active cankers sometimes produce @oradd thereby
provide a source of inoculum. Occasionally the wisucontinue to
develop for several years and extensive damageesf death of the

15



tree may be caused, but this is often the resulingésion by

secondary organisms (5, 18).

Infections of green fruit are not frequent, thepwlsoft water-soaked,
dark areas, rot first develops in clustered frumtfruit contact spots,
and insect- or wind-damaged fruit, since clusteheot are more

favorable for disease development. For instancet-ti-fruit contact

surfaces have microcracks, thinner cuticles, andayenvironmental
conditions predisposing fruit infections (85When the fruit

approaches maturity, symptoms appears as smatiylair brown

spots that spread rapidly in all directions. Ongdaor several small
rotten areas may be present on the fruit, whictallfinbecomes
completely rotted or dries up. The mummified fruisn hang from
tree or, alternatively, fall to the ground whereytliemain through the
winter months, partly or completely buried in smilleaf litter (20, 52,
83, 86, 123)

Under moist conditions and on soft, ripe fruit, aknall the surface is
covered with conidial tufts or vegetative myceliubyt when the
relative humidity is low and/or the fruits are ngie, no mycelium
and little or no conidial tuft develop (85). Greémits are more
resistant to the brown rot fungi than those apgroacthe ripening
stage (77, 83, 93).

Disease development in orchard depends on the gethsinoculum

potential, microclimatic conditions, and culturahgtices (42, 43, 79).
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Figure 2: Monilinia brown rot on a

peach blossom, showing gumming,
and wilted blossoms through which
infection occurred

Figure 3: Monilinia brown rot on Figure 4: Monilinia brown rot on the
abort peach fruit peach fruit

Figure 5: Postharvest rotting of fruit

17



1.1.3 Hosts

M. laxa fructicola andfructigenacould infect all drupaceous species
and also many other members of RResaceaenay serve as hosts to
these fungi. The main commercial crops that afectrbyM. laxa M.
fructicola and M. fructigena include Prunus species peach and
nectarine P. persicdlL.) Batsch), apricotK. armeniact.), plum (.
domesticda.), sweet cherryR. aviuni.), sour cherry R. cerasuk.)
and almond R. amygdaluBatsch)andappleMaluspumilavill.), pear
(Pyruscommunils) (5).

. -
Figure 6: Monilinialaxa on peach Figure 7: Monilinia laxa on cherry
tree tree

1.1.4 The Pathogen

The mycelium produces chains of elliptiddbnilia-type conidia on
hyphal branches arranged in tufts (sporodochiag dld colonies of
M. fructicola natural substrate or in artificial substrate liketgio
dextrose agar (PDA) or agar technical charge withdf V8 Juice
(V8) can also produce microconidia (spermatia) haigs on bottle-
shaped conidiophores. The spermatia do not gerejibat seem to be
involved in fertilization of the fungus (18). Theahecium (onlyM.
fructicolahas the sexual stage) originates from pseudosiadormed
in mummified fruit buried partly or wholly in theos or debris, and

usually more than 20 apothecia may form on one mur(¥2, 43,
18



86). The inside or upper surface of the apothecisinined with
thousands with sterile hyphae (paraphyses). Eamlsantains eight

single-celled ascospores (5).

1.1.5 Life cycle
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Figure 8: The disease cycle of brown rot of stonetfits (From Georfe N.
Agrios: Plant Pathology. Fiveth Edition) (5)

The pathogen overwinters as mycelium in mummifredt on the tree
and in twig cankers or as pseudosclerotia in mummmrethe ground.
The new conidia are produced by mycelium mummifredt on the
tree and in twig cankers, whereas the pseodios@aro mummified
fruit buried in the ground produce apothecia, whiohm asci and
ascosporedM. laxa conidia in mummified fruits or twig cankers and
M. fructicolaascopores in mummies in the ground can cause ri$te fi

infection:; blossom infections.
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The conidia are windblown or carried on floral gaby rainwater
splash or insects. The ascospores are dischargée lascus, forming
a whitish cloud over the apothecium. Air currentert carry the
ascospores to the flowers. Temperature and wettesgion play
critical roles in the number of the infected flowé86).

In humid weather the mycelium produces numerousdartufts on
the rotten, shriveled floral parts from which newsses of conidia are
released. The mycelium advances rapidly into tlesdam petioles
and into the fruit spurs and the twigs, where areeged, reddish-
brown, shield-shaped canker forms. The surfacéefcanker is soon
covered with conidial tufts, these conidia are itheculum for fruit
infection later in the season when the fruit begmspen. The conidia
can penetrate the fruits from wounds and lesiond,ia some cases
they also gain access through stomata (30). TheuBingrows
intercellularly at first and secretes enzymes taatse maceration and
browning of the infected tissues, it invades thatfquite rapidly
while it also produces conidial tufts on the alreadtted area. The
new conidia can infect more fruits. The entiretfhecome completely
rotten and mummified. The mummified fruits can reman the tree
or fall on the ground where the mycelia can suntoueg periods of
adverse environmental conditions, particularly ého$ winter (5, 52,
54).

1.2  Monilinia species: morphology, culture
characteristics, and molecular analysis

Identification ofMonilinia species used to be based on the symptoms,

host, morphology, and culture characteristics efftmgus (9, 10, 18).
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M. laxa shows a lobed type of mycelial growth. Coloniedvblaxa
are grayish-brown or hazel, the margins are seégulhe colonies
form rosettes with black arcs on Potato DextrosarAgDA), and
sporulation is sparsé. laxa has lower growth rates, about half of
that of M. fructicola (31). Conidia are sparsely produced on PDA,
while more abundantly when they are cultivatedhlenrhedia V8juice
or Tomato (based on V8 juice or tomato puree ragmdg)rich in
carbon and nitrogen sources. The stromatil.¢dxa (in mycological
terms a stroma consist of a compact, mattressnligss or matrix of
vegetative hyphae, on which fructifications areenftformed) are
grayish or hazel in color (Figure 9) .

M. fructicola grown on PDA at 25°C in the dark, forms coloniethwi
active growing entire margins and fluffy. The barmde usually light
buff in color. Large numbers of conidia are formma V8 juice or
Tomato media, in old cultures, the circles takeaodark buff color.
Black stromatal crusts develop on the surface ah&medium but
usually only after the mycelium has covered theiRe$h. There is
considerable variation among isolatesvbffructicola particularly in
the amount of stromatal tissues on media like. Sthemata ofM.
fructicola are grayish or hazel in color. Abundant microcanichay
be apparent macroscopically as black raised apsacularly at the
edge of the Petri dish (Figure 9).

M. fructigena colonies grown on PDA have entire margins, the
mycelium enlarges uniformly to the edge of the eland it is
yellowish or buff-colored. On alternating periodtlight and dark,
some isolates produce distinct concentric ringdembihers either do

not sporulate or from only indistinct sporangeusdsa(18).
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Figure 9: Cultures of Moniliniafructicola (right
plate) contrasted with M. laxa (left plate) on
potato dextrose agar after 10 days at 25°C

Identifications is possible by combining cultureacdcteristics, such
as growth rate, growth pattern and color with motpbical data such
as the conidial dimensions and the length of thengeibe. Conidia
are useful forMonilinia identification: conidia ofM. fructigenaare
uniformly larger than those . fructicola andM. laxa (mostly 17-
21 x 10-13um), and often form two germs tubes per conidia (248)
M. laxaproduces conidia similar in size to thatMf fructicola germ
tubes are single but short (150-3f0) and twisted (32). However,
conidial size is very variable and influenced byisanmental factors
and host species (31, 123). Most of these charsiiterare
guantitative and overlapping, and atypical isoladésM. fructicola
may be misidentified asl. laxaand vice versa (123)

Consequently, classical methods alone are not atkeqdor
phytosanitary diagnosis ®. laxaandM. fructicola

The diagnostic protocol recommends isolatiomMaiilinia spp. from
the host, followed by species-specific PCR. Whencetiym is
present on the examined sample, direct PCR ispalssible (56).

To develop a more reliable method, loos and Fre&y) (#esigned

specific primers pair for the ribosomal internanscribed spacer 1
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(ITS1) region, the 5.8S rRNA gene, and the ITS2omedpetween the
18S and 28S rRNA genes. These primer pairs wereifspéor M.
laxa, M. fructicola and M. fructigena and can be used on
conventional PCR assays, included a manual DNAi®wsl or on the

TagMan assays included automatic DNA isolation.
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Figure 10: Typical conidial Figure 11: Typical conidia of
chains ofMonilinia laxa (200x) Monilinia laxa (200x)

Figure 12: Monilinia fructicola
microconidia may be apparent
macroscopically as black raised
areas, particularly at the edge of
the Petri dish (200x)
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1.3 Latent infection

Postharvest disease is often classified as “quitsosr “latent”
infection according to how infection is initiated.

The latent, dormant or quiescent infection is adttwon in which the
pathogen spends a certain period of time duringhthst’s life in a
guiescent stage until it becomes active (124). danPlank (122)
reported that a latent infection may occur in teeqd between spore
landing and the production of new spores by theagazed tissue.
Swinburne (114), to avoid confusion, proposed thatterm “period
of quiescence” was to differentiate the quiescemagtic relationship
from the latent period. Quiescence can be enfodceinhg the various
processes of fungal attack, which suggests thagthescence may
occur during any of the processes leading from d&liggrmination to
colonization.

There are different mechanisms of pathogen quiescand several
studies reported that brown rot incidence duringt fdevelopment
highly varies: green fruits appear more resistarthe pathogen than
later ripe fruits (5). Monilinia spp. use the ungerminated and
germinated spores correlated with cuticle and wall-thickness (2).
The quiescent period lengthened as the cuticlecahdvall thickness
of peaches increased (1, 2, 81). Michailidis artthdon reported that
In nectarines, the development of quiescent irdastinM. fructicola
was increased with the decreasing of the fruitcteitinickness (81).
Mechanical barriers set up by the host may theeebar sufficient to
arrest infection, delay or completely prevent theedse (1, 2, 112).
However, in apricots when the fruit ripened, viallgphae ofM.
fructicola present in the tissue as latent infections escéed the

arrested lesions and caused fruit decay (127).ef@ifit hypotheses
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have been proposed to explain the association ketihe decrease in
Monilinia susceptibility and the green fruit stage: i) thighler
mechanical resistance, ii) a different biochemiesdponse between
unripe and ripe fruits, iii) the inhibitory substas abundant in the
tissue of fruits at this stage. More recently, spsibility of peach fruit
to M. laxa has been deeper characterized by monitoring ihguhe
entire fruit growth. It was found that during therjpd corresponding
to the pit hardening stage fruit susceptibilitysdieally decreases (38,
77, 93). No difference in the rot incidence wasniietween wound
and un-wound fruit, suggesting that the resistamceprobably
associated to a specific biochemical response eofriit, rather than
to a higher mechanical resistance (77). The culB@inha, a South
American peach, is known to have a high degreeesistance to
brown rot (16). This cultivar differs from more segtible ones for
different features, including a higher concentmatiof phenolic
compounds. Similarly, an inverse relation betwelka severity of
brown rot and the polyphenolic content was alrefmind in apples
(128). Some of these compounds, such as chlorogemit; caffeic
acid, the catechin and epicatechin, were useth imitro assays to
evaluate their antifungal potential as inhibitofsspore germination
and fungal growth. The antimicrobial activity ofveeal phenolic
compounds, such as anthocyanins and chlorogendt (8ecaffeyl-
guinic) is well established (12, 128). Consistendlg increase in the
total phenolic compounds in peach skin during tivdg@ardening stage
was already shown; in particular, catechin andrciglenic acid were
found as the major phenolic compounds (8, 16, 44).

However, the molecular basis of this phenomenostils not well
understood, Zubini (137) associated the presenceinbibitory

compounds in the peel of peach fruits during thenprdening to the
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variation in the gene expression of key genes efpirenylpropanoid
pathway; transcript levels of these genes were rd@ted in
susceptible and resistant fruits. These data stuggestical change in
the expression level of the phenylpropanoid pathfvesn 7" to 8"
week after full bloom; such change could be diseaisociated to the
peach growth and could indirectly determine the rekse of
susceptibility of peach fruit tdMonilinia rot during the subsequent

weeks.

1.4  Thin layer Chromatography

Chromatography is a technique for separating mesiwf molecules,
or for characterization of individual moleculesdas the method of
choice for secondary metabolites as a whole (13nhohile phase (can
be of a wide range of different solvents) contagniine components to
be separated, is passed over a stationary phasal&mabe of widely
different types) to elicit separations. There igrgarplay between the
three main elements: a) stationary phase (fronvedt inactive), b)
mixture to be separated (from nonpolar (lipophili) polar
(hydrophilic), and c) mobile phase (from nonpolampblar). Physical
and chemical forces act between the solutes andwbephases to
cause separations.

In TLC (Thin-layer chromatography) the stationatyape is layered
over a support plate which can be glass, aluminomplastic. The
basic procedure for classical TLC consists of thieoWwing steps: a)
the sample solution is applied to the plate orggna spot or zone, b)
the sample solvent is allowed to evaporate fromplaee, c) the plate
Is placed in a closed chamber containing a shapjosl of mobile

phase on the bottom, d) the mobile phase risesapilary through
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the applied spot, e) development is continued tim#lsolvent front is
about 10 to 15 cm beyond the origin, f) the plateemoved from the
chamber and the solvent front is marked, g) maotihlase is removed
from the plate by drying in air or applying hea},ihthe compounds
are not naturally colored or fluorescent, a detecteagent is applied
to visualize the zones and, i) the positions of zbees are used for
gualitative identification of compounds (40, 99)hel metabolite
identity can determine by compering colors and Rietiton factor
(Rf) values to those on database or in the litegatRf is defined as
the ratio of the distance moved by the center sihat to the distance
traveled by the solvent front (33).

TLC can be used both as an analytical and a prisjgarechnique,
and it has been regarded traditionally as a simpdpid, and
inexpensive method for the separation, tentativentification, and
visual semi-quantification of a wide variety of stdnces. Despite the
widespread use of TLC, the technique usually haveen considered
to be highly efficient or quantitative (40).

The TLC technique is previously used in other stadas to make a
preliminary investigation of the antifungal compdsnin mango,
avocado, strawberry fruits, geraldton waxflowerd @oybeans (4,27,
60, 115, 116).

1.5 Brown rot control

The main principles of integrated brown rot managetirconsist of
minimizing inoculum potential in orchards, reducingk of blossom
and fruit infections, and making correct decisions disease

management strategies.
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Conidia produced in overwintered fruit mummies,itfrstalks, scars
and buds, and in cankerous lesion act as primargulom sources
and cause blossom bight.

Several orchard cultural practices are relatednemnges in inoculum
potential. Proper coordination of fruit thinning damrrigation can
significantly reduce the inoculum potential. An engal
recommendation is to time the orchard irrigatiorsuch a way so that
the thinned fruit on the ground remains for at iéasveeks without
becoming wet (18).

In some cases, infections occurring in the fieltham quiescent until
favorable conditions allow the pathogen to overcdrost defenses,
such that disease symptoms frequently develop gltine postharvest
phase. To prevent infections at harvest and dwiagage and transit,
fruit should be picked and handled with the graatase to avoid
punctures and skin abrasions on the fruit, whicibénthe brown rot
fungus to gain entrance more easily. All fruit whihown rot spots
should be discarded. For this reason it is veryoirtgmt not only to
use the fungicides but also monitoring that allothe discovery
potential resistant strains (20, 26).

Fungicide sprays are usually used to control brovtnn commercial
peach orchards. The number of sprays per season difter
depending on weather conditions and location. Avgromay apply
three fungicide sprays during bloom and three nh&fere harvest in
Brazil (72). The official protocol of fungicides rgys of the U.S.
recommends a treatment with effective fungicide @<eks before
harvest, when the fruit changes color, and an egipdn immediately
before harvest (from 1 to 3 days). This applicatisnneeded to
provide fruit with an adequate shelf life. If thecbard has a history of

brown rot problems a grower needs to apply fungicidverage of
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green fruit, particularly if weather is wet (6). @hina the most
prevalent method of controlling brown rot posthatvdecay is to
combine postharvest treatments with dichloran arréhgrvest
spraying with fungicides such as benomyl, captaipradione (65).

In Europe brown rot is controlled by fungicide spmograms in the
field and postharvest fungicide applications areatiowed (120).
Postharvest losses are estimated to be 5-10% wlsthgovest
fungicides are used, in countries where these nmieas are not
authorized, losses may reach 50% or more when dal@iconditions
are present (88).

In Greece, the benzimidazole fungicides thiophamatthyl and
carbendazim are widely used for controlling brovat of peaches.
During the bloom a good control &fl. laxa in peach flowers is
carbendazim (76, 117). The synthetic pesticidestlgnosed in Italy
belong to four different groups according to thechanism of action
and to seven different chemical groups.

Italian integrated brown rot management consistdwaf or three
chemical treatments, one during the full bloom ané seven or ten
days before the harvest with demethylation inhiitmgicides (DMI)
or quinone outside Inhibitors (Qol), used by theimsar in
combination with different mechanism of action fuomdes such as
Fludioxonil and Cyprodinil or Pyraclostrobin and $8alid to avoid
developing the resistant strains (Appendix 4) (120)

1.5.1 Sensitivity of Monilinia spp. to tebuconazole and
thiophanate methyl

The assessment of the resistance to fungicides isygortant tool to

determine their efficacy and the useful lifetime.
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Demethylation inhibitor fungicides (DMI) appeared in 1980s are

widely used against brown rot and have effectively replaced methyl

benzimidazole carbammates OH
(MBC), since its repetitive Cl \\ /CHZ“'C{.‘
N s C(CH)3
use has selected fungicide- ({H2
resistant populations (26, )h

113,133, 135). N\ 7

Therefore, DMI fungicides

Figure 13: Tebuconazole (from The
have become essential to Pesticide Manual) 11€)

y 9
N NH-C-NH~-C-0CH;

growers to control many
plant diseases. The class
counts more than 20

fungicides with the same /
NH—C-NH—-C-0CH
mode of action (39, 107), g 5 3

Figure 14: Thiophanate methyl molecule
Wldely in crop protection. (from The Pesticide Manual) (119)

and many of them are used

They are subject to resistance problems because they are used almost
exclusively for Monilinia laxa, M. fructicola and M. fructigena
control during flowering and preharvest period (20, 106). DMI and to
a lesser degree MBC fungicides are used in many European orchards
to prevent the Monilinia rot (32, 87). Tebuconazole, propiconazole
and fenbuconazole have become the leading DMIs used in Italy.

In the past Italian M. laxa and M. fructigena were controlled by
chemical treatments based on MBCs, but three decades ago DMIs
were introduced in substitution of MBCs because resistant strains
were developed; however, thiophanate methyl is still used against
cancer on peach tree branches (20, 26).

The degree of toxicity of a fungicide against the target organism is

generally calculated by in vitro trials and expressed as the 50%
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effective concentration (Kg). It represents the fungicide
concentration at which mycelia growth or spore geatmon of the
target pathogen is reduced of the 50%. In fungicidsistance
management, baseline sensitivities have becomieatrparameters
that define the distribution of Egvalues in a fungal population.
Methods to assessed the sensitivity to fungicides a

a) Amended medium. Traditionally, E{values are determined by
serial dilution of a fungicide in agar medium, timethod compares
the growth of isolates on fungicide amended medialative to the
growth on non-amended medium (107). The agar drutnethod
requires the preparation of large amounts of agadiay several
fungicide stock solutions and at least three pl&esach fungicide
concentration, then the plates inoculums, and teasoring of fungal
growth after incubation. The result cannot be qyicetermined and
may take several weeks for recalcitrant fungi.

b) Spiral Gradient Endpoint Method (SGD).For deteing minimal
inhibitory concentrations of antibacterial agents 11990 the SGD
method was introduced and has been extensively useatlinical
studies of bacteria (98). Other researchers hase the SGD method
with a wide range of bacteria (47, 129, 130) ancktéo et al. applied
the method to fungi (37). In this method a preaciskime of stock
solution of attest substance is plated in an Arelies spiral on a
rotating agar plate, from the center to the pemmdorming a 2.5-log
dilution in a radial concentration gradient In tiwnay fungicide stock
concentrations are applied to the agar plate. eigdwistock solution
can be determine by the Spiral Gradient Endpoi@ES software
(Spiral Biotech, Nerwood, MA) if information on thexicity of the
fungicide is available. Test fungus, previously wno on paper,

cellophane or agar strip, is applied along radiaéd. Plates are
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incubated for days at suitable temperature anddtl location of
the transition from growth to reduced growth is mgad. To
determine most accurately local fungicide conceioina in the agar, a
stock concentration should result in 50% inhibitadriocations in the
midrange of the radial distance between the camdrthe periphery
of the plate. Local fungicide concentrations aldhg concentration
gradient are computed from several key parametdesexl into SGE
program. These parameters are: molecular weigtiteontimicrobial
agent and the time after application of antimicabl@gent. In fact,
after application of antimicrobial agents, platé®dd be incubated
for 1-4 h to allow a gradient to form before thett®rganism is
applied. After this period the gradient changesyvdowly. A time
factor for diffusion is included in the SGE soft@aranging from 1 to
2 days of incubation option selected for deterngriiGsy values. For
mycelial growth assays the optimal settings is 2-dation. The
minimum inhibitory concentration is computed frommetmeasured
radial location by the SGE.

The SGD method takes much less time than traditioethod, it is
cost-effective, accurate, and reproducible whilguneng fewer
supplies. The computer software for calculating gfaide
concentrations is user-friendly and helpful in tren toxicity
databases.

The fungal colony shapes can morph in differentgbisafungicide
combinations, in fact the shape has to be detedninienarily by the
fungicide but also by fungus. In general, fungabvgh responded
gradually to changes in fungicides concentratitmsome interaction
the response is more abrupt and it could be vdfigult to determine
the right values (37).
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c) Alamar Blue method. The third way to determine EG, is based
on Alamar blue (AB). AB is an oxidation-reductiondicator dye,
commonly used as indicator of microbial respiratidncan provide
results within 24 hours, depending on germinati@hoeity of the
conidia . In the presence of actively growing cellee AB changes
from an oxidized, nonfluorenscent blue form to dueed, fluorescent
pink form. Inhibition of growth maintains an oxiéd environment,
leaving the indicator blue. AB is nontoxic and $&alallowing long
incubator periods without distorting results (99).9As a colorimetric
test, the results can easily be discerned witm#ied eye, and more
rapid and exact measurements can be taken witirgpbotometer.
The microtiter plates potentially allow for a higtroughput screening
of multiple isolates, multiple fungicides, and nipik fungicides
concentrations. Collection of results was less trmesuming because
96-well plate reader took absorbance readingsnmatier of seconds
(21). Several studies in medical microbiology hauecessfully used
AB to quantify the fungal resistance to drugs (@2, 101). However,
guantification and optimization of inoculum is neddespecially the
guantity of inoculum, since greater efficacy is elved when smaller
amounts of inoculum are used (95, 102). Unfortupatesre are few
disadvantages of this method. The first it is thaiance on
guantifiable reproductive propagules such us spairas it may not be
useful for assaying fungicide sensitivity in pateog that do not
readily produce spore in culture. The second is phesence of
possible contaminant fungi, yeast or bacteria enstirface of fungal
hyphae or infected plant tissue that can interfata the results and
prevent the assay directly on field samples. Tird ik that only pure
cultures of sporulating fungal pathogens would bwrdable to this
technique (22).
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Like the mycelial growth assay and the Spiral GeatiEndpoint
Method, the AB assay can be used to quantify fudgs sensitivity
phenotypes but is unable to identify the genotyp®does not provide
an alternative to polymerase chain reaction-basadies to identify

genes that confer fungicide resistance.

1.5.2 Characterization of methyl benzimidazole carbammats
resistance inM. laxa and M. fructicola

The MBCs were used to control almost exclusively bihown rot in
stone fruit orchards during the 1980s in Italy. Gigpe resistance to
MBC fungicides has been detected in many fungatiepe In most
cases, resistance is associated with point mugiiorihe 3-tubulin
gene which result in altered amino-acid sequences the
benzimidazole binding site (61).

Previous studies by Ma et al. (74, 75), showedithdte phenotype of
M. laxa field isolations, low resistance to thiophanatethyk is
determined by a change in the codon position 24%/eded from
CCT (leucine) to TTC (phenylalanine) (75). Othigr. fructicola
strains that showed phenotype high resistance iplhv@hate methyl
have the sequence CAT (histidine) at codon postionthef3-tubulin
gene while thiophanate methyl low resistihtfructicolastrainshave
codon 6 converted from CAT (histidine) to TAT (tgme). M.
fructicola strains that are sensitive or low resistant to phamate
methyl have the sequence GAA (glutaminic acid)aaton 198 in the
B-tubulin gene, while the thiophanate methyl higlsis@ant M.
fructicola strains have a punctual allelic change ad cod@) GZA
(alanine) instead of GAA (glutaminic acid) (74) bla 1).
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Codone

50
167

198

200

240

Alteredaminoacidic Pathogen Bibliography
His _>Tyr Moniliniafructicola Ma et al, 2003
Tyr—»Cys Cladobotryumdendroides, McKayet al,

1998
Phe—»Tyr Cochliobolusheterostrophus Gafuret al,
Penicilliumexpansum 1998
Baraldet al,
2003
Glu —Ala Botryotiniafuckeliana Luck e
Helminthosporium solani | Gillings, 1995
M. fructicola McKay e
Penicilliumaurantiogriseum Cooke, 1997
Penicilliumexpansum Cunha e Rizzo,
Tapesiayallundae 2003
Tapesiaacuformis Maet al,
Venturiainaequalis 2003b
Venturiapirina Koenraadet al,
1992
Baraldet al,
2003
Koenraadét al,
1992
Albertini et
al., 1999
Koenraadét al,
1992
Glu —GIn T. acuformis Albertini et al,
T. yallundae 1999
H. Solani McKay e
Cooke, 1997
Glu —>Gly T. acuformis Albertini et al,
T. yallundae 1999
V. Inaequalis Koenraadét al,
1992
Glu —Lys M. fructicola Koenraadtt al,
P. aurantiogriseum 1992
P. digitatum Albertini et al,
Sclerotiniahomoeocarpa 1999
V. inaequalis Baraldet al,
P. expansum 2003
T. yallundae Albertini et al,
T. acuformis 1999
Glu —Val P. expansum Albertini et al,
1999
phe_)Tyr P. aurantiogriseum Koenraadgt al.,
P. italicum 1992
V. inaequalis Albertini et al,
V. pirina 1999
T. yallundae
Leu —Phe Monilinialaxa Maet al, 2005
T. yallundae Albertini et al,
1999

Tab. 1: Mutation points in B-tubulin gene reported in field isolates (47)

35



1.6 Influence of temperature on mycelium growth,
spore production, germination and resistance to fugicide
in M. laxa and M. fructicola

The pathogens require certain minimum temperattoegrow and
carry out their activities. In temperate regiohg low temperatures of
late winter, and early spring (0-5°C) are below ithmaimum required
by most pathogens. With the advent of higher teatpees (15-30°C)
the Monilinia spp. become active and can infect the plant ikrth
environment conditions like water (moisture) arghtiare favorable,
causing the disease (5, 19, 69).

The optimal temperature range for germinatiorMoflaxa conidia is
15-30°C. The species is even able to germinate uabpgimal
temperatures (0 and 35°C), but at 38°C no gernunatias observed
(19).

M. fructicola also has a wide optimum temperature range for
germination, from 15 to 30°C, and can germinater @& C (though
no germination was observed at 38°C) and less@h@nThe effect of
temperature on the ability &fl. fructicola conidia to germinate was
previously reported by Casals et al. (19, 69) and &t al. (70, 71).
The optimum germination range M fructigenais 15-30°C (19).

In a previous study on the sensitivity d¥l. fructicola to
benzimidazoles, Ma et al. observed that benzimigak& isolates
showed sensitivity to low temperature, whereas stikates exhibited
sensitivity to high temperature (74, 75).

The temperature can influence the resistance to &MM. fructicola
strains. Several mechanisms of resistance to DMpitides have
been described in plant pathogenic fungi. The mosimon of those

mechanisms found in field isolates of plant patmsgenclude
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mutations and overexpression of the cytochrome PA4%&-
demethylase (CYP51). This overexpression was associwith a
repetitive genetics called “Mona” located up-streainthe MfCYP51
gene. The Mona element contains a predicted pronsmguence,
which likely triggers the elevated expression ofOMP51 (67). The
Mona element contains a putative sequences andbdeas found in
DMI-resistant isolates of several eastern statdd.8f (67, 126). The
methylation status of the Mona element and a ported the
MfCYP51 gene before and after storage at 4°C wasgstigated
because the resistant strains during the consernvalst this
characteristic, but the experiment indicated trether a deletion of
Mona element nor methylation of Mona or the MICYRjdne was
associated with the resistance decline. Some stsdiggest that other
genes or other parts of the genome were methyktedthus were
involved in propiconazole resistant instability (@38).

The knowledge of the temperature sensitivity ofstest field isolates
can have a direct impact on the strategies for bnm#management.
However, the influence of temperature in DMI resmigt strains in
orchard during the season has not been investigatddreported in

literature.
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Chapter 2

21  Aim

Fruits contain secondary metabolites with antifungaperties, that are
mostly concentrated in the peel at immature stag® @ecline during
ripening in coincidence with fungal rot developmdd). Some authors
have attributed the variation in natural diseasestance in peach fruits to
skin strength (16, 70) and the change in the esmmeslevel of the
phenylpropanoid pathway on pit hardening period?{1¥he concentration
In peach peel of chlorogenic acid, caffeic acid aaffeolic acid during
peach fruit developmental stages canges (8, 45, ®Bf more
comprehensive studies of peach fruit antifungaltesys at different
phenological stages are not present in the litezatdhis type of
investigation, that has been conducted on avoaadogo, and strawberry
(4, 116) but not on peach, would provide a betteteustanding of peach
fruit susceptibility at different stages, and capsently improve the
pathogen control and reduce production costs avidogrmental risks.

In this spirit, the contribution presented in tdissertation is on the study
of Monilinia populations in Italy, with the focus DMI and MBCnigicide—
resistant populations. This research activity fimgsjustification in the
previous studies conducted in China (65), Calif@i1(&2, 84, 86, 132), New
York (126), Georgia (6, 7, 113), South Carolinag%, 62, 68, 136), Brazil
(72), Greece (118) and Spain (87) that reportederdint grades of
resistance to the benzimidazole and dimethylatidnbitors in isolate of
M. laxa andM. fructicola collected from stone fruits orchards. The Greek

researches recently have reported low or none Imihazole and
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dimethylation inhibitors resistance strains frorffedient local orchards (76,
117).

More in detail, the objectives of this dissertatvoere:

1) investigate toM. laxa M. fructicola and M. fructigena Italian
population;

2) study of peach fruit susceptibility at differgstienological stages by
vivo trials and TLC assays;

3) determine the sensitivity to two fungicides,offiante methyl and
tebuconazole by multiply assays;

4) explore the molecular mechanism of benzimidaeedestance;

5) consider the temperature influence on fungi@desitive and resistant

strains.
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Chapter 3

Materials and methods

3.1 Population of Monilinia spp.in ltaly

Peach and nectarine are two of the most importaqiscof fruit trees
in Italy. The largest production of peaches andarewes per hectare
was recorded in the Northern regions (44,232 h#&, f@8ach and
nectarine productions per hectare), followed by Sloethern (36,656
ha, a 179 peach and nectarine productions perregdad). Emilia
Romagna, and in particularly Romagna, is the ftedtan region that
has received the Igp high quality brand for itsgbes and nectarines
(130); followed by Veneto, Campania, BasilicatalaBaa, Sicily, and
Sardinia (34). These areas are subjected to highdiy that favors
fungal infection of stone fruit causing pre-harvestd postharvest
decays. Serious losses of fruit are caused by @mneskt brown rot,
particularly when weather conditions are wet. Fuofithe genus
Monilinia are the primarily responsible for the occurrentddrmwn
rot on fruits (20).

3.1.1 Isolation and identification of the pathogen

During two years (2010 and 2011), fruit samplesensollected from
different Italian growing areas. In particularlyp 2010 over two
hundred rotten stone fruits (peaches, nectarinksngy cherries,
apricots), apples and pears were sampled randomiharaest from

different orchards located in Emilia Romagna amdnfthe packaging
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house (Apofruit, Cesena). In 2011 over three huhdigten fruits
were collected from different peach and apple ad$docated in
Emilia Romagna, Veneto, Lombardia and Sardinia, dnmmn
packaging house Apofruit.

To isolate the pathogen, small pieces of fruitpragmately 2 mm in
diameter, were taken on the margin of rotten tissared placed on
PDA (see Appendix 1) with antibiotics (0.1%) (neoym and
streptomycin) (see Appendix 2) in Petri dishes (@@ in diameter)
and incubated at 25°C for a week. Single-sporeicedtwere prepared
from colonies growing on PDA. Conidia were harvddby adding 5
ml of sterile water with Tween 80 (0.05%) and ruigpthe sporulating
mycelial mat with a sterile plastic loop. The coaidsuspension was
filtered through two layers of cheesecloth and th@dul were spread
on MEA (see Appendix 1), with antibiotics as preasty described.
When on the surface of rotten fruits there was adeat abundant
spore production, conidia were scraped from eagih With a sterile
toothpick and transferred to 1 ml of sterile distll water and Tween
80 (0.05%). Subsequently, an aliquot of 1M0@vas evenly distributed
on MEA with antibiotic. Petri dishes were incubatd25° C (104).
After two days, three different single spores wsxkected and placed
on PDA plates and incubated at 25°C for 5 to 7 days isolated
pathogens were stored in growth chamber until dephological
iIdentification of various isolates was done usiragious taxonomic
keys (31, 32, 123). The conidial dimension, gerlrefuthe sporulation
and colony shape after seven days in the dark weatuated on
water, V8 agar and PDA (see Appendix 1). Subsegyetie
sequencing of ribosomal DNA ITS regions was useddofirm the

diagnosis.
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PCR reactions were performed using specific prini€&LMfcl and
ITS4Mfcl for M. fructicola ITS1IMfgnl and ITS4Mfgnl forM.
fructigenaand ITS1MIx1 and ITS4MIx1 foM. laxa (Table 2) (55,
121) using mycelia from pure cultures, followingfarcols described
by lotti and Zambonelli (56).

A small portion approximately 0,01-0,02 rhmvide of mycelium was
removed from young colony (5 days) and transfediegkctly into the
PCR tube containing 10@ of sterile water. In order to break
mycelium cells, the tubes were placed in a T gradieermal cycler
(Biometra, Gottingen) for 15 minutes at 99,9°C dmumediately
transferred and placed on ice for 15 minutes. Teratiters of this
solution were used as template in aub@f PCR reaction containing
10 mM Tris/HCI (pH 8.3), 50 mMKCI, 1.5 mM MgCI2, 05uM for
eachdNTP, 30QuM for each primer, and 1.5 U of TaKaRaTaq DNA
polymerase (Takara, Otsu, Japan). Twenty microgramg8ovine
Serum Albumin (BSA) (Fermentas, Vilnius, Lithuaniagre added.
The amplification reactions were carried out in gradient thermal
cycler with an initial denaturation at 95°C for 6nnfollowed by 30
cycles at 94°C for 30 s, 62,5°C for 1 min and 726C1 min and a
final extension step of 72°C for 10 min. PCR prddueere run on
1.5% agarose gels, according to the standard met{ii@D) with a
1kb bp DNA ladder (GeneRule 1 Kb bp, DNA Ladderyrkentas
GmbH) to size fragments. Gel was stained with aiihmdbromide,
visualized and photographed under UV light (121).

In order to store the pathogen isolates, all isslan this study were
grown on filter paper disks placed on PDA and, raitedays, disks

with mycelium were removed, desiccated, and stated8°C (68).
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Table 2: Oligonucleotides used in this studys5)

ITS1 MIx1 fw TATGCTCGCCAGAGAATAATC M. laxa
ITS4 MIX1 rw TGGGTTTTGGCAGAAGCACACC M. laxa
ITS1 Mfcl fw TATGCTCGCCAGAGGATAATT M. fructicola
ITS4 Mfcl rw TGGGTTTTGGCAGAAGCACAC M. fructicola
ITS1 Mfgn1 fw CACGCTCGCCAGAGAATAACC M. fructigena
ITS4 Mfgnl rw GGTGTTTTGCCAGAAGCACACT M. fructigena

3.2  Susceptibility of peach fruit to M. laxa, M.
fructicola and M. fructigena during phenological stages

3.2.1 Fruit

For these experiments ‘Red Heaven' peach from yaa-old
fungicide-free orchard located in Cadriano, Bologftaly) (with
coordinates 44.559592°-11.410246°) were used. Toleaod system
was open vase with P.S. A6 rootstoBkunus persicaDCDSL, Pisa,
Italy).

In 2010 and 2012 fruits were weekly harvested dpari2-week-long
period, starting from the fourth week after fullobm until full
maturity.

A sample of 260 fruits were used at each samplatg.dBefore each
inoculum, fruit were washed with sodium hypochler{fl% active
chlorine), rinsed in distilled water and left toydat room temperature
for 1 hour. At each sampling date, 20 fruits wessegsed for fruit
growth, measuring the diameter [mm], weight [g]rqemtage of
soluble solids and stage of pit hardening. To indiate the pit
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hardening stage, the equatorial zone of fruit waswsth a knife; the
pit was considered hardened when the knife coutgpanetrate. Two
hundred fruit were divided in two equal lots. Edieht of the first lot
was wounded with a sterile nail (one wound pert fruthe equatorial

zone) while the fruits on the second lot were lefivounded.

3.2.2 Fungal pathogens

M. laxa (isolate ML4), M. fructicola (isolate MCL2) andM.
fructigena(isolate MCG1) were grown on V8 agar at 25°C falays,
conidial suspensions were obtained as describemrdoethe conidia
were eluted in water with Tween 80 (0,05%) previpsserilized, and
the conidia quantified with a haematocytometer; Hpropriate
concentration was adjusted with sterile distilleatev.

At each sampling time, fruits were dipped for 1 rmnthe ML4 or
MCL2 or MCG1 conidial suspension (Léonidia miY). The negative
control was dipped in distilled water. After inoatibn, fruits
(wounded and unwounded) were kept at 20°C and 9B2t0R7 days
and the incidence of rot was determined as theep&age of infected
fruits. The sample unit was represented by 4 raf@ of 10 fruit
each.

Isolates ML4, MCL2 and MCG1 were maintained on P&l passed
on fruits annually to verify pathogenicity (75, 335

3.3  Preformed antifungal compounds in peach fruits

3.3.1 Crude extracts from peach peel

In 2012, a sample of ten fruits of peach ‘Red Hea#®m orchard
located in Cadriano, (Bologna), ‘Tardibelle’ and aiytrest’ from
orchards located in Cesena were weekly harvestingiairom four
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week from full bloom until full maturity. Immedidie after harvest,
the fruits were peeled and the peels immediatedpdgrozen in liquid
nitrogen and stored at -80°C until use. Each saneplieact was
prepared according to the procedure of Terry e{ldl6) with some
modifications. Two grams of peach peel were groumca liquid
nitrogen and homogenized in ethanol (99% v/v) 8C1(3 mL ¢")
(HK 3300, FALC) for 15 minute § The homogenate was filtered
under vacuum through Whatman No. 3 filter paperab$.5 cm-
diameter Buchner funnel. The filtrate was conceattan a rotary
evaporator (Buchi Rotovapor, Buchi Labor technik )AGnder
vacuum (Vacuum pomp 707, Asal, Milan) of ca. 0.& kR 40°C to
approximately one third of the original volume. Blmromethane 99%
was added to one third of the volume of concendraising a
separating funnel. The lowest dichloromethane layas pooled and
dried by adding 0.5 g of anhydrous MgS$@ltered through Whatman
No. 2 filter paper and evaporated to dryness irrdtery evaporator at
40°C. The material was re-suspended in ethanoln,2j%) (27) and
stored at -18°C until used for 1D Thin Layer Chroogaaphy (TLC),
fungalbioassay or TLC detection procedures.

The crude extraction was repeated twice at allestagf peach fruit

maturity, on fruit without symptoms of fungal infem.

3.3.2 Thin Layer Chromatography

Glass TLC plates (20 cm x 20 cm) coated with silyg 60 with
concentration zone and fluorescent indicator 254 ka, St. Louis,
MO) were used. The plates were pre-conditionechioen at 110°C
for one hour. The plates were spotted using a npgrette with 5, 10,
20, 30, 40 and 10Ql of re-suspended crude peel extracts. The

extracting solvents (99% (v/v)) were used as negatontrols. TLC
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plates were developed in one dimension (1D) atamately 22°C
in a TLC tank (20 cm x 20 cm x 10 cm) and closethwilid to create
a solvent saturated atmosphere. 1D TLCs were daseélm 100 ml of
running solvents comprised of hexane:ethylacetatamol in 4
different elution systems a) 60:40:1, b) 60:40:4060:40:20 and d)
60:40:30 (114). The TLC 1D plate chromatogram wiasl@ed and
then either used for antifungal bioassays or spraygh chemical

reagents.

3.3.3 TLC bioassay

In order to carry out the TLC bioassay, a singlerspsolate of\M.
laxa (ML4) obtained from a naturally infected peach wattured in
V8 agar (66) at 25°C for seven days. Than a corgdspension was
prepared as previously described at a concentrafiaff conidia mi".
Developed chromatograms were covered with a thjarl§2 mm) of
PDA at 45°C amended with antibiotics (0.1%) andhwionidia
suspension ofl. laxa at final concentration of 20conidia mi*. TLC
plates were incubated at 4°C for three days iregsgalastic containers
and then stored at 25°C for other three days. Spétsungal
inhibition, i.e., where mycelial growth was absemtdicated the
presence of antifungal activity (60). Weak antifahgctivity was
defined as areas with less dense, lighter colorgdehum. The
retention factor (B and areas of inhibition were measured and

recorded. For each week-crude extract two TLC platere used.

3.3.4 Preliminary identification of antifungal compounds

Detection procedures for compounds on 1D TLC inetlahspection
under visible and ultraviolet (254 nm, Koninklijkehilips N.W.,
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Amsterdam) light using fluorescent TLC plates. Riles were
detected by spraying chromatograms with either IMB9sodium
carbonate followed by Folin Ciocalteu (Folin-Cideal; diazotized
sulfanilic acid, Fluka, St. Louis, MO) reagent (Iv8/ water) and
fumigation with ammonia (128)After examination, ammonia was
removed from the plates by air drying for 1h atma@mperature. The
Rrand colour of detected spots were recorded and @edgo zone of

inhibition on duplicate bioassay chromatograms (111%).

3.4  Sensitivity of M. laxa, M. fructicola and M.
fructigena to fungicides

Fungicides are currently used in an integrated cidied program to
control brown rot and avoid economic losses wortbhyiin Italy only
two or three treatments in the field are permitteging bloom and
just before harvest. The third treatment is reskfoe late cultivars or
under weather conditions favorable for brown rothug, the
assessment of the resistance to fungicides is gortant tool to

determine their efficacy and the useful lifetime.

3.4.1 Amended medium

The sensitivity to fungicides was evaluated on 32nges (see
Appendix 6) of M. fructicola (27 samples) and/. fructigena (5
samples) obtained as described in Section 3.1.1.

In order to evaluate the sensitivity to fungicidesM. fructicola and

M. fructigenastrains, dishes of 25 ml of PDA were amended with
thiophanate methyl (EnovitMetil FL, Sipcam) or tebnazole
(Folicur SE, BayerCropScience) (see Appendix oaicentrations of

0.1,0.3, 1, 3, 10, 30, 60, 120, 249 mi*and 0.01, 0.03, 0.1, 0.3, 1, 3,
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10, 30ug mi?, respectively. PDA was autoclaved and fungicidesaw
incorporated after cooling (50°C) (37). A myceligptug (6 mm in

diameter), taken from the margin of 5-day-old aaliv growing

colonies on PDA of each isolates, was transferoedach amended
PDA dish. They were incubated at 25°C in the dax# the diameter
was recorded after 6 days. Four replicates were fasesach isolate at
different fungicide concentrations, while four ume@nded PDA
dishes for each isolate were used as control. Mperenent was

repeated twice.

3.4.2 Spiral Gradient Endpoint Method (SGD)

The experiments relative to SGD were conducted BmEbn
University (School of Agricultural, Forest & Envimmental Sciences,
Clemson, SC).

Sixty isolates ofM. laxa listed in Appendix 7 were used. Fifty six
isolates were isolated from pathogens from peachestarines,
cherries, plums, and apricots cultivated in EmiRi@magna orchards.
Nineteen samples were kindly provided by Emilia Rgma Regional
Plant Protection Centre and four isolates by Dr. B. Cox
(Department of Plant Pathology and Plant-MicrobeIld&)y, New
York State Agricultural Experiment Station, Corndllniversity,
Geneva, NY).

The active ingredients were the same used for aetentedium trial
while the commercial products were Topsin-M 70WRiofphante
methyl) and Elite (tebuconazole) (see Appendix 5).

For the mycelial growth assay the fungi were gr@anrPDA. A single
5 mm fungal plug was taken from the periphery dfl.alaxa colony
grown for 4 days on V8 agar, and shacked on vartexsterile tube

containing 4 ml of sterile water and 2 g of 5-mnari¢ glass beads
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until the plug was completely destroyed (89). Toduce mycelial
inoculum for the spiral gradient dilution method amuot of 2 ml of
mycelial suspension was sprayed on the surface®3Im) of filter
paper strips (P8-Fisher Braund), previously auiadaand then
placed in petri dishes containing V8 Juice agare Tiates were
incubated for 3 days at approximately 25°C undé&rmination
without Parafilm.

According to the protocol provided by Forster (3Rg fungicide was
added on the surface of 15 cm-diameter petri digk&s 15). The
addition of V8 juice (1%) to PDA is required to inope the mycelial
growth in less time.

Petri dishes were placed on a flat surface, anchl58f modified PDA
was poured into each dish to form a 3.3 mm-thigledaf agar under
aseptic conditions as suggested by the SGE mahhalplates were
prepared at least 24 h before applying agueoug stmaentrations of
fungicide to the agar. Appropriate stock tebucofeaod thiophanate
methyl concentrations of 400 and 5@ ml', respectively, were
determined by SGE software using the exponentialar@alculation
option. A total of 5Qul of fungicide solution was applied to each plate
with a spiral plater (Spiral System Model D, SpirBiotech,
Nordwood, MA) using the exponential mode of applma resulting
in a radial gradient of approximately 1:300 in a dd dish. The
starting point of the spiral is marked at the edfjthe petri dish. The
center of the spiral was marked on the agar surfBice plates were
incubated at room temperature for 3 h to allowftmgicide to diffuse
and form a radial concentration gradient over tlaep A sterilized
cork borer (12 mm diameter) was used to removeatjag disk from
the center of the plate to create a fungicide-fegon of substrate.
The application of fungicide by the stylet of thmral plate starts off-
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center and the removal of this agar disk prevetttedgrowth of the
fungus across the center on the plate into neigidponoculated
areas.

According to the scheme provided by SGE softwdre, mycelium-
covered paper strips were radially applied acrdss fungicide
concentration gradient on the spiral gradient ditutplate. Forceps
were used to carefully place paper strips ovempthte position lines,
with the mycelium facing down.

For each isolate, two replicates (i.e, two platesie prepared for each
fungicide, and performed three. The control coesdisif PDA plates
sprayed only with water without fungicides. Thetptawere incubated
at 25°C for three days.

After incubation, the radial growth of the fungus each of the
replicates was measured, and the values were akerag mycelial
growth assays, the location where fungal growth wmbited by
50% with respect to the growth on the control wasednined as
illustrated in Figure 16. The radial distance betwéhis location and
the center of the plate was measured. In the SGfvae, this
distance is a key parameter to determine the Idaalicide

concentration in the agar at the location of 50Bwhition.

Figure 15: Spiral plate machine used in
the fungicide experiment
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Figure 16: Isolates ofM. laxa grown on PDA amended with tebuconazole (stock
concentration 50 mg mf") applied in a spiral gradient dilution by means of spiral
plater in a 15 cm Petri dish (right). The strips were plaed along radial lines across
the fungicide concentration gradient. Paper strips covered wh mycelium of M. laxa
on the control (left). After 3 days of incubation, three measwements were taken:
radial growth of the controls (a), the location on the spiral gradént dilution plate
where fungal growth is inhibited by 50% (b), and the distage between the center of
the plate and the 50% growth point (c)

3.4.3 Alamar Blue method

Before applying the rapid method AB test, it wascassary to
guantify and optimize three parameters, the incabatime, the
substrate and the pathogen concentration (22).bHs¢ parameters
used for AB assawith M. laxa andM. fructicola and the fungicides

tebuconazole and thiophante methyl are listedaleta.

Table 3: Best parameters for AB assay wittM. laxa and M. fructicola

Conidial . 10° on total volume of 20l in each well
concentration

Substrate PDB half dose (12 gb)

Alamar Blue? 20 ul in each 20Qul well
Incubation time 12 h

®The conidial concentration and AB quantity for eachwell were the same as
reported by Cox (21)

FourM. laxaand eightM. fructicolaisolates from single conidia were

chosen for comparison among traditional amended agh AB assay
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with tebuconazole, and eigM. laxa and eightM. fructicola isolates
were treated with thiophanate methyl and thesEfas compared
(Appendix 8).

MEA was amended with fungicides as described abdveal
concentrations were adjusted such that the inbibitvalues of
conidial germination were well distributed over ange of
concentrations: tebuconazole 0.001, 0.003, 0.(X3,@®.1, 0.3, 1, 3,
10, 30, 10Qug mi'* and thiophanate methyl 0.1, 0.3, 1, 10, 30, 60, 12
240 pg mi'. The control was represented by medium without
fungicide. The experiments were conducted in timesaonditions as
described above. The experiment with the amendediume was
repeated two times with three replicates for eaohcentration.
Averaged data obtained by the agar dilution metivede used for
computing the inhibition percentage of conidia geation. EG
values were determined. Sixty-four isolates Mf fructicola and
twenty-eight isolates oM. laxa previously tested with tebuconazole
and thiophanate methyl inhibitory doses represgn@énrange of
different sensitivities were selected for AB te8ppendixes 9 and
10). All assays were performed in 96 rounded-botioolystyrene
microtiter plates (Corning, Corning UK) as desctibdey Cox (22)
with some changes. Each well containedu80f half PDB dose with
a conidial suspension (J0of M. laxa or M. fricticola. An additional
100 ul of PDB amended with the final concentration dfueonazole
0.001, 0.01, 0.1, 1, 10, 1@ mI* or thiophanate methyl 0.3, 1, 10,
30, 60, 120, 24fg mI* was added to each well, followed R0of AB
dye (Sigma-Aldrich) as an indicator of cellularpeation. The total
volume was 20@ul. All microtiter plates included internal standsurof
half PDB dose and AB withouil. laxa and M. fructicola spores, at

each concentration of tebuconazole or thiophanatéhyh Fungal
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b)

respiration was then determined by measuring tilseralance of the

dye at 570 nmX1 red light reflectance, blue light absorbance) and

600 nm QA2 blue light reflectance, red light absorbance)amnable
microplate reader (Microplate Absorbance ReadenitefF50, Tecan,
Salzburg, Austria). Percentage reduction in AB wasulated by the
manufacturer’s equation (3):
Equation for calculating the reduction percentage AB using
absorbance
Reduction percentage of AB-

{[(O2 x AL1)-(O1 x A2)]J/[(R1 x N2)-(R2 x N1)]}x10
Where:
OJl=molar extinction coefficient (E) of oxidized AB &70 nm
OZ2=E of oxidized AB at 600 nm
R1=E of reduced AB (Red) at 570 nm
R2=E of reduced AB at 600 nm
Al=absorbance of test wells at 570 nm
AZ2=absorbance of test wells at 600 nm
N1=absorbance of negative control well (media plus AR no conidia) at 570
nm
N2=absorbance of negative control well (media plus AR no conidia) at 600
nm
In order to determine the resistance to fungiciddumgal pathogen,
the Alamar Blue relative percentage reduction ie tontrol was
preliminary evaluated. As described by Cox (22)reéhas a
relationship between the relative percentage remluctf Alamar blue
in control (30%) and the possibility that the idel& resistant.
Equation for calculating the percent differencereduction between
treated and control cells

Percent difference between treated and control codia=
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{[(02 x A1)-(O1 x A2)])/[(0O2 x P1)-(O1 x P2)]}x100
Where:
O1 = molar extinction coefficient (E) of oxidized A& 570 nm
O2 = E of oxidized AB at 600 nm
Al = absorbance of test wells at 570 nm
A2 = absorbance of test wells at 600 nm
P1 = absorbance of positive growth control well (abaiplus AB but not test
agent) at 570 nm
P2 = absorbance of positive growth control well (cbaiplus AB but not test
agent) at 600 nm

Table 4: molar extinction coefficients for AB at dfferent wavelenghts

Wavelength Reduced (R) Oxidized (O)
570 nm 155677 80586
600 nm 14652 117216

Figure 17: The AB is a colorimetric test. A
it is the internal standard (of PBD half

dose and AB withoutMonilinia spores); B,

C and D are different Monilinia samples.
In the Control row, spores were added,
AB and PDB half dose, but no fungicide.
0.3, 1, 10, 30 and 6@l mi™* were different

concentrations of thiophanate methyl used
in the AB tesl
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ECsovalues fuig mi'') were calculated by regressing the percentages of
the relative difference between treated and corwaldia against the
logarithm of inhibitor concentrations. The reportddta were the
average of two experiments, with three replicatécorwells) per
experiment. The relationship between thesfierived from AB test
and amended medium test was determined by linegession of

data.

3.4.4 Invivo assays

M. laxa and M. fructicola isolates with different Ef values were
selected to determine their sensitivity to tebueoleaand thiophanate
methyl (Tables 5 and 6) im vivo trials. In order to assay the
sensitivity to fungicides (tebuconazole and thio@ta methyljn vivo
trials, 'Red Heaven’ peach harvested at commenas&lrity from the
orchards previously cited, stored at 0°C and uséadm2 weeks from
harvest were used. For each experiment, the fwat® washed for
one minute in hypochlorite solution (1%) then wgsmntly rinsed for
one minute in water and left to dry at room tempesafor 1 hr.
Peaches were inoculated as described in sectigre&h peach was
wounded in three different points on the upperaefwith a sterile
nail and a 1Qul of spore suspension (18onidia mI") of M. laxa or
M. fructicola was immediately placed in the wound. For eachatsol
30 peaches (three replicates of 10 fruit each) vimoeulated. The
inoculated fruits were closed in a plastic bag &ntain the humidity
(> 95%). Holes was drilled in the plastic bags ternpit gas
exchanges. Each fungicide was applied 6 h befor@cuiom
(protective treatment) at half the label rate (381t | and 92.5
ml/100 [, respectively) with a hand sprayer to rffinBeaches were
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maintained at 25°C, and the disease incidencedptage of diseased
fruits) was evaluated 5 days after inoculation. Téentrol was
represented by fruit inoculated with the pathogend sprayed only

with tap water. The experiment was repeated thineest

Table 5: Efficacy of thiophanate methyl (EnovitMeti FL, Sipcam)
treatment against someM. laxa and M. fructicola isolates inin vivo

Fungus Isolate no. ECso(ug mi™) SIR
M. laxa M7454 0.029 S
M. laxa ML12BO 0.084 S
M. laxa M20FC 0.210 S
M. laxa M7784 0.412 S
M. laxa ML7 0.544 S
M. laxa ML13 0.78F S
M. laxa ML11 0.876 S
M. laxa M15FC 1.357 R
M. laxa ML5 2.23F R
M. laxa ML8B 2.27C R
M. laxa M23 3.172 R
M. fructicola MCL4 0.5 S
M. fructicola MCL19 3.69 R
M. fructicola MCL9311 10.05 R
M. fructicola MCL13 22.74 R
M. fructicola MCL10 34.08 R
M. fructicola MCL12 37.05 R

# Values determined by Spiral Gradient Endpoint safevwith 2-days -
incubation option. For each fungal isolate, two licgpe plates were
prepared for fungicide and the experiment was cotedutwo times. Data
for each fungus-fungicide combination were averagedr the replicate
Eetri dishes and the repeated experiments.

Values determined by amended mediwhere EGp is the effective
concentration of the fungicide at which myceliabgth was inhibited by
50%. All values are averaged over two experimewitl) four replicate
petri dishes per experiment
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Table 6: Efficacy of tebuconazole (Folicur SE, Baye CropScience)
treatment against someM. laxa and M. fructigena isolates inin vivo assay

Fungus Isolate no. ECso(ug ml™) SIR
M. laxa ML7 0.008° S
M. laxa ML10B 0.010° S
M. laxa ML12BO 0.019° S
M. laxa M20FC 0.026° S
M. laxa M7454 0.125° R
M. laxa M27FC 0.163° R
M. laxa M23 0.180° R
M. laxa ML8B 0.320° R
M. fructigena MCG1 0.118 R
M. fructigena MCG3 0.124° R
M. fructigena MCG4 0.132° R
M. fructigena MCG5 0.155° R
M. fructigena MCG2 0.172° R

% Values determined by Spiral Gradient Endpoint safavwith 2-days
incubation option. For each fungal isolate, two licgghe plates were
prepared for fungicide and the experiment was cotedutwo times. Data
for each fungus-fungicide combination were averagedr the replicate
Eetri dishes and the repeated experiments.

Values determined by amended mediwhere EG, is the effective
concentration of the fungicide at which myceliabgth was inhibited by
50%. All values are averaged over two experimenits, four replicate petri
dishes per experiment.

3.4.5 Isolation of the B-tubulin gene from M. laxa and M.
fructicola isolates

Ten isolates oM. laxa (six sensitive (S) to thiophanate methyl: ML7,
ML12BO, ML13, M20FC, M7454 and M7784; four low retint
(LR): ML5, ML8B, M15FC and M23) and fouyl. fructicolaisolates
(with different resistance grades to thiophanatehgie MCL4 (S),
MCL10, MCL13 and MCL19 (R)) were used for the asayof the
DNA sequence of thp-tubulin gene.
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To extract the DNA, the mthod proposed by Chi (825 followed.
Each isolate was grown on PDA at 23°C for 7 daykten to twenty
mg of mycelium were harvested and placed into anfl.®xtraction
buffer (1M KCI, 100 mMTris-HCI, 10 mM EDTA). The figal mass
was completely pulverized with the electric grinder 30 s. Cell
lysates were centrifuged at 10,000 rpm for 10 riime supernatant
was decanted into the tubes containing 0.3 ml gpkdpanol. The
lysate and 2-propanol were mixed by inverting thigetten times and
the tube was centrifuged at 13,000 rpm for 15 riime supernatant
was discarded and the remaining 2-propanol wasoeatged at 37°C
for 15 min. Fifty microliters of sterile water f6fCR were added and
the DNA pellet was re-suspended.

The PCR primer pair TubA (AAATGCGTGAGATTGTA) and bR1
(TGTACCAATGCAAGAAAGCCTT) was used to amplify th@-
tubulin gene fragment from. laxa (75). According to Ma et al. (75)
the PCR reaction was performed in@0volume containing 2.5 of
DNA solution, 0.2uM of each primer, 10 mMTris/HCI (pH 8.3), 50
mMKCI, 1.5 mM MgCI2, 150uM for each dNTP, 20QuM for each
primer, and 1.5 U of TaKaRaTaqg DNA polymerase (Tak®tsu,
Japan). The PCR amplifications were performed u#iiegfollowing
parameters: initial denaturation at 95°C for 3 nfwilowed by 40
cycles of denaturation at 94°C for 40 s, annealih$0°C for 40 s,
extension at 72°C for 1 m and 30 s, and final esttenat 72°C for 10
min. PCR products were examined by electrophorgsist 1.5%
agarose gel in 1x Tris-acetate (TAE) buffer. TheRP@roduct
(approximately 1.6-kb) from each isolate was padfusing ExXoSAP-
IT (Affymetrix, Inc., US). The purified fragmentdm each isolate
was cloned in TOPO TA Cloning (Invitrogen, Carlsha@A)
following the manufacture instructions, and plassnwlere used to
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chemically transform DH% E. coli cells. Transformant cells were
grown overnight at 37°C in LB (see Appendix 1) dathedia with
ampicillin to a final concentration of 1@ mr*. Liquid cultures were
inoculated with a single colony and grown overnightagitation at
37°C. Plasmids were purified from liquid culturangsthe PureLink
Quick Plasmid Miniprep kit (Invitrogen, CarlsbadACfollowing the
manufacturer instructions and sequenced by CUGIleni8bn
University Genome Institute, Clemson University,)36ing generic
primers M13f and MI13R and internal primers MIfTF
(TCGACAATACAAAATCACTCCGC) (75) and  MfTR3
(GACAGGTGGTAACACCGGACAT) (74). The chromatograms
were analyzed with Chromas lite software, and thtained sequences
were translated into amino-acid sequences usingdyxfree program
(www.web.expasy.org). The sequence of deduced amoms was
aligned using the computer program Clustal X (wviivae.uk/clustax
European Bioinformatics Institute, Cambridge, UKJhe DNA
sequence and deduced amino-acid sequence frona&sofM. laxa
were also compared with those from other phytomggha fungal
species using BLAST of NCBI/GeneBank available omne |at
www.ncbi.nih.gov/BLAST.

3.5 Influence of the temperature onMonilinia spp.

3.5.1 Effect of the temperature onin vitro mycelial growth,
germination and spore density

The effect of temperature on the mycelium growggre production
and germination oM. laxa M. fructicola and M. fructigenawas
investigated. Three different isolates Mf laxa (ML4, ML2, ML9),
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M. fructicola (MCL2, MCL3, MCL17) andM. fructicola (MCGL.
MCG2 and MCG3) were chosen randomly from the igsladf our
collection and incubated at -1, O, 2, 3, 4, 4.516, 15, 20, 25, 30,
40°C for 15 days. The effect of temperature was alsaluated storing
the isolates for 30 days at 0, 2, 3, 4, 4.5, 5°@e Effect of the
temperature on the mycelium growth of pathogen @eterminedn
vitro by transferring mycelial plugs (6 mm in diameteeyived from
the edge of 7-day-old colonies in the center ofiRksh containing
PDA. The dish was sealed with Parafilm and incubate the
temperatures above mentioned in darkness. The tampes were
automatically recorded by a data logger (Siemendtiidg C1732,
Germany). The colony diameter was measured dailyweekly
depending on the temperature of incubation (51¢ Fdmple unit was
represented by three dishes for each isolate amoeti@ature

To determine the influence of temperature on th@esproduction at
0. 2, 3, 4, 4.5 and 5°C after 30 days, the isol&@ms M. laxa M.
fructicola andM. fructigenawere cultured on V8 agar in the darkness
at 25°C for one week at the temperatures describbdve.
Subsequently the surface of colony was washed Svithl of sterile
distilled water and Tween-80 (0.5%). The conidiah@entration was
measured by the haemocytometer. Experiments wergucted with
three Petri dishes (i.e., three replicates) pemperature and conidia
count was averaged over the three replicates (19).

The influence of temperature on conidia germinat@s determined
at0, 2, 3,4, 4.5 and 5 °C after 30 days on thextisolates dfl. laxa,
M. fructicola and M. fructigena listed above. The fungi were
inoculated on V8 agar and incubated in the darkae26°C for one
week, than the colonies were washed by adding 6fraterile water
and Tween 80 (0,05%) and the sporulating mycelet mmbbed with a
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sterile plastic loop. The conidial suspension wi#sréd through a
layer of cheesecloth and the concentration adjustdd? conidia per
ml. An aliquot of 100ul of conidial suspension of each isolate were
spread on MEA amended with 0.1% of antibiotics. Tishes were
incubated at the temperatures mentioned above for ddys.
Subsequently, the colonies forming the units weyented and the

results were expressed as a percentage of cukurahldia (87).

3.5.2 Influence of the temperature on the resistance and
sensitivity of M. laxa, M. fructicola and M. fructigena isolates to
tebuconazole and thiophanate methyl.n vitro trials

To determine the influence of the temperature owgittide treatments
sensitive and resistant isolate bf. laxa M. fructicola and M.
fructicgenalisted in table 7 were used. PDA plates amende& wit
tebuconazole or thiophante methyl at a concentratoyresponding to
ECs, value for each isolate were inoculated with a 6 myaelial plug
taken from the edge of a 7-day-old colony of eaciake. Plates were
incubated at 15, 20, 25, 30°C for seven days irddr&, and mycelial
growth was determined measuring the radial growth @ ruler (74,
75). PDA plates without fungicides represented tomtrol. The
sample unit was represented by three dishes fdr isatate-fungicide

concentration and the experiment was performediwes.

3.5.3 Influence of the temperature on the resistance and
sensitivity of M. laxa and M. fructicola isolates to tebuconazole
and thiophanate methyl In vivo trials

M. laxa and M. fructicola isolates with different E{ values were

selected to determine their sensitivity to tebueola (Folicur SE,
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Bayer CropScience) and thiophanate methyl (EnouitMEL,

Sipcam) (Table 7) im vivotrials on peaches inoculated artificially.

‘Red Heaven’ peaches harvested two weeks beforedhemercial
harvest from experimental orchards previously ciwesie used. The
methodology of inoculation was the same as destribeSection
(3.2). Each fungicide, i.e., thiophanate methyl qtMetil) and

tebuconazole (Folicur) was applied 6 h before ihoou at a
concentration of half the label rate (92.5 mi/10@nd 36 mil/10 |
respectively) with a hand sprayer to runoff. Fruvsre maintained at
15, 20, 25 and 30°C; the disease incidence (pexgentf diseased
fruits) and the lesion diameter were evaluatedys @dter inoculation.
The control was inoculated as described and treatdyg with tap

water. The sample unit was represented by 30 (thuiee replicates of
10 fruit each) for each combination of fungicideldamperature. The

experiment was repeated three times.
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Table 7: M. laxa, M. fructicola and M. fructigena isolates usedn vitro and in
vivo temperature assay. In thein vitro assay PDA plates were amended with
the ECso value determined for each isolate. Plates were inbated at 15, 20,
25, 30°C for seven days in the dark, and mycelialrgwth was recorded. In
the in vivo assay peaches were wounded and inoculated with P@ose
suspension (1&onida mr) of M. laxa or M. fructicola. Six hour before the
inoculum the fungicide at a concentration of half 2.5 ml/100 | and 36 mi/10 |
respectively) label rate was applied with a hand spyer. Peaches were stored
at 15, 20, 25 and 30°C for 7 days.

- ECso In vitro In vivo
Isolate Fungus Fungicide L
(Mg ml™) assay assay
tebuconazole 0.03 n’d. d?
ML5 M. laxa
thiophanate m 2.231 d. d.
tebuconazole 0.32 d. d.
ML8B M. laxa :
thiophanate m 2.27 d. d
tebuconazole 0.021 d. n.d.
ML9B M. laxa i
thiophanate m 0,061 d. n.d.
tebuconazole 0.017 n.d. n.d.
ML11 M. laxa :
thiophanate m 0.87 d. d.
tebuconazole 0.026 n.d. d.

ML13 M. laxa

thiophanate m 0.781

tebuconazole 0.027
ML21 M. laxa

thiophanate m 0.331

ML34 M. laxa :
thiophanate m 0.211

tebuconazole 0.18

d
d
d
tebuconazole 0.020 d. n.d.
d
M23 M. laxa j

thiophanate m 3.12

tebuconazole 0.002 n.d. n.d.
M15FC M. laxa

thiophanate m 1.357 d n.d.

tebuconazole 0.163 d d.
M27FC M. laxa :

thiophanate m 0.082 d. d.

tebuconazole 0.125 d d.
M7454 | M. laxa :

thiophanate m 0.032 d n.d.

tebuconazole 0.037 n.d. n.d.
MCL4 M. laxa :

thiophanate m 0.51 d. n.d.
MCL5 M. laxa tebuconazole 0.02 n.d. n.d.
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thiophanate m 0.60 d. n.d.
M. tebuconazole 0.059 n.d. d.
MCL10 ,
fructicola | thiophanate m 34.08 d. d.
M. tebuconazole 0.051 n.d. d.
MCL12 _
fructicola | thiophanate m 37.05 d. d.
M. tebuconazole 0.067 n.d. d.
MCL13 _
fructicola | thiophanate m 22.74 d. d.
M. tebuconazole 0.037 n.d. n.d.
MCL16 _
fructicola | thiophanate m 0.18 d. n.d.
M. tebuconazole 0.051 d. n.d.
MCL17 . :
fructicola | thiophanate m 0.61 d. n.d.
M. tebuconazole 0.04 n.d. d.
MCL19 _
fructicola | thiophanate m 3.69 d. d.
M. tebuconazole 0.025 n.d. d.
MCL9311 .
fructicola | thiophanate m 10.05 d. d.
M. tebuconazole 0.172 d. n.d.
MCG2 _
fructigena| thiophanate m 0.23 d. n.d.
M. tebuconazole 0.124 d. n.d.
MCG3 _
fructigena| thiophanate m 0.27 d. n.d.
M. tebuconazole 0.155 d. n.d.
MCG5 _
fructigena| thiophanate m 0.36 n.d. n.d.

f.d.: no determined
®d.: determined

3.6 Data analysis

The statistical analysis of peach fruit susceptibilduring the

phenological stages and the sC€Computations were performed with

Statistics for Statgraphic (Centurion), with a €igance level of

95%.

The EGo from amended medium test and AB assay was cagcliat

the linear regression of the probit-transformedhbiion percentage
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and the logytransformed fungicide concentration. 4&Cvalues
correspond to the regression line intercept (zerobip = 50%
reduction).

The EGovalues [ig mI*) derived from SGD assay were automatically
calculated by SGE software. The following parangetgere entered
into the SGE software using the program option ®ingle
antimicrobial plates: plate size (15 cm Petri dghelength of
incubation (2 days), fungicide stock concentratpplied to the plate
(400 pl mi*and 50l mi™? thiophanate methyl and tebuconazole,
respectively), and mode of application (exponentiafor
“antimicrobial”. The molecular weights of the fuogles had been
entered earlier into the antimicrobial databaseth&f program, to
calculate stock concentrations of the test substarite radial
distance (in millimeters) between the zone of 5Q08fikition of
growth and the center of the plate was enterechdm@ radius (RE)
for each plate between 1 and 15 in the “data emtea”. The local
fungicide concentration was then automatically ldigpd as ending
concentration (EC). Data sheets for each plate wWexe exported to
Excel (Microsoft Corp.). For each fungus-fungicicembination, the
data were averaged over the replicate Petri difhreshe repeated
experiments.

Data for each fungus-temperature growth combinationitro andin
vivo test were averaged. The influence of temperature vitro and
in vivo trials was computed by one-way ANOVA with a sigtahce
level of 95%. Means were separated using the Dutesin The data
were processed using the statistics for Statgrapt@enturion). All
experiments were carried out in a completely randed block

design.
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Chapter 4

Results

4.1 Isolation and identification ofMonilinia species

The identification ofMonilinia species based on symptoms, host,
morphology, and culture characteristics is curgenery difficult.
Frequently the conidial dimension and the sporoatre similar in
M. laxa and M. fructicola and the germ tube is similar amoivy
fructigenaandM. fructicola (table 8and Figures 18, 19 and 20). In this
study, through the colony characteristics on agadiom fifteen
different morphotypes were recognized: six fdr laxa six M.
fructicola and three foM. fructigena(Figures 21, 22 and 23)

Table 8: Main differences betweenMonilinia species: conidia dimension |,
germ tube elongation and sporulation

, L ) Germ tube Sporulation conidia
Species Conidia dimensiorf _ b
elongatiorf ml”

Short and branching net

spore, long without

M. laxa 12-17x8-11um breaching, long with 10’

breaching far the spore ¢

with double germ tube

Long and branching far

M. fructicola 14-17x10-11um from spore, Ion_g without 10’ with microconidia
breaching or with double

germ tube

Long and branching fa

M. fructcigena 18-22x11-13um Tom  syEe, g wi 16

breaching near the spol

or with double germ tube

2 Conidia dimensions and germe tube elongation weaéuated from conidia (2@onidia per
ml) in sterile water by microscope (200x)

P Conidia were harvested from a colony on V8 agaeraft days of incubation at 25°C by
adding 5 ml of sterile water with Tween 80 (0.054ay rubbing the sporulating mycelial mat
with a sterile plastic loop. The conidial suspensiwas filtered through two layers of
cheesecloth and then counted by hematocytometer
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Figure 18: Conidia size and shape of the germ tube elongation lgf. laxa were
evaluated with microscope (200x) after 3, 6, 12 and 24 hours (A, B, Ccab
respectively) of incubation at 25°C in sterile water in thedark. The conidia

dimensions were approximately 12-17x8-1fim

67



Figure 19: Conidia size and shape of the germ tube elongation BF. fructicola
were evaluated with microscope (200x) after 3, 6, 12 and 24 hours &, C and
D respectively) of incubation at 25°C in sterile water in thedark. The conidia

dimensions were approximately 14-17x10-1fim
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Figure 20: Conidia size and shape of the germ tube elongation . fructicola
were evaluated with microscope (200x) after 3, 6, 12 and 24 hours @, C and
D respectively) of incubation at 25°C in sterile water in tb dark. The conidia

dimensions were approximately 18-22x11-13m
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Figure 21: Different M. laxa Figure 22: Different M. fructicola
phenotypes individuated through the phenotypes individuated through the
morphological identification morphological identification
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Figure 23: Three different M. fructigena phenotypes individuated through the
morphological identification

M. laxa (Figure 21) grown on PDA at 25°C for 7 days in tak in
general showed a lobed mycelial growth (B, C, D, IB)this study,
another phenotype without lobed mycelial growtharelsterized by a
dark color, and similar t®/. fructicola mycelium was observed (A).
On the contrary, the phenotype F appeared vergulag, presented a
lobed mycelial growth and its mycelium was lightlao On the
phenotype D the colony formed rosettes and, imntidslle, the color
Is olive green.

M. laxaconidia were sparsely produced on PDA, while a\{B agar
medium, rich in carbon and nitrogen, the sporufaticas abundant
(Figure 24).

Figure 24: M. laxa conidia were sparsely
produced on PDA (on the left), while the
sporulaton was more abundant when
cultivated on V8 agar (on the right)
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M. fructicola grown on PDA at 25°C for 7 days in the dark, fodme
colonies with active growing, entire margins andf§t (C, D, E, F).
The bands were usually light buff in color (E and However, in the
phenotypes A and B the colonies showed lobed maldia M. laxa,
dark in the phenotype A and brown in B. Black csusbrmally
develop only after the colony has covered all iindage, however, in
morphotype A, the crusts appeared early, duringetiym growth. In
the phenotype B numerous, small, black microcohichasters near
the edge of the Petri dish can be observed anduhere showed
zonation. C and D phenotypes showed different zomah color and
shape. There was considerable variation betweelateso of M.
fructicola, particularly in the amount of stromatal tissuaesnoedia as
PDA. The stromatal tissues bf. fructicolawere normally grayish or
hazel in color. Large numbers of conidia were posduon V8 agar
(Figure 22).

M.fructicola showed faster growth rates thdh laxa (about 50%
faster) (Figure 25).

Figure 25: Conidia of M. fructicola (on
the left) and M. laxa (on the right)
produced on V8 agar, after seven days at
25°C in the dark

M. fructigenagrown on PDA at 25°C in the dark showed mycelium
with entire margins (C). The mycelium yellowish buff-colored
enlarged uniformly to the edge of the plate (A @){Figure 23).
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Conidia were not produced on PDA and were spamgaiguced on
V8 agar (Figure 26). Conidia &fl. fructigenawere generally larger
than those oM. fructicola andM. laxa (18-22 x 11-13um) (Figure

20).

Figure 26: conidia of M. fructicola sparsely
produced on V8 agar

In order to distinguisiM. laxa from M. fructicola andM. fructigena
the internal Transcribed Spacer (ITS) between 8% dnd 28S rRNA
gene was amplified using specie-specific primer§1-Mix1 and
ITS4-MIx1 for M. laxa ITS1-Mfcl and ITS4-Mfcl foM. fructicola,
and ITS1-Mfgnl and ITS4-Mfgnl favl. fructigena.A total of 297
isolates were assayed and a single 380-bp-long Brisigment long
was amplified using each of the three pairs of prex(Figure 27)
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Figure 27: Amplification products using specie-specific pmers. the
PCR products of 380 bp ,were stained with ethidium bromid and
photographed under UV light

The amplification results showed that the funijudaxawas isolated
in 63% (61 isolates) and 39% (79 isolates) of tteed fruits in 2010
and 2011, respectiveli. fructicolawas isolated in 32% (31 isolates)
and 56% (112 isolates) of the rotted fruits cobecin 2010 and 2011,
respectively. The pathogeM. fructigena was responsible for
approximately 5% (5 and 9 isolates for 2010 and12@éspectively)
of rotted fruits, especially apples, in both years.

Two samples (MCL21 and 3c) were isolated from ‘Galad ‘Pink
Lady’ apples stored in the regional packaging-hoiaeofruit,
Cesena).

The 76% of the samples (228 isolates) was isofated peaches, 8%
(25 isolates) from nectarines, 6% (15 isolatesmfi@lums, 4% (12
isolates) from apples, 3% (10 isolates) from clesir2% (5 isolates)
from apricot, one isolate was from pear and oneSGRBas bought at
CBS-KNAW (Fungal Biodiversity Center, Utrecht, Neldad)
(Figure 28 and Appendix 3)
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M. laxa
u M. fructicola

M M. fructigena

Figure 28: Subdivision of isolates oMonilinia spp. in 2010 (on the left) and 2011
(on the right)

4.2 Susceptibility of peach fruit toMonilinia spp. during
phenological stages

The seasonal pattern of peach was 12 weeks.

The fruits diameter [mm] (Figure 29), weight [gligEre 30) and the
percentage of soluble solids (Figure 31) showedtypeal double
sigmoid pattern with the four-stage standard gro\@th-S4):

« S1 phasein which the pericarp enlarges (frofi to 6" week after
full bloom)

» S2 phasein which pit hardening occurs and fruit stops ¢fnewth
(from 7" to 9" week after full bloom)

» S3 phase the pre-climateric phase, during which the mesoca
increases (from I0to 11" week after full bloom)

» S4 phasdhe climacteric phase, in which fruit ripening o
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Figure 29: Peach fruit diameter curve. Variation on fruit caliber
during weekly sampling times from the 14 May (4" weeks after
full bloom, to 16" July (12" week after full bloom). Data are the
average of 20 samples + st err
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Figure 30: Peach fruit weight curve. Variation on fruit weigh
during weekly sampling times from the 4' weeks after full bloom,
to 12" week after full bloom. Data are the average of 20 samples +
st err
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Figure 31: Soluble solids curve. Variation on fruit weight dum
weekly sampling times from the 4 weeks after full bloom, to 1
week after full bloom Data are the average of 5 samples + St. err.

The susceptibility taV. laxa M. fructicola and M. fructigenawas
weekly evaluated after artificial inoculation in wwaded fruits as
percentage of infected wounds and in unwoundedtsfas percentage
of infected fruits. Pit hardening occurred after @ seven weeks after
full bloom, depending on the year. It can be natiteat the seasonal
pattern of peach susceptibility konilinia spp. is almost the same for
the three species and it could be divided in tlpleases. The first,
until six or seven weeks after full bloom, showedesceptibility
ranging from <40% of infected wounds in 2010 an@%/4of infected
wounds in 2012. The highest percentage of infegtednds (63%)
was observed in 2012. The second phase from 2-Bsnee-8 weeks
after full bloom was characterized by a high resise toMonilinia
rots. In the second phase the pit hardening oatuarel this phase
corresponded to S2. During the third phase, 7-8w/&ekn full bloom
to harvest, the susceptibility tdonilinia spp. increased and reached

almost 100% of wound infections. (Figure 32).
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No substantial differences between unwounded andnded fruits
were observed in phase two, brown rot was not tedeon the
artificially inoculated fruits(Figure 33).

No significant correlation was found between dianetweight,
percentage of soluble solids and susceptibility Mo laxa M.

fructicolaandM. fructigena
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Figure 32: Variation ‘Red Heaven' peach susceptibility toM. laxa, M.
frucicola and M. fructgena infections in 2010(a), andM. laxa, and M.
fructicola in 2012(b). Fruits were weekly harvested, wounded and
inoculated by dipping in a conidia suspension (ftnl™) for one minute.
Infections were recorded after one week of incubation a0°C and the
percentage of infected fruit was calculated. The red dotsndicate the
change of phase
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Figure 33: Variation ‘Red Heaven’ peach susceptibility toM. laxa, M.
fructigena and M. fructicola infections in 2010. Two hundred fruits
harvested weekly were divided in two equal lots. Fruit ofte first lot was
wounded with a sterile nail (one wound per fruit). The fuit on the second
lot were unwounded. Peaches were dipped in a conidia sesion (10
conidia ml™*) for one minute, control fruit were dipped in water. Infections
were recorded after one week of incubation at 20°C and pemtage of
infected fruit was calculated. The red dot denotes the emge between
stages and the other. The red dot indicates the change of phase
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4.3 Preformed antifungal compounds in peach peel
extracts at different developmental stages

Crude ethanol extracts from the peel of ‘Maycréd3¢€d Heaven’, and
‘Tardibelle’ peaches during S1, S2 and S4 stagesveth different
degrees of antifungal activity in a 1D TLC bioasdayngal inhibition
was observed when either 5, 10, 20 anquB@ata not shown) or 40
and 100ul of extracts (0.2 ml g FW) were applied to the TLC plates
(Figure 34).

Solvent systems  60:40:20 and 60:40:30 [hexame:ethyl
acetate:methanol (v/v/v)] provided the greatest asdmpn of
antifungal compounds.

The fungal inhibition was classified in three ckssfeeble inhibition
(FI) characterized by rarefied mycelium and somalkareas without
mycelium; inhibition () characterized by rarefieghd uniformly
distributed mycelium; marked inhibition (MI) chatagzed by
absence of mycelium.

The peel extract from fruits of S1 stage contaifeder antifungal
compounds than that of S2 stage fruits with two Bmd antifungal
zones in solvent system 60:40:30 (Table 9). Onlg &h spot was
present in S1 stage (six stains) and S4 stage qtavons) while in S2
stage, eleven spots were observed: two Fl, siditaree MI. (Table
10).
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Figure 34: One- dimensional TLC bioassays of crude ethanolxgact

portioned into an organic dichloromethane phase of S1 stage (1 and, 52

stage (3 and 4) and S4 stage (5 and 6) ‘Red Heaven’ (40 and fid®.2 ml g*)

and run in solvent system of increasing polarity [hexane:ethyl
acetate:methanol (v/iv/v); C=60:40:20 (left) and D=60:40:30 (right)]. C is
negative control with ethanol (99% v/v). Dotted line=origin. Dashed
line=solvent front

TLC bioassay on ‘Maycrest’, ‘Red Heaven’, and ‘“Tibadle’ peaches
showed a similar antifungal fingerprint with R3.3 and 53.3 in the S1
stage with solvent systems 60:40:20 and 60:40:30inQ S2 stage
the solvent system 60:40:30 highlighted two différahibition spots
(Rf 26.6 and 13.3). A feeble inhibition spot at valiRis13.3 was
present in ‘Tardibelle’ and ‘Red Heaven’ peachesiJevno inhibition
spot with the same;Rvas observed in ‘Mycrest’ peaches. Peel extract
from ‘Maycrest’, ‘Red Heaven’ and ‘Tardibelle’ pdess in S2 phase
had a similar fingerprint (R26.6) showing the greatest antifungal
activity in solvent system 60:40:30. No inhibitispots were detected
on ‘Maycrest’ and ‘Tardibelle’ peaches in S4 stagery feeble
inhibition spots were found in ‘Red Heaven’ peachath R values
73.3 and 53.3 (Figure 34) (Table 10).

Auto-fluorescence to UV light suggested that all €bntained
phenolics, and the dark blue color appeared af@mEiocalteu
reaction confirmed this hypothesis for 8.3, 53.3 and 26.6. Only for
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one of the inhibition spots corresponding toaB3 the presence of

phenolic compounds was not confirmed (Figure 35).

Table 9: One-dimensional TLC bioassay Nl. laxa) R; value of peel crude
hetanol extract of ‘Red Heaven’ peach portioned ird dichloromethane and
run in solvent systems of increasing polarity (hexae:ethyl acetate:methanol
(viviv); A=60:40:1, B=60:40:10, C=60:40:20 and D=680=30. The fungal
inhibition was classified in three classes: feeblénhibition (FI) rarefied
mycelium, with some little areas without mycelium;inhibition (I) rarefied
mycelium uniformly distributed in the area; marked inhibition (MI), absence
of mycelium

Solvent system | Solvent system | Solvent system | Solvent system
A B C D

S1 S2 S4|S1 S2 S4|S1 S2 S4|S1 S2 sS4

- 733 - |73.3 733 73.3|73.3 73.3 73.3|73.3 73.3 733

53.3 53.3 53.3|53.3 53.3 - |53.3 53.3 53.3|53.3 53.3 53.3

- - - - 266 - - 266 - - 266 -

- - - - - - - - - - 133 -

&: no inhibition zone
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Table 10: 1D TLC bioassay M. laxa) of crude ethanol extract portioned into
an organic dichloromethane phase of S1, S2 and Stages ‘Maycrest’, ‘Red
Heaven’, and ‘Tardibelle’ peach peel (20 and 4@l spot; 0.2 ml g* FW) and
run in hexane:ethyl acetate:methanol (60:40:30 (v/v)). Inhibition spot for
each for fruit development stage

Cultivars R¢ x100 S1 S2 S4
73.3 Feebl® Inhibition® @
53.3 Feeble Inhibition -
‘Maycrest’
26.6 - Marked -
13.3 - - -
73.3 Feeble Inhibition Feeble
53.3 Feeble Inhibition Feeble
‘Red Heaven’
26.6 - Marked -
13.3 - Feeble -
73.3 Feeble Inhibition -
53.3 Feeble Inhibition -
‘Tardibelle’
26.6 - Marked -
13.3 - Feeble -

2No inhibition zone

P Feeble inhibition rarefied mycelium

“Inhibition rarefied, uniformly distributed mycelium
4 Marked inhibition, absence of mycelium
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Figure 35:1D TLC. Crude ethanol extract from ‘Red Heaven’ peach
in S2 phase, separated in solvent system 60:40:3@der UV light

(254 nm) using fluorescent TLC plates (on the left)and
subsequently stained with Folin Ciocalteu reagenbf the right)

4.41n vitro sensitivity of Monilinia isolates to fungicide

4.4.1 Sensitivity of M. fructicola and M. fructigena isolates to
tebuconazole and thiophanate methyl: amended mediumethod

The sensitivity to fungicides was evaluated on S@ates (see the
Appendix 6) 27 ofM. fructicola and 8 ofM. fructigena collected
during 2010. In the case dfl. fructicola the EGy values of
tebuconazole ranged from 0.008 to 0g&I* and in the case of
thiophanate methyl from 0.18 to 37@5 mI*. All M. fructicola
isolates can be considerate sensitive to tebuctaanoce all EG
values were lower than Qugml*. Twenty oneM. fructicola isolates
exhibited resistance to thiophanate methyl with #®&, values
ranging from 1.25 to 37.0fg mI* (higher than ug mi‘and lower
than 50ug mrb).
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The M. fructigenaEGC; values for tebuconazole ranged from 0.124 to
0.172pug mit and for thiophanate methyl from 0.23 to 08§ mI™.
The isolates MCG2 (0.172g ml1), MCG4 (0.132ug mll) and
(MCG5 0.155pug mll) can be considered resistant to tebuconazole

and all isolates can be considered sensitive tpkiante methyl.

4.4.2 Sensitivity of M. laxa to tebuconazole and thiophanate
methyl: SGD method

In 2010,the Egp values of 59 isolates d¥l. laxa were determined
with SGD method. For tebuconazole and thiophanatinyhthe EG
values ranged between values of 0.004 to pg@2ni‘and from 0.03
to 3.1ug ml*, respectively. SixM. laxa isolates were considered
resistant to tebuconazole with g®@alues of 0.13, 0.14, 0.16, 0.18,
0.31, 0.3pg mi'* and 54 isolates were considered sensitive witky EC
values ranging from 0.004 to 0.087 mI*. Nine M. laxa isolates
exhibited low resistance to thiophanate methyl wils, values
between 0.781 and 3.142g ml* and 51 isolates were sensitive to
thiophanate methyl with Egvalues ranging from 0.006 to 0.69d
ml™. Isolates ML8B (0.32 and 2.31 ml'), M23 (0.18 and 3.1fg
ml™), EBR1 (0.31 and 3.12fg mI*) and Quince 2010 (0.139 and
0.969 ug mi') showed a resistant phenotype for tebuconazole and

thiophanate methyl (see the Appendix 7).

4.4.3 Relationship between Alamar blue relative peentage
reduction and resistance to fungicide

The relative percentage of AB reduction in the manivas computed

using equation (a) in section 3.4MN. laxaisolates characterized by
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thyophanate methyl Eg values greater than fig ml*(resistant)
showed the AB reductions higher than 35%. The gk, value
(28.29 pg mi') corresponded to the highest AB reduction 91.5%
(C34), but the same pattern was not observed whbasidering the
lowest EG value (0.00041g mi'") that corresponded to AB reduction
of 48% (C30). Eighty one percent of resistant i®sdahat showed an
ECs, greater than fuig mi* had an AB reduction over 50%. Fifty eight
of sensible isolates showed an AB reduction leas 8§0%.

In the case oM. fructicola the highest thyophanate methyl &£C
values are not associated with largest AB redusti@yg., G062 105
C/2 with EGo57.59ug mI* and AB reduction 61%). The percentage
of AB reduction was between 11.9% and 99%. The stwalue of
AB reduction in resistant isolates was 20% withEa, of 11.31ug
ml™. Forty percent of resistant isolates showed anrédgiction over
90.6% and in 13 isolates the AB degradation was.9B9é sensitive
Isolates showed a percentage of reduction betwé&edb land 96%,
most of them (52%) had an AB reduction lower th@3c5see the
Appendix 9).

The three M. laxa isolates considered resistant to tebuconazole
(inhibitory dose > 0.Jug mI*) showed reductions over 40%. The
fructicola isolates that showed resistance to tebuconazaleahaAB
reductions over 20% and most of the sensitive isslahowed an AB
reduction higher than 21% (see the Appendix 10).

4.4.4 Sensitivity ofM. laxa and M. fructicola isolates to fungicides:
AB method

The conidia concentration of 1@onidia milin half-dose PDB with

the addition of different concentrations of tebusnmie and
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thiophanate methyl produced consistent visual tegtdr 12 h. In the
wells where the conidia respiration occurred thiercof suspension
turned into a pink colour indicating a certain sé@nce to fungicide,
while violet wells indicated little or no respirati and consequently
fungicide sensitivity (Figure 36 and 37).

Internal standard 20l G062 l1050/: |lj

Control
03 mit | |
1l mi™
10 mi™ g8

30 mit [

60 pl mi™

Figure 36: Dose response reaction of select isolate of
M. fructicola to thiophanate methyl. Light pink
colored wells indicated fungal respiration (AB
reduction), while violet colored wells indicated feeble
respiration
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Figure 37: Conidia germination of M. fructicola 2c isolate in half-dose PDB amended
with AB and different concentrations of thiophanate methyl;A: 0.3 ug mi™, B:1 pg
ml™, C:10 ug mi*and D:30pug ml™. The isolate was incubated for 12 h at 25°QAll
assays were performed in 96-well, rounded-bottom. Each well ctained half-dose
PDB (80pl) and conidial suspension (10pl) of M. laxa or M. fricticola. An additional
100 pl of PDB amended with tebuconazole at the final concentrain of 0.001, 0.01,
0.1, 1, 10, 10Qug mit or thiophanate methyl at 0.3, 1, 10, 30, 60, 120, 240 mit was
added to each well, followed by of AB (2f1l). The total volume was 20Qul
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Three out of four isolates d¥l. laxa MD5, C2 and TR800.3 were
considered resistant to tebuconazole with@@lue of 0.43 for MD5
and C2, 0.28ug mi* for TR800.3, exceeding the inhibitory dose of
0.1 pg ml'. The C8 isolate with an Egvalue of 0.05ug mI* was
considered sensitive to tebuconazole. AmongMthé&ucticolaisolates
tested with tebuconazole, only two samples (60&h@ G062 105
C/2) can be considerate resistant since theip E&ues were 0.18 and
0.13pg ml, respectively. The other six isolates showedE&lues
ranging from 0.04 to 0.001g mI*(Figure 38).

To determine the thyophanate methylsE28 M. laxa and 64 M.
fructicola isolates were tested with AB method. ThesgE@lues for
M. laxaisolates that exceed the inhibitory dosau¢lml*) were 57%
of the total, with EG ranging from 1.0@g mi* (C28)to 28.2g ml*
(C34). The EG, values of sensitivéV. laxa isolates ranged from
0.0004pg ml* (C30) to 0.76ug mI* (RE 4/D) (Figure 39).

The M. fructicola results showed that the 69% of the isolates were
resistant with EG values higher than the inhibitory dosepd ml™)
with values between 0.98y mI*(AZ2/2) and 57.5%g mI*(G062 105
C/2) (Figure 40).
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Figure 38: M. laxa and M. fructicola isolates tested with tebuconazole. Forty one
percent of them can be considered resistant with Egvalue ranging from 0.13 to
0.43pg mi' exceeding the inhibitory dose of 0.jaig ml™*indicated in the graph by
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4.4.5 Comparison betweeM. laxa and M. fructicola ECsy values
obtained with amended medium and AB methods

The EGp values determined on 28 isolates Mbnilinia spp. with

amended medium and AB methods showed a significamelation
with a R values between 0.93 and 0.99(0.0001) (figure 41). The

two methods showed agreement

when applied to fgenti

sensitive/resistant isolates ®&f. laxa and M. fructicola (see the

Appendix 8).
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Figure 41: Relationship between fungicide sensitivity detenined by the AB method

and by inhibition of conidia germination for M.laxa (A and C) and M. fructicola (B

and D) treated with tebuconazole (A and B) and thiophanate athyl (C and D).

Three replicated-plates were used for each isolates on agarlution method at

different fungicide concentration, and three replicated-wés were used for each
isolates on AB method at different fungicide concentration
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4.51n vivo sensitivity of Monilinia isolates to fungicides

For five of the fourteen phenotype isolates resista tebuconazole
(ML8B, M15FC, M23, MCG2, MCG5) and ten of the siite
phenotype isolates resistant to thiophanate methiil5, ML8B,
ML11, ML13, ML7454, M23, Quince2010, MCL12, MCL13a
MCL19) the treatment did not offered a significahsease control
(P=0.05) when compared to the water-treated cantrol

Disease caused by isolates ML8B and M23 was notrated by
tebuconazole and thiophanate methyinagtro assay.

Both of fungicides provided essentially completentoal of disease
caused by the isolates that showed phenotype is@gsito
tebuconazole (ML7, ML10B, ML12BO, ML7454, ML7784,2AFC,
MCG1, MCG3 and MCG4) and thiophanete methyl (ML1,1MBO,
M20FC, MCL4 and MCL9311) in thia vitro assay (Table 11).
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Table 11:In vivo effectiveness of tebuconazole and thiophanate mgthagainst M. laxa,
M. fructicola and M. fructigena

Fungicides
Isolates Tebuconazole (36 ml 10%)? | Thiophanate methyl (92.5 ml 1007
Control (mm) Treatment (mm) | Control (mm) Treatment (mm)
ML5 n.d. n.d. 72.6 a 58.4 a
ML8B 30.38& 28.4 & 41.0 a 32.3a
ML7 238a 06D 19.1a 15b
ML10B 215a 05b n.g. n.d.
ML11 n.d. n.d. 34.7 a 28.7 a
ML12BO 24.1a 0.7b 11.8a 04b
ML13 n.d. n.d. 249 a 23.3a
ML7454 20.3 a 10b 23.2 a 20.7 a
ML7784 26.6 a 1.7b n.d. n.d.
M15FC 27.7a 23.9a n.d. n.d.
M20FC 270a 1.3b 23.2a 4.7 b
M27FC n.d. n.d. 24.3 a 205Db
M23 341a 328a 21.8a 185a
Quince 2010 n.d. n.d. 13.7 a 6.7 a
MCL4 n.d. n.d. 145a 1.4b
MCL12 n.d. n.d. 495 a 45.6 a
MCL13 n.d. n.d. 18.4 a 12.2 a
MCL19 n.d. n.d. 20.6 a 175a
MCL9311 n.d n.d 35.2a 155b
MCG1 27.7 a 3.8Db n.d n.d
MCG2 29.1a 21.1a n.d n.d
MCG3 221 a 05b n.d n.d
MCG4 211a 6.3b n.d n.d
MCG5 31.3 a 26.3a n.d n.d

#Half dose recommended by producer

P\alues are the means of two experiments (30 peathre® replicates of 10 fruit each were
inoculated); results were similar (F exps< F talle)s the data were combined

“The same letters indicate no significant differeaceording to the Duncan test (P < 0.005)
n.d.: not determined

94



4.6 Analysis of partial sequences of th@-tubulin gene

4.6.1 Partial sequences of thB-tubulin gene M. laxa

In order to investigate the molecular mechanismsinoke the
benzimidazole resistance, the analysis of poinatrarts of3-tubulin
gene was performed using the primers TubA and TubR&ach of
the tenM. laxaisolates, five sensitives (S) (ML7784, ML7, M20FC
ML12BO and ML7454) and five resistants (R) (ML13L.%) M15FC,
M23 and ML8B). A single DNA fragment of 1634-bp wasplified
and sequenced: th&tubulin gene contained six introns and seven
exons. The deduced amino-acid sequence oB-hubulin gene from

M. laxasolates showed 99% of similarities to the sensitiv laxaon
GenBank (accession number AY349149). The alignmeats
nucleotidic and aminacidic sequences of five S awvel R isolates
show that all ten isolates contained the sequeric@ ecucine) at
the codon 240 in thB-tubulin gene and no mutations were present in

the rest of the sequences (Figure 42 and 43) (75).
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L R - e
M15FC — TTT 720
M23 ™ TTT 720
AY349149 ™ TTT 720
MLS . o ey 720
MZ0FC by TTT 720
MIL.7 = TTT 720
MI.13 o TTT 720
MIL.7784 by TTT 720
MIL.12BO ) TTT 720
MI.7454 by TTT 720
MI.8B . TTT 720

Figure 42: Alignment of DNA sequences of-tubulin genes from
M. laxa. The nucleotidic sequence of thp-tubulin gene from M.
laxa isolates showed similarities of 99% to that sensitivel. laxa
on GenBank (accession number AY349149). All five S and five R
isolates have not a point mutation causing substitution of CTC
(Leucine) in TTC (Phenylalanine)

ML13 Vv, G 240
it 2 :
M20FC W ARG 240
ML5S W ARG 240
M15FC L ARG 240
¥23 VVRREARG
AY349149 VVRREAEG 240
W ; 240
ML_]I.2BO w ; G 240
ML7454 Vv g G 240
ML8B Vv G 240

Figure 43: Alignment of amino acid sequences ¢@-tubulin genes
from M. laxa. All five S and five R isolates contained a Leucine at
the codon 240
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4.6.2 Partial sequences of th@-tubulin gene M. fructicola

A single DNA fragment (1634 bp) was amplified witte primer pair
TubA and TubR1 from each of four representativelates, one
sensitive S isolate (MCL4)and three resistants dtaies (MCL10,
MCL13 and MCL19). The amplified section d@-tubulin gene
included all positions known to affect the sengyiv to
benzimidazoles iMonilinia. (REF Ma et al.). The analysis of DNA
sequences of th@-tubulin gene showed that the R isolatesMf
fructicola (MCL10, MCL13 and MCL19) had a punctual allelic
change at codon 198, GCA (alanine, A) instead o AG#lutaminic
acid, E). On the other hand, the sensitive (S)ateoMCL4 of M.
fructicola presented instead the sequence GAA (glutamic atithe
same point of the-tubulin gene explaining the different behavior

observed during the resistance tests (Figure 441anhd

LA A AR R R R LR R R R RS LA R B & J

MCcL13l TTGCTAGAABRACTCTGAE CCTTC 600
MCL19 TTGGTAGAABACTCTGA CCTTC 600
MCL10 TTGGTAGAABACTCTGA CCTTC 600
MCL4 TTGGTAGAAARACTCTGA CCTTC 600

Figure 44: Alignment of DNA sequences d8-tubulin
genes from M. fructicola. MCL4 was classified
sensitive to thiophanate methyl. All three R isolates
have a point mutation causing substitution of GCA
(Alanine) in GAA (Glutaminic acid)

AR AR R A R R R AR R A R R A A A A R R AR AR .

200
200
200
200
200

MCL13
MCL19
MCL10
AY283676
MCL4

L]
AR G
WA GA
AR i GA
AR GA

Figure 45: Alignment of amino acid sequences @@-tubulin genes from M. fructicola.
The R isolates ofM. fructicola had a punctual allelic change at codon 198, GCA
(alanine) instead o' GAA (glutaminic acid)
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4.7 Influence of temperature onMonilinia spp

4.7.1 Influence on mycelial growthin vitro trials

Mycelial growth (mm ggl)

Temperature (°C)

Figure 46: Effect of temperature on mycelial growth (mm gg'lb of M. laxa, M.
Sfructicola and M. fructigena m a range from -1° to 40°C'. The values are the mean of
three replicates

The results showed that the optimal temperatunemiaelial growth
of M. laxa, andM. fructicolaandM. fructigenawere 25°C foiM. laxa
and M. fructicola and 20°CforM. fructigena The mycelial growth
stopped at 40°C for all three species. (Figure 46).

Data reported in Figure 47 shows in detail the rigcgrowth of
fungal pathogen at the typical fruit storage terapees, from 0°C to
5°C for 30 days. At 0°C no mycelial growth occuredter 30 days of
incubation for all the three pathogens; in paracu\l. fructigenadid
not grow below 2.5°C. The faster growth was obs#rve M.
fructicola, with a rate of approximately 0.4 mm{grhe growth rate
of M. laxaandM. fructigenawere approximately 0.2 mm gand 0.1

mm gg", respectively.
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Mycelial growth (ram gg'l)

Temperature (°C)

Figure 47:Effect of low temperatures on mycelial growth (mm gg) of

M. laxa, M. fructicola and M. fructigena after 30 days of mcubation. The

values are the mean of threereplicates
4.7.2 Influence of the temperature on spore produ@n and
germination
The three species dflonilinia were able to produce spores after 30
days of incubation above 3°C. The highest conidicentration was
reported forM. fructicola (6x10 conidia mi') at 5°C, while M.
fructigena seems to be less active since the number of spusss
constantly below I@onidia ml*. (Figure 48).
After 30 days of incubation, the three specie®ohilinia were able
to germinate over 4°C, although the percentage @immation
expressed as culturable conidia was low, partibufar M. laxa (that
started to germinate at 4°C). No germination o@iat 0°C and 3°C
in M. fructicola. Culturable conidia ofM. fructigena increased
approximately three times (from 12% to 31%) movingm 4°C to
5°C. A similar trend was observed fd fructicola the percentage of
conidia germination increased two times, from 16%4°&€ to 26% at

5°C.
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Figure 48:A-Effect of temperature on culturable conidia (%) of M.
laxa, M. fructicola and M. fructigena after 30 days of incubation.
B-Effect of temperature on spore density oM. laxa, M. fructicola
and M. fructigena after 30 days of incubation. The values are the
mean of three replicates. Whiskers represent the standardrror.
Within the same species different letters denote a sificant
differences forP<0.05 (Dund@n Test)
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4.7.3 Influence of the temperature on the resistarcand sensitivity
of M. laxa, M. fructicola and M. fructigena isolates to fungicides.
In vitro and in vivo trials

Tebuconazole

In in vitro assay,M. laxa isolates were considered resistant to
tebuconazole if EG>0.1 pg ml*. The fungicide treatment against
resistant isolates incubated at 20°C produced nifisignt growth
reduction (-78%). Sensitive isolates, incubateti>=&C were inhibited
more than the same isolates incubated at the tabkid temperatures.
This suggests that the incubation temperature tafféee treatment
efficacy. Considering for example the ML34 isolatiee inhibition
dropped from -36°C at 15°C to 0% at 30°C. Kowivo assay, fruits
were treated and then inoculated with Welaxa resistant isolates:
M23, M27C and M7454. The optimal temperature thatdpced the
highest inhibition was 20°C; at a lower temperat(i®°C) the
efficacy dropped by 55% for isolates M23 and M2wdjle isolate
M7454 showed the lowest inhibition at 20°C (-50%he isolate
ML8B appeared resistant in the case of treatedsfrmcubated at
30°C and sensitive when the fruits were incubatedb&C.

The sensitive isolate (MCL17) d¥l. fructicola was inoculated on
substrate amended with tebuconazole, and aftebatin at different
temperatures the highest inhibition was observe®@QC (-76%)
while at 25° the pathogen reduction was -45%.

Isolates ofM. fructigenaMCG2 and MCG5 were considered resistant
if ECs5>0.1pg mi. Inin vitro assay, tebuconazole was more effective
at 15°C, showing inhibition ranging from -100% &0% for MCG2
and MCG5, respectively. While the sensitive MCG2vwebd the

highest inhibition at 20°C (-70%). The fungiciddiedcy decreased in
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both resistant and sensitive isolates when the e¢estyre increased to
30°C (Table 12).

Table 12: M. laxa, M. fructicola and M. fructigena isolates used in then vitro and in vivo

temperature assay with tebuconazole.n vitro assay PDA plates were amended with the
ECsp value determined for each isolate. Plates were inbated at 15, 20, 25, 30°C for seven
days in the dark, and mycelial growth was recorded.n vivo assay peaches were wounded

and inoculated with a spore suspension (f¢onida mr') of M. laxa or M. fructicola. Six
hour before the inoculum the fungicide at a concendition of half the label rate (92.5 ml

100 ') was applied with a hand sprayer. Peaches were sédl at 15, 20, 25 and 30°C for 7

days
INIBITHION (%) °
solate | P | Ris 15°C 2o|°2:mr205°c 30°C | 15°C zolgw\gg?c 30°C
M23 M.laxa | R | 48+0.8 | 74+05 | 66+1.3 | 42+06 | 55+1.9 | 83+1.3 | 65+0.9 | 69+1.4
M27FC | M. laxa R | 44402 | 78+1.4| 55+13 | 20409 | 65+1.4 | 85+1.9 | 75+1.7 | 79+0.7
M7454 | M. laxa R | 55+05 | 83+03| 66+1.2 | 46+0.9 | 84+1.7 | 9l+1.4 | 50+12 | 77+0.8
ML8B M. laxa R | 70+14 | 83+1.1 | B4+06 | 23+0.9 | 100+0 | 69+1.3 | 77+0.9 | 6(+0.8
ML9B M.laxa | S | 62+01 | 45+04 | 37+0.7 | 16+03| n.d® | nd. | nd. | n.d.
ML21 M.laxa | S | 58+09 | 19+05| 46+04 | 15+09| n.d. | nd. | nd. | n.d.
ML34 M. laxa S | 36+05 | 30+1.1| 20+0.7 0 nd. | nd. | nd. | n.d.
mcL17 | o Mo 'S | 481|597 | 4508 | 76s0s| nd. | nd. | nd. | nd.
MCG2 fruc';’i'éena R | 1000 | 23+08| 51406 | 18%01| n.d. | nd. | nd. | n.d.
MCG5 fruc|:/ilg;]ena R | 90+0.01| 68+0.1 | 64+0.7 | 54+021| n.d. | nd. | nd. | n.d.
MCG3 frucI:/iI(é]ena S | 70+tos | 83+01| 57+06 | 44+01| n.d. | n.d. | nd. | n.d.

% Inhibition percentage= [(diameter of control)-(aieter of treatment)/(diameter of control)]*100

®standard error

°n.d.: not determined
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Thiophanate methyl

The results obtained im vitro assay showed that for both resistant
(ECso>1 pg mit) and sensitive (Eg<1pg mi') M. laxaisolates the
largest pathogen reduction was achieved when esolaere incubated
at 30°C (ML8B and ML9B presented complete inhilm)icA different
behavior was observed for ML11 (R), M27FC (R) andd®4 (S), the
treatment resulted more effective at 15°C. Theltesf thein vivo
tests confirmed the same pattern. The thiophanathyinefficacy
tended to drop at temperatures lower than 30°CCl&id 20°C for
the sensitive isolates and 15°C and 25°C for testant ones. Only
for the M27FC isolate, the efficacy dropped at 30°C

In thein vitro trial on M. fructicola the fungicide efficacy generally
reached its maximum at 30°C for both resistant seritive isolates.
Only MCL4 (S) and MCL5 (S) presented different ol
temperatures, 15°C and 25°C, respectively. Thebitiin dropped at
20°C, with the exception of MCL13 (R) for which theinimum
inhibition was observed at 15°C. Similar resultsevebserved inn

vivo tests, with the smallest inhibition occurring & QT (Table 13).
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Table 13: M. laxa and M. fructicola isolates used in then vitro and in vivo temperature
assay with thiophanate methyl.In vitro assay PDA plates were amended with the Eg
value determined for each isolate. Plates were inbated at 15, 20, 25, 30°C for seven days
in the dark, and mycelial growth was recordedln vivo assay peaches were wounded and
inoculated with a spore suspension (£6onida mr') of M. laxa or M. fructicola. Six hour
before the inoculum the fungicide at a concentratio of half the label rate (36 ml 10 )
was applied with a hand sprayer. Peaches were statat 15, 20, 25 and 30°C for 7 days

INIBITHION (%) °
. In vitro In vivo
Isolate | Specie | RIS 355500 [ 25°C [ 30°C | 15°C | 20°C | 25°C | 30°C
ML | M-1axa | R | 504008 | 5311 | 5806 | 7906 | 20412 | 24+12 | 28408 | 45+0.0
ML8B | M-1axa | R | 62:07 | 62+05 | 60+0.8| 100r05 | 12405 | 36+11 | 21413 | 52413
ML11 | M- 1axa | R | 73400 | 63t15 | 60t11| 66+06 | 21417 | 25615 | 3413 | 47412
ML13 | M- 1axa | R | 67400 | 72412 6300 | 85+00 | Nd.S| nd. | nd. | n.d.
M23 | M.laxa | R | 6615 | 63101 | 75500 | 80r07 | 14113 | 4+os | 35+04 | 42+09
M27FC | M-1axa | R | 83102 | 77404 | 6605 | 54+01 | 100k0 | 32403 | 55+0.4 | 26401
ML21 | M- 1axa | g | 14408 | 32400 | 31207 | 4907 | nd. | nd. | nd. | n.d.
MLOB | M.laxa | s | 5,05 |40+0s|36t0s| 1000 | nd. | nd. | nd. | n.d.
ML34 | M. laxa | g | gi6 | 31409 37+07| 66+07 | nd. | nd. | nd. | n.d.
M7454 | M-1axa | g | 95.00 | 83+04| 76+11| 66+03 | nd. | nd. | nd. | n.d.
MCL10 M R | 49+18 | 46+08| B55+1.7| 57+09 | 3+05 | 8+0.7 | 12407 | 2%+05
fructicola
MCL12 M R | 68+14 | 50+0.7 | 56t0.6 | 86+05 | 8+05 | 8+0.7 | 15+1.3 | 1%+06
fructicola
MCL13 M R 36+08 | 42+06 | 57+0.4| 63+0.9 | 4+09 | 7+03 | 18+0.6 | 26+0.4
fructicola
MCL19 M R | 26+05 | 25+09| 47+01| 88+0.8 | 3+09 | 14+02 | 19+0.3 | 28+06
fructicola
MCL4 M S | 85+01 | 45+08| 63+0.4| 51+09 | n.d. | nd. | nd. | n.d.
fructicola
MCL5 M S | 43+02 | 17+03| 54+01| 42+09 | n.d. | nd. | nd. | n.d.
fructicola
mcLie |, M- S | 2505 | 10+06| 41+01| 80t0s | nd. | nd. | nd. | nd.
fructicola
McL17 |, M- S | 44e12 | 21402 | 54r02| 62002 | nd. | nd. | nd. | nd.
fructicola

 Inhibition percentage= [(diameter of control)-(aiater of treatment)/(diameter of control)]*100
bstandard error

°n.d.: not determined
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Chapter 5

Discussion

5.1Monilinia spp.population in Italy

European peach and nectarine import/export is pnetint, with
75% and 82% of the overall fruit imports and exporespectively.
Among the top 15 exporting countries in the wofldl,are European,
with Spain and Italy at the top positions (105)a¢te and nectarine
export is growing at an higher rate than the pradoc(34) and for
this reason it is important to monitor th®nilinia population present
in Europe and particularly in Italy since new specould spread in
our Country.

In this dissertation specific primers fot. laxa, M. fructicola andM.
fructigena (55, 121) were used to individuate which speciés o
Monilinia were present on Italian stone and pome fruits.sCi@ning
that since few years agM. fructicola belonged to the list of
guarantine pathogens, the very similar percentd@&o(and 48%,
respectively) ofM. laxa and M. fructicola isolates found in Italy in
two years in this indentification screening, camfgr the relevant role
of M. fructicolain causing serious fruits rot of peaches in Eur@e
26, 64) and, in particular, in Italy (100Y1. fructigenawas detected
only in 5% of the cases during the species scrger@apecially on
apple fruits, and this pathogen cannot not be densd an important
threat for the peach growers.

Interestingly, M. fructicola was found on stored applevdlus
domesticaBorkh.) during a survey for fungal postharvest pgtns,

fruit that showed brown rot symptoms belonged te tBala’ and
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‘Pink Lady’. The colonies developed a gray massspbres in
concentric rings with the reverse side black, amdhér studied by
molecular tools using specific primers. The BLASEarch in
GenBank revealed the highest similarity (99%) Nb fructicola

sequences, representing the first report of thgusM. fructicola on

apple in Italy. Further studies are necessary tergene geographic
distribution, prevalence and economic importancehef quarantine

organism in Italy.

5.2 Susceptibility of peach fruit during phenologial
stages

The variation of susceptibility td1. laxa in peach fruit during its
development has been studied for several yearsuaddr different
conditions. First investigations revealed that gréeiits are more
resistant than the ripe ones to brown rot (18) sewkntly studies
revealed that peach susceptibility strongly de@eaguring S2 (pit
hardening) and increased thereafter (38, 77, 83108, 127). The
same behavior, was observed in this study for lalée species.
(Figure 33). The difference d¥lonilinia rot incidence (Figure 32)
across fruit development stages may be due tootleening resistance
factors: mechanical resistance of green fruitssgmee of inhibitory
substances and /or diverse availability of nutsg@t 35, 38, 48, 63,
77, 116). In this study a biochemical approach wadertaken to
investigate the possible antifungal compounds lasdriin this

temporary loss of susceptibility.
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5.3 Preformed antifungal compounds in peach peelssues
extracted from fruit at different developmental stage

The presence of antifungal compounds in crude etstiderived from
peel of ‘Maycrest’ ‘Red Heaven’, and ‘Tardibelleégch assayed at
different stages (S1, S2 and S4) was demonstratedD TLC
bioassay. Greater inhibition of brown rot was obedrin peel extracts
of fruit during the pit hardening (S2) as compaie®1 and S4 stage.
TLC bioassay showed similar antifungal fingerpmvith R; 73.3 and
53.3 in the S1 stage for all three fruit speciearifiy S2 stage the
solvent system 60:40:30 (hexane:ethyl acetate: ameth showed
other two more inhibition spots evident with R6.6 and 13.3. A
feeble inhibition spot, at values R3.3, was observed in ‘Tardibelle’
and ‘Red Heaven’ peach, but no inhibition spot wite same Rwas
revealed in ‘Mycrest’ peach. No inhibition spots revadetected on
‘Maycrest’ and ‘Tardibelle’ peach in S4 stage, whwery feeble
inhibition spots were found in ‘Red Heaven’' peachhwR; values
73.3 and 53.3 (Table 10). These results confirm ghesence of
inhibitory compounds in the peel of peach fruit idgr the pit
hardening, probably associated to the variatiogesfe expression of
phenylpropanoid pathway key genes as explainedeeyand Bostock
(16, 63) and Zubini (137).

Total phenolics highlighted with auto-fluorescerafeer exposure to
UV light were analyzed by the Folin-Ciocalteu réactto confirm the
presence of total free phenolic groups fei783, 53.3 and 26.6. An
increase in the total phenolic compounds in peash guring the pit
hardening stage (S2) was already shown; in paaticelafeolic acid
(CGA; 5-O-caffeoylquinic acid), catechin and chigeaic acid were
found as major phenolic compounds (8, 108). CGAfemaacid (CA;
3,4-dihydroxycinnamic acid), catechin, chloregeamds, cinnamic
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acids, flavan-3-ols, flavonols and cyaniding-3-gide are located
mainly in the peel tissue and their concentratdesease during fruit
development and ripening (after S2 stage) (8, 3%, &pecially CGA
that significantly declines during the transitionrh S2 to S4 (45, 63).
Bostock et al. (1999) in their study (16) demoristtahow M.
fructicola spore germination and mycelial growth were nae@éd by
CA and GCA at a concentration similar to or gredtan the one in
the exocarp (i.e., cuticle, epidermis, and hypod&rrof immature
resistant fruit. Eight years later Lee and Bostotdified the CGA
and CA role on inhibition of polygalacturonase (P@nd
appressorium formation bil. fructicola at concentrations at which
there is no inhibition of fungal growth and at tt@ncentrations that
are within the physiological range that occurs initf peels (61).
However, it is still unclear if these two phenolSGA and CA)
determined the presence of the inhibition spotg;eshevertheless the
TLC bioassay showed the inhibition dflonilinia growth, their
presence has not been verified. Chlorogenic acidths main
hydroxycinnamic and catechin is generally the meapnomeric
flavon-3-ol derivate present in ‘Red Heaven’ pesflabe S4 stage (8).
More investigations are needed to clarified the @i this phenol in
Monilinia inhibition.

As mentioned above, another feeble inhibition sgioRk 13.3 was
present in ‘Tardibelle’ and ‘Red Heaven’ (Table .1Bplin-Ciocalteu
reaction did not confirm the presence of phenolsthat position
suggesting that alkaloids or terpens could be pteseth feeble
inhibitory effect (116). Hirai et al. proposed by @ analysis the
presence of the inducible triterpenes, found iregrstrawberry fruit
and conferring resistance @wllototrichum fragariae This compound

108



probably corresponds to the phytoalexin found naveberry roots (50,
89).

The TLC technique was previously used in other lamnstudies in

order to investigate on the antifungal compoundss@mt in mango,
avocado, strawberry fruits, Geraldton waxflowerd anybeans (4, 27,
60, 115, 116, 126). The TLC can be used both amnalytical and a
preparative technique, and traditionally regardedaasimple, rapid,
and inexpensive method for the separation, ideatifin tentative,

and visual semi-quantification of a wide range wbstances. Further
studies investigating on the presence of antifungaipounds in stone

fruit during the pit hardening stage are in progres

5.4 Sensitivity ofM. laxa, M. fructicola and M. fructigena
to tebuconazole and thiophanate methyl

Demethylation inhibitor fungicides (DMI) appeared 1980s are
widely used against brown rot and have effectivelglaced methyl
benzimidazole carbammates (MBC). Their repetitige has selected
fungicide-resistant populations, since they aralw@most exclusively
for M. laxa, M. fructicolaandM. fructigenacontrol during flowering
and pre-harvest period (20, 106)

Our in vitro results indicate a good effectiveness of tebuacnleaz
againstM. laxa and M. fructicola in both of year (2010 and 2011)
(Appendixes 6 and 7, figure 38). These data aragreement with
Tonini et al. (120), and Adaskaveg et al. (3), wieported that
tebuconazole applied 15 days before harvest waseféactive
fungicide against pre- and postharvest brown reicpes, while the
fungicide residue resulted below the half of Italiagal limit.

The intensive use of DMI fungicides could lead tther an
accelerated rate of selection for resistance (Yhbilvever Schnabel et
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al. (113) reported a slow selection resistancegs® orM. fructicola
Isolates treated with propiconazole

In the past, ItalianM. laxa and M. fructigena were controlled by
chemical treatments based on MBCs, but three decage DMis
were introduced in substitution of this class ohdicides because
resistant strains developed (though, thiophanatiyheés still used
against cankers on peach tree branches causedubicoccum
amygdal) (20, 26).

The results obtained in this work indicated that fercentage of
resistantM. laxa isolates increased from 15% to 57% as well as the
ECso resistance values (0.78-3.4§ m* 2010 and 1.06-28.29g ml*
in 2011). These data are in agreement with Ma. €78) and Brent et
al. (17) who reported that the EGralues ofM. laxa isolates from
California and in Europe have only one resistareell the low
resistance (Ef between 1pug mi* and 50ug mih). In contrast,
Sharma (110) and Thomidis et al. (117) indicateat tihhiophanate
methyl was effective fungicide against fruit rotspgeaches caused by
M. laxain warmer areas.

Interestingly, the percentage of thigl. fructicola resistant to
thiophanate methyl isolates was almost the samboth of years
(2010 and 2011) with a percentage of resistandisdEGs>1ug ml™)
was more than 65%. Their Efsalue ranged from 0.99 and 57 5§
mi™* (Appendix 6 and figure 40). The same results tozimidazole-
resistant phenotypes isolates were obtained by €loxl., Luo and
Schnabel, Riley at al., and Ma et al. (21, 66,id2)ifferent American
States.

The authors demonstrated as none of the isolatkk tlicticolawas
resistant to both tebuconazole and thiophanate yie8imilarly
Yoshimura et al. (132) tested the sensitivitwbffructicolaisolates to
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thiophanate methyl and tebuconazole and found that isolates
resistant to thiophanate methyl were sensitivelbntonazole. So far,
Holb and Schnabel (51) indicated differential perfances among
triazoles (tebuconazole, fenbuconazole and propwale) againsk.
fructicola isolates with reduced sensitivity to DMIs but nmss
resistance with MBC was observed.

In most cases, resistance is associated with paisdtions in the-
tubulin gene which result in altered amino acid ussges at the
benzimidazole binding site (61)

Analysis of DNA sequences of thgtubulin gene showed that all
resistant isolates had a single pair mutation@icttdon 198 of thg-
tubulin gene resulting in an alanine (GCA) replgdine glutamic acid
(GAA) (74). This kind of mutation at the codon li8&enzimidazole-
resistant isolates was found in several other glattmgenic fungi such
as Botrytis cinerea Helminthosporium solani Penicillium spp.,
Sclerotinia homoeocarpd/enturia inaequalisandV. pirina, Tapesia
yallundaeandT. acutormis(table 1). The direct involvement of these
mutation at the codon 198 in conferring resistatacéenzimidazole
has been confirmed using site-direct mutagenesisymura and
collegues (41). The PCR results showed that thistags ItalianM.
fructicola testes isolates had not a point mutation at thercd@lthat
cause the replacement of the amino acid histidyngrosin typical of
the low resistant isolates of Ma et al. (74) sugggsthat in our
resistant isolates the different level of resista(weak or moderate) is
not associated to a genetic variation at the cddlaf the 3-tubulin
gene, further investigations are need to understiaaccauses of this
different level of resistance to thiophanate metigdistant isolates.
Moreover, in this study the EEmethod was used to classified the
isolates in different levels of resistance to tiapate methyl, while
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Ma et al. (74) indicated a different scale of resise related to
mycelial growth.

The analysis of the3-tubulin gene sequence iNl. laxa isolates
resistant phenotype showed no mutation at the cqubsition 240
typical of the low resistant isolates found by Maag (75). This
means that the resistance in this case was ndedeta a genetic
variations on thef-tubulin gene, suggesting that the phenotypic
resistance found in our resistant isolates couldirfkienced by
environmental stimuli such as the humidity and terafure (19).

Ma et al. (75) reported that in vitro assayM. laxalow resistant grew
poorly on PDA amended with g mi'* of benomyl at 28°C, while it
grew significantly at temperature range 8-24°C. Tésults obtained
in this work confirmed this thesis oNl. laxa and M. fructicola
resistant isolates treated with thiophanate me#imd incubated at
different temperatures (15, 20, 25 and 30°C). &, fa vitro trials the
incubation at 30°C showed the largest inhibitiomgytcelium.

The methylation status or deletion of the Mona eletin a portion of
the MfCYP51 gene could cause the highest resistantsbuconazole
at 30°C showed on resistant isolatedvbflaxa and M. fructicolain
this work. It is possible that neither the delet@nviona element nor
the methylation of Mona or MfCYP51 gene implicake tdifferent
expression of the resistance. Some studies sutiggsbther genes or
other parts of the genome were methylated and wedolin
propiconazole resistant instability (11, 67).

The influence of the temperature on the fungicitfeciveness with
respect to pathogen isolates can have a directcingmathe strategies
for brown rot management. Louise et al. (72) prepothat, in some
cases, tebuconazole does not have effect in suddtpgonditions,
making the management of the pathogen ever motdgmatic. The
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association of favorable conditions like the preserf multiple
species and a warm and humid climate, may incrédaseathogen
aggressiveness, necessitating frequent fungicigkcagions.

An important consideration for fungicides resise@management is
the amount of inoculum (10, 14, 20, 78, 123). ThHeacy of DMI
treatments decreased under high inoculum in pesdtaals in China
(65), Georgia (6, 7, 113), South Carolina(7, 51, 62, 134, 136),
New York (125, 126), California (3, 82, 84, 86) Bita72), Greece
(76, 117, 118), and Spain (87), suggesting that Digicides by
themselves cannot provide adequate control in aaflskgh pressure
disease. To achieve acceptable brown rot controh wiingicide
applications, measures to reduce inoculum levéls43, 53), such as
the alternation of active ingredients during thérerseason, must be

Implemented in commercial peach orchards (7, 51788
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Chapter 6

6.1 Contributions

The list of contributions in this work includes:

- The identification of the composition of tionilinia populations
from different Italian region that produce stonats.

- First report ofM. fructicolaon apple fruit from storage.

- A clarification of the relationship between the s@ece of phenols
and their antifungal properties.

- A systematic quantitative assessmentbflaxa and M. fructicola
sensitivity/resistance to DMI and MBC fungicidesaingh the EG
values.

- The definition of a protocol for the utilization &B (Alamar blue)
assay for the rapid assessment Mf laxa and M. fructicola
resistance to tebuconazole and thiophanate methyl.

- A potentially more accurate assessment of the teatyre effect on
the phenotype resistance to DMI and MBC fungicidased on the

actual EGy values and not on the inhibitory dose.
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APPENDIXES

APPENDIX 1

Substrates

LB Luria Bertani 30 g of LB (Difco, Franklin lakes, NJ), 2
g of Agar Technical (Oxoid, Rodan
Milan, Italy), 1 litre distilled water

LB liquid Luria Bertani liquid 30 g of LB (Difco, Franklin lakes, NJ),
litre distilled water

MEA Malt extract agar 50 g of MEA (Oxoid, Rodano, Milar
Italy), 1 litre distilled water

PDA Potato dextrose agar 39 g of PDA (Oxoid, Rodano, Mila
Italy), 1 litre distilled water

PDB Potato dextrose broth 24 g of PDB (Sigma Aldrich, St. Loui

PDB half dose| Potato dextrose broth half dose

MO), 1 litre distilled water
12 g of PDB (Sigma Aldrich, St. Loui
MO), 1 litre distilled water

U

U

0

o

V8 agar V8 juice agar 250 ml of tomato source (Pomi, Rivarglo
del Re, CR, ltaly), 20 g of Agar Technigal
(Oxoid, Rodano, Milan, Italy), 750 ml
distilled water
APPENDIX 2
Antibiotic solutions
Neomicyn Fluka, Buchs, SG, Switzerland 0.1 g on 1 litre of substrate gt
temperature 50°C
Streptomicyn Sigma Aldrich, St. Louis, MO 0.1 g on 1 litre of substrate gt
temperature 50°C
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APPENDIX 3

Isolates: M. laxa, M. fructcicola and M. fructigena isolates from rotted fruits and

identified with specific primers for each speci€53, 119)

a b~ WDN B

»

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36

Isolate

ML 1
ML 2
ML 3
ML 4
ML 5

ML 6
ML 7
ML8

ML9
ML10
ML 11
ML12
ML13
ML14
ML15
ML16
ML17
ML18
ML19
ML20
ML21
ML22
ML23
ML24
ML25
ML26
ML27
ML28
ML29
ML30
ML31

ML32
ML33
ML34
ML 8B
ML 9B

Species

M.
M.

laxa
laxa

M.laxa

M.
M.

M.

<

<

S S A S A

zzzzx<

laxa
laxa

laxa

. laxa

. laxa

. laxa

laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa

laxa
laxa

. laxa
. laxa
. laxa

Region come
from
Romagna
Romagna
Romagna
Emilia
Romagna

Romagna
Romagna
Romagna

Emilia
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna

Romagna
Romagna
Romagna
Romagna
Romagna
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Host

Nectarine
Plum
Plum
Peach
Plum

Plum
Plum
Peach

Cherry
Nectarine
Peach
Peach
Peach
Peach
Plum
Plum
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach

Peach
Plum

Plum
Peach

Peach

Cultivar  Isolation
year
nd. 2010
Angeleno 2009-2010
Angeleno  2009-20
Red Heaven 2010
Angeleno 2009-
2010
Angeleno 2009-
2010
Angeleno 2009-
2010
Royal 2010
Majestic
Bigarlou 2010
Big Top 2010
Royal glory 2010
Royal glory 2010
Red Moon 2010
Springbelle 2010
Angeleno 2009
Angeleno 2009
n.d. 2009
n.d. 2010
n.d. 2010
n.d. 2010
n.d. 2010
n.d. 2010
n.d. 2010
Springbelle 2010
Springbelle 2010
Springbelle 2010
Springbelle 2010
Springbelle 2010
Royal Glory 2010
Springbelle 2010
Super 2010
Crinson
n.d. 2010
President 2010
President 2010
Red Moon 2010
Red Moon 2010
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

ML 10B
ML 12B
ML13B
M4FC
M5FC
M7FC
M8FC
M9OFC
M15FC
M20FC
M21FC
M27FC
M10BO
M12BO
M19RA
M4
M23
M24
M7454
M7537
M7636
M7782
M7784
M7785

5052.1
571.1

6544.2
A 25/4
A22/1
AB 5
A. bio 1/2
A. bio 3/1
A. bio 3/2
Alb. reale
Amb. 2/1
Amb. 3/1
C2
C4
C5
C13
Cl4
C17
C19
Cc21
C24
C25

SXEXEXXEKEKEXXEKXKEKEKERKggggsggggg£28¢€

S TTXTETZTETTTTETETETETELEEE

laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa

laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa

. laxa

Romagna

Romagna

Romagna
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC

RPPC
RPPC

RPPC
Romagna
Romagna

Veneto
Romagna
Romagna
Romagna
Romagna

RPPC

RPPC

Emilia

Emilia

Emilia

Emilia

Emilia

Emilia

Emilia

Emilia

Emilia

Emilia
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Peach
Peach
Apricot
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Apricot
Peach
Peach
Peach
Peach
Peach
Peach
Apricot
Peach
Peach
Peach
Peach
Peach
Peach

Peach organic
Peach
Nectarine
organic
Peach

Peach
Nectarine

Peach organic

Peach organic

Peach organic

Apricot
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach

Red Moon
Red Moon
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Sweet Lady

Venus

n.d.
n.d.
Andross
Ambra
Ambra
Ambra
Reale
n.d.
Ambra
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2011
2011
2011

2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011




83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

114

115
116
117
118

119

120
121
122
123
124
125
126
127

Cc27
C28
C30
C32
C32.1
C33
C34
C35
C37
C38
C41
C43
C44
C45
C46
Cca7
C49
C52
C57
C58
CER 1.2
CER 1.3
C. 2011/2
C. 2011/3
Ciliegia 4
Ciliegia 5
Ciliegia 6
Ciliegia 10
Holb 1
Holb 2
MD 2

NB 5/1

NT 1
P 2010
PB 1/1
PB 1/2

PB 2/1

PB 2/2

PBio 1/1
P.P.2B
Big Bang
RE 1/C

RE 2/A

RE 3/B

RE 4/D

S S S S S N A

laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa

laxa

laxa
laxa
laxa
laxa

laxa

laxa
laxa
laxa
laxa
laxa
laxa

. laxa
. laxa

Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Romagna
Romagna
Romagna
Romagna
Emilia
Emilia
Emilia
Emilia
USA
USA
Veneto

Veneto
Emilia
Emilia

Lombardia
Lombardia

Lombardia

Lombardia
Lombardia
Emilia
Romagna
Emilia
Emilia
Emilia
Emilia
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Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Cherry
Cherry
Cherry
Cherry
Cherry
Cherry
Peach
Peach

Nectarine
Nectarine
organic

Peach organic

Peach

Plum organic
Plum organic

Plum cv

Stanley organic
Plum organic
Plum organic

Peach
Peach
Peach
Peach
Peach
Peach

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
Maria Dolce
n.d.

n.d.
Prince
Stanley
Stanley

Stanley

Stanley
Stanley
n.d.

Big Bang
Red heaven
Red heaven
Red heaven
Red heaven

2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011

2011

2011

2011
2011

2011

2011

2011
2011
2011
2011
2011
2011
2011
2011




128
129
130
131
132
133
134
135
136
137
138
139
140

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

172

RE 5/B
RE 5/C
RE 5/D
RE 6/B
RE 6/C
R.H 6/d
TR 60.4
TR 60.9
TR 60.10
TR 60.14
TR 800.2

TR 800.3
CBS

MCL 1
MCL 2
MCL 3
MCL 4
MCL 5
MCL 6
MLC7
MCL8
MCL9
MCL 10
MCL11
MCL12
MCL13
MCL14
MCL15
MCL16
MCL17
MCL18
MCL19
MCL20
MCL21
Mcl6989
Mcl9285
Mcl9310
Mcl9311
Mcl9341
Mcl9345
Mcl9346
Mcl9348
Mcl9375
Mcl9561

2a.l

LT T LTI ZELZEIZIILIZELEtExEgL

laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
laxa
. laxa

S TETETETETTETTEEE

laxa
M. laxa

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

. fructicola

Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
AB75654

Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Emilia
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Emilia
Emilia
Romagna
Emilia
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC

Emilia
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Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach

Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Cherry
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Apricot
Peach
Peach
Peach
Apple
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach

Nectarine

Red heaven
Red heaven
Red heaven
Red heaven
Red heaven
Red heaven

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
Springbelle
Springbelle
Bigarlou
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
Springbelle
n.d.
n.d.
n.d.
n.d.
Gala
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Orion
Organic

2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011

2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2009
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010

2011




173

174
175
176
177

178

179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

2a

2b
2c
29
3c

5052. 2

5052.3
571.2
6074.2
6074.3
6544.1
7566.1
7566.3
A21/1
A21/2
A21/4
A23/2
A23/3
A23/5
A23/5
A25/1
A25/3
A25/6
A25/8
AB 1
AB 4
Amb 1/2
AZ 2/2
BG1
BG2
BG4
C1
C2 (Cor)
C3
C4 (Cor)
C7 (Cor)
C8
C8 (Cor)
C9
C10
C12
C13
C18
Cc23
C35

<

LT LTI ZEZEETEZEZELEZEZELELEZEL < £ £

. fructicola

. fructicola
. fructicola
. fructicola
. fructicola

. fructicola

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

Emilia

Emilia
Emilia
Emilia
Emilia
RPPC

RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
RPPC
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
Romagna
RPPC
Romagna
Romagna
Romagna
Romagna
Emilia
USA
Emilia
USA
USA
Emilia
USA
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
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Nectarine

Peach
Peach
Peach
Apple
Nectarine
organic
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Nectarine
Nectarine
Peach
Peach
Peach organic
Peach organic
Peach organic
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach

Orion
Organic
Sweet Lady
Fayette
Fayette
Pink Lady

Venus

Royal Lee
Royal Lee
n.d.
n.d.
n.d.
Royal Lee
Royal Lee
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
Andross
Andross
n.d.
n.d.
Baby Gold
Baby Gold
Baby Gold
n.d.
Coronet
n.d.
Coronet
Coronet
n.d.
Coronet
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

2011

2011
2011

2011
2011

2011

2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011




218
219
220
221
222
223
224
225
226
227
228
229
230
231

232

233

234
235
236
237
238
239
240
241
242
243

244

245

246

247
248
249
250
251
252
253
254
255
256

257

258

C36
C36.1
C39
C41
C48
C50
C51
C56
CER1.1
C. 2011
C. 2011/2
CO5
D
EL 2/1

EL 2/2

EL 2

G 062 B/2
G 062 C/1
G 100 A/1
G 100 C/1
G 100 C/2
G 100B/1
G 105 A/2
G 159 B/2
G 164 C/2

G062 105
A2
G062 105
A3
G062 105
C/2
G062 B/1

G062 C/2
G100 B/2
G100 C/2
G100 C/3
G164 A/2
G164 C/1
Grenat 2/1
Grenat 2/2
Grenat 3/2
MD 1

MD 5

MD 4

=T LKL L

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

=T LKL (ZCK(LX(L

<

. fructicola
M. fructicola

M.fructicola
M. fructicola
M. fructicola
M. fructicola
M. fructicola
M.fructicola
M. fructicola
M. fructicola
M. fructicola
M. fructicola

<

. fructicola

<

. fructicola

<

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

<

M. fructicola

M. fructicola

Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Romagna
Romagna
Romagna
USA
Sardegna
Sardegna

Sardegna
Sardegna

Veneto
Veneto
Veneto
Veneto
Veneto
Veneto
Veneto
Veneto
Veneto
Veneto

Veneto
Veneto

Veneto
Veneto
Veneto
Veneto
Veneto
Veneto
Veneto
Romagna
Romagna
Romagna
Romagna

Romagna
Romagna
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Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Cherry
Cherry
Peach
Peach
Peach

Peach
Peach

Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach

Peach
Peach

Peach
Peach
Peach
Peach
Peach
Peach
Peach
Nectarine
Nectarine
Nectarine

Nectarine
organic
Nectarine
organic
Nectarine
organic

n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
Contender 2011
Guglielmina 2011
Elegant 2011
Lady
Elegant 2011
Lady
Elegant 2011
Lady
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011

Maria Dolce 2011
Maria Dolce 2011
Maria Dolce 2011

n.d.

n.d.

n.d.

2011

2011

2011




259

260

261

262

263

264

265
266
267
268
269
270

271

272

273

274

275
276
277
278
279
280
281
282
283

284
285
286
287
288
289
290
291
292
293
294
296
297

NB 1/1
NB 2/2
NB 4/2
NB 6/1
NB 7/2
Nett. bio

NT2

Q

RE 3/A

RE 7/A

RE 7/D
Royal glory
1

Royal glory
2

Royal lee
1/2
Royal lee
2/1
Royal lee
2/2

TR 60.2

TR 60.6
TR 60.7
TR 60.9
TR 800.1
TR 800.6
TR 800.15
TR 800.29
Venus 2/2

MCG 1
MCG 2
MCG 3
MCG 4
MCG 5

1A
3A
4A
2B
NP 4/1
PL 10
PL 11
PL 13

<

=T L L

<

=TI L L L

=TI LKL K(L

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

. fructicola
. fructicola
. fructicola
. fructicola

. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola
. fructicola

. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena
. fructigena

Veneto
Veneto
Veneto
Veneto
Veneto
Veneto

Emilia
Sardegna
Emilia
Emilia
Emilia
Romagna

Romagna
Romagna
Romagna
Romagna

Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Emilia
Romagna

Emilia
Emilia
Emilia
Emilia
Emilia
Lombardia
Lombardia
Lombardia
Lombardia
Romagna
Lombardia
Lombardia
Lombardia
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Nectarine
organic
Nectarine
organic

Nectarine
organic
Nectarine
organic

Nectarine
organic
Nectarine
organic

Peach
Peach
Peach cv

Peach

Peach

Peach
Peach

Peach
Peach

Peach

Peach
Peach
Peach
Peach
Peach
Peach
Peach
Peach
Nectarine

Pear
Apple
Apple
Plum
Peach
Apple
Apple
Apple
Apple

Nectarine
Apple
Apple
Apple

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.
n.d.

2011

2011

2011

2011

2011

2011

2011
2011

Red Heaven 2011

Red Heaven

2011

Red Heaven 2011
Royal Glory 2011

Royal Glory 2011

Royal Lee 2011
Royal Lee 2011
Royal Lee 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
n.d. 2011
Venus 2011
n.d. 2009
Golden 2010
Golden 2010
Stanley 2010
Red Heaven 2010
pollinator 2011
Pink Lady 2011
Pink Lady 2011
pollinator 2011
n.d. 2011
Pink Lady 2011
Pink Lady 2011
Pink Lady 2011




| 298| pL7 | M.fructigena Lombardia Apple Pink Lady 2011

#n.d.: not determined ® RPPC: Regional Plant Protection Centre

123



APPENDIX 4

MOA

D:AMINO
ACIDS AND
PROTEIN
SYSTEM

G: STEROL
BIOSYNTHESIS
IN
MEMBRANES

TARGET SITE
AND CODE

D1:

Methionine
biosynthesis
(proposed) (Cgs

gene)

G3: 3-keto-
reduc-tase, C4-
de-metylation
(erg27)

G1: C14-
demethylase in
sterol
biosynthesis
(ergll/cyp51)

GROUP

NAME

Al-

fungicides

(Anilino-

Pyrimidines)

Hydroxyanili

des

(SBil:classic)

DMI-

fungicides

(De

Methylation
Inhibitors)(S

Bl:clasl)

124

CHEMICAL
GROUP

Aniline-

pyrimidines

hydroxyanilid

es

Triazole

COMMON
NAME

Cyprodinil
Mepanipyrim

pyrimethanil

Fenhexamid

Tebuconazole
Fenbuconazole

etc.

COMMENTS

Resistance know
in botrytis and
Venturia,
sporadically in
Oculimacula.
Medium risk
Low to medium
risk.

Resistance
management
require

There are
differencesin the
activity spectra
of DMI
fungicides.
Resistance in
known in varius
fungal species.
Several
resistance
mechanisms are
known incl.
target site
mutations in
cyp51 (ergll)
gene.

Generally wise
to accept that

Cross resistance

FR
AC
CO
DE

17



C:
RESPIRATION

C2 complex II:
succinate-

dehydro-fenase

C3 complex I
cytochrome bcl
(ubiquinol
oxidase) at
Qosite (cyt b

gene)

SDHI boscalid

(succinate

Pyridine-
caboxamides
dehydrogena

se inhibitors

Qol-

fungicides

Methoxy- Pyraclostrobin

carbamates | Trifloxystrobin
(Quinone Etc.
outside

Inhibitors)

125

is present
between DMI
fungicides,
active against
the same fungus
DMI fungicides
are Sterol
Biosynthesis
Inhibitors

(SBIS) but show
Nno cross
resistance to
other SBI
closses
Resistance
known for
several fungal
species in field
populations and
lab mutants.
Target site 7
mutations in sdh
gene.
Resistance
management
required.
Medium risk
Resistance to
known in varius
fungal species.
Target site
mutations in
cytb gene
(G143A, F129L)| 11
and addizional
mechanisms.
Cross resistance
shown between
all members of

the Qol group



E: E2 PP- phenylpirroles| Fenpiclonil Resistance founc

SIGNAL MAP/Histidine- | fungicides fludioxonil sporadically,
TRANSDUCTIO kinase in (Phenyl mechanism
N osmotic signal | Pyrroles) speculative.
transduction (os- Low to medium | 12
2, HOG1) risk.
Resistance
management
required
E3 dicarboximid | dicarboximide | Procymidone | Resistance
MAP/Histidine- | es S Iprodione common in
kinase in Botrytis and
osmotic signal some other
transduction (0s- pathogens.
1, dafl) Several mutation
in OS-1 mostly
1365 S.

Cross resistance
common
between the
group members.
Medium to high

risk.
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APPENDIX 5

Fungicidesused in this study

Active :
_ _ _ Commercial | % of | Produced
ingredient Chemical name _
_ name a.l. by
(a.i.)
Alpha-[2-(4-chlorophenyl)ethyl]-alpha- Bayer
Tebuconazolel (1,1-dimethylethyl)-1H-1,2,4-triazole-1- Folicur SE 4.35%| CropScience
ethanol Lyon, France
Alpha-[2-(4-chlorophenyl)ethyl]-alpha- Bayer
Tebuconazolel (1,1-dimethylethyl)-1H-1,2,4-triazole-1- Elite 45% | CropScience
ethanol NC
Thiophanate (dimethyl[1,2-phenylene)- Enovit Metil FL Sipcam,
methyl bis(iminocarbonothioyl)]bis[carbamate]) 38.3% Perﬁé:\;/“lan’
Thiophanate (dimethyl[1,2-phenylene)- _ Cerexagri-
. . Topsin-M 70WP| 700 | Nisso LLC,
methyl bis(iminocarbonothioyl)]bis[carbamate]) PA
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APPENDI X 6

Amended medium method:values of EGo (ug mI™*) for M. fructicola and
M. fructigena mycelial growth in isolates of 2010 and determinetby the agar
amended method. For each concentration and for eacfungicide, four plates
(replicates) were used

Isolate no. Pathogen Fungicide EC501 2 R/S
ogml?
-Tebuconazole 0.053 0.95 S
MeL M-fructicola o hanate m. 19.55 0.90 R
-Tebuconazole 0.063 0.92 S
MCL 2 M.fructicola i chanate m. 227 0.88 R
-Tebuconazole 0.02 0.94 S
MCL 3 M. fructicola -Thiophanate m. 14.81 0.89 R
-Tebuconazole 0.037 0.97 S
MCL 4 M. fructicola -Thiophanate m. 0.51 0.87 S
-Tebuconazole 0.02 0.89 S
MCL 5 M.fructicola -Thiophanate m. 0.60 0.8 S
-Tebuconazole 0.02 0.92 S
MCL 6 M.fructicola -Thiophanate m. 6.94 0.86 R
-Tebuconazole 0.041 0.89 S
MLC? M.fructicola -Thiophanate m. 20.15 0.87 R
-Tebuconazole 0.008 0.9 S
MCL8 M-fructicola o hanate m. 18.71 0.92 R
-Tebuconazole 0.037 0.9 S
MCLS M-fructicola o hanate m. 20.36 0.86 R
-Tebuconazole 0.059 0.94 S
MCL 10 M.fructicola -Thiophanate m. 34.08 0.97 R
-Tebuconazole 0.019 0.99 S
MCL11 M.fructicola -Thiophanate m. 23.98 0.94 R

128




-Tebuconazole 0.051 0.94 S
MCL12 M-fructicola o hanate m. 37.05 0.81 R
-Tebuconazole 0.067 0.96 S
MCL13 M.fructicola i chanate m) 22.74 0.97 R
-Tebuconazole 0.05 0.91 S
MCL14 M.fructicola -Thiophanate m. 1.25 0.97 R
-Tebuconazole 0.115 0.98 S
MCL15 M-fructicola -Thiophanate m. 1.61 0.88 R
-Tebuconazole 0.037 0.99 S
MCL16 M-fructicola o hanate m. 0.18 0.88 S
-Tebuconazole 0.051 0.97 S
MCL17 M.fructicola -Thiophanate m. 0.61 0.92 S
-Tebuconazole 0.04 0.89 S
MCL19 M.fructicola -Thiophanate m. 3.69 0.99 R
-Tebuconazole 0.089 0.99 S
MCL20 M-fructicola o hanate m. 36.32 0.96 R
-Tebuconazole 0.089 0.99 S
McL2l M.fructicola -Thiophanate m. n.d. n.d. n.d.
-Tebuconazole 0.043 0.9 S
MCL6989 M.fructicola -Thiophanate m. 10.58 0.95 R
-Tebuconazole n.d. n.d.
MCL9285 M.fructicola -Thiophanate m. 11.75 0.9 R
-Tebuconazole 0.043 0.97 S
MCL9310 M-fructicola -Thiophanate m. n.d n.d. n.d.
-Tebuconazole 0.025 0.98 S
MCL9311 M.fructicola -Thiophanate m. 10.05 0.99 R
-Tebuconazole 0.037 0.91 S
MCL9341 M.fructicola -Thiophanate m. 18.51 0.97 R
-Tebuconazole 0.06 0.91 S
MCLO348 | M.fructicola i o nate m. 10.78 0.97 R
-Tebuconazole 0.08 0.98 S
MCLO37S | M.fructicola oo nate m. 19.17 0.95 R
-Tebuconazole 0.118 0.91 S
MCG 1 M. fructigena -Thiophanate m. n.d. n.d. n.d.
-Tebuconazole 0.172 0.88 R
MCG 2 M. fructigena -Thiophanate m. 0.23 0.99 S
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-Tebuconazole 0.124 0.93 S
MCG 3 M. fructigena i hanate m. 0.27 0.97 S

-Tebuconazole 0.132 0.94 R
MCG 4 M. fructigena -Thiophanate m. n.d. n.d. n.d.

-Tebuconazole 0.155 0.99 R
MCG 5 M. fructigena -Thiophanate m. 0.36 0.97 S

8 EGsois the effective concentration of fungicide for @& inhibition of mycelial
growth. All values are means of two experimentghwour replicate petri dishes

each
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APPENDIX 7

SGD method: ECs values for tebuconazole and thiophanate methyl of.
laxa 2010 isolates. Mycelial growth inhibition determired by the spiral gradient
dilution (SGD) method. Four replicated-plates wereused for each isolates and

fungicide

o ECso
Isolate no. Fungus Fungicide L R/S
(ug mi™)?

-Tebuconazole n.d. n.d
CBS M. laxa :

-Thiophanate m | 0.0064007 S

-Tebuconazole 0.018008 S
ML 1 M. laxa

-Thiophanate m 0.3331005 S

-Tebuconazole 0.0224028 S
ML 2 M. laxa

-Thiophanate m 0.422#11 S

-Tebuconazole 0.0Db#002 S
ML 3 M.laxa

-Thiophanate m 0.09314002 S

-Tebuconazole 0.03305 S
ML 4 M. laxa

-Thiophanate m 0.08®4012 S

-Tebuconazole 0.03#001 S
ML 5 M. laxa

-Thiophanate m 2.23D¥004 R

-Tebuconazole 0.014r006 S
ML 6 M. laxa

-Thiophanate m 0.14D4032 S

-Tebuconazole 0.008065 S
ML 7 M. laxa

-Thiophanate m 0.5441008 S

-Tebuconazole 0.021D¥¢01 S
ML8 M.laxa

-Thiophanate m 0.55%4006 S

-Tebuconazole 0.031014 S
ML9 M.laxa

-Thiophanate m 0.31814057 S
ML10 M.laxa -Tebuconazole 0.001D17 S
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-Thiophanate m 0.2064077 S

-Tebuconazole 0.011D05 S
ML 11 M.laxa

-Thiophanate m 0.876®1067 R

-Tebuconazole 0.008078 S
ML12 M.laxa

-Thiophanate m 0.3594054 S

-Tebuconazole 0.026001 S
ML13 M.laxa

-Thiophanate m 0.78Db#005 R

-Tebuconazole 0.0Db1043 S
ML14 M.laxa

-Thiophanate m 0.6261041 S

-Tebuconazole 0.01%#013 S
ML15 M.laxa

-Thiophanate m 0.10%4045 S

-Tebuconazole 0.0224037 S
ML17 M.laxa

-Thiophanate m 0.451008 S

-Tebuconazole 0.02%5¥016 S
ML18 M.laxa

-Thiophanate m 0.25102 S

-Tebuconazole 0.034046 S
ML19 M.laxa

-Thiophanate m 0.1294018 S

-Tebuconazole 0.026+024 S
ML20 M.laxa

-Thiophanate m 0.69Db07 S

-Tebuconazole 0.021D065 S
ML21 M.laxa

-Thiophanate m 0.33b#13 S

-Tebuconazole 0.022043 S
ML22 M.laxa

-Thiophanate m 0.43Db1064 S

-Tebuconazole 0.019005 S
ML23 M.laxa

-Thiophanate m 0.616001 S

-Tebuconazole 0.004016 S
ML27 M.laxa

-Thiophanate m 0.14401 S

-Tebuconazole 0.012#76 S
ML28 M.laxa

-Thiophanate m 0.2664014 S

-Tebuconazole 0.03376 S
ML29 M.laxa

-Thiophanate m 0.2941037 S

-Tebuconazole 0.023603 S
ML30 M.laxa

-Thiophanate m 0.24 016 S
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-Tebuconazole n.d. n.d.
ML31 M.laxa
-Thiophanate m 0.60Db1028 S
-Tebuconazole 0.03%5#017 S
ML32 M.laxa
-Thiophanate m 0.24Dbi057 S
-Tebuconazole 0.024r001 S
ML33 M.laxa
-Thiophanate m 0.233#032 S
-Tebuconazole 0.020409 S
ML34 M.laxa
-Thiophanate m 0.21Dd¥087 S
-Tebuconazole 0.321012 R
ML 8B M.laxa
-Thiophanate m 2.2701005 R
-Tebuconazole 0.02b#008 S
ML 9B M.laxa
-Thiophanate m 0,06D4075 S
-Tebuconazole 0.0Dbi007 S
ML 10B M.laxa
-Thiophanate m 0.21®4074 S
-Tebuconazole 0.019016 S
ML 12B M. laxa
-Thiophanate m 0.0841006 S
-Tebuconazole 0.021076 S
ML13B M.laxa
-Thiophanate m 0.39Db089 S
-Tebuconazole 0.06389 S
M4FC M. laxa
-Thiophanate 0.26Dt017 S
-Tebuconazole 0.02b4034 S
M5FC M. laxa
-Thiophanate 0.52D1t057 S
-Tebuconazole 0.012#005 S
M7FC M. laxa
-Thiophanate m 0.412008 S
-Tebuconazole n.d. n.d.
M8FC M. laxa
-Thiophanate m 0.2214039 S
-Tebuconazole 0.005+038 S
M9FC M. laxa
-Thiophanate m 0.35927 S
-Tebuconazole 0.004r004 S
M10BO M. laxa
-Thiophanate m 0.4781007 S
-Tebuconazole 0.0194045 S
M12BO M. laxa
-Thiophanate m 0.0841062 S
M15FC M. laxa -Tebuconazole 0.002005 S
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-Thiophanate m 1.3504004 R
-Tebuconazole 0.014007 S

M19RA . laxa
-Thiophanate m 0.4021043 S
-Tebuconazole 0.026014 S

M20FC . laxa
-Thiophanate m 0.21@4053 S
-Tebuconazole 0.01b054 S

M21FC . laxa
-Thiophanate m 0.3061065 S
-Tebuconazole 0.1683012 R

M27FC . laxa
-Thiophanate m 0.0821034 S
-Tebuconazole 0.016076 S

M4 . laxa
-Thiophanate m 0.3754026 S
-Tebuconazole 0.181001 R

M23 . laxa
-Thiophanate m 3.121005 R
-Tebuconazole 0.12%5#08 R

M7454 . laxa
-Thiophanate m 0.0321058 S
-Tebuconazole 0.0294056 S

M7537 . laxa
-Thiophanate m 0.33Db1087 S
-Tebuconazole 0.01%#07 S

M7636 . laxa
-Thiophanate m 0.1%1076 S
-Tebuconazole 0.021D05 S

M7782 . laxa
-Thiophanate m 0.3641023 S
-Tebuconazole 0.031054 S

M7784 . laxa
-Thiophanate m 0.4124067 S
-Tebuconazole 0.031018 S

M7785 . laxa
-Thiophanate m 0.4121089 S
-Tebuconazole 0.31014 R

EBR 1 . laxa
-Thiophanate m 3.126606 R
-Tebuconazole 0.081041 S

Holb 1 . laxa
-Thiophanate m 0.25D4045 S
-Tebuconazole 0.06 D05 S

Holb 2 . laxa
-Thiophanate m 0.8261008 S
_ -Tebuconazole 0.139#903 R

Quince 2010 . laxa
-Thiophanate m 0.9691009 R
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APPENDI X 8

Comparison between amended medium and AB methodalues for 50%

effective concentration (EGo) for inhibition of M. laxa and M. fructicola conidia

germination in strains isolated in 2011 as determied by the agar dilution and AB

method. Three replicated-plates were used for eadsolates on agar dilution method
at different fungicide concentration, and three regicated-wells were used for each
isolates on AB method at different fungicide conceration

ECso
(Hg mI™)
Fungicide Fungus Isolate no. | Inhibition of
conidia AB method”
germination®
-Tebuconazole M. laxa C2 0.26 0.28
-Tebuconazole M. laxa C8 0.01 0.05
-Tebuconazole M. laxa MD5 0.52 0.43
-Tebuconazole M. laxa TR800.3 0.33 0.28
-Tebuconazole M.fructicola A23/2 0.005 0.001
-Tebuconazole M.fructicola A25/8 0.003 0.001
-Tebuconazole M.fructicola C13 0.05 0.02
-Tebuconazole M.fructicola D 0.008 0.004
-Tebuconazole M.fructicola | G064 105 C/2 0.24 0.13
-Tebuconazole M.fructicola NB 6/1 0.02 0.04
-Tebuconazole M.fructicola 2b 0.003 0.002
-Tebuconazole M.fructicola 6074.2 0.11 0.18
-Thiophanate m. M. laxa AB 5 0.36 0.45
-Thiophanate m. M. laxa Alac BIO 3/2 1.51 1.88
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-Thiophanate m. M. laxa Cherry 2011/3 11.26 10.59
-Thiophanate m. M. laxa C 32 4.20 4.54
-Thiophanate m. M. laxa C 38 2.04 212
-Thiophanate m. M. laxa C 43 0.40 0.3

-Thiophanate m. M. laxa Pesca prof.2 B 0.052 0.079
-Thiophanate m. M. laxa 6544.2 0.83 0.48
-Thiophanate m.| M.fructicola A25/6 44.02 44.06
-Thiophanate m.| M.fructicola C3 5.20 5.67
-Thiophanate m.| M.fructicola C12 3.03 3.57
-Thiophanate m.| M.fructicola C13 36.40 32.91
-Thiophanate m.| M.fructicola C35 7.50 5.45
-Thiophanate m.| M.fructicola G164 C/1 1.97 1.60
-Thiophanate m.| M.fructicola Q 1.13 1.30
-Thiophanate m.| M.fructicola 7566.3 0.64 0.34

& EGy is the effective concentration of the fungicidewdtich conidial germination was
inhibited by 50%. All values are means of two expents, with three replicate petri dishes
(agar dilution) or wells (AB assay) per experiment.

® EGs values filg ml-1) were calculated by regressing the percestagf the relative
conidial germination against the logarithm of intob concentrations
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APPENDIX 9

Inhibition values and fungal respiration with thiophanate methyl: were
determined by measuring the absorbance of the dya 870 nm QA1 red light reflectance,
blue light absorbance) and 600 nmA2 blue light reflectance, red light absorbance) o
tunable microplate reader. The percentage reductionin AB control for thiophanate
methyl and the percentage difference between treateand control were calculated by
equationsa and b in section 3.4.3or M. laxa and M. fructicola

Reduct ‘AR ECso Reduction of | ECsg
M.laxa | Sooooon o ) o wgm | RIS|  M.laxa o5 o t('(]/f) ug mi | RIS
RE 6/C 28.0 0.23 S A 22/1 60.0% 8.67 R
RE 3/B 34.0 0.05 S RE 4/D 64.5% 0.76 S
C 44 35.0 6.36 R TR 800.3 74.0% 1765| R
C4 37.4 1.88 R C2 76.0% 1587 | R
AB 5 42.0 0.45 | S | Pescaprof2B 76.0% 0.08| S
Ciliegia 4 43.0 0.0008| S | Alachio 3/2 76.6% 1.88 R
C32 44.0 4.54 R C 28 77.0% 1.06 R
C 30 48.0 0.0004| S TR 60.14 77,0% 0.74 S
C43 49.7 0.29 S Cer 1/2 79.3% 2.81 R
C37 50.0 0.43 S 6544.2 84.0% 0.48 S
RE 5/B 50.2 0.71 S C 38 84.2% 2.12 R
C33 51.3 2.09 R C 46 85.4% 2.10 R
TR 800.2 53.1 3.40 | R | Cherry2011/3| 87.4% 1059 R
PB 2/1 58.1 9.14 R C34 91.5% 2829 | R
_ Reduction of | ECsg
M. EC : :
- R‘fﬁé"éfﬂ Irc(>)fI ?J/Bo)on » rr?i)l R/IS | M. fructicola Cﬁ?‘tﬁ; t('g/f) uglml R/S
TR60.7 11.9 0.002| S | C2 (Coronet) 65.8% 1.45 R
C1i 20.0 11.31 | R | Royalglory 2 66.0% 3.70 R
6544.1 21.0 0.11 S 2C 69.6% 1031 R
A25/8 21.0 2.59 R G 164 C/2 70.7% 1.90 R
C12 23.0 3.57 R | Royallee 1/2| 74.5% 2.49 R
& 27.0 078 | S C3 82.3% 5.67 R
(Coronet)
C48 28.0 0.002 | S Q 86.0% 1.30 R
AB 1 30.7 0.41 S G164 C/1 86.4% 1.60 R
G100 C/3 34.0 0.63 S C 13 87.7% 3291| R
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EL 2/1 35.0 001 | S A21/2 900% | 414 | R
CO5 43.0 195 | R | 13627 fc 90.0% | 049 | S
GA}SE’ 44.0 634 | R C10 96.0% | 068| S
cal 44.2 209 | R C39 906% | 868 | R
Gc}fo 49.0 060 | S | TR80029 | 91.2% | 1003 R
MD4 49.3 367 | R MD 5 97.0% | 5.10] R
6074.2 49.3 1581 | R C36 97.7% | 3.95 | R
Co 50.2 007 | S NB 7/2 99.0% | 2.72 | R
G 100
AL 50.2 14.34 e 29 99.0% | %0 | R
AZ 2/2 51.8 099 | R 571.2 99.0% | 127 | R
A23/2 54.0 007 | s 7566.1 99.0% | 110 | R
C7
AL . 1114 | R A 25/6 0000 | 4406| R
A23/5 56.1 489 | R C35 99.0% | 545 | R
5052.3 56.1 408 | R C50 99.0% | 2032 R
A23/3 57.0 057 | S E'egagt ady | 99006 | 31.17| R
cs 59.7 673 | R | G100B/L | 99.0% | 1.71 | R
D 60.0 2046 | R | Grenat3/2 | 99.0% | 1.83 | R
AB 4 60.3 343 | R NB 2/2 99.0% | 2851 R
C18 61.0 005 | S NB 6/1 99.0% | 405 | R
602?2105 61.0 5750 | R | TR800.6 99.0% | 1.73| R
GC}‘ZJO 61.9 081 | R 7566.3 n.de 024 | R
VD 1 63.5 062 | S 5052.2 nd. 009 | R
2b 63.8 5088 | R | GL00B/2 nd. 095 | R

®Reduction percentage of AB = {[(O2 x A1)-(O1 x AZJR1 x N2)-(R2 x N1)]}x100 (section

3.4.3)

P percent difference between treated and controldéani[(O2 x A1)-(O1 x A2)]/[(O2 x P1)-

(01 x P2)]}x100.The Eg values fig mi') were calculated by the regression between probit

and inhibition percentage using lgdransformed fungicide concentrations. gg@alues of
fungicide concentrations were obtained from theeggjon line intercept (50% reduction).
n.d.: not determined
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APPENDI X 10

Inhibition values and fungal respiration with tebuconazole:were determined by

measuring the absorbance of the dye at 570 nnmAX red light reflectance, blue light
absorbance) and 600 nmAX2 blue light reflectance, red light absorbance) ora tunable
microplate reader. The percentage reduction in AB antrol wells for tebuconazole and the

percentage difference between treated and controlave calculated by equations and b in
section 3.4.3 forM. laxa and M. fructicola

Reduction of AB ECso Riguggtzﬂem EC
M.laxa | ontheControl | ugml | R/S M. laxa Control | RIS
(%)? 1b Mg ml
(%)
C8 20.0% 0.05 S Cc2 54.0% 0.28 R
MD5 40.0% 0.43 R TR800.3 90.0% 0.28 R
¥ ECso M Reduction of ECso
. Reduction of AB -1 . AB on the -1
fructicola | on the Control kg mi R/S fructicola Control pg mi R/S
(%) (%)
A23/2 16.0% 0.001| S GoijlOS 390% | 013| R
6074.2 20.0% 0.18 R NB 6/1 46.0% 0.04 S
A25/8 21.0% 0.001 S 2b 58.0% 0.002 S
D 24.0% 0.004 S C13 80.0% 0.02 S

®Reduction percentage of AB = {[(O2 x A1)-(O1 x AZJR1 x N2)-(R2 x N1)]}x100
PPercent difference between treated and controldi@ni[(O2 x A1)-(O1 x A2)]/[(O2 x P1)-

(O1 x P2)]}x100.The Eg values fig mi*) were calculated by the regression between probit

and inhibition percentage using lggransformed fungicide concentrations. fs@alues of

fungicide concentrations were obtained from theresgjon regression line intercept (50%

reduction)
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