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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

Bacterial spot, caused by Xanthomonas euvesicatoria, is widely spread disease of pepper in
Serbia. When weather conditions are favorable for disease development, pepper producers
do not have adequate resources to control this pathogen. Copper based bactericides
registered in our country are not effective enough. However, effective protection could be
achieved only by integrating positive effects of different protection methods. In order to
develop sustainable and integrated control strategy for this disease, we investigated various
combinations of biological control agents and chemicals. Intensity of the disease ranged
from 31 to 59% on untreated control plants. All integrated treatments were effective against
X. euvesicatoria and significantly reduced disease severity in all experiments, compared to
untreated control. The most efficient treatment was integration of acibenzolar-S-methyl,
copper hydroxide and bacteriophages, reducing disease severity 97-99%. This combination
may be an effective new tool for pepper growers to manage bacterial spot.

Keywords: Xanthomonas euvesicatoria, copper compounds, acibenzolar-S-methyl, antagonist,

bacteriophage

INTRODUCTION

Bacterial spot, caused by Xanthomonas envesicatoria
(Jones et al., 2004) is the most important pepper disease
in Serbia. The intensity of infection and economic
losses depend on the cultivar susceptibility, applied
protection measures and weather conditions. Routine
disease management practices, such as use of good
quality seed, crop rotation, growth of less susceptible
cultivars and application of copper compounds, have
failed to provide satisfactory disease control, especially
when weather conditions favored the spread of the
pathogen. Application of copper compounds alone
proved less effective than in combination with ethylene-
bis-dithiocarbamates (EBDC) fungicides (Marco et

al., 1983). However, due to the frequent application,
copper tolerant or resistant strains of X. euvesicatoria
were reported (Marco et al., 1983; Adaskaveg et al.,
1985). The use of antibiotics, especially streptomycin, for
bacterial diseases control has begun in the 50’s. Successful
control of X. envesicatoria in tomato and pepper crops
did not last long due to streptomycin resistant bacteria
populations observed in the early sixties (Stall and Thayer
1962). Streptomycin-resistant strains spread rapidly and
became widely distributed (Argentina, Brazil, California,
Florida, Georgia, Ohio, Pennsylvania and Taiwan),
forcing plant pathologists to search for other solutions
(Obradovi¢ et al., 2004).

According to the recent literature data, biological
agents as bacteriophages and some new alternative
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methods such as resistance inducers and harpin protein
represent new strategies in control of X. euvesicatoria
in tomato crops (Obradovi¢ et al., 2004, 2005; Jones
etal., 2007). Treatments of acibenzolar-S-methyl in
combination with bacteriophages, or bacteriophages and
harpin protein, significantly reduced bacterial spot of
tomato in the fields of Florida (Obradovi¢ at al., 2004).

The aim of our research was to study efficacy of various
combinations of biological control agents and chemicals
in order to develop sustainable and integrated control
strategy for bacterial spot control.

MATERIAL AND METHOD

The experiments have been conducted on the
experimental field of the Institute of Vegetable Crops
in Smederevska Palanka. In order to develop sustainable
and integrated control strategy for pepper bacterial spot,
we investigated various combinations of biological control
agents: bacteriophages (strain K®-1(Gasié at al., 2011),
conc. 2.3x10' PFU/ml) and Bacillus subtilis (strain
AAac, conc. 108 CFU/ml and Serenade AgraQuest,
Inc conc. 0.4%), systemic acquired resistance inducer
acibenzolar-S-methyl (ASM, Bion S0WG, Syngenta
crop protection; 0.003%) and copper hydroxide (Kocide
2000, DuPont, 0.19%) (Table 1). Copper hydroxide
was applied as a standard treatment one day before
inoculation and then once a week. Bacillus subtilis
treatment was applied one day before inoculation and
then once a week. ASM was applied 9 and 4 days prior
to inoculation and after that at 14 day intervals. The
total number of three aforementioned treatments was six.

Nonformulated bacteriophages were applied immediately
prior to inoculation followed by twice a week at dusk,
with a total of 12 treatments. Pepper plants (cv. Early
California Wonder) were artificially inoculated 9 days
after transplanting. Inoculation was done by spraying
water suspension of X. euvesicatoria strain KFB 13
(sensitive to copper compounds) (conc. 103 CFU/ml)
using hand-held mister. Concentration of bacteria
in the suspension was adjusted to 108 CFU/ml using
McFarland's scale and confirmed by a serial dilution
plating method (Klement et al., 1990). Noninoculated
and inoculated tap water-treated plants were used as
a control. The experiment was repeated two times.
Each treatment consisted of four replications and the
experiment was designed as a complete randomized
block system. Percentage of the leaf surface covered
with necrotic spots was evaluated by using the Horsfall-
Barratt (HB) rating scale, 7 days after application of
the last treatment (Horsfall-Barratt, 1945). Data were
analyzed by applying one-way ANOVA and Duncan’s

multiple range test.

RESULTS AND DISCUSSION

Results of two field experiments showed that
all integrated treatments were effective against X.
envesicatoria and significantly reduced disease severity
in all experiments, compared to untreated control
(Table 1). Intensity of the disease ranged from 31 to
59% on untreated control plants. The most efficient
treatment was integration of acibenzolar-S-methyl,
copper hydroxide and bacteriophages, reducing disease

Table 1. Efficacy of integration of biological and chemical methods in control of pepper bacterial spot.

Experiment 1 Experiment 2

Treatments Concentration Mean * Effi/cacy Mean* Eff‘i;acy
() 0
Bion 50 WG + Kocide 2000 + Bacteriophage 0.003% + 0.19% + 2.3x101°PFU/ml 1463 E 975 0293B 99.0
Bion 50 WG + Kocide 2000 0.003% + 0.19% 2.925 DE 95.0 1463B 953
Kocide 2000 + Bacteriophage 0.19% + 2.3x101°PFU/m 3.511 DE 940  2.633B 915
Kocide 2000 + Bacteriophage + Serenade 0.19% + 2.3x10'°PFU/m + 0.4% 5268 CDE 911 1.755B 943
Kocide 2000 0.19% 6.439 CDE 89.1 4.095B 86.8
Kocide 2000 + Serenade 0.19 + 0.4% 8.198CDE 86.1 4389B 859
Bion 50 WG + Serenade + Bacteriophage 0.003% + 0.4% + 2.3x101°PFU/ml  9.370 CDE 842  2.633B 915
Bion 50 WG + Bacteriophage 0.003% + 2.3x10'° PFU/ml 11714CD 802  2.048B 934
Bion 50 WG + Antagonist (Strain AAac) 0.003% + 108 CFU/ml 13.474BC 773  4.096B 86.8
Bion 50 WG + Serenade 0.003% + 0.4% 20.506 B 654 2340B 925
Untreated inoculated control - 59.375 A - 31250A -

*Means followed by different letters within a column are significantly different according to Duncan’s multiple range test, P = 0.05 level.
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severity 97-99%. However, in experiment 2 there was
no statistically significant difference in efficacy of
standard treatment (copper hydroxide) and various
integration of biological control agents: bacteriophages
and Bacillus subtilis strains and ASM. ASM alone was
not effective for controlling bacterial spot in the field
as was observed in greenhouse and climatic chamber
conditions (Sevié at al., 2011, 2011a, 2012). Biweekly
applications of ASM and applications of bacteriophages
twice a week at dusk significantly reduced the disease
severity (80-93%). In these experiments we used non-
formulated bacteriophages. Balogh et al. (2003) reported
that formulation of bacteriophages with skim milk and
sucrose contributed to greater stability on leaf surfaces
and therefore better efficiency. In the present study
copper and antibiotics-sensitive strain of the pathogen
was used, favoring more effective disease control with
standard copper hydroxide (86-89%). However, these
integrated treatments may be relatively more effective
compared to the standard when copper resistant
X. euvesicatoria strains are predominant in natural
epidemics. In this study we demonstrated that some
alternative methods (bacteriophages, ASM) could serve
as a new promising tool for pepper producers to control
bacterial spot.
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