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PREFACE

The Plant Protection Society of Serbia (PPSS) and two regional sections of the International
Organization for Biological and Integrated Control (IOBC-EPRS and IOBC-WPRS), on the occasion
of the 60" anniversary of the PPSS organized VIl Congress on Plant Protection with a motto:
“Integrated Plant Protection — a Knowledge-Based Step towards Sustainable Agriculture, Forestry and
Landscape Architecture” (November 24-28, 2014, Zlatibor, Serbia). The Congress enabled exchange
of up-to-date scientific and technical information on plant protection in Agriculture, Forestry and
Landscaping among researchers, teachers, experts in extension and public services and the business
community, and promoted international cooperation. The Congress focused on basic knowledge and
management practices established in plant protection, as well as on the development of alternative
and innovative approaches. In addition, biological control as an important tool for the control of the
harmful organisms with a minimal risk for ecosystems was discussed. A total of 209 contributions
was presented - 8 keynote presentations, 28 oral presentations and 173 poster presentations -
prepared by 467 authors from 26 countries. The Congress Proceedings comprise 65 contributions
- 5 keynote presentations and 60 oral and poster presentations in six sessions, prepared by the
authors from 18 countries (Algeria, Austria, Bosnia-Herzegovina, France, Georgia, Hungary, Italy,
Kazakhstan, Montenegro, Poland, Russia, Rwanda, Serbia, Slovenia, Switzerland, Turkey, Uganda,
USA). All contributions were reviewed by members of the Scientific Committee and other reviewers
selected and invited by the editors of this publication.

Belgrade, November 2015 Editors



MPEONCIIOBUE

O6wectBo no 3awuTe pacteHnii Cepbum (O3PC), MexxayHaponHas opraHu3aLmsa no 6ruonornyeckom
60pbbe C BpeaHbIMU XUBOTHLIMMW 1 PacTeHMAMM - BOCTOUHO NaneapKTMyeckasa permoHanbHas cekums
(MOBB-BIMPC) n MexpayHapogaHaa opraHusaumas no buonormyeckor 6opbbe n MHTErpUPOBaHHOM
cUcTeme 3alnTbl pacTeHUN - 3anagHo-naneapkTnyeckan pernoHanbHasa cekuma (MOBB-3MMPQC),
no nosogy 60-netusa O3PC opraHmnsunposanu VIl KoHrpecc no 3awmre pacTeHuin, nos AeBrU30M:
“ViIHmezpuposaHHaa 3auuma pacmeHul - Hay4Ho 060CHOBAHHbIU Waz K ycmoUtyugomy passumuio
CesbCKo20 X03Alicmaa, 1ecoso0cmea u nelizaxHou apxumekmypeol” (24-28 Hoabps 2014 roga, 3naTnoéop,
Cep6us). Llenb KoHrpecca 6bi1a obecneveHne KOHTUHYUTETa B3aMMOOOMEHa HayYHO-TEXHNYECKMMUA
vHpopMaUVAMN, OTBEYAIOLWMMIM COBPEMEHHbIM TPEOOBAHUAM 3aLMTbl PACTEHUN B CENIbCKOM
XO3ANCTBE, NeECOBOACTBE M Ne3aXHOW apXUTEKTYPE, KOTOPbIE MPeACTaBAAT UHTEPEC AN1A YUEHDIX,
nccnepoBaTtenen, npenogaBaTenel, 3KCNepTOB-COBETHMKOB B 061aCTU CENbCKOMO XO3ANCTBA,
NEeCoBOACTBA W Nel3aXXHOW apXUTEKTYPbI, CMELNASICTOB FOCYAAPCTBEHHBIX M KOMMYHANbHbIX ClY»KO,
LLeNOBbIX KPYroB 1 CpeacTB MaccoBon UHpopmauumu. Lienbio KoHrpecca ABnAeTCA 1 NpoaoKeHne
COAEeNCTBUA Pa3BUTUIO U NONYNAPU3aLnM MEXAYHapOAHOro cOTpyaHuYecTBa. KoHrpecc 6bin
KOHLEHTPUPOBAH Ha OCHOBHbIE 3HAHMA U MPaKTUYECKNA MEHAAXKMEHT B 3aLLUTE PacTEHUN, a TakxKe
Ha pa3BuTME anTepPHATUBHUX M HOBbIX NOAXO[0B. buonornyeckas 3awmrta Katopaa NnpeacTaBnaeT
3HAUMTESbHbIN Cocob Ana 6e3onacHo 60pbObI C BPegHMU OpraHU3MMMK Oblna TOXe PacCMOTPYBaHa.
Ha KoHrpecce npeacrasneHo 209 npe3eHTaumm - 8 4OKNAAOB NO NpurnaweHunto, 28 ycTHoIxX 1 173
nocTep npe3eHTaLui - KoTopble NoAroToBuo 467 aBTopos U3 26 cTpaH. COOPHUK MMeeT 65 AOKNaaoB
- 5 joknagoB No npurnaleHnio n 60 yCTHbIX 1 NOCTep Npe3eHTauni, pacrnpeieneHHbIX B LecTn
cekumaAx. ABTOpbl 4OKNAAoB npuexanu u3 18 ctpaH (Amxkunp, ABcTpus, bocHus-TepuerosuHa, ®paHuus,
lpy3usa, BeHrpus, Utanusa, KasaxctaH, YepHoropwus, Monbuwa, Poccun, Pyanga, Cepbun, Cnosenus,
Weewnuapus, Typuus, YraHaa, CLUA). PeueH3eHTbl Bcex onybnmnKoBaHHbIX JOKIafoB B COOpHMKe —
uneHbl HayyHoro coBeTa u gpyrue peLeH3eHTbl, BbI6paHHble pefakTopam 3TOro n3faHus.

benrpaa, Hoabps 2015 PepakTopbl
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ABSTRACT

Causal agents of grass bunt, which infect wild grass hosts in Bromus, Festuca, Ventenata
and Vulpia, are Tilletia species whose teliospores could be found in wheat seed samples too.
Among them, T. bromi is morphologically similar to those of quarantined T. contraversa, and
misidentification of this species could lead to commodity rejection. As a result, monitoring the
presence of teliospores of quarantined species in seed samples, and identification of Tilletia
species on the basis of morphological characteristics is difficult and in some cases impossible.
In order to investigate the presence of grass bunt in seed samples of wheat in Vojvodina,
teliospore extraction was carried out by using the size-selective sieving wash method and
the OEPP/EPPO diagnostic protocol for Tilletia indica (2007). The analysis of 151 samples of
basic, certified and commercial non-processed seed of wheat revealed that 127 samples
were contaminated with T. caries, while 12 samples were contaminated with teliospores of
Tilletia species which had morphological characteristics that correspond to T. bromi complex
or quarantined T. contraversa. These teliospores displayed prominent gelatinous sheath with
conspicuous depth of reticulations. Molecular identification of grass bunt teliospores was not
possible in this study, because contamination level was too low (1 teliospore per 10 seeds).
However, knowing that teliospores of T. bromi often occur in wheat seed samples in very low
numbers there is a need for standardization of molecular techniques for the identification of a
single teliospore of Tillletia species in order to make plant protection more efficient and reliable.

Key words: grass bunt, Tilletia bromi, Tilletia contraversa, seed testing

INTRODUCTION

The genus T7//etia includes approximately 100 known
species that infect grass hosts (Pimentel et al., 2000).
Economically important pathogens of wheat (Triticum
aestivum L.) are Tilletia caries (DC.) Tul. & C. Tul.
and 7. foetida (Wallr.) Liro causal agents of common
bunt, as well as 7. contraversa J.G. Kithn causal agent
of dwarf bunt (Goates, 2012). In addition, there are
Tilletia species whose teliospores could also be found in
samples of wheat seed, although it is known that wheat
is not a host. Representatives of 7. bromi (Brockm.)
Brockm complex (7. bromi-tectorum and T. guyotiana),
are causal agents of grass bunt, and infect wild grass hosts

in Bromus, Festuca, Ventenata and Vulpia. The presence
of teliospores of T.bromi in wheat seed samples could
make quarantine inspection very difficult (Peterson
et al.,, 2009) because of morphological similarity of
teliospores. As a result, investigation of 7. bromi has
become increasingly important.

Identification of T#//etia species using light microscopy
is almost impossible because of overlapping of
morphological characteristics of teliospores (Mathre,
1996; Peterson et al.,2009). According to Goates (1996)
sheath thickness of 7. contraversais 1.5 to 5 um, and depth
of reticulations is 1.5 to 3 um. Boyd and Carris (1998)
reported that depth of reticulations and sheath thickness
of T. bromi is 1 to 3 um, thus teliospores with sheath
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thickness between 1 and 3 pm could be identified as 7.
bromi as well as T. controversa. Although identification
of Tilletia species is done using areolae diameter, it is
not discriminative enough. Goates (1996) reported that
diameter of areola for 7. contraversais 3 to 5 um, while
Boyd and Carris (1998) reported areolae diameter 2 — 5
- (7) pm for T. bromi. Trione and Krygier (1977) noted
that average sheath thickness and depth of reticulations
of T. bromi-tectorum and T. guyotiana are 1.54 pm and
2.52 pm, respectively, which was in accordance with
results reported by Boyd and Carris (1998).

Common and dwarf bunt have been successfully
controlled by using combination of fungicides and
resistant cultivars, however, European agriculture
has been moving toward organic production and low-
input farming systems (Matanguihan et al., 2011). As
consequence, the need for monitoring the presence of
Tilletia species, varieties and races in wheat production
areas is growing (Jevtic, 1998). In addition, 7. contraversa
is still quarantined species in number of countries
including Republic of Serbia. As a result, investigation
of presence of Tilletia species in wheat production areas
in Vojvodina, with special reference to the presence of
grass bunt in seed samples of wheat is conducted as part
of the program of establishment and implementation of
international standards for phytosanitary field.

MATERIAL AND METHODS

Autumn-sown wheat samples were collected in
cooperation with the regional phytosanitary laboratory
Agroinstitut-Sombor, during the 2007-2008. In total,
151 non-processed seed samples of 1 to 2 kg were sampled
from trucks. Seed samples were stored at 15°C and
relative humidity of< 60% (Elias et al., 2007). In order
to investigate the presence of grass bunt in seed samples of
wheat in Vojvodina, teliospore extraction were carried out
by using the size-selective sieving wash method described
by Peterson et al. (2000) and modified OEPP/EPPO
diagnostic protocol for Tilletia indica (2007). Teliospores
were extracted from 50 g subsamples of each grain sample
using 10 um nylon mesh. Extracted teliospores were

suspended with 100 pl (or more) of 15% glycerol, depending
on the pellet volume (OEPP/EPPO, 2007). If teliospores
were not found in the first 50 g subsample, two further
50 g subsamples were examined in order to determine
the presence of T7lletia species with confidence level of
99% (OEPP/EPPO, 2007). Identification of extracted
teliospores was processed using light microscopy at 630x
magnification on the bases of morphological characteristics
of Tilletia species reported by Goates (1996) and Boyd
and Carris (1998). Contamination level was determined
by calculating total number of teliospores per 50 g seed
subsample, with the use of the Breed Method.

RESULTS

The analysis of 151 samples of basic, certified and
commercial non-processed seed of wheat revealed that
12 samples were contaminated with teliospores of
Tilletia species morphologically similar to quarantined
T. contraversa and T. bromi. These teliospores displayed
prominent gelatinous sheath with conspicuous depth of
reticulations, which made them different from the most
dominant 7. caries. Diameter of grass bunt teliospores
was 18 — 22 um, and that characteristic was not used for
making distinction between 7. contraversa and T. bromi
since teliospore diameters of those species are 16.8 - 32
pm and 18 — 29 um, respectively. Taking into account
that areolae diameter ranged from 2 to 4 pm, only
teliospores with areole diameter lesser than 3 pm were
assumed to belong to 7. bromi (2 — 7 um) since areolae
diameter of 7. controversais 3 - 5 um. Sheath thickness
of newly found teliospores ranged from 1.5 to 3.5 um,
which overlaps with sheath thickness of 7. contraversa
(1.5 = 5 um) and 7. bromi (1 - 3um). Morphological
characteristics of newly found teliospores of Tilletia
spp- are presented in Table 1 and Figure 1.

Teliospores of grass bunt were found in seed samples
which were contaminated with less than 100 teliospores
per 50 g subsample, that is, one teliospore per 10 seeds,
thus it was not possible to make identification using
molecular technique regarding difficulties in production
of mycelal mats for DNA extraction.

Table 1. Morphological characteristics of teliospores of Tilletia spp.

Teliospore Areolae diameter Sheath thickness Identification
T. contravesa T bromi T contraversa T bromi
3-5um 2-5-(7) ym 1.5-5um 1-253(3) um
a - 2.67-2.83 1.95-3.39 Non- identified
b - 2.73-3.80 1.56 -2.56 1.56 -2.56 T bromi
c 3.55-3.77 3.55-3.77 2.49-2.92 2.49-2.92 T. bromi / T. contraversa
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Figure 1. Teliospores of Tilletia spp. with prominent
gelatinous sheath

a - Non-identified teliopsore

b - Teliospore identified as 7 brom:i

¢ — Teliospore that could be identified as cither 7. bromi or
T. contraversa

DISCUSSION

Occurrence of teliospores of Tilletia spp. causal agents
of grass bunt in wheat seed samples has been reported
by many authors (Peterson et al., 2000; Pimentel et
al., 2000; Trione and Krygier, 1977). The presence of
teliospores of 7. bromi in wheat seed samples could be
a problem for commodity inspection due to teliospore
similarity with 7. contraversa. As a result, seed testing

for the presence of Tilletia species is almost impossible
when it is based only on morphological characteristics
of teliospores (Goates, 1996, Mathre, 1996; Peterson
etal., 2009). In this study, areolae diameter and sheath
thickness were not discriminative enough for making
distinction between 7. conraversa and T. bromi because
of overlapping of morphological characteristics. Majority
of teliospores could be identified as either 7. contraversa
or T.bromi.

In addition, there is a rising question about measurement
uncertainty, especially in cases when measured values reach
the limit separating one species from the other. Areole
diameter of teliospore marked as 4 (Fig 1) was measured
to be 2.83 pum which is very close to the limit of 3 pm
used to discriminate 7. bromi from T. contraversa. As a
result, teliospore marked as 2 could not be identified as
neither 7. bromi nor T. contraversa.

Inability to identify single teliospore in seed samples
using morphological characteristics could make not only
quarantine decisions difficult, but also decisions about
intervention in organic agriculture where determination
of exact teliospore number is of crucial importance. For
example, prescribed teliospore thresholds for intervention
in organic agriculture vary in different countries and
it is 20 common bunt teliospore/seed in Germany, 10
teliospores/seed in Austria and Switzerland and one
teliospore/seed in the United Kingdom (Matanguihan
etal.,, 2011). Contamination limits for 7. contraversa in
Austria, Switzerland and Scotland are the same as the
previously mentioned (Micheloni et al., 2007). However,
in Denmark, intervention is recommended at the first
detection of teliospores (Matanguihan, 2011).

In order to overcome the problem related to
identification of Tilletia species many different
molecular techniques were used. Initially, genomic
fingerprinting techniques were good enough to make
distinction between wheat and grass bunt fungi, but
not precise enough in distinguishing 7. contraversa
from T. caries. Usually, they were processed by using
molecular markers such as RAPD (random amplified
polymorphic DNA), AFLP (amplified fragment length
polymorphism) and PCR-RFLP (restriction fragment
length polymorphism) of ITS rDNA region. (Boyd etal,,
1998, Pimentel et al., 1998; Shi et al., 1996). Later, species
specific primers were selected for making distinction
between 7. contraversa and T. caries, however it has not
be confirmed that those primers could make distinction
between T. contraversa and T. bromi (Yuan et al., 2009;
Liuetal., 2009; Gao etal., 2010; Gao et al., 2011). Finally,
rep-PCR fingerprinting technique, with REP, ERIC
and BOX primers, succeeded in making distinction
not only between 7. contraversa and T. caries but also
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between 7. contraversa and T. bromi (McDonald et al.,
2000). Zupunski et al. (2011) confirmed results obtained
by McDonald et al. (2000), and reported coefficients
of similarities between T7/letia species which were in
accordance to those reported by McDonald et al. (2000).

In this study, molecular identification of grass bunt
teliospores was not possible since contamination level was
too low (1 teliospore per 10 seeds). Zupunski et al. (2011)
succeeded in application of rep-PCR fingerprinting for
Tilletia species identification only when contamination
level was 1 teliospore per 1 seed or higher. Molecular
techniques such as real-time PCR and multiplex real-
time PCR techniques was successful in quantifying bunt
contamination levels down to less than one spore per
seed, but they were not successful in distinguishing 7.
caries, T. contraversa and T. bromi (McNeil et al.,2004;
Tan et al.,2009). McDonald et al. (1999) also tried to
make identification of various T#/letia species using single
ungerminated teliospore but test sensitivity varied for
the different T7//etia species and different teliospore lots.
Knowing that teliospores of 7. bromi often occur in wheat
seed samples in very low numbers and that all molecular
techniques which were successful in distinguishing Zilletia
species were established using large number of teliospores
(Gao et al., 2010, 2011; Kellerer et al., 2006; Liu et al.,
2009; McDonald et al., 2000; Yuan et al., 2009), there is a
growing need for validation of these methods on wheat seed
samples with low levels of contamination. Standardization
of molecular techniques for the identification of a single
ungerminated teliospore of T7//letia species will contribute
not only in testing for the presence of quarantined species
but also in investigations where extraction of DNA from
germinated teliospores is the great obstacle.
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