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ABSTRACT - Trichodermacommunities of the winter wheat rhizosphere in théannonian Plain

A total of 116 Trichodermastrains were isolated from roots of winter wheanf test holes of five
agricultural fields in the Pannonian Plain. Theniity of the strains was examined based on the esegu
analysis of the internal transcribed spacer (IT&)ian by TrichOKEY 2.0. The examined wheat field
rhizosphere samples could be characterized witenaarkable biodiversity. The 11 taxa detected in the
samples werd@. harzianumT. pleuroticola, T. tomentosum/T. cerinum, T. \&eh. rossicum]. spirale, T.
brevicompactum T. atroviride, T. gamsii,T. koningiopsis/T. ovalisporunand T. longibrachiatum/H.
orientalis The most frequently isolated species Waharzianumwith 41 isolates representing a series of
known ITS genotypes as well as 2 genotypes thag Westly obtained during this study. Both virens(31
isolates) andr. atroviride (9 isolates) could be classified into 2 ITS-gepety, one of them being identical
with that of the ex-type strains in the cases dhlspecies. Ten isolates proved to belong to 2tgpes ofT.
rossicum one of them has not been found so far. The ran@in species were isolated with a lower
frequency. Several species could be characterizéd well-defined isoenzyme patterns during cellelos
acetate electrophoresis.
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INTRODUCTION

There is a worldwide need to adopt the practice of sustainalitellagre, using strategies
that are environment-friendly, less dependent on agricultural chemicalsssndamaging
to soil and water resources. One of the key elements of sueinsixe agriculture is the
application of biocontrol agents for plant protection. The efficaamttrol of fungal plant
pathogens causing substantial losses in agricultural produstamimportant issue for all
plant cultivation systems. Species of the gemtshoderma(Ascomycota, Hypocreales,
Hypocreaceae) are predominant components of the soil mycota insvaaibs (K EIN and
EVELEIGH, 1998). The genus involves promising biocontrol candidatgis excellent
antagonistic abilities against a number of plant pathogenic.f@sgieral modes of action
have been proposed to play roles in biocontrol capabilities, dimguantibiosis by the
production of antifungal metabolites, competition for space andentd, plant growth
promotion, induction of the defense responses in plants andpawasitism (ARMAN,
2004). These processes are supposed to act synergigiscallgmBOCK et al., 1994).

A number of studies are available in the literature about theldison of Trichoderma
species in different soil and rhizosphere ecosystems. Data presertedeaarly studies
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about the biodiversity of the genusAELSON andDAVEY 1973, WDDEN andABITBOL,
1980, NeLsoON, 1982) are hard to interprete as the identification of the speciesasad b
on morphological characters and a serie3raéhodermaspecies were not yet described
those times. Recent studies examinedTthehodermacommunities of different habitats
by molecular methods, including ITS (internal transcribed spaseguence-based
identification with the aid offirichOkey (DRUZHININA et al., 2005) and BLAST simlarity
searches performed withirichoBLAST (KOPCHINSKIY et al., 2005), both programmes
available online at the homepage of the International Subcommiss Trichodermaand
Hypocrea Taxonomy (www.isth.info). Natural ecosystems investigated emails by
molecular methods foiTrichoderma biodiversity include a mid-European, primeval
floodplain-forest (Wczkowski et al., 2003), soils from Russia, Nepal, northern India
(KULLNIG et al., 2000), south-east AsiaUlBICEK et al., 2003), Sardinia (MHELI et al.,
2009) and South America HYos-CARVAJAL et al., 2009). A series of new genotypes as
well as new phylogenetic species Bfichodermahave been recognized during these
studies.

Besides the natural ecosystems, the investigation of agricultutal say also reveal
interesting data abodtrichodermabiodiversity (GIERBAWY et al., 2004, MLAw et al.,
2010), especially from the point of view of biocontrol applmasi, as the rhizosphere of
agricultural soils is an ideal source of potential biocontrol agdiis.aim of this study
was to assess the biodiversity of the gehushodermain the rhizosphere of winter wheat
fields in the Pannonian Plain.

MATERIAL AND METHOD

Soil samples with winter wheat seedlings were collected from fiveewdgnial fields
(Algyo, Deszk, Ruzsa, Kunszentmiklds and Tiszasziget) in thadPgamn Plain by a 5 cm
x 5 cm square sampler in random sampling order. The chopped rodteaf were placed
to plates with Rose Bengal medium (5’gpleptone, 1 g KH,PO,, 10 g I* glucose, 0.5 g
It MgSQX7H,0, 0.5 ml 1* 0.2% dichloran-ethanol solution, 0.25 i113% Rose Bengal,
20 g It agar supplemented with 0.1 {pkytetracyclin, 0.1 gt streptomycin and 0.1 ¢'|
chloramphenicol to inhibit bacteria). Growinfyichodermastrains were transferred to
solid yeast extract medium (2 g'lyeast extract, 5 g't KH.PO, and 20 gt agar in
distilled water — YEGS) supplemented with the above mentionghli@ics. Monospore
cultures of the isolated strains were deposited in the Microbiolo@iod&ction of the
University of Szeged (SZMC;able J).

For the isolation of genomic DNA[richodermaisolates were cultured in 200 ml liquid
YEG medium in 250 ml Erlenmeyer flasks which were inoculateahtend concentration
of 10° conidia mt*. Cultures were shaken with 200 rpm for 4 days at 25°C. Myoéliae
isolates were subjected to DNA isolation, PCR amplification efittternal transcribed
spacer (ITS1-5.8S rDNA-ITS2) region, and automatic DNA sequenasglescribed
previously (ANDERSSONet al., 2009). Sequences were analysed by the probiahOKey
2.0 (DRUZHININA et al., 2005) available online at the homepage of the International
Subcommission ofrichodermaandHypocreaTaxonomy (www.isth.info).

Protein extraction was performed as described Aiyalk andSzecsi (2001). CAE was as
described by Hebert & Beaton (1993), with a CAE system from Helaharatories
(Beaumont, TX, USA). Titan Il cellulose-acetate gels (Helena Labaeg)owere soaked
for 30 min in electrophoresis buffer (0.25 mM Tris-glycine, pH &%) were then blotted
dry between sheets of filter paper. The protein extracts were appliedHeosample plate
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to the gel with a Super Z-12 Applicator. When the staining ii¢tivas low, the extracts
were blotted two or three times. Electrophoresis was carried d80a¥ for 20 min. The
gels were stained for 5 enzyme systems and the enzyme actiatiesiatected using agar
overlays. Staining protocols were as described previousfERiIr AND BEATON 1993).
All samples were extracted and analysed on three occasions in separate runs

RESULTS

A total of 116Trichodermastrains were isolated from 18 sampling sites of 5 agricultural
fields (Algys, Deszk, Ruzsa, Kunszentmiklés and Tiszasziget) in thexdPdéen Plain
(Table 1). Isolations were performed directly from the roots of winterat. The number

of isolated strains was the highest in the case of sample K1 ¢loc#&tunszentmiklds,
number of isolates: 15) and the lowest for sample R2 (loca®dnsa, number of isolates:
1). The average number of isolates per sampling site was 6.4.

The 11 taxa detected in the samples werbarzianumT. pleuroticola, T. tomentosum/T.
cerinum, T. virens, T. rossicum, spirale, T. brevicompactynh. atroviride, T. gamsiiT.
koningiopsis/T. ovalisporumand T. longibrachiatum/H. orientalisThe most frequently
isolated species wab. harzianumwith 41 isolates representing a series of known ITS
genotypes as well as 2 genotypes that were firstly obtained dilmisgtudy. BothT.
virens (31 isolates) and. atroviride (9 isolates) could be classified into 2 ITS-genotypes,
one of them being identical with that of the ex-type strairteercases of both species. Ten
isolates proved to belong to 2 genotype3 ofossicumone of them has not been found so
far. The remainin@ species were isolated with a lower frequency.

Figure 1shows the species diversity at the particular sampling 8ltd&ii/T. harzianum
was the most abundant species (35.3%) and it was found iintie B3 samples examined.

It was the most frequentrichodermaspecies found at three locations (AlgypDeszk,
Ruzsa) and in seven samples (Al, D2, D3, R1, R6, T1, T#).nExt two most abundant
species werd. virensandT. rossicum(26,7% and 8,6% of all isolates, presentin 12 and 5
samples, respectively].. virenswas most abundant in the agricultural fields examined at
Tiszasziget, where it accounted for 45.5% of the isoldtesossicumdominated sample
K2 and could also be found in samples R1, R4, K1 andlT4troviride occured with a
frequency of 7,8% of all isolates, this species could be foudsamplesT. gamsiicould

be found in 4 samples at 3 locations (5.17% of all isolate®).oflier taxa occurred with a
frequency of less than 5%fE. longibrachiatum/H. orientalisT. brevicompactum, T.
pleuroticola and T. tomentosum/cerinurwith 4.3%, 3.4% 2.6% and 2.6%, respectively,
each of them found in 2 geographic locations and 3 samples; Whiteningiopsis/T.
ovalisporum(2.6%) andT. spirale (0.9%) occured in single samples only (T3 and R1,
respectively).

The highest biodiversity offrichoderma species was detected in a sample from
Kunszentmikds (sample KT.. harzianumand 5 further species among 15 isolates) and in
a sample from Ruzsa (sample R4: 5 species among 8 isolafesha@ianum
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Fig. 1. Biodiversity of the genusrichodermain the examined winter wheat
rhizosphere samples. Different colors indicate diffrent TrichodermaspeciesT.
harzianum®, T. pleuroticola®, T. tomentosum/T. cerinun. , T. virens , T. rossicum
M, T. spirale™, T. longibrachiatum/H. orientalis®, T. brevicompactun®, T. atroviride
, T. gamsiil, T. koningiopsis/T. ovalisporunm

Source: own calculation

Sample R5 was characterized with a relatively poor biodiversitytaaelarge number of
isolates from an individual speci€Ek. harzianum. Only two species were detected in 8 out
of 18 samples (Al, D4, R3, R5, R6, T1, T4, T5), in them@ples either one of the two
most abundant specie$.(harzianumor T. vireng, or both of them (A1, T1, T5) were
present.

During the CAE-based isoenzyme analysis performed for the full seblates, banding
patterns of five enzymes, 6-phosphogluconate-dehydrogenase (6PGDRidpsey6-
phosphate dehydrogenase (G6PDH), glucose-6-phosphate isomerase fj&aitiase B
(Leu-Gly-Gly) (PEPB) and phosphoglucomutase (PGM) were selected dbysenbased
on the results of a previous study€®8ERESet al., 2006). A total of 38 electromorphs were
registered in the populatioTdble ). Several species could be characterized with well-
defined isoenzyme patterns during cellulose-acetate electrophoresis.

Table 1: Number of electrophoretic patterns for theexamined enzymes

Enzyme Abbreviation | Activity Number
of electrophoretic
patterns
6-phosphogluconate-dehydrogenaseéPGDH + 7
glucos+-6-phosphate dehydrogen: | G6PDF + 6
glucos«+6-phosphate isomere GPI + 8
peptidase B (Le-Gly-Gly) PEPE + 6
phosphoglucomutase PGM + 11

Source: own calculation
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DISCUSSION

The community offrichodermain the rhizosphere of winter wheiatthe Pannonian Plain
proved to be highly diverse. Beneficial taxa widely used as biodagents against plant
pathogenic fungi (e.gl. harzianumT. virens T. atroviridg could be isolated from the
samples examined during this study, indicating that the wiviteat rhizosphere may be a
rich source of potential biocontrol isolates. The most frequeatiep isolated wag.
harzianumfollowed byT. virens which is in congruence with previous datau(KNIG et

al. 2000, MGHELI et al. 2009, Wczkowskl et al. 2003).T. gamsiiandT. rossicumwere
also found in the winter wheat rhizosphere samples. Both of #pesées were previously
shown to have a widespread distribution, occurring also in Cehuedpe (HYOs
CARVAJAL et al. 2009, MsHELI et al. 2009, Wczkowskl et al. 2003). Only a single
isolate ofT. spiralewas found in this study. This species was shown to bedhenant
Trichodermain the carbon-rich forest soil of Badde Salighesones in SariVhGHELI et

al. 2009).T. hamatuma species which was found to be subdominant in several Sardinian
soils (MIGHELI et al. 2009) and. asperelluma predominant species of neotropic regions
(Hovyos-CARVAJAL et al. 2009) could not be isolated during this study. l@nother hand,
Trichoderma species known as potential opportunistic pathogens in hunféns
longibrachiatum/H. orientalis(DRUZHININA et al. 2008) and as causal agents of the green
mould disease in mushroom cultivation. (pleuroticolg (KOMORN-ZELAZOWSKA et al.
2007) could be detected in the examined samples. The developmétaftiol products
from isolates of these potentially harmful species should be avoided
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