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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

Seed-borne bacterial pathogens of tomato and pepper are of major concern worldwide.
Xanthomonas vesicatoria (Xv) and Xanthomonas euvesicatoria (Xe), the causal agents of bacterial
leaf spot, and Clavibacter michiganensis subsp. michiganensis (Crmm), the causal agent of
tomato bacterial canker, are worldwide distributed, but the occurrence of the latter is usually
erratic. In order to evaluate the risk of seed transmission and the relationship between seed
contamination and disease outbreak, an extensive field trial has been put in place in 2013
for each pathosystem. Three artificially contamination levels were considered (1%, 5% and
15% or 20%, respectively in Italy and in Serbia), composed of 100 seedlings each. Disease
outbreaks were monitored weekly during the growing season until harvesting and disease
was quantified by means of AUDPC. Seeds were produced from each plot and analysed in
order to assess their contamination level. Preliminary results of our studies showed that disease
quantity caused by Xv, Cmm or Xe was directly correlated to the percentage of initial infection,
according to AUDPC values obtained. Contamination rate of seed produced in diseased
fields was not always correlated with disease quantity observed. A microbial consortium, a
bacterial antagonist and plant polyphenols were assayed to assess their potential efficacy in
seed disinfection: naturally contaminated tomato and pepper seeds were treated and sown.
Pepper and tomato seedlings were inspected and analysed for the presence of bacterial spot.
Preliminary results obtained show that none of the above mentioned treatments was able
to eradicate the pathogen from seeds.

Key words: seed-borne bacteria, tomato, pepper, seed transmission, seed disinfection.

INTRODUCTION

Xanthomonas vesicatoria (Xv) and X. euvesicatoria
(Xe) (Jones et al., 2004) are the causal agents of
bacterial spot of both tomato and pepper. Long-distance
dissemination of those xanthomonads is ensured by

means of contaminated seeds in trade (Carmo ez /.,
2001). Bacterial spot is a widespread and economically
very important disease of tomato and pepper. Clavibacter
michiganensis subsp. michiganensis (Cmm) is the
causal agent of tomato wilt and canker. The primary
inoculum source for Cmm is contaminated seed (De
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Leon et al.,2011; Chang e al. 1991) reported that one
infected seed in 10.000 is able of initiating an epidemic.
Cmm infections often result in high yield losses; in
several cases, losses of between 50 and 100% have been
reported. Xv, Xe and Cmm have been listed as A2
quarantine pests by EPPO.

This preliminary study was aimed to assess
the impact of the diseases in the field, after an
experimental inoculation with Xv, Cmm and Xe
on tomato and bell pepper plants in different plots,
and to evaluate the transmission rate from the
infected plants to the seeds. In this study we also
investigated the efficacy of different treatments, to
reduce pathogen contamination in tomato and pepper
seed, by treatments with a natural plant polyphenols,
a microbial consortium and an antagonistic bacterium,
specific for Xv.

MATERIAL AND METHODS

For each pathosystem, three fields of 96 plants each
were set, and the plants of any field were randomly
marked and inoculated in order to obtain 3 different
percentages of initially inoculated plants: 1, 5 and
15% in Italy (industrial tomato), and 1, 5 and 20% in
Serbia (table tomato and bell pepper). High susceptible
cultivars to bacterial diseases were used: industrial
tomato, cv. VF10; table tomato, cv. Jabuéar and bell
pepper, cv. Amphora. Experiments with Xv, Xe and
Cmm were conducted in confined experimental

field.

Experimental inoculation and
phytopathometric evaluation

Tomato and pepper seedlings were transplanted in
the fields, following the best agricultural practices in
place for Iraly and Serbia. For tomato inoculation, strains
IPV-BO 2684 of Xv (Italy), KFB29 of Xv (Serbia), DLS
598 of Cmm (Italy) and for pepper inoculation the
strain MI-A-6 of Xe, were routinely grown on GYCA
(Dye, 1962) for 48 hours at 27°C. Five weeks after
transplanting, each plant was experimentally inoculated
by spraying a water suspension containing the pathogen
(ca. 108 CFU/mL). Each inoculated plant was sealed
in a polythene bag (PE) overnight, which was removed
the early next morning. The first phytopathometric
readings were done at symptoms appearing and were
carried out weekly. The disease severity of tomato and
pepper plant affected by xanthomonads was evaluated
using a descriptive scale ranging from 0 to 4: 0= no
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symptom; 1= 1-10 spots on 1-3 leaves; 2= 11-30 spots on
4-10 leaves; 3= more than 30 spots and some confluent
necrosis on 5-20 leaves; 4= confluent necrosis on more
than 20 leaves or branch desiccation. In case of Cmm
infections, the disease severity on leaves (percentage
of symptomatic leaves) was evaluated on each tomato
plant on the basis of 5 disease severity classes (0, 5,
10, 25 and 50%). Disease score was calculated as ¥
of Q = Severity x Incidence. Area under the disease
progress curve (AUDPC; Van der Plank, 1963) was
then calculated according to Madden ez 2/. (2007).
Data were collected and statistically evaluated from the
first observed symptoms to the last assessment before
harvesting. In case of pepper and table tomato, readings
were done during a longer time span, since harvesting
was done gradually.

Crop harvest and seed extraction

Tomato and pepper seeds were produced according
to common commercial procedures. For both tomato
cultivars, the seed was extracted following the
fermentation technique.

Seed analyses for the estimation
of seed infection rate

For each pathosystem, ten samples of 100 seeds each,
belonging to each infected field, were soaked in 3 mL
of sterile PBS-Tween 20 (0,05%) for 14 hours at 4°C
(see ISTA rules). The samples were then crushed for 2
minutes, the extraction liquid was centrifuged at 10.000
¢ for 20 min at 4°C and the pellet was resuspended in
2 mL of sterile PBS-Tween 20. DNA was extracted
from seed macerates using the DNeasy Plant Mini kit
(Qiagen) and assayed using the protocol of Koenraadt
et al. (2009): Bs-XeF and Bs-XeR primer pair for Xe
and Bs-XvF and Bs-XvR primer pair were used to detect
Xv. DNA isolated from Cmm infected seed was assayed
according to Dreier ez a/. (1995). The analyses were
repeated 5 times in different days (5 replicates), for a
total of 5000 seeds, in order to statistically assess the
seed contamination rate.

Biological treatments of seed

Tomato seed, cv. Jabuéar and pepper seed, cv.
Amphora, naturally contaminated by Xv and Xe,
respectively, were used. The following compounds
were tested: a commercial microbial consortium and
a commercial plant polyphenols on both tomato and
pepper seeds, as well as a bacterial antagonist on tomato



seed. The microbial consortium (Micosat F, CCS
Aosta, Italy) contained: Glomus spp., Trichoderma
spp-» Agrobacterium radiobacter, Bacillus subtilis,
Streptomyces spp. Treatment was done according
the manufacturer’s indications: seed was dipped in a
water suspension of the consortium, calculating 4.5
g/kg of seed. A commercial plant polyphenols based
on tannins (AGRITAN, Silvateam, San Michele di
Mondovi, Iraly) was used. Treatment has been done
according the manufacturer’s indications, by dipping
seeds in a 10 g/L polyphenol solution in deionized
water. A strain of Pseudomonas synxantha (DLS A65)
active iz vitro against Xv was preliminary assayed to
control Xv on tomato seeds. Treatment has been done
by dipping seed in a bacterial suspension of 108 CFU/
ml. For treatments, seed was kept soaking for 90 min
in a rotary shaker at 90 rpm, dried in an incubator at
30°C (with fan) overnight in the dark and stored in a
seed storage room 1 month before sowing. Untreated
seeds were used as a positive control.

Seed germination
and disease assessment

In order to assess the effects of biological treatments
on seed quality and its efficacy in seed sanitation, three
replicates, consisting of 100 seeds for each treatment, were
assayed in each of the three following tests. Germination
in vitro was done according to ISTA rules. Seeds were
placed on top of two layers Whatman n° 5 filter paper,
moistured with 5 ml of sterile distilled water in Petri
dishes. Petri dishes were placed at 25°C in the dark.
Germination counts were assessed every day, up to 14
days. Germination test on blotter was carried out in a
growing chamber, at 28-30°C and RH up to 75%. In
pot tests, seeds were sown into pots containing a steam
sterilized peat for seedling production. Growing chamber
conditions were kept as above. Disease symptoms were
daily monitored up to 28 days. In case of no symptoms
development within 4 weeks, a stem segment (~2cm) of
cach seedling within the same replicate was collected and
placed in a Stomacher Bag with 30 ml of sterile NaPBS
buffer (137 mM NaCl, 2,7 mM KCI, 10 mM Na,HPO,,
1,8 mM KH,PO,, pH = 7.2). All samples were crushed
by hammering and stored at room temperature for 30
minutes. The washing fluids were then centrifuged and
DNA was extracted by using DNeasy Plant Mini kit
(Qiagen). The DNA was extracted from seed macerates
using DNeasy Plant Mini kit (Qiagen) and assayed
using the protocol of Koenraadt ez al., (2009). Primers
used were: Bs-XeF and Bs-XeR for Xe and Bs-XvF and
Bs-XvR for Xv.

Statistical analysis

All measurements were performed in triplicates.
Analysis of variance (ANOVA, Tukey’s test, P<0.05)
was applied using GraphPad Prism 6.0 software (La
Jolla, California, USA).

RESULTS

Phytopathometric evaluation
of field experiments

For the experiments that were performed in Italy, the
increase of the disease progression curve calculated for
Xvand Cmm in industrial tomato was directly correlated
to the percentage of initial infections; disease symptoms
appeared 2 and 3 weeks after inoculation, respectively,
and increased until the last survey (Graph 1). For
industrial tomato plants inoculated with Xv, the AUDPC
of the field with 1% initial infection was approximately
six and ten times lower than that of the fields with 5%
and 15% respectively. As regards the AUDPC obtained
for Cmm from the field with 1% of initial infection, it
was approximately four and ten times lower than that
of the fields at 5% and 15%, respectively (Table 1). In
Serbia, bacterial spot symptoms on table tomato and
bell pepper appeared 2 weeks after the experimental
inoculation and increased until the last survey (Graph
1). AUDPC value for Xv in the field at 1% of initial
infections was approximately two times lower than that
of fields at 5% and 20%. For Xe, the AUDPC referred
to 1% of initial infection was approximately two and
three times lower than that of the fields at 5% and 20%,
respectively (Table 1).

Table 1. AUDPC values obtained in the different
pathosystems considered (according to Madden

et al. 2007).
AUDPC values

Initial contamination rate

Pathosystem .
(experimental)

1% 5% 20%
Xv-table tomato 8589 15074 18788
Xe-bell pepper 5743 8522 13632

Initial contamination rate

(experimental)
1% 5% 15%
Xv-industrial tomato 249 1512 2654
Cmme-industrial tomato 196 812 1932
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Molecular analyses of seeds

The molecular analysis of seeds, by means of PCR
protocol, did not result in the detection of Xv, in both
industrial and table tomato (in Italy and in Serbia). On the
contrary, seeds produced in Cmm contaminated plots were
found to be all positive by PCR. Seed samples obtained
from field plots inoculated with Xe at 1, 5 and 15% level
resulted in PCR positive by 78, 96 and 96%, respectively.

Biological treatments of seed

Germination tests on blotter, performed with tomato
and pepper seeds after biological treatments, did not
show significant differences to the untreated ones. In %
vitro experiment, the germination rate of tomato seeds
treated with the microbial consortium and commercial
plant polyphenols showed an apparent, but not significant
increase compared to that of the untreated. The treatment
with the bacterial antagonist DLS A65 significantly
affected the germination rate of tomato seeds (Table
2). Germination tests iz vitro, performed with pepper
seeds after a treatment with the microbial consortium,
was not different to untreated control, on the contrary, a
treatment with commercial plant polyphenols decreased
the germination by approximately 10%, if compared to
untreated seeds. Such decrease was significant (P<0.05). No
symptom development was ever observed in both tomato
and pepper seedlings until 28 days. Interestingly, PCR
tests performed on same seedlings, confirmed the presence
of Xv and Xe in tomato and pepper seeds, respectively.

DISCUSSION

In this study, we demonstrated during our field
experiments a positive correlation between percentages
of initial infection and disease progression and quantity
caused by Xv, Xe and Cmm, as shown by the AUDPC

value obtained. In addition, we highlighted differences
in the AUDPC values obtained in industrial tomato
fields and in table tomato plots: those differences might
be explained by the length of cultivation, remarkably
longer for table tomato (7-8 weeks longer) than for
industrial tomatoes. The same for bell pepper, since
monitoring and harvesting of peppers continued for
additional 8 weeks, after industrial tomato harvesting
day. Among the different pathosystems, contamination
rates of tomato seed produced in affected plots were not
correlated with disease quantity observed and measured
in the fields. In particular, no contamination rate of Xv
was found in both table and industrial tomato seeds,
although the disease observed was remarkably severe
and present on all aerial parts: leaves, fruits, petioles and
stems. In contrast, pepper and tomato seeds, respectively
produced in Xe and Cmm contaminated plots, were
all found PCR positive. Further work is necessary to
deeply investigate the pathogen transmission from plant
to seed and from seed to plant by means the setup of
extensive field trials using seed produced during this
study. Further experiments are underway to assess the
effect on the bacterial cells viability (Xv and Cmm) of
the fermentation process during tomato seed extraction,
which supposedly reduced the bacterial load.
Biological seed treatments with plant/fungal extracts
apparently enhanced the germination rate iz vitro and on
blotter for tomato seed. On the contrary, no effect on the
germinability was observed for pepper seeds. No bacterial
spots occurred during the pot test on tomato and pepper
seedlings; however, asymptomatic plantlets, collected
and analyzed with PCR assays, showed that bacterial
inoculum was present. Therefore, bacteria from seeds
moved acropetally and colonised the seedlings: there
they may survive as residents or increase the populations
in seedlings until they reach the leaves without causing
symptoms (Silva ez 4/., 2013). Results of the biological
seed treatments showed that they were not effective

Table 2. Germination rate i7 vitro and on blotter of tomato seed cv. Jabudar and pepper seed cv. Amphora after treatments.
Different letters within columns denote significant differences according to the Tukey’s test (P<0.05).

Germination (%)

Treatment

in vitro blotter

Microbial consortium (Micosat F, CCS Aosta, Italy) 98.674 96.67%

Tomato Plant polyphenols (AGRITAN, Silvateam, Italy) 92.674 91.674
cv. Jabucar Bacterial antagonist 78.338 80,674
Untreated 86.67AB 85.67A

Microbial consortium (Micosat F, CCS Aosta, Italy) 97.00A 92.004

fip igliiphora Plant polyphenols (AGRITAN, Silvateam, Italy) 84.008 85.674
Untreated 96.334 85.67A

69



in eradicating the pathogenic bacteria associated with
seeds. Further studies are needed to check, if such plant
polyphenols or beneficial microbes might have a role
in inducing of resistance. They might also enhance the
germinability and the performance of seeds. Additionally,
they could be taken into consideration to increase plant
productivity of tomato and pepper crops. Nevertheless,
new approaches in sanitation methods are needed to
ensure efficient seed sanitation/disinfection, together
with an optimization of formulations and application
procedures related to such innovative bioproducts.
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