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1. Introduction

Endophytic symbionts including bacteria and fumgg Within plant tissues without causing any
obvious negative effects and have been found inygant species examined to date (Clay 1992).
It became evident that endophytes are rich sowfd@isactive natural products, and many different
agents have been isolated from these microorgamstngpromising applications in development
of natural drugs and other industrial products (§e2005). Fungi are among the most important
groups of eukaryotic organisms well-known for prodg many novel metabolites which are
directly used as drugs or function as lead strestdior various bioactive products (Kock 2001)
(Berdy 2005). Endophytic fungi were first studiacplants in temperate regions, but recently these
studies were extended to tropical plants as welegkdly, all plants maintain associations with
fungal endophytes and epibionts (Ahlhoéhal, 2002). These associations between fungi and
plants are generally a cryptic phenomenon in Natiuagal endophytes may inhabit tissues of
roots, stems, branches, twigs, bark, leaves, pstidlowers, fruit, and seeds, including xylem of
all available plant organs (Ahlholet al, 2002) (Kogeét al, 2006). These fungi affect the ecology
of plants, by frequently enhancing the capacithadt plants to survive and resist environmental
and biological stresses through mechanisms thabrdyepartially understood (Faeth and Fagan
2002). It is also believed that endophytes haveomamt roles in plant protection, acting against
herbivores, insects and pathogens and may alseaserplant resistance to biotic and abiotic
stimuli (Faeth and fagan 2002) (Arnadd al, 2003). The outcome of interaction between host
plants and endophytes can vary in a seamless mannmemutualism to parasitism. In most cases,
the host plant does not suffer; in fact it oftemngaan advantage from colonization by a fungus
(Kogel et al, 2006). Contribution of endophytes to biologifahctions of the host plant was
primarily studied in cool season grasses, partibula those of agronomic importance, although
the interactions between host plants and endopliyteatural populations and woody plants are
poorly understood (Faeth and Fagan 2002). It has decumented that higher non-grass plants
furnish complex, multilayered, spatially and tengilyr diverse habitats that support species-rich
assemblages of microorganisms. Microfungi are danticomponents of those communities and
their biodiversities are thought to change spedliffcin accordance with the harboring tissue, the
host species, geographical differences and clim@nditions (Faeth and Fagan 2002) (Saikkonen
et al.,, 2004). Considering the presence of endeshyh every known plant species, such

characteristics make fungal endophytes as one ti# diverse components of the biomass that



are dynamically being modified to adjust to theismwmental changes and to host physiology. It
is estimated that there are approximately 1 milfiomgal endophyte species worldwide, however,
only a fraction has been described and explorethte (Ganlet al, 2004).

Yet, there is a lack of information regarding teattires of endophytic fungal communities in
different host plants in Europe. Available data amncipally originating from studies on
characterization of bioactive products of endophytéth industrial or medicinal applications.
Nonetheless, understanding the composition andrdipseof endophytic assemblages and impacts
of host-specificity and tissue-colonization of thes/mbionts on physiology, is fundamental to
improve the existing knowledge about the bioecola@fyplant-endophyte mutualism and is
required to pave the lane toward finding novel &gents with pesticidal, medicinal and industrial
applications. Along with other Central and EastBuropean countries, Hungary has started to
improve the state’s capacities for attending theldvmarket of horticultural products. In the last
two decades sweet cherfgr(inus avium received an increasing attention (Hrotk6 and raagy
2004). To produce high quality products for theslfrenarket vigorous rootstocks well-adapted to
the regional climate and soil condition are needéat is why different strains &. mahalelhave
been introduced as rootstocks in Hungary. To devible cultivation of sweet cherry in large scales
an integrated research program, from basic to epsicience, is fundamentally needed to improve
productivity of domestic species and their resis¢ato stresses and natural pathogens. Fungal
endophyte assemblages associated with their herstt iplay have an influence on pathophysiology
of the host. Since a lack of information existghis regard not only in the Hungarian niech but
such data are also rare all around the world. Toezgthe present study was carried out to obtain
the following objectives:

1. Determining the biodiversity of endophytic funigi sweet cheryy grafted on differerf.

mahalebrootstocks

2. Identification of potentialy host-specific or tissue-specific (leaf, twig, and root) strains and

their dynamic changes during the growing season.

3. Evaluation of anti-microbial activities of istéa fungal endophytes.

In additon to sweet cherry we also investigatedeth@ophytic fungi of pepper under different
growing conditions and in different cultivars. Mgsk in the latter studies was to help to start the
cultures and to monohyphenate / monosporulate rtitiwidual strains and establish the strain

collection.



2. Materials and Methods
2.1. Biodiversity and antagonistic characterizatiorof fungal endophytes orPrunus sp.
2.1.1. Locality and sampling strategy of the study

Samples were selected randomly from 110 trees aril8Agsweet cherry trees grown in the
orchard of Corvinus University of Budapest, Soroksé&arby the city of Budapest lies between
19° 07’° 00”E and 47° 24’ 00”N geographical coondites. Trees were planted at a spacing of 4x2
m, resulting in a density of 1,250 treesth@®rientation of the rows was north-south. The same
individual plants were subjected to the study Irsaimpling periods. The study was conducted in
autumn 2008, spring 2009 and autumn 2009.

Tissue samples from leaf, twig and root of treestif@ar Péter grafted on different rootstocks)
were collected. Trees were nearly 8 years old wsdsnpled for the first time, and rootstocks
originated from four different specieBrunus mahalel.. (Erdi V., Bogdany, SL64, Egervar,
Korponay, SM11/4, CEMANY and Magyar rootstocksyaaiety ofP. avium(Vadcseresznye) and
P. fruticosa(Prob) and from a hybrid inbred rootstockRo€erasusandP.canescengGisela 6).

2.1.2. Tissue preparation

Samples were obtained from root, twig and leaf axfheindividual tree and were collected in
plastic bags. Samples were transported to thedatryrat the Department of Plant Physiology and
Biochemistry, Faculty of Horticultural Sciences,r@aus University of Budapest (Hungary). In
the laboratory, all samples were washed thoroulghlgetergent under running tap water. Surface
sterilization of plant material was carried outngschlorine bleach (NaOCI) diluted in water to
concentrations of 2—-10% to treat the specimengrAfing sunk in 96% ethanol for 1 min, tissue
samples were washed by dipping into hypochlorite sg#ation for 10 min and then were sunk
again for 1 min in 96% ethanol. Procedure was vad#ld by washing the samples twice with sterile
distilled water for 5 min.

Size of the sampling unit and surface sterilizapoocedures vary according to the preferences
of the investigator, the species of host plant, laost tissue type sampled. A pilot study prior to
commencement of main sampling procedure was fifilo optimize the techniques for tissue
preparation with higher efficiency and obtaininggler numbers of endophytic fungi from each
sample. Accordingly, it became clear that the senalhe sampling unit was, the greater the
recovery of diverse species/genotypes could beegeti Also, conversely, the larger the sampling

unit was taken, the greater the potential existadiss rare or slow-growing species and to recover



mixed genotypes of the same species. Thus, twaossctrom different parts of each tissue
compartment, from leaf as 0.5 cm in diameter eachfeom twig and root two sections as 0.5 cm
in length, were randomly cut for isolation of entigpc fungi on the selected media.
2.1.3. Primary isolation of endophytic fungi

Routine mycological media are suitable for primaotation, sub-culturing and identification of
endophytic fungi. Potato Dextrose Agar (PDA) andtNExtract Agar (MEA), 1-2%, were used as
pre-culturing media. Each 10 pieces of a singlemssg were transferred into PDA plates
supplemented with 250 mg/I amoxicillin, 250 mg/pbalexin and 100 mg/lI chloramphenicol.
Plates were incubated at 22°C and colonies wererebd after 1-2 weeks. Fungi with rapid growth
were sub-cultured onto media without inhibitors éahance normal sporulation. Optimal
incubation conditions varied according to the pramce of the host tissue and therefore some
cultures were incubated for two to three week®tdHe slow-growing fungi emerge. Plates were
sealed with Parafilm to prevent desiccation of tleglim and were incubated in a growth chamber
with a humidity control.
2.1.4. Single sporeisolation of endophytic fungi

Single spore isolation was performed to obtain jgetungal subcultures from polyspore
isolates. Accordingly, 20 g/l water agar was usedorulation medium in sterile Petri dishes.
After autoclaveing at 121°C for 20 min penicill®.% g/l) was added when the temperature of agar
was about 50°C, then the medium was distributeal %t mm Petri dishes inside a laminar flow
cabinet. By employing a fine sterile sampler, sponeere picked up from the surface of an
individual colony. Different isolation methods wes@ployed based on differences between fungal
isolates according to the type of their fruitingdis. Fungi with closed fruiting bodies such as
Ascomycetewith cleistothecia or perithecia a@belomycetewith pycnidia were removed from
the substrate surface. Fungi with cup shape figitiodies as like adscomycetewith apothecia
andCoelomycetesvith acervuli, were transferred directly by remmaythe whole fruiting body.
Spores fromBasidiomycetesvith gills were obtained by removing a few segrseuit gills and
finally when no sporulation was detected, subcaekuwwere prepared by transferring single thread
of hyphae (single hyphae) into PDA plates.

To overcome the problem of bacteria or yeast comatnon and prevent the transfer of wrong
species, in addition to using antibiotics, sporessea were also diluted in sterile water. A glass

container was sterilized using ethanol 70% and enpih a towel on which ethanol 70% had been



sprayed. A sterilized pipette was then used tosfearabout 6 drops of sterilized water into the
container and spore masses obtained as explaimee a&ere added to make a spore suspension.
This homogenous spore suspension was finally tearesf onto the water agar plates. A permanent
slide was also prepared by using a drop of eachespuspension to check whether the correct
fungus had been selected.

The procedure was followed by incubation of tleggs at 22°C for 24 hours. Germinated spores
were detected by microscope examination and thersimigle spore was picked up and transferred
into another PDA plate. Isolates were incubate858C and were checked frequently till their
colony diameter was about 1-2 centimeters.

2.1.5. Morphological study

Cultures on both PDA and MEA media were assesseardiag to their morphology. Colony
appearance, mycelium color and structure, shageratliomata, conidia and conidiophore (size,
color, ornamentation, etc.) and characters of cog&hous cells were observed for morphological
classification of isolated fungi using a light nascope with 5X, 10X and 40X objective lenses for
magnification.
2.1.6. PCR amplification of ribosomal internal transcribed spacer regions

In the present study, amplification of the fungBlTegion was performed using fungal domain
specific ITS1 and ITS4 primers. Total DNA was egteal from fungal components by applying a
modified CTAB (cetyltrimethylammonium bromide) meth After pre-heating at 65°C in water
bath, 151l mercapto-ethanol + 2% polivynil-pyrrolidone sabtut was added to the samples. CTAB
buffer containing 2% CTAB, 0.1 M Tris-HCI (pH 7.0688, 20 mM EDTA and 1.4 M NacCl,
previously heated at 65°C, was mixed with the canté each tube to the total volume of @00
Samples were incubated at 65°C for 30 min and sapents were collected after centrifugation
for 15 min at 12 000 g. Protein content was degléte adding 60Qu chloroform to each tube
followed by centrifugation at 12 000g for 8 . Thegedure was repeated one more time, then 900
ul of 96% ethanol was added to each tube and samgesincubated at -20°C for 2 hours. After
centrifugation at 12 000xg for 15 min, pellets wetashed by 70% ethanol and resolved in {LI00
of sterile Milli-Q water. The PCR reaction mixtwensisted of ml fungal DNA, 2.5ul 10x loading
buffer, 0.5ul 20 mM dNTP mix, 15.6u sterile Milli-Q water, 0.4ul Taq polymerase and 018
each of the forward and the reverse primers ITSIGCGTAGGTGAACCTGCGG-3’ and ITS4
5-TCCTCCGCTTATTGATATGC-3' (Whiteet al, 1990) in a total reaction volume of |25



Amplification was performed in a Thermal Cycler ¢Bad T100 THERM) and PCR conditions
were 15 min at 95°C followed by 40 cycles at 956€1 min, 30 sec at the annealing temperature
and 72°C for 1min. Aliquots of each amplified protiwere electrophoretically separated on a 2%
agarose gel in 1x TAE buffer and visualized usitigdtum bromide under UV illumination..

PCR amplicons were recovered using the kit. Isslateose sequences had a similarity greater
than 95% were considered to belong to the samdespegequence-based identifications were
made by searching by FASTA algorithms the EMBL/Ganlb database of fungal nucleotide
sequences. The criterium for species identificatas ar>97% identity to the database sequence,
genera were positively identified when the sequeme¢ch reached 96.9 — 95.0%. When the
similarity was less than 95%, the isolate was atersid as unidentified.

2.2. Analysis of endophyte — pathogen antagonism llyal culture method

In the present study, a dual culture method wadieapf assess the antagonism of endophytic
fungi against pathogens. Two relevant pathogenswafet cherry were usedAgrobacterium
tumefacienstrain, kindly provided by EnSzegedi from FVM Vine and Wine Research Institute
(Kecskemét, Hungary) andonilia laxa, obtained from Géza Nagy at the Department of Plant
Pathology, Corvinus University of Budapest, Hungary

Two culture media were examined, Malt Yeast-Extregar (MYEA) and Potato-Dextrose Agar
(PDA), of these PDA was found to be more adventagemd was therefore. Fungi which had
faster growth on culture plates were selectedritagonism test. With the help of a sampler needle,
an inoculum of the selected endophyte and of thlkeogan were aseptically planted 40 mm far
from each other on a Petri plate (d = 90 mm) caoirigi 30 ml fresh PDA medium. At the same
time, inocula of the endophyte and the pathogerm pkrced separately on a PDA-containing Petri
dish as controls. All plates were incubated at 2BC7 days. Six replicates were used for each
plate. Growth inhibition was tested by measuring tadial growth of each colony in three
directions (horizontal, diagonal and vertical) gvéay during a period of 15 days after inoculation
and calculated by applying the following formula:

Growth Inhibition (GI) (%) §(DC — DP)/DC]x100

where DC = diameter of control, and DP = diametepathogen colony dual cultured with
endophyte. Values were calculated as the averdgdkathieved data.



Radial growth measurements of each colony in thnesetions on an actual day were used also
to calculate the growth rate (GR) of colonies. Bhhewth rate value was defined as the slope of

measurements logarithmic curve during 15 days aaslexpressed in mm/day.

2.3 Statistical analysis

Data derived from the present study were assesgkdawemphasis on diversity of endophytic
fungi isolated from different cherry rootstocks.alves, twigs and roots as three different tissue
compartments from each rootstock, were also exaimioendicate the anatomical distribution
pattern of isolated endophytes. Differences in nemaind diversity of fungal endophytes recovered
from cherry rootstocks in three distinctive periadsen sampling process had been performed
(autumn 2008, spring 2009 and autumn 2009, hereafgason |, season Il and season i,
respectively), were also considered for data armalysccordingly, relative frequency (RF) of
various species was defined as the proportion afvered colonies belonging to an identified
endophytic fungus compared to the total numbesahgtes during a particular season.

Infection frequency in different organs was expeesas the percentage of endophyte-bearer
explants among the cultured specimens from a péatitissue and also by dividing the number of
isolated colonies from each organ to the total remdj tissue explants, which were defined as
colonization rate (CR) and isolation rate (IR), pegtively. Relative abundance and species
richness were calculated for diversity analysisarBion-Weaver index '{§ was used to compare
the distribution of endophyte species in all exasditissue compartments of every rootstock in the
3 sampling times. Simpson’s diversity index (D) wadculated representing the diversity of
endophytic assemblages on different rootstocks.

Endophytic fungal colonies which could not be chtedazed by morphological or molecular
methods, were marked as unidentified and were editbom analytical calculations.

A two-way variance analysis (ANOVA) was applieddetermine the significance of growth
inhibitory effect between all groups. Student T teas also used for comparing the growth factors
of a group with corresponding control sample. Atalwere expressed as the mean value (mm) of
total measurements for six replicates.

P<0.001 was determined as the level of significance.



2.4. Sampling, cultivation and identification of elophytic fungi in Capsicum annuum L.

As described in Chapter 2.9, endophytic fungi ascur in pepperGapsicum annuurh.). We
investigated two pepper cultivars (H6 F1 and Kafdaand from these cultivars 8 organs such as
roots, shoot, leaves, pedicles, pericarp at diffiedevelopmental stages and seeds. Samples were
taken in 3 replicates four times during the vegetaperiod in 2013 (in April, May, August and
October). The plants lived in open field on oridisandy soil with drip irrigation or in greenhouse
on rockwool. By the sampling in April and May plantere in the seedling stage, such only root,
leaf and shoot samples could be collected. Samyzes separately put into plastic bags and pre-
cultivation started in 6 hours after sample coltett

Surface sterilization was performed by soakingctireesponding organ for 1 min in 70% ethanol,
after that for 10 min in 20% hypochlorite, and flgagain for 1 min in 70% ethanol. After surface
sterilization samples were washed by dipping it¢oile distilled water. Tissue samples of 5 mm
were cut under sterile conditions. We put 9 pidoa® each organ sample on PDA pre-culturing
medium supplemented with 1 g/l chloamphenicol. Weibated our samples in 90 mm Petri dishes
at room temperature in dark for 2 weeks. After ggsod we surveyed and evaluated the frequency
of the outgrowing colonies. Then representativemas were selected for further work. Small
pieces from these cultures were transferred urtdetesconditions to fresh PDA plates and were
then monosporulated or monohyphated. my persomdtibation to this part of the project was
mainly in this last step.

Identification of endophytic fungi was done by P@mRd sequencing and selected strains were

also investigated for their ITS regions.

3. Results
3.1. Biodiversity and colonization patter of fungalkendophytes orPrunus., Sp.

A total of 9823 tissue segments (inocula), 339¢uta from roots, 3233 inocula from twigs and
3193 inocula from leaves of all cherry rootstocksrevexamined while 1614, 2530 and 1037
inocula showed fungal endophyte infection in c@tufrom roots, twigs and leaves, respectively.
All isolates were primarily identified by morpholicgl characteristics and then were subjected to
single spore isolation process where distinguish#tire of every individual colony was prepared
and phylogenetically examined by molecular expenitsieAmong isolated genera, two species of

Alternaria (Alternariasp.1 andAlternariasp.2) with a total of 1931 colonies fArsp.1 and 1473
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colonies forA. sp.2 had the first and the second largest humbeolohies isolated from cherry
trees. In contrasiCeratobasidiunmsp.land Ceratobasidiunsp.2 had the minimum number of
colonies (4 and 15 colonies, respectively) amorngrotsolates and were observed only in root
samples. In root samples, howewersp.1 exhibited the highest frequency as 605 catooiehis
fungus were isolated from root sampl@ssp.2 composed the largest population of endophytes
with 1349 isolated colonies (although this isolai@s not observed in the root) and the lowest
number of isolated colonies belongedomerella acutatd21 colonies) which was detected only
in twig samples. Similar to root samples, A.sp.1hvii02 isolated colonies was the most frequent
fungus in leaves whil®yronemasp., with 10 colonies showed the minimum frequeimcthis
tissue. Along witlPyronemsasp., two other identified isolate®Roselliniasp., andXylaria digitata
were only observed in leaf samples. Collectionigdue samples from cherry rootstocks was
accomplished in three time periods: autumn 2008&8s@@e I), spring 2009 (season Il), and autumn
2009 (season lll). According to the results, thaltspecies richness Bfunus mahalelootstocks
(Bogdany, SL64, SM11/4, Egervar, Korponay, Mag@EMANY, and Erdi V) was higher than
other rootstocks. Average number of distinctivecggeisolated fronPrunus mahalelootstocks
was 12.5 in season |, 10.1 in season |l, and T0skason Ill. During season [, the largest number
of species was isolated from SM11/4 (16 specieslewdagyar rootstock harbored 9 different
species in composition of endophytic fungi assedawith this rootstock. Species richness of
Prunus mahalelpootstocks in season Il ranged from 10 speciesl@Mrootstock) to 13 species
that were detected on Korponay, Bogdany, and Emdio#stocks. During season Il1, the maximum
number of species (12 species) was isolated frompdtamy, while SL64 had the minimum species
richness among othdPrunus mahalebrootstocks (8 species) in this sampling periode Th
difference of species richness betw&nnus mahalelootstocks in three sampling periods was
not significant.

Although a number of 12 different species was teoldrom Prob rootstockPfunus fruticosa
in season | but the species richness had a signtfitecrease £@.05) in season Il and season Il
(7 species, and 8 sepcies, respectively). Gisdtabn(s cerasus, Prunus canesgesisowed a
relatively low species richness with no differeircall three sampling periods (6 species, 7 species
and 8 species respectively). During season |, tiveest species richness was observed in
VadcseresznyePfunus avium (3 isolated species), but this index had an smxe(R0.05) in

season Il (10 species) and in season Il (7 spediée average species richness was the highest
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in season | (11 species) but had a slightly faBeason 1l (10.7 species) in compare with season
11 (9.5 species). However, this difference wassighificant.Prunus mahalebootstocks harbored
the most heterogeneous endophyte communities wntlosh the same species richness in all
seasons, but other rootstocks were associatedendbphytic fungi community which showed
comparatively less species richness. Collectivelgt samples had the richest endophytic fungi
assemblages regarding the number of identified ispein season | (average 7.1 species,
maximum= 10 species, isolated from Korponay and S¥iTootstocks, minimum= 1 species,
isolated from Vadcseresznye rootstock). Duringgbason Il, root samples harbored again more
distinct species (average 6 species, maximum= 8ieefrom Erdi V and SL64 rootstocks,
minimum= 3 species, isolated from Giselab6 rootsfoskereas species richness index showed no
difference between root and twig as a consequehaecrease in number of different species
isolated from twig samples in this season (avedagespecies, maximum= 6 species, isolated from
Erdi V, Egervar, and SL64 rootstocks, minimum= 2a@es, isolated from Prob rootstock).
Distribution of different endophyte species durthg season Il had a shift toward predominant
species richness in twigs (average 6.3, maximurapeRies, isolated from Korponay and Erdi V
rootstocks, minimum= 5 species, isolated from SLGEMANY, Vadcseresznye, and Gisela6
rootstocks). Leaf samples had the lowest spec@mess in all sampling periods (P<0.05).
Bogdany, Erdi V, SL64, SM11/4, Egervar, KorponagNANY, and Magyar were rootstocks of
Prunus mahalel., examined in the present study.

From Bogdany, a total of 700 colonies were isoldteth root, twig and leaf specimens and the
highest infection burden was observed in seasdndllectively, 336 colonies were isolated at this
season). During all three sampling periods, frohidantified fungal endophyte species in this
study, 22 species were isolated from this rootstdtximum species richness in season | was
observed in root samples (8 species), in root sasnpl season Il (7 species) but in twig samples
in season lll (7 species). The evenness of speridgiated by Shannon-Weaver index was
comparatively the highest in Season ' €d.71), while Simpson index was expectedly the ktwe
(D=0.48) in the same season for Bogdany, demoirgirétie highest diversity of the endophytic
fungi assemblages on this rootstock during theaseldsThe highest abundance was detected for
Alternariasp.1l andAlternaria sp.2 that along witlEpicoccum nigrunfwith comparatively lower
abundance) were isolated from all tissue comparsnehthis rootstock. The largest number of

Alternaria sp.1 colonies was found on Twig samples in seasoaritlAlternaria sp.2; however
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was the most abundant on twig samples in seadosklliniasp., (RF=70%),Xylaria digitata
(RF=67%) andhlternariasp.l (RF=55%) were the most frequent species on &aptes in season

I, season Il and season lll, respectiv&gpselliniasp., was only isolated from leaf samples of this
rootstock. In total, 869 fungal endophyte coloniese isolated from Erdi V rootstock. The largest
number of isolated colonies was observed in twig@as during season Il (199 colonies isolated).
Leaf samples during the season | showed the lomastber of isolated colonies (6 colonies
isolated), but in season Il a number of 159 caenivas obtained from this tissue. The most
abundant species in this rootstock walernariasp.l (280 isolated colonies) aAdternariasp.2
(214 isolated colonies) while the first species watgined from all tissue compartments in season
Il (120 isolated colonies from twigs, 82 isolatedlonies from leaves and 28 isolated colonies
from roots) (RF=60%, RF=52%, and RF=36%, respelgfiveand only from root samples (50
isolated colonies) during season I, but no isobdiglternariasp.l was observed in tissue samples
from this rootstock in season I. on contrafyternaria sp2 was only isolated from all tissue
samples in season | and from leaves and twigs)diubots, in season Il. No colony of this species
was isolated from this rootstock in season Ill. Agall identified speciefRoselliniasp., was
only isolated from leaf samples during the seas@hisolated colonies). A total number of 898
endophytic fungi colonies were isolated from SL&btstock. Maximmum infestion of this
rootstock was found on twigs collected in seasb(B7 isolated colonies). The lowest endophyte
burden was indicated in leaves collected during@edl (7 isolated colonies), although 165
colonies were collectively isolated from leavesseason Ill. The most frequent species was
Alternaria sp.1 identified in all tissue compartments during seaBl: 139 colonies from twigs
(RF=59%), 96 colonies from leaves (RF=58%), anadl6énies from roots (RF=18%), however
this species was not observed in all tissue sanfides SL64 during the seasorAlternariasp.2
also showed a reletively high frequency in thiststack, but was mostly isolated from tissue
samples in season Il: 5 colonies from leaves (RF&757 colonies from twigs (RF=77%), and 23
colonies from roots (RF=24%). During season [, simscies was isolated from leaves (16 isolated
colonies, RF=57%) and twigs (118 isolated coloni®ts=73%), but was not observed in season
IIl. The highest diversity in endophytic fungi coranities was calculated in season ' 8.96),

but the index for season lll showed less diversdophytic assemblages on this rootstock
(e"'=0.23). Simpson index for season Il and seasamddl D=1.23 and D=1.86, respectively. From

SM11/4 rootstock, a number of 634 colonies wertatsd showing the highest infection burden
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on root samples during season Il (141 isolatedrseg) but less number of fungi colonies on leaves
in that season (5 isolated colonies). During tingt §eason, the largest number of colonies was
isolated from twigs (133 isolated colonies) whitestrate was almost constant during next seasons
(73 isolated colonies in season Il and 121 isolatddnies in season lll). Regarding other tissue
samples, the number of isolated colonies was velgtiflactuated. For instance, from leaved 32
colonies in season |, 5 colonies in season Il ahddionies in season 11l were isolated. The most
frequent species wehdternariasp.l andAlternariasp.2, predominantly composed the endophyte
cummunities associated with SM11/4 rootstoskernaria sp.1 was isolated from root in season

Il (60 isolated colonies, RF=43%), and from ledf {@olated colonies, RF=37%), twig (54 isolated
colonies, RF=45%), and root (11 isolated coloni®¥5+31%) samples in season lll, but was not
observed in season |. Diversity indices demonstréte most divergent endophytic infection in
season |l (8=1.49, D=0.57) and the most homogenic structurendiophyte assemblages during
season |l (8=0.58, D=1.6) associated with SM11/4 rootstock. &ixpent on Egervar rootstock
yielded a total number of 692 endophyte colonieeretthe largest number of isolates were
detected in twig samples. In total, 125 isolatddmies during season |, 74 isolated colonies during
season I, and 169 isolated colonies during sedsavere obtained from twigs. In the first two
sampling periods, leaves showed a very low raiafettion, although in season Ill, 105 colonies
were isolated from leaf samples of this rootstddka consequence, either twigs or leaves showed
the maximum infection burden during the third seasdereas root samples were mostly infested
in season Il (a total of 95 colonies were isoldtech root samples). The most abundant species on
this rootstock wad\lternaria sp.1 ( a total of 195 isolated colonies) which waseswed in all
tissue samples during season lll: 43 isolated ¢etbon leaf (RF=41%), 83 isolated colonies on
twig (RF=49%), and 19 isolated colonies on root£RP%), but it was only isolated from root
samples during season | and season Il (17 isotaikxmhies, RF=43%, and 33 isolated colonies,
RF=35%, respectively)Alternaria sp2 had a slightly lower abundance (a total of 14dai®d
colonies), however it was isolated from examinedue samples of leaves and twigs in season I: 7
isolated colonies from leaf (RF=70%), and 84 ismdatolonies from twigs (RF=67%), and in
season Il: 4 isolated colonies from leaf (RF=80&6) 52 isolated colonies from twig (RF=70%)
with relatively high frequency but was not obserugdoot samples. The recent species was not
detected on tissue samples during season Ill. Aaogrto the results, 688 fungal endophyte

colonies were isolated from Korponay rootstock. @dendance of isolated colonies was found

14



the highest in twigs during season | (107 isolat@dnies) and season Il (154 isolated colonies),
but the largest number of colonies was isolatethfroots (102 isolated colonies) in the second
sampling period. The infection burden of leaf irstftootstock had a drastic increase in season Il
(111 isolated colonies) in compare with the fivgb tseasons. Collectively, twig was found as the
most infected tissue compartment in Korponay roctstwhile leaf samples had the lowest
infection burden in this host. The most frequemicegs wad\lternariaspl (222 isolated colonies)
that was detected on all samples during season68l.colonies isolated from leaf samples
(RF=62%), 97 colonies isolated from twigs (RF=63%i)d 18 colonies isolated from roots
(RF=21%), but only was obtained from root samptesdason Il (38 isolated colonies, RF=37%)
and was observed on neither of the tissue samplasgdseason |. In contragtlternariasp2 was
detected in season | on leaves (13 isolated caprié&=68%), twigs (66 isolated colonies,
RF=62%), and on roots (4 isolated colonies, RF=1681g in season Il on leaf (4 isolated colonies,
RF=80%) and twig (43 isolated colonies, RF=63%}, ttad no occurance in season lll. From
CEMANY rootstock, a total of 592 colonies were &eld and identified during three sampling
periods. In season | and season lll, the largasbeu of isolated colonies was obtained from twigs
(97 isolated colonies and 134 isolated coloniespeetively), while in season Il, root samples had
the highest infection burden (91 isolated colonigsjhe first two seasons, leaf samples showed a
very low infection burden (7 isolated colonies @xdolated colonies, respectively) but in season
Il a total of 107 colonies were isolated from leawf this rootstockAlternariasp.l was the most
frequent species (151 isolated colonies) obtaindg som root samples (26 isolated colonies,
RF=29%) in season I, but from all tissue samptesaason Il (23 isolated colonies from leaf,
RF=21%, 84 isolated colonies from twig, RF=63%, &Bdsolated colonies from root, RF=37%).
This fungus was not observed in season |. the seewmst frequent specieslternariasp2 (127
isolated colonies), was detected in leaves (4 tedla@olonies, RF=57%), twigs (67 isolated
colonies, RF=69%, and in roots (3 isolated colgnif¥s=37%) during the season | and in leaf (2
isolated colonies, RF=100%) and in twig (51 isadatelonies, RF=75%) but not from root during
the season Il. Although in general, twig samplesifiMagyar rootstocks had the highest infection
burden but in season 1l the largest number of geowas isolated from root samples (75 isolated
colonies). The number of isolated colonies was @ratpvely low in leaf samples during the first
two seasons (11 isolated colonies and 5 isolatémhies, respectively), while 81 colonies were

isolated from this tissue in season Alternaria sp.2 was the most frequent fungus isolated from
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this rootstock (152 isolated colonies). This speeias found only in root (30 isolated colonies,
RF=40%) in season I, but was isolated from aBues compartments (35 isolated colonies from
leaf, RF=43%, 65 isolated colonies from twig, RF¥#§8and 8 isolated colonies from root,
RF=26%) during season lAlternariasp.2 was not detected on Magyar rootstock in seaseith.

a slightly lower abundancéjternariasp.1 was the second most frequent species on thistoost
isolated in season | from leaf (7 isolated colonitis=64%), twig (87 isolated colonies, RF=67%),
and from root (7 isolated colonies, RF=33%) andeaason Il from leaf (2 isolated colonies,
RF=40%), and from twig (49 isolated colonies, RFB4J&nd had no occurance in root during this
season.

From Prunus aviuma rootstock with high prevalence in Hungariarhei¢Vadcseresznye) was
selected for the present study. According to tlseilts, a total number of 372 fungal endophyte
colonies were isolated from tissue samples of Vadsznye rootstock. The infection burden in
the first season was relatively low as 30 colofiies twig samples and only 4 colonies from root
samples were isolated and leaf samples showediedion during season |. The rate of infection
had an increase during the second and the thisesaln season I, the largest number of colonies
was isolated from roots (80 isolated colonies)thig amount reduced to 65 isolated colonies in
season lll.Alternaria sp1 and Alternaria sp2 were the most frequent species among other
identified endophytes associated with Vadcsereszogéstock; however the pattern of tissue
colonization and temporal occurrence of these sgesfiowed a significant difference. A total of
407 colonies were isolated from Prob rootstdeiufus fruticosaduring three sampling periods,
while the highest infection burden was detectedvag in all seasons (109, 66, and 50 isolated
colonies, respectively). In the first season 7%noi@s were isolated from root samples, but the
infection burden drastically decreased in roonassiason 1l only 19 colonies were obtained from
this tissue. On contrary, the number of isolatddrdes in leaf was the lowest during the first two
seasons (6, and 5 isolated colonies, respectilalyn season Il increased to 37 isolated colgnies
showing a temporal change in infection burden alés in this rootstock. The most frequent
species wad\lternaria sp.2 (125 isolated colonies) which was observed irs@ed on leaf (5
isolated colonies, RF=83%), twig (72 isolated ca#snRF=66%), and on root (4 isolated colonies,
RF=5%), and in season Il on leaf (5 isolated ca@snRF=100%) and on twig (39 isolated colonies,
RF=59%). This species was not detected on roohduhie second season and had no occurrence

in season lll.
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Gisela6 rootstock, known as a hybrid rootstockPninus cerasusandPrunus canescensvas
also examined regarding the association of endaphyhgi on different tissue compartments in
the present study. As a sum, 407 colonies werateswfrom this rootstock and the highest infection
burden was observed in twig samples during all &a4109, 66, and 50 isolated colonies,
respectively). Infection burden showed a graduateBese in root and sudden increase in leaf from
season | to season lll. In the first season, 76rees were isolated from root samples but this
amount was 40 isolated colonies in season Il andd&ted colonies in season lll. Contrarily, the
number of isolated colonies from 6 in season | aded to 37 in season lll for leaf samples. The
most frequent species in Gisela6 rootstock wdsrnaria sp.1l (72 isolated colonies) which was
detected only in root (7 isolated colonies, RF=32)ing season II, but had occurrence on all
tissues: 30 isolated colonies (RF=71%) in leafstilated colonies (RF=55%) in twig, and 14

isolated colonies (RF=42%) in root, during thedhlseason.

3.2. Endophytic fungi associated witlCapsicum annuum L.

The impact of environment and cultivation condian endophytic assemblages associated with
both cultivars, ‘HO’ and ‘Kéarpia’, were investigatén plants cultivated in greenhouse as well as
in open field. As in sweet cherry, we observed that potentially pathogeniglternaria genus
occurred most frequently in pepper, members of ¢f@sus were detected in every organ. In
addition toAlternaria 4 further morphotypes were very commdaiadosporium Verticilium,
Acremoniurmand the yet unidentified morphotaxa. From the ve®tlso isolate®lectosphaerella
Colletotrichum PaecilomycesenicilliumandFusariumstrains, while in the sho@ladosporium
AcremoniumChaetomiunandLewiastrains were identified. Our results indicate tjr@enhouse-
grown and field-grown peppers harbour different angcota. We also observed differences
between individual plant parts and seasonal diffezen the samples of the same plant. Plant parts
of the cultivar ‘HO’ usually showed higher colortisa rate by endophytic fungi than those of
‘Karpia’. As expected, colonization rates were leigin field-grown plants and in older organs.

Highest colonisation frequency was found in old/ésaand in stalks of fruits.

3.3. Potential antagonistic activities of the ideffied edophytic fungi
All identified taxa were subjected to a pilot stutdy investigate their potential antagonistic

activity against two selected plant pathogekgr,obacterium tumefacierndMonilia laxa using
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dual-culture method on Malt yeast-Extract Agar (MYJEand Potato-Dextrose Agar (PDA) media.
Due to the aftermath of MYEA cultures, the pilaidy yielded that examined fungi species have
remarkably more vigorous growth on PDA. Thus thi#tuise medium was chosen for further
investigation about anti-pathogenic traits of isethfungal endophytes. Furthermore, amidst 27
taxa included in antagonistic activity test, 7 specshowed competent colony expansion and
development in dual-cultures with pathogeBsitrytis cinerea Alternaria sp1, Rhizopycnis
vagum, Epicoccum nigrum, Embellisen, Fusarium oxysporunand Ceratobasidiumspl
Therefore, recently mentioned endophytes were egbdir dual-culture with pathogens and other
species were omitted from the test. Primary evalnaif antagonistic effect between endophytes
and the selected pathogens demonstrated the @btabtiity of the candidate fungi species to
inhibit the radial growth of botMonilia laxa and Agrobacterium tumefacieren PDA cultures.
Inhibition of growth was assayed by calculatingvgito rate (GR) and growth inhibition (Gl)
indices and results were tested regarding thefgignce of the differences by a one-way ANOVA
test. As a conclusion, a decline in growth ratesboth Monilia laxa and Agrobacterium
tumefaciensvas observed in all dual-cultures after the incalgteriod (15 days), however neither
endophytic fungus showed any defect in growth vatde confronting the pathogen in compare
with control samples. According to the growth rdégnilia laxa had comparatively less radial
extension toward horizontal and diagonal dimensibat such a difference was not found in
vertical growth of the pathogen. Expansio\gfobacterium tumefaciem®lonies was dominated
in all measured dimensions while confronting thdaghyte in dual-cultureg\lternariasp.1 had
the strongest antagonistic effect ionilia laxa while Fusarium oxysporurshowed a relatively
feeble effect on this pathogen particularly agaistical extension of the colonies. In compare
with other endophyteg;usarium oxysporunmad also weaker antagonistic effect on growth of
Agrobacterium tumefaciersthough other fungi showed almost the same granttibitory effect

in dual-cultures with this pathogen. In generadtnietion in colony growth oMonilia laxa was
significant (P=0) in horizontal and diagonal direns but no difference was found in vertical
growth of the pathogen colonies in deal with endophin dual-cultures. Changes in horizontal
growth of this pathogen ranged from relatively wealen cultured withRhizopycnis vagum
(meanzvariance=1.39+0.17 mm) to the most regregseath in dual-culture witiBotrytis cinerea
(meanzvariance=0.68+0.01 mm) on PDA. The inequattyrowth inhibition effect between

nominated endophytes was less significant concgithigir ability to diminish diagonal growth of
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Monilia laxa colonies. AlthougtBotrytis cinereashowed a relatively strong inhibitory effect on
diagonal growth (meanzvariance=0.92+0.03 mm) of pla¢ghogen, differences between other
endophytes was not significant. No significant elince was found between endophytic fungi
regarding their capability to inhibit vertical grdwof Monilia laxaon PDA. Horizontal growth of
Agrobacterium tumefaciertsad the maximum regression while confron@tatobasidiunspl,
Embellisiasp., andAlternariasp.1 on the media and the mean value of horizontaéssjpn of the
pathogen colonies was equal in dual-cultures wightoned fungi (meanz variance= 0.56+ 0.003
mm). In contrastRhizopycnis vagunmad the weakest effect on horizontal extensiorthef
pathogen (meanzvariance=0.71+£0.022 mm). As waB, flmgus had relatively weaker effect on
diagonal (meanztvariance=0.66+0.006 mm) and ver{ic@an+variance=0.71+0.01 mm) growth
of Agrobacterium tumefaciernia compare with other fungi, however variance adial growth
inhibition toward diagonal and vertical dimensidred no significant difference between dual-

cultures of this pathogen with selected endophytigi.

4. Discussion

As an overall, the present study provided valualata regarding biodiversity and impact of
determinant factors on composition of fungal endé@lcommunities that attribute symbiotic
micro-flora of widely used cherry rootstocks in thegion. It has been demonstrated that
endophytic fungi can profoundly influence differaspects of plant pathophysiology and actively
participate bio-mechanisms by which plant growthd amgeneration is controlled. Thus
understanding the structure of endophyte assenwlagequired for further approaches in order
to improve the agro-economic status of the frudidoiction and to find novel applications of these
microorganisms and their metabolites in horticatuor even medicinal, studies (Rodrigwtal,
2009). Results of the present study were appliecdafoanalytical assessment to explicate the
composition of fungal assemblages on sweet cheand/ @epper in Hungary. Moreover, the
antagonistic activity of isolated endophytes witgovous growth on PDA was assesgeditro
against two common plant pathogens. Such data deulcseful for further investigation about the
effect of these symbionts in pathophysiology of lest and their contribution in host resistance
against pathogens. As a sum, 26 morpho-taxa wessified among a total of 6587 isolated
colonies from cherry rootstocks. The majority oéntified species (24 species) associated with

cherry rootstocks were from the phylumscomycota Only two species of the phylum
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Basidiomycotawvere isolated from cherry rootstocks. Fré&wscomycotathe most diverse species
belonged tdSordariomycetesvhile Dothideomycetewere the most frequent fungi isolated from
cherry rootstocksSordariomycetesvere mostlyHypocreales(5 species), but this class also
included Phyllachorales (1 species),Sordariales (1 species),Diaporthales (1 species), and
Xylariales (2 species). The most abundant fundiltérnaria sp.1 and Alternaria sp.2
(Paleosporales) along with other less frequentifudgvidiella sp.(Capnodiales)Macrophomina
phaseolina( Botryosphaeriales)picoccum nigrumand Rhizopycnis vagurbelonged to class
Dothideomyceteshowever taxonomy of the last two species is notahghly assigned yet
(Incertae sedis). Such a structure of endophytmgiftassemblages is identical to formerly
suggested endophytic association with woody plantsimplies the potential contribution of class
2 endophytes in symbiotic micro-flora of cherry tsiocks (Faeth and Sullivan 2003).
Basidiomycotaare reported to have rare evenness in plants.rdicapto the results, two species
of AgaricomycetesGeratobasidium sp.AndCeratobasidium sp)2wvere the less abundant fungi
identified on examined cherry rootstocks. As wetlyo species of Agaricomycetes
(Ceratobasidium sp.land Ceratobasidium sp)2were the less abundant fungi identified on
examined cherry rootstocks. The most diverse fumgirchestration of endophytic communities
associated with cherry rootstocks wémsarium sp Such a result may imply the ability of this
genus to colonize host tissue with no detectabfepsym, however these fungi are normally
considered as plant pathogens (Reininger and S281¢) (Kaplaret al, 2013). Some endophytes
isolated from cherry rootstocks have formerly bgieown to be beneficial to the ho&tremonium
sp, and Epicoccum nigrumas two widespread fungi have been described dspégtes with
ability to improve the host resistance against pgéins (Marascet al, 2012) (Mandyanet al,
2013). The most striking outcome of this study weesisolation and identification of two fungi
species on the leaf of cherry rootstocks (onlymyiseason I) which according to the best of our
knowledge have not been reported so far as resglphytes of leaves at least in temperate
climate.Rosellinia sp.(Sordariomycetes) arifyronema sp.(Pezizomycetes) were found only in
leaves in the first sampling period and had no oecice on other tissues in that season or on all
examined specimens during the next two seasongestigg that these fungi may colonize the host
incidentally in a tissue-specific manner in eatBges of the foliar growth.

All cherry trees subjected to the present studyewelected from an orchard nursery. Thus such

a sampling procedure did not allow analyzing thedhiersity of endophytes in different habitats.
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Nonetheless, by considering the regional ecosysfteire sampling locality and other factors like
quality of soil and environmental conditions, résudf this study not only demonstrate the status
of endophytic fungi infection in cherry rootstodksoughout the state but also can be extended to
a broader geographical range in Central and EaEl@mpe.

According to the results, endophytic communitiesoagted with rootstocks belonged®unus
mahaleb L,were comparatively more diverse and distinctivecggs had higher occurrence on
these rootstocks during a particular sampling peradthough the general feature of endophyte
assemblages on cherry rootstocks showed more teiedeio vary depending on the host organ
and seasonal changes than the host species. Pégkamsiverse endophytic assemblages were
observed on some rootstocks like Vadcseresznyaseld®, but disparities in infection rates and
species richness in different tissues of theseviddal hosts during three sampling periods
suggested mild impact of host species in compasdfendophyte communities and their diversity
in cherry rootstocks. Consequently, it remains & dhucidated whether the association of
endophytic fungi can favor vegetative growth, peeye adaptability to different environmental
conditions, disease tolerance, and productivityefexamined cherry rootstocks. Furthermore, the
probability of host-endophytes interaction to switmom mutualism to antagonism and changes in
transmission mode of the fungi under the influeathost physiology and other stresses is to be
studied. Infection burden on the host tissues amdrsity of endophytic fungi showed more
correlation to the organ where they were coloniaad the time when tissue specimens were
obtained. However, some degree of tissue-spegifisias detected in distinctive fungi, but
colonization pattern and distribution of endophy&sompassed the pivotal role of temporal
changes in host physiology that more likely carugsealteration in the feature of these symbionts
communities. The first and the third sampling pchaes were fulfilled in early autumn time, with
almost one year interval between two periods, gnodefoliation of the trees, when the second
sampling period was carried on in mid spring duting flowering time. Differences concerning
the infection rate and composition of endophyteeablages between these two periods perhaps
demonstrate the effect of annual changes and auyoagss in the host on biodiversity of fungal
endophytes. Nevertheless, host species may haven@erct on endophyte divergence, more
probably based on the differences in growth halggetation characteristics and their ability to
maintain efficient adaptivity to environmental sses. Temporal changes of infection rate in twigs

were similar in all rootstocks and exhibited highonization and isolation rates in season | and
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season lll, however these indices comparativelydedine in season Il. On the other hands, the
number of isolated taxa had no difference betwéerfitst two seasons and rose during the last
sampling period. Altogether these findings indidai@ biodiversity of endophyte infection in the
twig is more likely under the influence of annu@dhemical and physiological changes in this
organ (Ahlholmet al, 2002). It can be assumed that aged twigs arferprdially colonized by
endophytes that travel through water and nutriemsportation system from the root to foliage
during the time of plant vegetative growth. Moregueigs may be less vulnerable to endophyte
infection probably due to the physiological proesssccur during simultaneous vegetative and
reproductive growth of the host. As for leavesuhessshowed a remarkable increase in infection
burden during season Il in compare with the twst seasons. Perhaps such findings indicate that
the infection burden and diversity of fungal endgptflora on leaves of cherry rootstocks differs
in accordance to the aging process in foliar tisdue has less correlation to the annual changes
(Khanet al, 2012). In addition, tendency of some isolatetgfuo exclusively colonize the leaf
and occurrence of other taxa that as well wereraomadated in twigs and roots can highlight the
existence of air-born fungi in the studied ecosystalthough soil-born endophytes can infest the
leaf via water and nutrient transportation systé&®.a matter of fact, these outcomes can be
confirmed by existing knowledge about aspects afophytic fungi biodiversity in terrestrial
plants. Former studies have also suggested theiespmmposition of endophyte assemblages and
infection frequencies vary according to host specite characteristics, such as elevation,
exposure, and associated vegetation, tissue tyetissue age (Arnoldt al, 2003) (Kharet al,
2012).

In our experiments 42 endophytic fungal strainsensuccessfully identified in pepper. They
belong to 19 generaAlternaria, Cladosporium Penicillium Acremonium Chaetomium
Fusarium Lewia Arthirinium, Cercospora Colletotrichum Galactomyces Myrothecium
PaecilomycesRlectosphaerellaPyrenochaetaRhizopycnisVerticillium andXylaria. 10 of these
genera were also showed to be present in peppBablet al, (2011):Alternaria, Aspergillus,
Bionectrig Chaetomium Cladosporium Colletotrichum Fusarium PaecilomycesPenicillium,
PlectosphaerellandXylaria. We also identifiedhcremoniunsp. as a quite frequently occurring
endophyte, but this was not found by the Koreaeaeh group. On the other hand, 11 of their

strains were not positively identified in our exipggnts up to now. This discrepancy may originate
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from the completely different geographical regidrativation, but also from the fact that neither
Paul and coworkers’ studies nor ours cover the evhaxhge of the endophytes.

In the present study, seven endophytic species mdte vigorous growth on the media were
selected for dual cultures witMonilia laxa and Agrobacterium tumefaciensAs it was
demonstrated by results, all species showed a mainigéibition and growth factors of pathogens
in all plates were collectively impaired in compavgh controls. In all plates, endophytic fungi
had higher radial growth rate and their confrontatvith pathogens had not only no influence on
colony expansion and development but also in tke cdsome species induced improved growth
rate to the endophyte. Presumably, being obligeghpeting other microorganisms inflicts
enhanced growth and intensifies colony developroétite endophytic fungi in order to acquire
more nutrient resources and extend the life spaheo$pecies (Let al,, 2007). Such an inference
may explain a possible mechanism by which endoplfiytigi induce immunity to the host as they
contend other microorganisms in colonized tissuresiahibit the growth of potential pathogens.
Many fungal endophytes produce secondary metaboatel some of these compounds are
antifungal and antibacterial which strongly inhitsie growth of other microorganisms including
plant pathogens (Hellwigt al, 2002). Arguably, fungal endophyte associatiothwost plants
can shift between pathogenic and symbiotic underpiérticular circumstances (Kaplab al,
2013). It is assumed that horizontally transmifigthi may primarily generate parasitism, but in
case emergence of infection by other microorganismgsly mechanisms to eliminate the rival and
sustain normal status of the host through lifednistrade-offs with growth/survival. Thus they
can perpetuate their dominance in the adapted tietan turn indirectly confers benefit to the
host and decreases the pathology of diseases (Aetohl, 2003). Although screening of
antimicrobial activity of endophytic fungi isolatéwm cherry rootstocks was performed by using
In Vitro assays, such a life-history could be eeal¥or some species. For instaretrytis cinerea
had a comparatively high antagonistic effect orhpgén growth in dual cultures, whereas it has
been rather introduced as a pathogenic fungusgfereint hosts. These types of fungi probably tend
to colonize the host tissue as parasites and sapatiupy the ecological niche and leave no space
for pathogen which would be the main reason thagdilendophytes inhibit pathogen infection in
plants (Petriniet al, 1992). Such a property of fungal endophyte alaity the host reactions
against endophytes (i.e. secretion of lignin arfteotell-wall deposits to limit the endophyte

growth which as a shelter protects endophyte fratihgnen invasion) and their capability to
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parasitize pathogen organisms (hyperparasite eytleg)hcan be considered as the ecological
effects of endophytic fungi on plant resistancg@athogens (Petrirat al, 1992) (Grosclet al,
2006).

5. Novel scientific achievements by the present sty

Based on the assigned goals and analytical appesawtthe present study, our findings were
entirely unique as there has been no study as @&apsive and descriptive as ours on the
biodiversity of fungal endophytes associated whi éxamined hosts in Hungary as well as in the
Central Europe yet. The most important highlightewr achieved data are listed as follow:

1. The present study for the first time showedghenotypic and phylogenic interrelations of
endophytic fungi assemblages grafted?oanus Sp.

2. Biodiversity of isolated endophytes was analyaaddifferent rootstocks dPrunus SpBy
application of statistical indices such as Simpsativersity index and Shannon-Weaver index
which could reliably demonstrate the host-depenéEatures of identified fungi colonized these
species.

3. Results of the present Study were also analgzedrding to the tendency of isolated fungal
endophytes to colonize a particular anatomical annpent in order to represent the tissue-specific
traits of these symbionts on the examined hostispec

4. Based on the sampling procedures, we were blsd@assess the impact of temporal changes
on the biodiversity of isolated endophytic fungs@sated with the examined host species.

5. All the above mentioned analyses were cumultigensidered to indicate the significant
variations in host-specific and tissue-specific ralbteristics of isolated fungal endophytes
according to the temporal changes in the samplieg.a

6. We also examined the impact of harboring tisthee host species and cultivation conditions
on fungal endophytes assemblages associatedajkicum annuurh.

7. Results of this study for the first time showbd antagonistic effects of fungal symbionts
colonizing cherry rootstocks on growth of potenfuathogens in vitro. As efficiently applied
criteria, the growth rate toward three dimensiams the inhibitory effect of fungus-pathogen dual

cultures were defined for all assays and the reswdtre comprehensively discussed.
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