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Is it possible to improve biocontrol efficacy in some plant/pathogen 
systems?  
 
Ilaria Pertot, Cesare Gessler 
Safecrop Centre, IASMA, Via Mach 1, 38010 San Michele all’Adige, Trento, Italy, 
e-mail: ilaria.pertot@iasma.it  
 
Abstract: The use of microorganisms in plant disease biocontrol is, in theory, a powerful alternative 
to chemical pesticides. Many microorganisms are constantly selected by researchers for their 
antagonistic activity in in vitro or in planta screening systems, but only few of them eventually show a 
good and consistent efficacy in field experiments. One of the main reasons for not reaching 
commercialisation can be related to markets that are financially too small to justify development 
and/or registration costs. Even when a commercial biocontrol agents (BCA) based product is available, 
successful use of the product is hampered by inconsistency. In spite of intensive research efforts, some 
diseases are difficult to be controlled with BCAs. But why biocontrol is more likely to be successful in 
some patho-systems than others? Monocyclic diseases or diseases with a limited and predictable 
window of infection opportunity, slow progress rates or where a certain level of damages is acceptable 
have more chances to be controlled with BCAs. BCAs do not easy control pathogens that quickly 
penetrate and develop into host tissues (i.e. Plasmopara viticola) or produce resistant and persistent 
structures (i.e. Armillaria mellea). Biocontrol extent may depend on environmental parameters. Some 
BCAs are active only in a narrow range of temperature and relative humidity. Most of them last for a 
short time after application because they are susceptible to UV light, drought, extreme temperatures or 
to microbial community that colonise the environment or simply because they do not find a suitable 
growth substrate. Gaining knowledge on the limiting environmental parameters and the biocontrol 
mechanism and obtaining a good formulation, bust also selecting the suitable plant pathogen system 
can help increasing the efficacy in field. 
 
 



 

Development of biocontrol of powdery mildew diseases  
 
Dalia Rav David, Opher Mendelsohn, Stanislav Dubeshko, Rebecca Bierman,  
Dana Jacob, Neta Okon Levi, Mohammed Kiyar, Dani Shtienberg, Yigal Elad 
Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan 
50250, Israel, and SafeCrop at Volcani Center, Israel and IASMA, S. Michele all Adige, TN, 
Italy, e-mail: elady@volcani.agri.gov.il  
 
Abstract: Powdery mildews are important targets for the development of control agents. We 
developed biocontrol systems that are capable of controlling various powdery mildew pathogens, 
including those of grape, cucumber, zucchini, tomato, pepper, barley and strawberry. Bacteria, yeasts, 
and filamentous fungi originally isolated from the canopy of wild and cultivated plants were collected 
and sprayed on plants before challenge by the respective powdery mildew pathogen. Activity was 
related to induced resistance and change of populations of indigenous microflora and/or inhibitory 
compounds. The purpose of the research was to improve powdery mildew control. Supplements to the 
cell suspension and increased frequency of applications resulted in higher population levels of the 
biocontrol agent on plant surfaces and resulted in better suppression of powdery mildew diseases. One 
yeast was sprayed at the rate of 107 twice a week in grape vineyard cv. Carignaen whereas the 
chemical fungicides Kresoxim methyl (Stroby at 0.02%) and Triadimenol (Shavit at 0.01%) were 
sprayed as recommended. Incidence of powdery mildew reached more than 90% twenty three days 
after initiation of the experiment and in plots of the two chemical treatments and the biocontrol 
treatment it was 0-15%. Three weeks later (four weeks after the last treatment) disease slightly 
increased and was c. 25% in the biocontrol plots and significantly less in the chemically treated plots. 
The severity of powdery mildew reached c. 70% in the untreated control whereas the different 
treatments showed minor symptoms. It is concluded that the biocontrol system can potentially serve as 
a management tool for powdery mildews. 
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Evaluation of seed treatment methods for organic vegetable 
production 
 
Eckhard Koch, Anne Schmitt, Marga Jahn, Carola Kromphardt, Hermann-Josef 
Krauthausen, Steve Roberts, Sandra Wright, Tahsein Amein, Gustaf Forsberg,  
Federico Tinivella, Maria Lodovica Gullino, Mariann Wikström, Jan van der Wolf, 
Steven Groot, Sigrid Werner 
Federal Biological Research Centre for Agriculture and Forestry (BBA), Institute for 
Biological Control, Heinrichstr. 243, 64287 Darmstadt, Germany, e-mail: e.koch@bba.de,  
 
Abstract: In organic farming, the availability of pathogen-free seeds in most crops is often hampered 
by a lack of effective non-chemical methods for sanitation of infested seed lots. In the framework of 
the EU-funded project STOVE "Seed Treatments for Organic Vegetable Production" (QLK5-2002-
02239), currently available methods for control of seed-borne vegetable pathogens are investigated 
with the aim of further improvement, while in parallel new methods acceptable to organic farming are 
developed. The potential of three physical methods (hot water, hot humid air and electron treatment), 
of micro-organisms and different compounds of natural origin are investigated. 

In greenhouse trials with carrot seeds highly infested with A. dauci and A. radicina the 
percentage healthy seedlings reached around 10% in the “untreated control”. Treatment with all three 
physical methods significantly increased the percentage of healthy seedlings up to 65%, while selected 
biological treatments also enhanced emergence and establishment of healthy seedlings, but to a lesser 
extent. The combination of hot water with seed application of an isolate of Pseudomonas putida 
resulted in an additive effect (61% healthy seedlings) compared to treatment with the single methods 
(appr. 42% for hot water and 24% for the bacteria). When these treatments were evaluated with the 
same seed in the field, the results showed the same tendency. However, the obvious additive effect of 
the combination treatment of hot water and P. putida could not be observed. Although an increase in 
the absolute number of plants per meter row was found for most treatments, the only significant 
difference to the untreated control was observed after seed treatment with hot humid air. Disease 
symptoms on carrot leaves due to Alternaria were in all treatments below 0.2%.  

Apart from the results obtained with carrot seed infected with Alternaria spp., results from other 
pathosystems will be presented. For most pathosystems, the physical treatments resulted in a moderate 
to good control of the respective diseases. Also, from groups of treatment (microorganisms, plant 
extracts and inducers of resistance) candidates with promising control properties could be identified. 
The influence of the treatments on emergence was often more prominent under greenhouse than under 
field conditions. 
The efficacy of given single and combined treatments depended strongly on the host / pathogen 
system investigated. Moreover, the seed lots differed to a large extent in sensitivity towards the 
physical treatments, so treatment parameters needed to be carefully adjusted for each vegetable species 
and seed lot. The presence of less mature seeds and the onset of germination processes prior to harvest 
were shown to be important factors increasing the sensitivity of seed lots to hot water and hot humid 
air treatments. 
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The lactoperoxidase system as a novel, natural fungicide for control of 
powdery mildew 
 

Willem Ravensberg, Rick v.d. Pas, Frans Weber, Tanja van Lier 
Koppert Biological Systems, Veilingweg 17, 2651 BE Berkel en Rodenrijs, The Netherlands, 
 e-mail: wravensberg@koppert.nl 
 
Abstract: A novel, natural fungicide-bactericide has been developed on the basis of the so-called LP-
system (lactoperoxidase system), an anti-bacterial system active in bovine milk. The currently 
developed formulation is targeted to control powdery mildew in greenhouse vegetables and 
ornamentals and applied as a curative contact fungicide. Trials have been done in the Netherlands and 
in Spain in protected crops against powdery mildew in cucumber (Sphaerotheca fuliginea), in tomato 
(Oidium neolycopersici), in sweet pepper (Leveillula taurica) and in rose (S. pannosa) and showed 
effective control, between 85-98%. The product can be used in IPM programmes and is safe for 
natural enemies and pollinators. It is also compatible with a number of chemical fungicides, even in 
tank-mixes, and can become an important tool in resistance management programs. 
 
 
BioNem WP: a unique tool for nematode control 
 
Daphna Blachinsky, Jana Antonov, Amir Bercovitz, Beny El-ad, Katya Feldman,  
Alice Husid, Michael Lazare, Nathaly Marcov, Idan Shamai, Mordechai Keren-Zur  
Agrogreen Minrav Group - Kiryat Minrav Hi-Tech Park, P.O.Box 153, Ashdod 77101, Israel, 
e-mail: dafna@agrogreen.co.il 
 
Abstract: Pre-plant application of nematicides is strongly recommended for effective control of 
nematodes. In certain situations, mainly in perennial crops, or in long season vegetables, nematodes 
emerge from deep soil layers and thus diminish the effect of the pre-plant treatment. The use of 
pesticides for post-planting control is limited due to their toxicity to plants and humans. BioNem WP 
is a biological nematicide, based on a unique strain of Bacillus firmus. It is conveniently applied in 
commercial fields through irrigation systems. BioNem WP is effective against phytopathogenic 
nematodes, and is registered in Israel for the control of root knot nematodes in vegetable crops 
(cucumber, tomatoes, pepper, eggplant and herb crops) and in perennial crops (peaches, olives and 
ornamentals). Long term suppression of nematode population was observed following single 
application of BioNem WP, either pre or post-planting. This feature may be attributed to activity in 
deep soil layers and to persistent nematicidal activity in the treated soil, which was observed even 
under water recirculation. The long term activity of BioNem WP combined with its safety makes it a 
unique tool for nematode control in perennials, during harvest of edible crops, and under chronic 
infestation with nematodes.  
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Efficacy of some biological agents in controlling pathogenic soilborne 
fungi infesting watermelon in Egypt 
 
Mohamed El-Sheshtawi1, Samir El-afifi2, Maged El-Kahky1 

1 Department of Plant Pathology; Faculty of Agriculture, Mansoura Univ. Egypt, 
e-mail: m_elsheshtawi@mans.edu.eg; 

2 Department of Vegetable Production, Faculty of Agriculture, Mansoura Univ., Egypt 
 
Abstract: After obtaining preliminary results in vitro, trials were conducted under greenhouse 
conditions on living plants to determine the antagonistic actions of two antagonistic fungi, Tricho-
derma viride, Gliocladium virens and three antagonistic bacteria, Bacillus subtilis , Streptomyces 
griseoviridis having commercial name (Mycostop) from Finland, and Pseudomonas fluorescens 
against three fungal soilborne pathogens causing watermelon wilt disease (Fusarium oxysporum f. sp. 
niveum, F. solani and Rhizoctonia solani ) through two technical applications, soil drenching and seed 
coating. The fungicidal and fungistatic effects of some biological fertilizers against the same three 
pathogenic fungi causing watermelon wilt mentioned before were tested, these were Nitrobien 
(Azospirillum sp. and Azotobacter sp.), Phosphorien (Bacillus megaterium var. phosphaticum), 
Microbien (N-fixing bacteria + phosphorus dissolving bacteria) and Biogien (Azotobacter sp.). Two 
methods were mixing bio-fertilizers with the soil and covering seeds with bio-fertilizers. All 
treatments gave promising results when compared with controls. Results showed that among the 
antagonistic fungi T. viride proved to be the best, while S. griseoviridis (Mycostop®) was relatively 
more promising than the antagonistic bacteria, while Phosphorien was the best among the tested bio-
fertilizers.  
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First report of biocontrol activity of Pseudomonas reactans, pathogen 
of cultivated mushrooms, against strawberry powdery mildew in 
greenhouse trials  
 
Federica Fiamingo1, Elisabetta Pellegrini1, Dario Angeli1, Pietro Lo Cantore2,  
Nicola Sante Iacobellis2, Ilaria Pertot1 

1 SafeCrop Centre, IASMA, via Mach 1, S. Michele all’Adige 38010, Trento, Italy, 
e-mail: elisabetta.pellegrini@iasma.it; 

2 Dipartimento di Biologia, Difesa e Biotecnologie Agro Forestali, Università della 
Basilicata,viale Ateneo Lucano 10, 85100, Potenza, Italy  

 
Abstract: Powdery mildews are diseases serious damaging several crops. As most are ecto-parasites 
they are a favoured test target to potential biocontrol agents. Pseudomonas reactans, a fluorescent 
pseudomonad responsible, besides other bacteria including P. tolaasii, for the brown blotch disease of 
Agaricus bisporus and yellowing of Pleurotus ostreatus and P. eryngi, produces the lipodepsipeptide 
(LDP), WLIP (White Line Inducing Principle). The aim of this study was to evaluate P. reactans 
USB20 efficacy in powder mildews biocontrol. Two systems were selected: Podosphaera 
aphanis/strawberry and Erysiphe necator/grapevine. Ps. reactans broth with cells, broth culture 
without cells and cells in water suspension were directly sprayed on strawberry leaves prior inoculated 
with Podosphaera aphanis under controlled greenhouse conditions. Ps. reactans whole culture was 
also applied on grape leaves prior inoculated with Erysiphe necator. Disease severity and 
incidence were assessed. Both the whole culture and broth culture of Ps. reactans inhibited strawberry 
powdery mildew development, but the former was ineffective against grape powdery mildew. Ps. 
reactans metabolites, including WLIP, appear to have a toxic effect on P. aphanis and not on E. 
necator, which let us inferring that they have a differential spectrum of activity against powdery 
mildews. 
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Evaluation of new biological control agents against grapevine powdery 
mildew under greenhouse conditions 
 
Dario Angeli1, Claudia Longa1, Elisa Bozza1, Loris Maines1, Yigal Elad1,2,  
Vito Simeone3, Haya Abou Assaf3, Ilaria Pertot1 

1 SafeCrop Centre, Istituto Agrario di S. Michele all’Adige, via Mach 1, S. Michele all’Adige, 
38010, Italy, e-mail: dario.angeli@iasma.it; 

2 Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan 
50250, Israel; 

3 Istituto Agronomico Mediterraneo, Valenzano, Bari, Italy 
 
Abstract: Pathogen resistance to fungicides, concerns regarding pesticide residues and revocation of some 
widely used fungicides have increased research efforts for developing biocontrol agents of fungal 
pathogens. Natural fungicides active against grapevine powdery mildew are few and moderately effective. 
Moreover, no good commercial powdery mildew-resistant grapevine varieties are available. Therefore, 
development of alternatives to chemical pesticides against Erysiphe necator is of high priority. Efficacy 
trials were carried out during 2004 and 2005 using bacteria, yeasts, fungi, plant extracts and Electrolyzed 
Acid Water (EAW) to control powdery mildew under controlled greenhouse conditions. Only few of the 
tested yeasts, bacteria and fungi were significantly effective in reducing powdery mildew symptoms. 
Among natural products, only an enzyme based fungicide (KBV 99-01), when sprayed three days after 
powdery mildew inoculation, was effective. Promising results were obtained with daily sprays of EAW 
during one week after inoculation and EAW applied in alternation with a yeast suspension. 
 
Potential new applications of Shemer, a Metschnikowia fructicola 
based product, in post-harvest soft fruit rots control 
 
Alessandro Ferrari1, Carmela Sicher1, Daniele Prodorutti2, Ilaria Pertot1

1 SafeCrop Centre, via Mach 1, S. Michele all’Adige, 38010, Italy, 
e-mail: alessandro.ferrari@iasma.it; 

2 Plant Protection Department, IASMA, via Mach 1, S. Michele all’Adige, 38010, Italy 
 
Abstract: Currently, the commercial formulation Shemer of a selected strain of Metschnikowia 
fructicola, is successfully applied to prevent the development of post-harvest rots caused by a wide 
range of phytopathogenic fungi, including Aspergillus, Botrytis, Penicillium and Rhizopus. The formu-
lated product is currently registered in Israel for use on grapes, strawberries, citrus and sweet potatoes. 
Soft fruits are economically important crops for Italian agriculture; but they are at risk to be infected 
by rotting fungi resulting in high yield looses. Moreover, no fungicide against post-harvest rots of soft 
fruits is currently permitted as fruits for fresh consumption have zero, or at least below efficacious 
level, as maximum residue level. Hence there is a high interest and need to develop new control tools 
for post-harvest diseases. The aim of this work was to investigate the control efficacy of Shemer® 
against post harvest rots caused by B. cinerea, P. expansum, R. stolonifer and Monilia fructigena on 
several soft fruits. Small scale post-harvest treatment was carried on strawberry, blueberry, red currant, 
raspberry, peach and nectarine artificially inoculated with each of the four mentioned fungi. Field 
application of Shemer on soft fruits just before harvest was mainly target to control natural B. cinerea 
infection. Initial results suggest that post-harvest rot control efficacy of Shemer® is strongly 
dependent of the combination of fruit type, pathogen and storage temperature.  
 
 
Potential of Lentinula edodes, Agaricus blazei and Saccharomyces 
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cerevisiae in the control of Guignardia citricarpa, the causal agent of 
post-harvest citrus black spot 
 
Sérgio Florentino Pascholati, Leonardo Toffano, Maurício Batista Fialho 
Plant Disease Physiology Laboratory, Plant Pathology Sector, São Paulo University 
(USP/Esalq), Piracicaba, SP, Brazil, e-mail: sfpascho@esalq.usp.br, toffano@esalq.usp.br, 
fialho@esalq.usp.br,  
 
Abstract: Brazil is considered the biggest citrus producer and the biggest orange juice exporter. Post-
harvest diseases represent a great loss in the citriculture, and for many fruits to be exported they 
should be free of chemical residues. In relation to some pathogens in post-harvest, it can be mentioned 
Guignardia citricarpa, the causal agent of citrus black spot, that has a great economic importance by 
interfering in production and causing aesthetic depreciation of the fruits that can reduce 
commercialization of fresh-fruits in the external market. Because of the economical importance of this 
disease, and the control difficulties, the search for alternative control measures that can make possible 
improve the producing capacity of the growers and the obtaining of fruits with excellent quality are 
indispensable.  

We studied the viability of using Lentinula edodes (Shiitake mushroom), Agaricus blazei 
(medicinal mushroom) and Saccharomyces cerevisiae (yeast strains used in fermentative processes) as 
biocontrol agents of citrus black spot control. The first part of the study involved the possible 
biological control and resistance induction in the fruits of Citrus sinensis var. Valência by the fungi. It 
was possible to observe that the aqueous extracts from L. edodes and A. blazei basidiocarps reduced 
the formation of new lesions caused by G. citricarpa in the sweet orange fruits. In the second part of 
the study, the controlling potential of S. cerevisiae against G. citricarpa was checked in vitro. By 
using plate assays, it was shown that among the tested strains (BG-1, CR-1, CAT-1, KD-1, K-1 and 
PE-2), the yeast strain CR-1 was the one that exhibited the greatest antagonist activity against the 
phytopathogen by reducing mycelium growth. It was also demonstrated that the strains were able to 
produce volatile compounds with fungistatic action inhibiting up to 83% the development of the 
pathogen. Thus, it was possible to show that the mushrooms and the strains of S. cerevisiae, especially 
strain CR-1, are potential agents for the control of G. citricarpa. And in the case of the yeast, one of 
the inhibition mechanisms involves the production of volatile compounds. 
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Selection of crude fungal extracts with potential of control of Botrytis 
cinerea in tomato (Lycopersicon esculentum Mill.) 
 
Andrés Díaz1, Diana Catalina Poveda2, Alba Marina Cotes1  
1 Biological Control Laboratory, Colombian Corporation for Agricultural Research, AA 

240142, Las Palmas, Bogotá, Colombia, e-mail: acotes@corpoica.org.com 
2 Pontificial Javeriana University 
 
Abstract: A preliminary screening of fungal secondary metabolites produced in Czapeck-Dox and 
YMG culture media with potential applications for Botrytis cinerea control was conducted by 
evaluating the inhibitory effect of 172 crude extracts from 86 isolates of filamentous fungi previously 
isolated from three different agroecological sites of the Amazonian region of Colombia. When 
turbidimetric technique was used, a calibration model explaining 64% of the conidial germination of 
B. cinerea was obtained. Twenty two extracts (15 produced on YMG medium and 7 on Czapeck-Dox 
medium) inhibited conidial germination of B. cinerea more than 60% as compared with the untreated 
pathogen control. Four extracts inhibited B. cinerea germination between 85 and 90% after 16 h of 
incubation: two of these extracts were produced on YMG with Penicillium sp. strain 44 and Beauveria 
sp. strain 223, the two others were produced on Czapeck-Dox with Aspergillus sp. strain 110 and 
Phialophora sp. strain 150. When the biocontrol activity of these four extracts was evaluated against 
B. cinerea, two of them (Penicillium sp. and Aspergillus sp.) showed phytotoxic activity in tomato 
leaflets, the obtained from Phialophora did not reduce disease severity while extract from Beauveria 
sp. reduced disease severity in 74%. Three evaluation criteria were considered, first, the determination 
of the effect of crude extracts over B. cinerea growth by using a turbidimetric technique on 96-well 
microtitre plates, second, the microscopic analysis of the fungus germination, and third, a bioassay on 
detached leaves to determine the biocontrol effect produced by the crude extracts. 
 
 
Selection of isolates of Trichoderma spp. with biocontrol activity over 
Rhizoctonia solani in potato  
 
Camilo Beltrán Acosta, Alba Marina Cotes, Alejandro París Becerra
Biological Control Laboratory, Colombian Corporation for Agricultural Research. AA 
240142, Las Palmas, Bogotá, Colombia, e-mail: acotes@corpoica.org.co, 
 
Abstract: Ten native isolates of Trichoderma spp. (Th002, Th003, Th007, Th008, Th015, Th034, 
Th035, Th172, Th181, Th196) were assessed for their ability to degrade Rhizoctonia solani sclerotia. 
Five Trichoderma isolates (Th002, Th003, Th007, Th034, Th181) were selected due to their sclerotia 
parasitism activity after they colonized more than 50% the R.. solani sclerotia. When the biological 
control activity of these isolates was evaluated under greenhouse conditions, T. koningii Th003 and 
Trichoderma sp. Th034 reduced damping-off in potato plants by 45.5 and 18.7%, respectively, and 
significantly increased plant growth.  
 
 

 9



 

Biological control of foliar diseases in tomato greenhouse crop in 
Colombia: selection of antagonists and efficacy tests 
 
Carlos Andrés Moreno Velandia1, Alba Marina Cotes1, Ernesto Guevara Vergara2

1 Biological Control Laboratory, Colombian Agricultural Research Corporation, A.A.240142 
Las Palmas, Bogotá D.C., Colombia, e-mail: acotes@corpoica.org.co 

2 National University of Colombia, Faculty of Agronomy, Bogotá D.C. 
 

Abstract: The potential biocontrol of isolates Trichoderma virens Gl004 and Gl006, T. koningii 
Th003, Trichoderma spp. Th034 and Th035, Clonostachys rosea Cc001 and the commercial product 
(TRICHODEX®) based on T. harzianum T39 evaluated against Botrytis cinerea in tomato stem pieces 
reduced disease incidence by 50-97% as compared with the untreated control. Isolates Th003 and 
Cc001 and the product TRICHODEX significantly reduced powdery mildew disease incidence and 
severity as compared with the untreated control when evaluated against naturally occurring foliar 
diseases in a commercial unheated greenhouse tomato crop. TRICHODEX inhibited disease incidence 
in the leaves of tomato plants in 51% whereas T. koningii Th003 and C. rosea Cc001 reduced disease 
incidence by 49 and 45% respectively. Both TRICHODEX and T. koningii Th003 reduced disease 
severity by 92% whereas C. rosea Cc001 presented 76% powdery mildew severity reduction. 
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Ability of the antagonistic bacteria Bacillus subtilis and B. 
licheniformis to control Botrytis cinerea on fresh-market tomatoes  
 
Najla Sadfi-Zouaoui1, Badiâa Essghaier1, M.R. Hajlaoui2, H. Achbani3, Abdellatif 
Boudabous1  
1 Laboratoire Microorganismes et Biomolécules Actives, Faculté des sciences de Tunis,  
2092 Tunisie, e-mail: sadfi.najla@planet.tn; 

2 Laboratoire de Protection des Végétaux, Institut National de la Recherche Agronomique de 
Tunisie (INRAT) 2049 Ariana, Tunisie; 

3 Laboratoire de phytobactériologie, INRA, Méknès, Maroc 
  
Abstract. Grey mould caused by Botrytis cinerea is the most important pre-harvest and post-harvest 
disease on fresh-market tomatoes in Tunisia. Chemical control against grey mould of tomatoes is not 
effective due to the development of resistant strains as well as the increased concern of consumers 
towards pesticide use. No fungicides have yet been registered for post-harvest treatment of B. cinerea 
in tomatoes. Biological control based on the use of microorganisms to suppress post-harvest diseases 
of fruits and vegetables offers an attractive alternative that has gained attention and has shown 
significant potential (Wisnieswski and Wilson, 1992). Bacillus spp. offer a great advantage of 
producing endospores, which are particularly amenable to formulation and long-term storage, and 
allow these bacterial antagonists to withstand harsh environmental conditions (Fiddman & Rossall, 
1995; Powell et al., 1990). In this study, we describe the ability of bacteria of the genus Bacillus 
isolated from different Tunisian soils to protect fresh-market tomato fruits from B. cinerea. The 
tomatoes tested were at two different stages of ripening, (i) mature green and (ii) red. Among 148 
bacterial isolates tested on red tomatoes, 6 (4%) significantly reduced growth of the pathogens from 67 
to 87%. The effectiveness of these antagonists was also confirmed on green tomatoes; where the fruit 
rot protection rate ranged from 74 to 100%. The characterization of antagonists was performed by 
morphological, biochemical and physiological tests as well as 16S rDNA sequencing. The effective 
isolates were identified as belonging to the species B. subtilis and B. licheniformis. The biological 
control potential of these selected bacteria may be correlated significantly with their ability to produce 
antibiotics and a variety of extracellular hydrolytic enzymes such as chitinases, glucanases and 
proteases. Our results indicate that the use of bacterial antagonists should be helpful in reducing grey 
mould disease of tomatoes under storage. A greenhouse assay was also conducted to evaluate the 
effectiveness of Bacillus isolates for controlling grey mould disease in Planta.  
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Suppressive of wheat seedling disease caused by Fusarium culmorum 
using bacterial seed treatment 
 
H. Rebib1,2, Nadja Sadfi-Zouaoui1, S. Gargouri2, M.R. Hajlaoui2, Abdellatif Boudabous1 

1 Laboratoire Microorganismes et Biomolécules Actives, Faculté des sciences de Tunis,  
2092 Tunisie;

2 Laboratoire de Protection des Végétaux, Institut National de la Recherche Agronomique de 
Tunisie (INRAT) 2049 Ariana, Tunisie 

 
Abstract: Fusarium culmorum is a predominant agent of Fusarium head blight (FHB) in cereal crops 
causing extensive yield and quality losses to wheat in Tunisia. Efforts to manage the disease through 
the development of resistant cultivars have met with limited success. The agricultural sector that does 
not use pesticides for control of plant diseases is increasing and there is an urgent need for alternative 
methods like the use of preparations of microorganisms as biological means of controlling fungal 
diseases. Selected bacterial isolates of the genus Bacillus and Pseudomonas, showing antagonism in 
vitro against F. culmorum, were evaluated for their ability to suppress Fusarium foot rot under 
greenhouse conditions. After being treated with a bacterial suspension adjusted at 108–109 CFU/ml, 
wheat disinfected seeds were sown in soil pots artificially infested with F. culmorum. In comparative 
assays, wheat seeds immersed in a conidial suspension at 105 conidia/ml, were treated with 
antagonistic bacteria then sown in sterilized soil pots. The reduction of the disease incidence by 
bacterial antagonists ranged from 79 to 100%; the emergence of seeds was significantly higher in 
treated pots than in the control pots. Symptoms of the disease were absent in pots treated with Bacillus 
subtilis SR146 or Pseudomonas aeruginosa, as compared to the untreated control pots, which showed 
advanced symptoms of seedling blight. Bacterial antagonists might be good candidates to control the 
disease under greenhouse conditions. Further evaluation of these antagonists to suppress FHB in the 
field is recommended. 
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Post-harvest biological control of grey mould rot on strawberry fruits 
using moderately halophilic bacteria 
 
Badiâa Essghaier1, Najla Sadfi-Zouaoui1, Marie-Laure Fardeau2, Abdellatif 
Boudabous1, Bernard Ollivier2, Damien Friel3, M. Haïssam Jijakli3  
1 Laboratoire Microorganismes et Biomolécules Actives, Faculté des sciences de Tunis, 2092 
Tunisie, e-mail: sadfi.najla@planet.tn; 

2 Institut de Recherche pour le Développement (IRD), Université de Provence et de la 
Méditerranée Marseille, France; 

3 Unité de Pathologie Végétale, Faculté Universitaire des Sciences Agronomiques de 
Gembloux, Belgique 

 
Abstract. Strawberry fruit have a very short postharvest life, due to grey mold caused by Botrytis 
cinerea. Control of B. cinerea is normally carried out by the application of fungicides. However, 
problems related to the use of fungicides exist. Fungicide resistance has been reported in B. cinerea 
(Washington et al. 1992) and there is a public concern related to the use of fungicides. These problems 
support the need for alternative methods, which must be safe and able to partially replace fungicide 
treatments (Wilson & Wisniewski, 1989). Therefore, the search for biological control agents has been 
intensified in recent years and several microorganisms with high activity have been identified 
(Janisiewiez, 1988; Peng & Sutton, 1991). The aim of this study was to investigate the possibility of 
post-harvest biological control of B. cinerea on strawberry fruits using moderately halophilic bacteria 
isolated from Tunisian Sebkhas. The strawberry fruits were sprayed with the antagonist cell 
suspension (108 CFU/ml) and then 1 h later with a conidial suspension (1×104 /ml) of B. cinerea. The 
fruits were examined for incidence of the disease after storage at 15°C, for 3 to 4 days. Among 60 
moderately halophilic bacteria tested, 11 (18.3%) inhibited efficiently the development of grey mould 
on strawberry fruits. The reduction of disease incidence was ranged from 30 to 100% after 3 days of 
storage. 55% of the effective isolates showed antifungal activity more than 40% after 4 days of 
storage. The most effective isolates were identified by 16S rRNA gene sequencing with conventional 
phenotypic tests as Bacillus pumilus, B. subtilis, B. marismortui, Virgibacillus marismortui, B. 
licheniformis and Halomonas sp. These halotolerant bacteria may be considered as halophilic since 
they grew in media containing 0.5 to 15% NaCl. These strains are a source of hydrolytic enzymes such 
as chitinases, proteases, laminarinases, lipases and cellulases. Correlation between the ability to 
suppress the postharvest disease and to produce extracellular antifungal enzymes, together by 
moderately halophilic bacterial isolates was clearly established. Further studies are needed to correlate 
between production of bioactive compounds and the concentration of salt in the medium. 
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Commercial applications of Shemer for the control of pre- and post-
harvest diseases 
  
Daphna Blachinsky2, Jana Antonov2, Amir Bercovitz2, Beni El-ad2, Katia Feldman2, 
Alice Husid2, Michael Lazare2, Nataly Marcov2, Idan Shamai2, Samir Droby1, 
Mordechai Keren-Zur2  
1 Department of Post-harvest Science, ARO, the Volcani Center, P.O. Box 6, Bet Dagan  
50250, Israel; 

2 Agrogreen Minrav Group - Kiryat Minrav Hi-Tech Park, P.O.Box 153, Ashdod 77101, 
Israel  

 
Abstract: Shemer is a biofungicide based on the yeast Metschnikowia fructicola. The mode of action 
of this yeast is believed to be mainly through competition, with no involvement of antibiotics or toxins 
thus creating a minimal impact on the environment. The commercial product (water dispersible 
granules) is stable under ambient storage conditions, and can be applied through spray or drench 
application systems in the field or in packing-houses. Shemer treatments in commercial packing-
houses significantly reduced the development of Botrytis cinerea on pepper and tomatoes, and of 
Rhizopus stolonifer on sweet potatoes and peaches. Application of Shemer in the field proved useful 
also in post-harvest protection of fruits like raspberry, in which post-harvest treatments are not 
practiced. These results demonstrate the suitability of Shemer for a wide range of crop-pathogen 
situations, agricultural practices and climatic conditions. 
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Selection of Trichoderma spp. isolates to control the bean white-mold 
fungus Sclerotinia sclerotiorum in winter crops 
 
Marcelo A.B. Morandi1, Alan W.V. Pomella2, Elen R. Santos1, Mariana Fernandes1, 
Letícia E. Caovila1, Ana O. Fernandes1 

1 Embrapa Environment, CP 69, 13820-000, Jaguariúna, SP, Brazil, 
e-mail: mmorandi@cnpma.embrapa.br; 

2 Sementes Farroupilha, CP 90, 38702-054, Patos de Minas, MG, Brazil, 
e-mail: alan@sementesfarroupilha.com.br 

 
Abstract: Bean white mold is a destructive disease on autumn-winter crops in Brazil, when daylight 
length is short and the temperature vary from 15 to 25ºC. Chemical control is expensive and can be 
poorly efficient when applied alone. Several Trichoderma species are natural antagonists to S. 
sclerotiorum sclerotia in soil. However, in general the development of the isolates applied as 
biocontrol agents in Brazil are favoured by temperatures above 25ºC. In this case, the use of these 
isolates on autumn-winter crops can be not efficient. The objective of this work was to select 
Trichoderma spp. isolates able to parasitate the pathogen sclerotia in lower temperatures. In the pot 
experiment, twenty isolates of Trichoderma spp. and one of Clonostachys rosea were evaluated. 
Sclerotia were buried in soil and the following treatments were applied: check; Trichoderma spp. 
isolates (300 L/ha suspension volume at 107 conidia/mL); and, fungicide (cerconil, recommended 
dose). After five days at 20±2ºC, the sclerotia were removed from soil and transferred to carrot slices 
over water-agar medium. The number of germinated and parasitized sclerotia was accessed after 10 
days. The experiment was conduced twice in a completely randomized design with seven replications. 
In the micro-plots experiment, two isolates of Trichoderma spp. and one of C. rosea were evaluated. 
The treatments (antagonists, fluazinan, and water check) were applied weekly from 20 days after 
plants emerging until the beginning of pods maturation. The experiment was conduced in a 
randomized block design with three replications. In the pot experiment, the isolates ALF111 and 
ALF409 consistently inhibited the germination and parasitized more than 80% of the sclerotia. Beside 
these, the isolates ALF02, ALF57, ALF66, ALF324 and ALF402 were efficient too. The isolate 172H 
inhibited significantly germination, but it was not capable to parasitize the sclerotia, which suggests 
that other biocontrol mechanisms, such as antibiosis, are involved. Although there were no visible 
symptoms of the white mold disease in the micro-plot experiment, the yield in the treatments with C. 
rosea, ALF66 and Trichode were superior to the check plots. The selected isolates are potential 
biocontrol agents against bean white mold and will be tested in field conditions. 
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In vitro effect of cyanobacteria and algal preparations on 
Colletotrichum lagenarium and on the fungal-cucumber interaction 
 
Danilo Tadashi Tagami Kamimura, André Boldrin Beltrame, Sérgio Florentino 
Pascholati
Plant Disease Physiology Laboratory, Plant Pathology Sector, University of São Paulo 
(USP/Esalq), Piracicaba, SP, Brazil, e-mail: sfpascho@esalq.usp.br  
 
Abstract: The cyanobacteria and algae are potential biological control, and the anthracnose is one of 
the most important diseases on cucumber. The objectives of the work were to study the effects of algal 
preparations on mycelial growth, conidium germination and appressorium formation by C. lagenarium 
and to study the effects of preparations in the expression of disease symptoms in cucumber seedlings. 
The treatments were represented by cell suspensions, intra-cellular content and the culture medium 
filtrate from the cyanobacteria Nostoc sp. 21 and Nostoc sp. 61 as well as from the algal strain 067/02. 
The controls were represented by distilled water, BG11 medium and the resistance inducer 
acibenzolar-S-methyl. The in vitro assays for mycelial growth were carried out on oat-agar medium, 
and the results showed that all the suspensions inhibited growth. For spore germination and 
apressorium formation evaluation, the preparations and C. lagenarium spore suspension were added 
inside wells of ELISA plates. After incubation, the results showed that some of the treatments reduced 
spore germination while the intracellular content stimulated it. On the other hand, the intracellular 
content and the cell suspensions stimulated appressorium formation while de culture filtrate reduced it. 
For in vivo assays, one cotyledonary leaf from cucumber seedlings (Cucumis sativus) was treated with 
one of the preparations. The other cotyledonary leaf was treated with distilled water. After 24 h, a 
spore suspension from C. lagenarium was sprayed onto the two pre-treated cotyledonary leaves. It was 
found that the filtrates from the culture medium reduced locally as well as systemically disease 
symptoms on the seedlings. On the other hand, leaves were also treated and 24 h later inoculated with 
C. lagenarium spores. Fifteen hours after inoculation, the leaves were harvested, bleached, stained, 
and observed under microscope. The results showed that the culture medium filtrates as well as the 
suspensions were able to reduce in vivo spore germination while appressorium formation decreased or 
did not differ from the control treatments, depending upon the preparation used. It can be concluded 
that these microbial agents exhibit potential to control C. lagenarium and maybe other fungal plant 
pathogens. 
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Effect of soil treatments in the development of strategies for the 
control of kiwifruit wood decay  
 
AnnaRita Veronesi1, Roberta Roberti1, Stefano Di Marco2, Adamo D. Rombolà3,  
Fabio Osti2, Moreno Toselli3, Giovanni Sorrenti3

 
1 Dipartimento di Protezione e Valorizzazione Agroalimentare, Alma Mater Studiorum, 
Università di Bologna, Bologna, Italy; 

2 IBIMET, Consiglio Nazionale delle Ricerche, Bologna, Italy; 

3 Dipartimento di Colture Arboree, Alma Mater Studiorum, Università di Bologna, Bologna, 
Italy, e-mail: rroberti@agrsci.unibo.it 

 
Abstract: The effect of different soil treatments, including i) commercial formulations of Trichoderma 
harzianum strain T22 (Rootshield), ii) a mixture of bacteria and fungi (Ekoprop) and iii) silicon, on 
physiological and morphological parameters of potted kiwifruit plants artificially inoculated with 
Fomitiporia mediterranea (Fom) and Phaeoacremonium aleophilum (Pal), has been investigated in 
experiments performed in 2005 and 2006. Glucanase and chitinase activity of leaf proteins, shoot dry 
weight, leaf chlorophyll content and root apparatus development have been detected. Glucanase 
activity, determined in 2006, was increased by Ekoprop and Rootshield, Fom inoculation, Rootshield 
+ Pal inoculation in July and by all treatments + Fom, except for silicon in April, and reduced by 
silicon treatment applied singly. Chitinase activity, detected in 2006, was increased by all single 
treatments and inoculations, by Rootshield + Pal in April, by silicon + Pal in June and by Rootshield 
+ Fom in April. In 2005, all treatments increased shoot dry weight, whereas silicon caused a slightly 
decrease in 2006. In general, the chlorophyll content was not influenced by biological treatments, 
while the root apparatus was enhanced by the treatments. 
 
 
Biocontrol as an alternative for leaf rust management in organically-
grown coffee  

 
Fernando Haddad, Luiz A. Maffia, Eduardo S. G. Mizubuti, Hudson Teixeira 
Departamento de Fitopatologia, Universidade Federal de Viçosa, 36570-000, Viçosa, MG, 
Brazil, e-mail: lamaffia@ufv.br 
 
Abstract: Alternatives to chemicals are required to control leaf rust on organic coffee (OC) 
plantations. Thus we started a research program aiming at rust biocontrol. From 393 bacteria and fungi 
isolated from leaves, debris, and soil from OC farms, 17 isolates reduced both infection frequency and 
number of spores produced/leaf by more than 70%. Seven isolates (six Bacillus sp. and one 
Pseudomonas sp.) were the most efficient in reducing rust severity on ‘Catuaí’ plants, mainly when 
applied before Hemileia vastatrix inoculation. These seven isolates were evaluated in a field 
experiment set in an OC farm in 2005 (E1) and 2006 (E2). Nine treatments (the bacterial isolates, 
copper hydroxide, and water) were applied via 3 (E1) or 4 monthly sprays (E2) and rust incidence (RI) 
was assessed monthly. At E1, sprays started in January, and no treatment reduced rust progress. In 
November 2005, RI reached 5%, and treatment sprays for E2 started. Treatments differed (P<0.0001) 
regarding RI in June, increment in RI from December 2005 to June 2006, and area under disease 
progress curve. Lowest values of the three variables (P<0.0001) were recorded in plots treated with 
copper hydroxide, one isolate of Bacillus sp. and Pseudomonas sp.  
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Population-level evidence of the importance of 2,4-
diacetylphloroglucinol and hydrogen cyanide in plant protection by 
Pseudomonas fluorescens 
 
Fabio Rezzonico1,2, Marcello Zala1, Christoph Keel1,3, Brion Duffy1,4, Yvan Moënne-
Loccoz5, Geneviève Défago1 

1 Phytopathology Group, Institute of Integrative Biology, Swiss Federal Institute of 
Technology (ETH), 8092 Zürich, Switzerland;  

2 SafeCrop Centre, Istituto Agrario di S. Michele all’Adige, 38010 S. Michele all’Adige, Italy;  
3 Département de Microbiologie Fondamentale, Université de Lausanne, 1015 Lausanne, 
Switzerland; 

4 Agroscope ACW Wädenswil-Changins, 8820 Wädenswil, Switzerland; 
5 UMR CNRS 5557 Ecologie Microbienne, IFR 41 Bio-Environnement et Santé, Université 
Lyon 1, 69622 Villeurbanne cedex, France 

 
Abstract: Mutant analysis has shown that hydrogen cyanide and 2,4-diacetylphloroglucinol contribute 
to biocontrol by pseudomonads, but for 2,4-diacetylphloroglucinol this was not confirmed by 
population studies of biocontrol strains. Here, in planta comparison of 230 biocontrol pseudomonads 
from a screening of 3132 bacterial isolates obtained from 63 soils world-wide showed that cyanide and 
especially 2,4-diacetylphloroglucinol were indeed associated with superior biocontrol in the Pythium 
ultimum-cucumber and Fusarium oxysporum-tomato pathosystems. 
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Molecular strategies to study different mode of action of rhizobacterial 
strains with biocontrol activity in the Rosellinia/ avocado test system 

 
Francisco Cazorla1, Cayo Ramos2, Clara Pliego2,3, Rosa Martín-Pérez1, Antonio de 
Vicente1 
1 Departmento de Microbiología;2 Area de Genética, Facultad de Ciencias, Universidad de 
Málaga, Campus Universitario de Teatinos, s/n, 29071-Málaga; 

3 CIFA-Málaga, IFAPA, C.I.C.E., Cortijo de la Cruz s/n, 29140-Churriana, Málaga, Spain, 
e-mail: cazorla@uma.es 

 
Abstract: Avocado (Persea americana L.) is a crop recently introduced in Southern Europe with 
promising economic perspectives. The most destructive disease of this crop in the Mediterranean area 
is white root rot, caused by the fungus Rosellinia necatrix. Control of white root rot is complex, and 
recently, different microorganisms with potential biocontrol activity have been isolated and identified 
in order to improve in the future the integrated management of this crop. To improve knowledge on 
the mode of action of these biocontrol microorganisms, different strategies were carried out, mainly 
based in the construction of mutants. 

A first strategy was studied on the antagonistic rhizobacterial strain Pseudomonas fluorescens 
PCL1606, which only produced the antibiotic 2-hexyl, 5-propyl resorcinol (HPR). In order to study 
the role of HPR in biocontrol, two approaches of mutagenesis were carried out. The first approach was 
the construction of derivative strains impaired in the antagonistic activity by Tn5 mutagenesis. The 
Tn5 flanking regions were analyzed, revealing putative genes involved in the production of HPR. A 
second approach was carried out by site-directed mutagenesis in an operon previously described in P. 
aurantiaca, and involved in the HPR biosynthesis (dar operon). Some dar genes were detected in P. 
fluorescens PCL1606. Site-directed mutants on these genes in P. fluorescens PCL1606 showed 
reduction in the antagonistic activity against different fungi. In both types of mutants, production of 
HPR was assessed, and biocontrol experiments on experimental test systems were carried out, 
showing reduction of the protection levels when using these derivative mutants. 

A second strategy was based on rhizobacterial strains with colonization traits. Several bacterial 
strains were isolated from the roots of symptomless avocado trees, and some of them could prevent in 
vitro growth of R. necatrix. Colonization of avocado roots by these strains was tested in vivo and, two 
strains of P. alcaligenes (GBF.1.11 and GBF.2.18) were selected by their high colonization efficiency. 
None of these strains produced detectable antifungal antibiotics. Biocontrol assays against R. necatrix 
showed that while GBF.2.18 could prevent fungal growth, GBF.1.11 did not. To reveal the 
importance of the colonization in the biological control process, two different genetic approaches were 
used to enhance root tip colonization on these isolates by: a) direct selection from a mini-Tn5 pool of 
mutants; b) knock-out of mutY in Pseudomonas spp. Loss of this function in a P. fluorescens strain 
has been reported to increase the number of spontaneous mutations. Inoculation of a mutY mutant into 
the root system of tomato selected for strains showing enhanced competitive root tip colonization. 
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Mode of action of Bacillus subtilis as biocontrol agent of fruit diseases 
 
Lise Korsten, Wilma Havenga, Karin Zeeman, Thierry Regnier 
Department of Microbiology and Plant Pathology, University of Pretoria, Pretoria 0002, 
South Africa, e-mail: lise.korsten@up.ac.za 
 
Abstract: South Africa is a major fresh fruit exporting country to the European community. This 
requires that export fruit must adhere to international quality and safety standards and comply with 
European Union and retailer maximum residue limits. Due to the lack, or prohibited use, of effective 
fungicides to protect fresh produce during extensive shipping and distribution systems, as well as 
stringent MRL requirements, producers are more reliant on safe biocontrol alternatives. Although 
biological control products can provide effective alternative means of controlling disease, consistent 
product performance remains a major challenge and requires a deeper understanding of how 
biocontrol- and pathosystems function over time and space. This study focuses on the different modes 
of action of one commercial biocontrol agent, Bacillus subtilis (Avogreen®), registered for control of 
avocado pre- and postharvest diseases, i.e. Cercospora spot and anthracnose, and compares it with 
similar potential biocontrol agents of citrus (B. subtilis and B. licheniformis), mango (B. licheniformis) 
and the antagonistic yeasts Candida sake and Cryptococcus laurentii on citrus. Mode of action studies 
included in vitro dual culture methods, volatile assessment studies, production of siderophores and 
secondary compounds, and direct interaction assessed with electron microscopy. The antagonist B. 
subtilis directly interacted with Colletotrichum gloeosporioides on avocado fruit. Diffusible inhibitory 
metabolites, volatiles, siderophores and enzymes were produced in vitro. The other Bacillus 
antagonists on mango and citrus were mainly reliant on antibiosis, competition and volatile 
production. Bacillus spp. relied on several modes of action, whereas the yeasts were predominantly 
competitive colonizers. 
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Comparative genomics and regulation of cyclic lipopeptide synthesis in 
antagonistic Pseudomonas fluorescens 
 
Irene de Bruijn, Maarten J.D. de Kock, Jos M. Raaijmakers 
Laboratory of Phytopathology, Wageningen University, Binnenhaven 5,  
6709 PD Wageningen, The Netherlands, e-mail: Jos.Raaijmakers@wur.nl 
 
Abstract: Cyclic lipopeptides are produced by a variety of bacteria, including plant-associated 
Pseudomonas and Bacillus species. Ps. fluorescens strain R1SS101, isolated from the wheat 
rhizosphere, has biocontrol activity against a variety of plant pathogens. The activity of strain 
R1SS101 is determined, in part, by the production of massetolide A, a cyclic lipopeptide surfactant of 
nine amino acids linked to a 10-C fatty acid. Massetolide A lyses zoospores of oomycete pathogens, 
including Phytophthora and Pythium species, and is involved in the attachment-detachment to surfaces 
and in motility of strain R1SS101. Massetolide A deficient mutants were generated by random 
mutagenesis and approximately 25 genes involved in massetolide A production were identified. 
Among these were three large non-ribosomal peptide synthetase (NRPS) genes, designated massA, 
massB and massC, with a total size of approximately 30-kb. The massA-C genes harbor in total nine 
modules with adenylation, condensation and thiolation domains. The predicted specificity-conferring 
codes of the nine adenylation domains in MassABC are consistent with the number and composition 
of the amino acids in the peptide moiety of massetolide A. Despite the colinearity between gene 
sequence and products, the massA gene is disconnected from the massBC genes. Furthermore, internal 
epimerization domains are lacking in the massetolide A synthetic template, suggesting that external 
racemases are responsible for the L- to D-conversion of the amino acids in the peptide moiety of 
massetolide A. In addition to these structural genes, a number of regulatory genes involved in 
massetolide A production were identified, including the gacA/gacS two-component regulatory genes. 
Our current knowledge on the activity, biosynthesis and regulation of cyclic lipopeptide synthesis in 
antagonistic strains of Ps. fluorescens will be presented in detail. 
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Synergy between phenazines and biosurfactants in the biological 
control of Pythium induced soil-borne diseases is a general 
phenomenon in fluorescent pseudomonads 

 

Maaike Perneel, Liesbet D’Hondt, Amayana Adiobo, Katrien De Maeyer, Monica Höfte 

Laboratory of Phytopathology, Department Crop Protection, Ghent University, Coupure 
Links 653, B-9000 Gent, Belgium, e-mail: monica hofte@ugent.be 
 
Abstract: Phenazines and rhamnolipid-biosurfactants produced by Pseudomonas aeruginosa PNA1 
act in synergy in the biological control of Pythium spp. In this study, we investigated whether a 
synergistic interaction between phenazines and biosurfactants occurs in other fluorescent 
pseudomonads as well. Plant experiments demonstrated that synergy between phenazines and 
biosurfactants may also occur in other fluorescent pseudomonads such as the WT strains Pseudomonas 
chlororaphis PCL1391, Pseudomonas CMR5c and CMR12a. Biosurfactant or phenazine mutants of 
these WT strains lost all biocontrol activity, despite the fact that the mutants still produced one of the 
antifungal metabolites (phenazines, biosurfactants). Furthermore, we investigated if all phenazine-
producing pseudomonads synthesize biosurfactants. A collection of 25 phenazine-producing wild type 
strains was tested for the production of biosurfactant with the drop collapse technique. Forty percent 
of all phenazine-producing bacteria had the ability to synthesize biosurfactants. Interestingly, there 
appeared to be an inherent link between the production of biosurfactants and PCN since all 
biosurfactant-producing WT strains produced PCN.  
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PGPR-induced systemic resistance in rice 
 
David De Vleesschauwer, Monica Höfte 
Department of Phytopathology, Ghent University, Faculty of Applied Biological Sciences, 
Ghent, Belgium, e-mail: David.DeVleesschauwer@UGent.be 
 
Abstract: Induced resistance can be defined as the phenomenon by which plants exhibit increased 
levels of resistance to a broad spectrum of pathogens by prior activation of genetically programmed 
defense pathways. To date, molecular biology research aimed towards understanding induced 
resistance mechanisms has focused mainly on dicotyledoneous model plant species such as 
Arabidopsis thaliana and tobacco. Conversely, in the class of Monocotyledoneae, including the most 
important agronomic cereals, molecular information on chemically and biologically induced resistance 
mechanisms is largely missing. The aim of our research is to assess whether selected non-pathogenic 
plant-growth promoting rhizobacteria (PGPR), which have been shown previously to mount induced 
systemic resistance (ISR) in dicots, are also capable of triggering ISR in rice against major fungal 
pathogens such as Magnaporthe grisea and Rhizoctonia solani and if so, to elucidate the bacterial 
determinants and plant defense pathways involved in this process. 

Although a clear protective effect against M. grisea was observed, Pseudomonas aeruginosa 
7NSK2 proved unable to consistently reduce R. solani infection severity. Whereas 7NSK2 activates 
ISR in dicots through a synergistic interaction of the siderophore pyochelin and the antibiotic 
pyocyanin, only mutations interfering with pyocyanin production led to a significant decrease in ISR 
to M. grisea in rice. Moreover, pyocyanin concentrations as low as 50 pM applied to the roots of 
hydroponically grown rice seedlings mimicked the ISR effect. Intriguingly, pyocyanin-deficient 
mutants, unlike the wild-type strain, significantly reduced sheath blight disease severity while 
pyocyanin feeding favoured subsequent infection by R. solani. Biochemical analyses in a gnotobiotic 
rice-growing system demonstrated that application of redox-active pyocyanin to the roots triggers 
reiterative H2O2 microbursts in planta. Although root treatment with pyocyanin, at least in the pico- 
and nanomolar range, did not induce visible cell death by itself, nor in local nor in systemic tissue, a 
marked increase in the number of HR-expressing epidermal penetration sites was observed in response 
to infection with M. grisea. Furthermore, pyocyanin feeding provoked intense browning of epidermal 
cells ahead of R. solani invasion. Addition of the antioxidant ascorbate to the pyocyanin feeding 
solution abrogated these pyocyanin-mediated host responses. Hence, transient pyocyanin-induced 
H2O2 microbursts and related HR-like cell death act as a double-edged sword in 7NSK2-mediated ISR. 
In line with this concept, cytological studies revealed that Serratia plymuthica strain IC1270, which is 
a potent inducer of ISR to M. grisea but fails to mount resistance to R. solani, primes rice seedlings for 
potentiated systemic generation of reactive oxygen species in response to wounding or pathogen 
infection.  
    Interestingly, root treatment with Pseudomonas fluorescens strain WCS374 effectively protected 
rice plants against both M. grisea and R. solani. A combination of mutant analysis and experiments 
using purified compounds demonstrated that the bacterial determinants of WCS374-triggered ISR are 
the siderophores pseudobactin and salicylic acid. Currently, we are investigating the molecular 
mechanisms underlying WCS374-mediated ISR.  
    This study provides new insights into the molecular biology underlying the phenomenon of ISR in 
the model plant rice and sheds new light on the differential beneficial effect of the oxidative burst as 
defense response against hemibiotrophic (M. grisea) and necrotrophic rice (R. solani) pathogens.  
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PGPR-induced systemic resistance: activity of amphiphilic 
elicitors and structural analogues on different plant species 
 
Emmanuel Jourdan, Marc Ongena, Akram Adam, Philippe Thonart 
Centre Wallon de Biologie Industrielle, Service de Technologie Microbienne, University of 
Liège, B-4000 Liège and Unité de Bioindustries, University of Agricultural Sciences, B-5030 
Gembloux, Belgium, e-mail: emmanuel.jourdan@student.ulg.ac.be  
 
Abstract: Some non-pathogenic microorganisms can induce disease resistance mechanisms expressed 
systemically in the host plant thereby rendering it less susceptible to further attack by pathogens. In 
this study, we have investigated the role of bacterial compounds as elicitors of the induced systemic 
resistance. Lipopeptides, especially surfactin and fengycin, produced by Bacillus subtilis strains are 
able to stimulate bean and tomato plants and decrease the impact of subsequent pathogen infection. 
Preliminary experiments on tobacco cells showed that surfactine induces some modifications in the 
phenylpropanoid pathway. Amphiphilic properties of lipopeptides and NABD, the elicitor isolated 
from Pseudomonas putida strain BTP1, could be responsible for their activities on plant cells. 
 

 
Potential and use of molecular techniques to understand the 
mechanisms of action of fungal biocontrol agents  
 
Sébastien Massart, M. Haïssam Jijakli 
Plant Pathology Unit, Faculté Universitaire des Sciences Agronomiques de Gembloux, 
Passage des Déportés, 2, 5030 Gembloux, Belgium, e-mail: jijakli.h@fsagx.ac.be 
 
Abstract: Biological control of fungal plant pathogens appears to be an attractive and realistic 
approach and, so far, numerous micro-organisms have been identified as biocontrol agents. Up to now, 
numerous efforts have been made to understand the mechanisms of action of fungal biocontrol agents. 
Microbiological, microscopic and biochemical techniques have been used for many years. They 
improved the knowledge on the mechanisms of action but failed to fully demonstrate them. More 
recently, the development of molecular techniques has provided to the researchers innovative and 
alternative tools to understand and to demonstrate the mechanisms involved in the biocontrol 
properties. So far, more than 60 publications used molecular techniques to study the mechanisms of 
action of biocontrol agents through targeted or non targeted gene isolation, gene expression study, 
gene inactivation, gene over-expression and regulation factors study. These techniques allowed 
significant advances in the understanding of the mechanisms of action involved in biocontrol 
properties. Furthermore, they also fully demonstrated the involvement of targeted mechanisms of 
actions of some biocontrol agents. The objectives of this presentation are to review the techniques 
already used and to evaluate their potential and their limitations for studying the mechanisms of 
action. Finaly, this review aims to provide a guide for the researchers who want to study the molecular 
basis of the biocontrol properties of their biocontrol agents. 
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Evaluation and mode of action of Trichoderma isolates as biocontrol 
agents against plant-parasitic nematodes 
 
Yitzhak Spiegel1,2, Edna Sharon1, Meira Bar-Eyal1, Ajay Maghodia1, Alfons Vanachter2, 
Ado van Assche2, Stefan van Kerckhove2, Ada Viterbo3, Ilan Chet 3  
1 Division of Nematology, ARO, The Volcani Center, Bet Dagan 50250, Israel, e-mail: 
spiegely@volcani.agri.gov.il  

2 Scientia Terrae Research Institute (STRI), 2860 Sint Katelijne-Waver, Belgium; 
3 Department of Plant Sciences, Weizmann Institute of Science, Rehovot, Israel  
 
Abstract: Seven Trichoderma isolates [T. asperellum (T-34, T-203, T-44 & T-GH11), T. atroviride 
(T-IMI 206040), T. hamatum (T-382) and T. harzianum (T-248)] exhibited the ability to biocontrol 
plant-parasitic nematodes such as the root-knot nematodes, Meloidogyne incognita and M. javanica 
(endo-parasites). This nematicidal activity was examined in vitro, in growth-chambers and in micro-
plots, with 3 crops (cucumber, lettuce and tomato) and in two different soil types. All 7 isolates 
increased top fresh weights and reduced galling indices, as compared to nematode-infected non-treated 
plants. The fungus-nematode interactions included several direct and indirect mechanisms that took 
place in soil and in plant roots. Parasitism of Trichoderma on different nematode life-stages was 
examined in vitro, and in planta on fungus-treated tomato plants using a constitutively expressing GFP 
(green fluorescent protein) construct of T-203. Both pre-infective, infective second-stage juveniles 
(J2) and eggs of Meloidogyne were colonized by the fungus. It also colonized J2 penetration holes 
within the roots. Egg-masses, covered by the gelatinous matrix (GM), and females dissected from 
Trichoderma-treated roots were found to be colonized by the fungus. GM-coated nylon fibers were 
used to demonstrate the important role of the GM in fungal spore attachment and induction of fungal 
parasitic growth patterns such as coiling. Fucose-specific antibody and a fucose-binding lectin 
enhanced spore attachment to the nematode surface. Proteinase Prb1 in T. atroviride and other 
proteases in different Trichoderma isolates were involved in nematode parasitism. The induction of 
chitinolytic activities during parasitism on nematode eggs and egg-masses was demonstrated by using 
GFP-reporter fungal constructs of the endochitinases CHIT36 and CHIT42 and the N-acetyl-
glucosaminidases CHIT102 and Nag1, in T. asperellum-203 and T. atroviride. The role of induced 
systemic resistance in the biocontrol activity was evaluated in a split-root system: significant 
reductions in root penetration, nematode development inhibition within all life stages, galling indices 
and subsequent retardation in reproducibility, were recorded in the root halves that were not directly 
treated with Trichoderma. 
 
 

 25



 

The increase in endochitinases and �-1,3-glucanases in the mutant 
Th650-NG7 of the Trichoderma harzianum Th650, improves the 
biocontrol activity on Rhizoctonia solani infecting tomato 
 
Luz M. Pérez1, Rubén Polanco1, Juan C. Ríos1, Jaime Montealegre2, Luis Valderrama2, 
Rodrigo Herrera2, Ximena Besoaín3 

1 Departamento de Ciencias Biológicas, Facultad Ciencias de la Salud, Universidad Andrés 
Bello. República 217, 3° Piso, Santiago, Chile; 

2 Departamento de Sanidad Vegetal, Facultad de Ciencias Agronómicas, Universidad de 
Chile, Avda. Santa Rosa 11315 Santiago, Chile; 

3 Facultad de Agronomía, P. Universidad Católica de Valparaíso, Quillota, Chile,  
e-mail: lperez@unab.cl  

 
Abstract: The mutant Th650-NG7 obtained after treatment of a wild isolate of T. harzianum (Th650) 
with N-methyl-N-nitro-N-nitrosoguanidine (NG), increased two and four fold total β-1,3-glucanase 
and endochitinase activities, respectively, and improved the biocontrol activity on R. solani. 
Glasshouse assays showed that Th650-NG7 prevented the 60 and 20% mortality observed in tomato 
plants of cvs. 92.95 and Gondola respectively, as a consequence of their inoculation with high 
pressure of R. solani and the parental strain (Th650). Results show a correlation between biocontrol 
ability of Th650-NG7 and secretion of R. solani cell wall hydrolyzing enzymes.  
 
 
Pathogenicity genes in the sclerotial mycoparasite Coniothyrium 
minitans 
 
John M. Whipps, Chris Rogers, S. Muthumeenakshi, S. Sreenivasaprasad, Mike Challen 
Warwick HRI, University of Warwick, Wellesbourne, Warwick, CV35 9EF, UK, 
e-mail: john.whipps@warwick.ac.uk 
 
Abstract: Coniothyrium minitans is a fungal biocontrol agent of the plant pathogen Sclerotinia 
sclerotiorum. It attacks the sclerotia of the pathogen in the soil, reducing the inoculum potential and 
decreasing disease. Although its ability to attack sclerotia has been known for a long time, there is 
little information concerning the process of sclerotial colonisation at the molecular level. We are using 
a range of gene identification and characterisation approaches to dissect the mechanisms of sclerotial 
mycoparasitism in this interaction. The first approach used suppression subtraction hybridisation 
between cDNA from C. minitans grown in culture and C. minitans colonising sclerotia of S. 
sclerotiorum. A subtracted library of 672 clones containing cDNA fragments of putative upregulated 
genes was established. Sequencing of these cDNA clones and bioinformatics analysis led to the 
identification of 251 ESTs and assignment of putative functions. Dot blot and virtual Northern 
analysis showed different levels of upregulation of various C. minitans genes during sclerotial 
colonisation. The second approach involved insertional mutagenesis of C. minitans using REMI and 
T-DNA tagging. Nine pathogenicity mutants were obtained from a panel of over 4000 transformants. 
Genes with similarity to the PIF1 helicase of Neurospora crassa and PTH11 of Magnaporthe grisea 
were amongst those identified. Molecular characterisation and analysis of these pathogenicity mutants 
is now underway. The final approach has been to isolate genes putatively involved in signalling and 
colonisation from sequence information available in other pathogenic systems. Using PCR based 
methods and a genomic macroarray, pkaC, pmk1, and cmg1 genes have been obtained from C. 
minitans. Characterisation of some potentially key genes has now begun and gene silencing and 
complementation studies to investigate their role in sclerotial parasitism have been initiated. 
Trichoderma harzianum T39 activity against Plasmopara viticola  
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Antonella Vecchione1, Dagostin Silvia2

, Luca Zulini1, Ilaria Pertot2 
1 Agricultural Resources Department, IASMA, via Mach 1, 38010 San Michele all’Adige, 
Trento, Italy, e-mail: silvia.dagostin@iasm.it; 

2 SafeCrop Centre, via Mach 1, 38010 San Michele all’Adige, Trento, Italy 
 
Abstract: Several strains of Trichoderma harzianum have the ability to protect crops from various 
diseases and were developed up to commercial plant protection products. T. harzianum strain T39 
(TRICHODEX) is particular interesting as it was indicated to reduce several diseases. However, to 
optimize control potential of the product it is relevant to understand its mode of action, the efficacy in 
controlling various stages of the disease and the potential interaction through the host plant. We 
focused on the mode of action of T. harzianum T39 in controlling Plasmopara viticola, the causal 
agent of grapevine downy mildew. In vitro and in planta tests were performed to test the effect of T. 
harzianum T39 on sporangia and oospores germination and on artificial infections under greenhouse 
controlled conditions and on natural infections in field experiments. T. harzianum T39 was not able to 
prevent oospore germination. No visible effect on sporangia and no prevention of zoospore release 
were detected, but the leaf disk assays highlighted the ability of the biocontrol agent to prevent P. 
viticola infections. Under greenhouse conditions, on artificially inoculated plants, T. harzianum T39 is 
more effective when applied before inoculation and more than one time. This and the absence of direct 
toxic effect on zoospores can indicate the induction of resistance in the plant. Certain disease control 
was reached in field trials, however, at a lower level compared to the standard reference (copper). 
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Simultaneous disruption of two exo-β-1,3-glucanase genes of Pichia 
anomala significantly reduced the biological control efficiency against 
Botrytis cinerea and Penicillium expansum on apples 
 
Damien Friel, M. Haïssam Jijakli 
Plant pathology Unit, University of Agricultural Sciences, Gembloux, Belgium 
 
Abstract: Pichia anomala (strain K), antagonistic yeast against Botrytis cinerea and Penicillium 
expansum on apples, may constitute an effective solution to be included in an integrated pest 
management programme aiming at reducing the environmental depredation caused by synthetic 
fungicides.  

During a first molecular analysis of the modes of action, lytic enzymes were studied by cloning 
and sequencing of two genes coding for exo-β-1,3-glucanases (PAEXG1, encoding anchored Paexg1p 
and PAEXG2, encoding secreted Paexg2p). Separated inactivation of both genes didn’t affect the 
biological control properties of strain K despite previous biochemical results suggesting an opposite 
conclusion. 

A selection marker recycling strategy (URA3-Blaster) was recently adapted to P. anomala strain 
K, allowing multiple disruptions with the sole URA3 marker gene. This new molecular tool led to the 
simultaneous inactivation of both PAEXG1 and PAEXG2 genes into a single strain. The biocontrol 
efficiency, against B. cinerea and P. expansum, of the resulting new mutated strains was significantly 
affected after application on wounded apples. For the first time in the field of biological control, 
glucanase-mutated strains of yeast offered a lower level of protection as compared to the level of 
parental strains. Furthermore, the difference of protective level between glucanase-mutated strains and 
wild strain was significantly influenced by the yeast inoculum concentration and physiological stage 
of the fruit. The overall results underlined the complexity of the antagonistic relationship established 
within the host-antagonist-pathogen system. 
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Ultrastructural changes in Sclerotinia sclerotiorum sclerotia treated 
with Berberis vulgaris plant extract 
 
Marcel Pârvu1, Oana Roşca-Casian1, Constantin Crăciun2, Lucian Barbu-Tudoran1,2, 
Laurian Vlase3, Mircea Tămaş4, Rozalia Danciu5 
1 Department of Taxonomy and Ecology, "Babeş-Bolyai" University of Cluj-Napoca, Faculty 
of Biology and Geology, Cluj-Napoca, Romania, e-mail: mparvucluj@yahoo.com, 
42 Republicii Street, 400015; 

2 Center for Electron Microscopy, "Babeş-Bolyai" University of Cluj-Napoca, Romania;  
3 Department of Pharmaceutical Technology & Biopharmaceutics, "Iuliu Haţieganu" 
University of Medicine and Pharmacy, Faculty of Pharmacy, Cluj-Napoca, Romania;  

4 Department of Pharmaceutical Botany, "Iuliu Haţieganu" University of Medicine and 
Pharmacy, Faculty of Pharmacy, Cluj-Napoca, Romania; 

5 Department of Biology, "Al. I. Cuza" University of Iaşi, Faculty of Biology, Iaşi, Romania 
 
Abstract: Berberis vulgaris hydroalcoholic plant extract was obtained from stem bark, was analysed 
regarding the berberine content and was tested, in different concentrations, against the germination 
and growth of Sclerotinia sclerotiorum fungus on nutritive medium. In minimum fungicidal 
concentration, Berberis vulgaris plant extract, caused important ultrastructural changes of hyphae’s 
and plasmic membrane’s cell wall, of cytoplasmic content, etc., in the external and internal zone of 
sclerotia and caused their loss of germination capacity. 
 
 
Biocontrol of Rhizoctonia solani in tomato with Trichoderma 
harzianum mutants 
 
Jaime Montealegre1, Luis Valderrama1, Rodrigo Herrera1, Ximena Besoaín2,  
Luz M. Pérez3 

1 Departamento de Sanidad Vegetal, U. de Chile; 

2 Pontificia U. Católica de Valparaíso; 

3 U. Andrés Bell., Casilla 1004, Santiago, Chile, e-mail: jmonteal@uchile.cl 
 
Abstract: Biocontrol of Rhizoctonia solani in glasshouse tomatoes was analysed using Trichoderma 
harzianum mutants. These were obtained from wild strains of T. harzianum (previously selected for 
their good biocontrol activity), after treatment with N-methyl-N-nitro-N-nitrosoguanidine (NG) or UV 
light A (320 nm) or C (256 nm). Pellets containing different Trichoderma strains and selected mutants 
(1.7 g pellet/L soil) were applied to a soil previously inoculated with R. solani AG 4 at transplant. 
Controls without Trichoderma and with added fungicide were compared with each wild strain and 
mutant. Evaluations considered canker formation, root growth, mortality and fresh and dry weight of 
tomato plants of cvs. 92.95 and Góndola. Also the persistence in soil under storage conditions at 22 
and 5ºC was evaluated. Results showed that mutants controlled better R. solani than their 
corresponding wild strains. Th 12 A10.1, Th 11 A 80.1 and NG 7 were the best mutants for control of 
R. solani in cv. 92.95; while in the cv. Góndola were not observed statistical differences in the 
different strains. In general these results indicate that the mutants mentioned above are more efficient 
than their corresponding wild types for the control of R. solani under high pressure of disease in 
glasshouse conditions, and have a good persistence in the soil under storage conditions at 22 and 5ºC. 
Experiments under greenhouse conditions are being carried out. 
 
 
The plant growth promoting and plant strengthening effects of 
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Trichoderma harzianum strain T- (TRIANUM) on horticultural crops 
 
Marlies Dissevelt, Willem Ravensberg 
Koppert Biological Systems, Veilingweg 17, 2651 BE, Berkel en Rodenrijs, the Netherlands, 
e-mail: mdissevelt@koppert.nl 
 
Abstract: Since 1999 Koppert Biological Systems has investigated the effect of Trichoderma 
harzianum strain T-22 (TRIANUM) on overall plant development in many different crops, in various 
substrates, under different climatic conditions. Research was carried out under (semi-) field conditions, 
sometimes in the presence of (naturally occurring or inoculated) soil-borne diseases. 

Plant growth promoting and plant strengthening effects were obtained in a wide range of crops 
in the Netherlands, France, Spain and the United Kingdom. Plants, treated with TRIANUM showed a 
better developed root system (chrysanthemum, Calistephus, tomato), more flower buds (Kalanchoe, 
Lysianthus, Saintpaulia, Poinsettia), earlier flowering (Kalanchoe), a more uniform crop (Ficus, 
Dizygotheca, Chrysanthemum), a higher plant weight (Kalanchoe, Lysianthus, lettuce) and a higher 
yield (tomato, cucumber and bean). As TRIANUM increases the resistance of plants to stress (caused 
by diseases or sub-optimal conditions), plant strengthening effects like reduced plant loss and better 
plant development under stress conditions were observed in different crops (Cosmos, Impatiens, Viola 
and raspberry). In this paper an overview is given of the results obtained in ornamental crops, grown 
in organic substrates, in various countries. Also the performance of TRIANUM in other crops and 
substrates, like rockwool, and different application methods, are discussed. 
 
 
Antifungical activity of secondary metabolites from the biocontroller 
Beauveria bassiana (Bals.) Vuillemin on orange coffee rust Hemileia 
vastatrix 
 
Jorge W. Arboleda V.1, Arnubio Valencia J.2, Gustavo A. Ossa O.1, Álvaro L. Gaitán1 
1 Plant Pathology Department, National Coffee Research Center, CENICAFÉ, Planalto, 
Chinchiná, Caldas, Colombia, e-mail: gustavo.ossa@cafedecolombia.com; 

2 Department of Plant Breeding, University of Caldas, Manizales, Colombia 
 
Abstract: Beauveria bassiana is an entomopathogenic fungus used for biological control of several 
insect pests. Part of this biological activity is attributed to the action of some toxins such as 
Beauvericin (BEA) and Basianin. In the present research work, the antimicrobial activity of these 
metabolites was evaluated by using the Coffee Rust as model. The results show significant statistical 
differences in average germination between treatments and controls (H20 and culture media), as well 
as between treatment doses. A linear increase of inhibiting effect on rust germination as response to 
increasing in toxins concentration was observed. In addition, significant statistical differences were 
observed among the treatments in relation with the control, when the disease curves constructed on 
infection indices were evaluated. This opens a potential area for the use of these metabolites as 
complementary tools for disease management, not only in coffee but also in other crops. 
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Molecular study of the yeast Pichia anomala strain K by inactivation 
of genes using the URA-Blaster technique 
 
Falmagne Nicolas, M. Haïssam Jijakli 
Plant Pathology Unit, University of Agricultural Sciences, 5030 Gembloux, Belgium,  
e-mail: falmagne.n@fsagx.ac.be 
 
Abstract: The yeast Pichia anomala strain K has been selected for its antagonistic activity against 
Botrytis cinerea, one of the most important pathogen of apples in postharvest environnement. As a 
biocontrol agent, this yeast constitutes an interesting alternative to chemical treatments. In order to 
improve its antagonistic activity, the modes of action of the yeast have to be studied more deeply. 
    A recycling strategy for selection marker (URA3-Blaster) was recently adapted to Pichia anomala 
and successfully applied for successive inactivation of 2 genes coding for Exo-ß-1,3-glucanases (Friel 
et al.). Ten genes are potentially involved in the antagonist relation of P. anomala have been identified 
by cDNA-AFLP (Massart et al., 2006). Those genes were all overexpressed when the yeast was grown 
on a medium supplemented with cell walls of B. cinerea. Regarding to their potential function, 5 genes 
have been selected and are currently separetly inactivated. The biocontrol efficiency of new mutated 
strains will be evaluated during in vivo experiments and compared with the parental strain K. Results 
will be discussed. 
 
 
Fluorescent microscopic studies in the interactions of Pichia anomala 
and Aspergillus flavus 
 
Sui-Sheng T. Hua, Maria Brandl, Jeffrey G. Eng 
U. S. Department of Agriculture, Agricultural Research Services, Western Regional Research 
Center, Albany, CA 94710, USA, e-mail: ssth@pw.usda.gov  
 
Abstract: Pichia anomala Strain WRL-076 has been used as a biocontrol agent to reduce aflatoxin, 
growth and spore production of Aspergillus flavu.s. The objective of this study was to probe the 
antagonistic effect of the yeast, P. anomala against A flavus by using a vital fluorescent stain, FUN-1. 
Yeast and fungi were inoculated into a 250 ml-flask containing 50 ml potato dextrose broth (PDB) at 
yeast to fungus (Y : F) ratios of 1:1, 5:1, 10:1, 30:1 and 50:1. Hyphae of A. flavus were harvested and 
stained by a fluorescent compound, FUN-1 and then viewed through a Leica DMRB epifluorescence 
microscope. Metabolically active A. flavus hyphae accumulated red fluorescence in vacuoles, while 
hyphae that were inhibited by P. anomala stained green. The result indicates that the yeast might 
inhibit the ATP system of A. flavus, which resulted in significant reduction in fungal biomass.  
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Study of the modes of action of two biocontrol agents Z1 and ZH2 
 
Rkia Drider1, Damien Friel2, Mohamed El Guilli1, Ahmed Rogai1, Mohamed Ibriz3,  
M. Haïssam Jijakli2 

1 Laboratoire de Phytopathologie, Domaine El Menzeh, Kenitra INRA-MAROC; 
2 Unité de Phytopathologie, Faculté Universitaire des Sciences Agronomiques de Gembloux- 
Belgique; 

3 Faculté des Sciences, Université Ibn Toufail-Kenitra-Maroc 
 
Abstract: Penicillium italicum represents, together with P. digitatum, Geotrichum candidum and 
Phytophtora citrophtora, one of the most important postharvest diseases on citrus. Lost in storage 
conditions can reach 60% in the absence of treatments. Beside the classical chemical treatments, 
hazardous for consumers and environment, there is a need for alternative control methods. Biological 
control, susceptible to complete an integrated management program constitutes, in this context, an 
interesting approach. 
    Two biocontrol agents (Z1, yeast strain and Zh2, bacterial strain) were isolated from Citrus fruits 
surface and selected for their effectiveness against P. italicum. To go further into the development of a 
biopesticide, the modes of action of both strains must be understood. The aim of this study was to 
evaluate the possibility of competition for nutrients and the antibiotic production of each antagonistic 
strain. 
    Competition for nutriments between both antagonists and P. italicum was in vitro tested according 
to Janisiewicz et al. (2000). Pathogen (in the cylinder) and BCAs (in the well) were separated by filter 
allowing the diffusion of nutriments only. Spore germination of the pathogen was quantified under 
microscope, after growing in medium supplemented with increasing amount (0.1, 0.5, 1, 5, 10 and 
15%) of natural orange juice.  
    Strain Z1 inhibited the spore germination, as compared to control, for the low juice concentration 
(up to 5%). The addition of fresh juice after antagonist removal allowed the restoration of the 
germination. This suggests the possible implication of competition for nutrients in the biocontrol 
activity of Z1. The experiments were repeated with bacterial strain ZH2 but didn’t underline any 
competition symptom. 
    The antibiotic production was in vitro tested for the two strains, by co-inoculation with P. italicum 
on Petri plates. Two media (NYDA and YEPD for Z1, PCA and PDA for ZH2) and 4 co-inoculation 
distances (1, 2, 3 and 4 cm) were tested for each strain. A growth inhibition of the pathogen was 
observed after co-inoculation with ZH2 on PCA medium. Nevertheless, a co-inoculation on agar-
supplemented orange juice medium didn't confirm the results, suggesting a high influence of the 
medium on the antibiotic production. No antibiosis symptom was detected for strain Z1 against P. 
italicum. 
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Effect of the biological control strain Serratia plymuthica HRO-C48 on 
verticillium wilt of olive trees cv. Arbequina 
 
Henry Müller1, Elena Tejedor-González2, Jesús Mercado-Blanco2,  
Dolores Rodríguez-Jurado3, Rafael Jiménez-Díaz2,4, Gabriele Berg1 

1 Institute of Environmental Biotechnology, Graz University of Technology, Austria;  
2 Instituto Agricultura Sostenible, CSIC, Córdoba, Spain; 
3 CIFA “Alameda del Obisp”, IFAPA, Córdoba, Spain;  
4 ETSIAM, Universidad de Córdoba, Spain 
 
Abstract: Integration of biological control measures to protect olive planting material produced by 
nurseries could help managing Verticillium wilt in olive. Therefore, the application of S. plymuthica 
HRO-C48 to suppress Verticillium dahliae in seven-month old olive plants cv. Arbequina was 
investigated. The method of infestation with the pathogen, either by soil inoculation or by root 
dipping, determined the effect of the biocontrol agent. Using soil inoculation, HRO-C48 treatment 
reduced the disease severity. In addition, a statistically significant plant growth promoting effect was 
observed for HRO-C48 in non-pathogen stressed plants.  
 
 

 33



 

Identification of genes involved in the production of the antibiotic 2-
hexyl, 5-propyl resorcinol and its role in biocontrol 
 
Rosa Martín-Pérez, Diego J. Ruíz, Diego F. Romero, Alejandro Pérez-García,  
Antonio de Vicente, Francisco M. Cazorla 
Departmento de Microbiología, Facultad de Ciencias-Edificio I+D, Universidad de Málaga, 
Campus Universitario de Teatinos, s/n, 29071-Málaga, Spain, e-mail: cazorla@uma.es 
 
Abstract: The white root rot disease of avocado (Persea american) is caused by the fungi Rosellinia 
necatrix, and it is the most destructive disease of this crop in the Mediterranean area. Few approaches 
have been developed for its control, and recently, the use of rhizobacterial strains in biological control 
is being under study in order to improve the integrated management of the avocado crop. One bacterial 
strain, Pseudomonas fluorescens PCL1606, has been isolated from rhizosphere of healthy avocado 
trees and selected for its antagonistic ability against many soil-borne phytopathogenic fungi. 
Biocontrol experiments using the tomato/Fusarium and avocado/Rosellinia test systems showed that 
P. fluorescens PCL1606 has a high biocontrol ability. 
    The analysis of the antifungal compounds produced by P. fluorescens PCL1606 only detected the 
production of the antibiotic 2-hexyl, 5-propyl resorcinol (HPR), which could be unique responsible of 
the antagonistic activity of this bacterial strain. In order to study the role of HPR in biocontrol, 
derivative mutants impaired in the antagonistic activity were constructed by Tn5 mutagenesis. From 
approximately 7,000 mutants obtained, seven derivative strains defective in antagonistic activity have 
been selected and characterized. The Tn5 flanking regions were analyzed, revealing putative genes 
involved in the production of HPR. Biocontrol experiments on the experimental test systems, showed 
reduction of the protection levels when using these derivative mutants. The reduction in biocontrol 
activity was not complete, suggesting that more than one trait could be involved in the biocontrol 
activity of the P. fluorescens PCL1606 strain. 
    At the same time, the operon previously described in P. aurantiaca to be involved in the HPR 
biosynthesis (dar operon) have been detected in P. fluorescens PCL1606 DNA. Site-directed mutants 
on these genes also were constructed, and the obtained mutants showed reduction in the antagonistic 
activity against different fungi. The effect of such directed-site mutations on the biological control 
against R. necatrix is been studied. The disrupted genes generated by the two mutagenesis methods 
will be recovered from a phage library of P. fluorescens PCL1606, in order to perform 
complementation experiments and mapping of these genes. 
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Characterization of the role of luxS in the fire blight pathogen Erwinia 
amylovora 
 
Fabio Rezzonico1,2, Brion Duffy2 
1 SafeCrop Centre, Istituto Agrario di S. Michele all’Adige, 38010 S. Michele all’Adige, Italy;  
2 Agroscope ACW Wädenswil-Changins, 8820 Wädenswil, Switzerland 
 
Abstract: Fire blight, caused by Erwinia amylovora, is among the most serious diseases of pome 
fruits and related Rosaceae. Biocontrol is being explored as an alternative to current control options of 
prevention and sanitation measures and, in the U.S.A., to antibiotic applications (mostly prohibited in 
Europe). Current biocontrol strains inhibit pathogen growth through antibiosis or competition. We are 
seeking novel approaches for biocontrol through reduction in virulence and environmental fitness by 
targeting gene regulatory systems. We investigate here the role of LuxS in E. amylovora in order to 
understand its role as putative producer of the autoinducer-2 (AI-2) signal and as metabolic enzyme in 
the activated methyl cycle (AMC), with the ultimate aim to elucidate its impact on bacterial 
pathogenicity. Our data show that the production of virulence factors, pathogenicity and the ecological 
competence of E. amylovora is in fact slightly reduced in luxS mutants, but that this is rather due to the 
importance of LuxS in the metabolic pathway of the AMC, rather than to AI-2 production and quorum 
sensing. 
 
 

SyrTox project: mechanism of action of Pseudomonas spp. 
metabolites and their potentiality in the biocontrol 
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e-mail: ilaria.pertot@iasma.it; 

3 Dip. di Scienza degli Alimenti, Univ. di Napoli "Federico II", Parco Gussone Edificio 84, 
80055, Portici (Napoli), Italy; 

4 Dip. di Biologia, Difesa e Biotecnologie Agro Forestali Univ. della Basilicata,  
C. da Macchia Romana, 85100, Potenza, Italy 

 
Abstract: Pseudomonas syringae is a gram negative bacterium with a double identity: it is a plant 
pathogenic organism causing disease on many crops, but itcis also a biocontrol agent of plant pathogens. 
Some secondary metabolites are responsible of both activities, known as lipodepsipeptides (LDPs), which 
are largely produced in culture. The project SyrTox proposes to clarify some of the mechanisms through 
which the bacterium exerts its antagonist activity and to use this knowledge to widen the field of application 
of the bacterium and its metabolites as biocontrol agents. A similar perspective exists also for P. tolaasii 
and P. reactans, which use LDPs to attack edible mushrooms and have similar antagonistic activity. 
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Mechanism of action against Plasmopara viticola of the grapevine 
endophytic strain of the fungus Alternaria alternata  
 
Ilaria Pertot, Silvia Dagostin, Davide Gobbin 
Safecrop Centre, IASMA, Via Mach 1, 38010 San Michele all’Adige, Trento, Italy, 
e-mail: ilaria.pertot@iasma.it 
 
Abstract: Endophytes are potentially good candidates for biocontrol. An endophytic strain of 
Alternaria alternata was isolated from a grapevine showing atypical and mild symptoms of 
Plasmopara viticola. Its culture broth applied on Vitis vinifera leaf disks artificially inoculated with P. 
viticola was shown to inhibit P. viticola sporulation. Ultrastructural alterations of P. viticola haustoria 
and mycelium in tissues treated with A. alternata broth before and after inoculation were observed. 
The aim of this work was to explore the biocontrol activity of A. alternata and its mechanism of action 
against P. viticola on grapevine. Leaf disks were treated with A. alternata culture broth prior to P. 
viticola artificial infections, contemporarily and after artificial inoculation. To understand if several 
applications can boost a resistance mechanism in the plant, A. alternata culture broth was also 
repeatedly applied before P. viticola inoculation. Untreated controls and copper treatments were 
included as standards. Half of the leaf disks were incubated to check for pathogen sporulation and the 
other half was used for relative quantification of P. viticola DNA by means of multiplex real-time 
quantitative polymerase chain reaction. Preventive treatments with A. alternata culture broth (three 
and one day before inoculation) and concurrent treatment did not inhibit infection and sporulation. 
When leaf disks were treated one day after inoculation with P. viticola no sporulation at all was 
observed. When A. alternata culture broth was applied several times before infection, sporulation was 
inhibited even if the pathogen was able to establish inside the tissue. The efficacy of A. alternata in 
inhibiting P. viticola after inoculation was confirmed also on plants under greenhouse controlled 
conditions. The results suggest a mode of action through an interaction of the plant with the 
metabolites produced by A. alternata rather than a mere direct toxic effect on P. viticola. 
 
 
Efficacy of Pseudomonas syringae lipodepsipeptides in inhibiting 
Botrytis cinerea on strawberry fruits 
 
Elisabetta Pellegrini1, Carmela Sicher1, Alberto Fiore2, Vincenzo Fogliano2,  
Ilaria Pertot1 
1 SafeCrop Centre, IASMA, via Mach 1, S. Michele all’Adige 38010, Italy, 
e-mail: elisabetta.pellegrini@iasma.it; 

2 Dip. di Scienza degli Alimenti, Univ. di Napoli "Federico II", Parco Gussone Edificio 84, 
80055, Portici (Napoli), Italy 

 
Abstract: Pseudomonas syringae is a gram-negative bacterium that can act as a pathogen for several crops, 
but also as a biocontrol agent against some plant pathogens. These activities have been correlated to some 
secondary metabolites largely produced in culture by the bacterium, known as lipodepsipeptides (LDPs). A 
preliminary assay was carried out using Botrytis cinerea on bean-detached leaves that allowed determining 
the optimal concentration of LDPs. The efficacy of some selected LDPs, obtained after purification through 
HPLC, to inhibit B. cinerea was tested on strawberry fruits. LDPs were used at different concentrations 
mixed 1:1 with B. cinerea conidia suspension with a final concentration of 5×104 conidia/ml. Small drops 
(10 µl) were placed on the intact surface of strawberry fruits. Incidence and severity were recorded during 
shelf life in order to verify the efficacy of the toxins at different concentrations against B. cinerea and to 
study their effects on living tissues. The LDPs were able to reduce disease compared to the inoculation with 
B. cinerea alone. However all toxins showed phytotoxicity on strawberry tissues. 
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Multiple effects of Trichoderma spp. applied to sugar beet  
towards soil-borne pathogens 
 
Eleonora Sala, Pier Luigi Burzi, Simona Marinello, Stefania Galletti, Claudio Cerato 
Consiglio per la Ricerca e la sperimentazione in Agricoltura, Istituto Sperimentale per le 
Colture Industriali, Via Corticella 133, 40129 Bologna, Italy, e-mail: e.sala@isci.it  
 
Abstract: The effectiveness of Trichoderma as biocontrol agent against a number of plant pathogens 
is reported to be based on several mechanisms, such as antibiosis, mycoparasitism, induction of 
defence responses and other adjunct mechanisms, such as growth promotion. Previous studies carried 
out both under controlled condition and in field evidenced a good protection level of Trichoderma 
isolates towards soil-borne pathogens, when applied to sugar beet seeds. Such isolates were previously 
selected for in vitro antagonism towards Pythium sp., Rhizoctonia solani and Sclerotium rolfsii, on 
Potato Dextrose Agar amended with Trichoderma culture filtrates. This study aimed at pointing out if 
further mechanisms could be involved such as rhizosphere competence or induction of resistance. 
Trichoderma isolates were assayed for ability to colonise sugar beet roots, after seed applications as 
homogenate of liquid culture. A visual rating was utilised to judge the colonisation level of roots 
plated on Trichoderma selective medium two months after the treatment. Roots treated by the selected 
Trichoderma strains showed a high degree of colonisation, superior than that of other applied or 
natural occurring strains. Trichoderma isolates were evaluated also for the ability to induce chitinases 
in sugar beet leaves as these proteins are considered markers for Systemic Acquired Resistance. 
Chitinases were detected by a sensitive method on chitin agar plate. One of the selected strains showed 
the highest chitinase activity compared to the other isolates. Thus the effectiveness of this selected 
Trichoderma strain in controlling soil-borne pathogens under greenhouse and field conditions could be 
linked to the combined effect of different mechanisms of action, such as antagonism, rhizosphere 
competence and induction of resistance. 
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Aureobasidium pullulans strains degrade ochratoxin A in vitro and 
protect wine grape from ochratoxigenic Aspergillus carbonarius  
 
Dario Vincenzo de Felice1, Michele Solfrizzo2, Filippo de Curtis1, Angelo Visconti2, 
Vincenzo De Cicco1, Raffaello Castoria1 
1 Department of Animal Plant and Environmental Sciences, University of Molise, 
Campobasso, Italy, e-mail: castoria@unimol.it; 

2 Institute of Sciences of Food Production, C.N.R., Bari, Italy 
 
Abstract: Ochratoxin A (OTA) is a possibly carcinogenic mycotoxin produced by Aspergillus and 
Penicillium spp. It is a contaminant of different foodstuffs and beverages such as wine. Wine 
contamination is mainly due to the attack by Aspergillus carbonarius on wine-grape. In this study, we 
assessed the ability of four Aureobasidium pullulans strains (LS30, AU14-3-1, AU34-2, AU18-3B) to 
degrade OTA in vitro and, in lab-scale experiments, their activity as biocontrol agents (BCAs) against 
A. carbonarius on wine grape and their influence on the level of OTA accumulation in berries. All the 
four strains determined significant decreases of OTA recovery from their growth medium. The less 
toxic Ochratoxin α (OTα) was the major degradation product. It putatively derived from carboxy-
peptidase activity of the A. pullulans strains. In biocontrol activity assays, the four strains significantly 
lowered the levels of infections by A. carbonarius. Analyses of wine grape treated with the BCAs and 
inoculated with A. carbonarius showed significant decreases of berries contamination with OTA, as 
compared to untreated control. OTA contamination in samples treated with strains AU14-3-1 and 
AU18-3B was comparable to Switchtm–treated berries, although the fungicide treatment showed no 
visible symptoms of fungal infection. This suggests a possible active role of AU14-3-1 and AU18-3B 
in lowering OTA contamination in wine grape berries. Our results encourage further assessments of 
microbial biocontrol for reducing both fungicide applications and mycotoxin contamination. 
 
Protection of grapevine against gray mold disease and activation of 
chitinase and ß-1,3-glucanase by native rhizobacteria under field 
conditions 
 
Maryline Magnin-Robert1,2, Patricia Trotel-Aziz2, Sylvie Biagianti1, Aziz Aziz2 

1 Laboratoire d’Eco-Toxicologie, URVVC-EA 2069, Université de Reims, B.P. 1039, F-51687, 
Reims, Cedex 2, France; 

2 Laboratoire de Plantes, Pesticides & Développement Durable, URVVC-EA 2069, Université 
de Reims, B.P. 1039, F-51687, Reims, Cedex 2, France, e-mail: aziz.aziz@univ-reims.fr 

 
Abstract: In a recent study, we have characterized some non-pathogenic bacteria originally isolated 
from vineyards that are capable of eliciting resistance reactions in grapevine toward Botrytis cinerea 
using in vitro system (Trotel-Aziz et al., 2006). Based on these findings, we investigated the 
effectiveness of these bacteria in inducing resistance of grapevine against gray mold disease under 
field conditions. Fungal disease and defense reactions (chitinase and ß-1,3-glucanase activities) of 
grapevine plants treated with bacteria were followed in leaves and berries over three years (2003 - 
2005) in Champagne area, France. We compared three methods of bacterial inoculation: syringe 
infiltration into buds, foliar spray and soil drenching. We have shown that selected bacteria reduced 
disease and enhanced chitinase and ß-1,3 glucanase activities in leaves and berries. The importance of 
these responses was dependent on the bacterial strain and method of inoculation. Moreover, soil 
drenching provided the most consistent protection of leaves and berries against B. cinerea. With this 
method, bacterial strains and B. cinerea are considered spatially separated, indicating that native 
bacteria conferred disease resistance mainly through the induction of plant defense reactions. 
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Mechanism of action of Streptomyces rochei in combination with 
Trichoderma harzianum for the biocontrol of Phytophthora root rot of 
pepper 

 

Mohammed Ezziyyanni1, Maria-Emilia Requena1, Catalina Egea-Gilabert2,  
Maria-Emilia Candela1 
1 Department of Plant Biology, Faculty of Biology, University of Murcia, Campus de 
Espinardo, 30100 Espinardo (Murcia), Spain, e-mail: mcandela@um.es; 

2 Department of Science & Agrarian Tech. ETS Ingeniería Agronómica. Univ. Politécnica de 
Cartagena. Paseo Alfonso XIII, 52. 30203 Cartagena, Spain 

 
Abstract: We analyse the action mechanism of the bacteria Streptomyces rochei “Ziyani” isolated by 
our group from the rhizosphere of pepper plants for its potential use in combination with the fungus 
Trichoderma harzianum. Both antagonists can be used for the biological control of root rot caused by 
the pathogenic oomycete Phytophthora capsici in pepper plants. When the antagonistic capacity of the 
bacteria Str. r. “Ziyani” was analysed in in vitro confrontations with the pathogen P. capsici, a 
inhibition zone was obtained, demonstrating the production by the bacteria of compounds with 
antifungal activity. To identify these compounds, a bioassay using thin layer chromatography was 
carried out in silica gel of the discharges of Str. r. “Ziyani to the liquid culture medium of potato-
dextrose. The compound was purified by HPLC and identified by mass spectrometry as 1-propanone, 
1-(-chlorophenyl). The production of this antibiotic of great anti-oomycete capacity, which is 
responsible for the antagonism of the bacteria, may well be one of the main mechanisms for inhibiting 
pathogen growth; along side the mechanisms used by the antagonist fungus T. harzianum. The use of 
both antagonists added together in formulated vermiculite, culture medium and plantation earth 
significantly reduced the incidence of root rot in pepper plants by 74.8% compared with the control. 
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Genetic strategies for the selection of enhanced rhizosphere 
colonization in biocontrol bacteria antagonistic towards Rosellinia 
necatrix 
 
Clara Pliego1, Sandra de Weert2, Guido Bloemberg2, Francisco M. Cazorla3

,  
R. M. Pérez-Jiménez1, Cayo Ramos4 
1 CIFA-Málaga, IFAPA, C.I.C.E., Cortijo de la Cruz s/n; 29140-Churriana, Málaga, Spain;  
2 Institute of Biology Leiden, Leiden University, Wassenaarseweg 64, Leiden 2333 AL, The 
Netherlands; 

3 Departamento de Microbiología, Universidad de Málaga, 29071-Málaga, Spain; 
4 Área de Genética, Universidad de Málaga, 29071-Málaga, Spain, e-mail: crr@uma.es 
 
Abstract: Biological control of fungal diseases is usually based on the application of microorganisms 
selected for their capacity to produce in vitro antifungal factors. However, recent studies on bacterial 
behaviour in natural environments have shown the importance of the competence with other 
microorganisms for efficient colonization of a specific ecological niche, becoming root-colonization 
one of the limiting step in biological control. In this sense, plants can be inoculated with so called 
biocontrol bacterial but their success will depend on the establishment on and along the growing root 
system. In a previous study, forty-one bacterial strains were isolated from the roots of symptomless 
avocado trees; ten of them could prevent in vitro growth of Rosellinia necatrix, the causal agent of 
avocado white root rot. The ability of several of these antagonistic strains to colonize the roots of 
avocado was tested in vivo and, two of them, were selected by their colonization efficiency: 
Pseudomonas alcaligenes strain GBF.1.11 and P. pseudoalcaligenes GBF.2.18. None of these strains 
produced detectable antibiotics, a characteristic which is desirable for commercialization purposes. 
Biocontrol assays against R. necatrix showed that while GBF.2.18 could prevent fungal growth, 
GBF.1.11 did not. Two different genetic strategies were used to enhance root tip colonization on these 
two isolates: a) direct selection from a mini-Tn5 pool of mutants and, b) knock-out of the mutY gene; 
loss of this gene function has been reported to increase the frequency of spontaneous chromosomal 
mutations in a P. fluorescens strain. 
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Induction of phytoalexin synthesis, chitinase and β-1,3-glucanase in 
grapevine leaves by chitosan, and resistance to Botrytis cinerea 
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Philippe Jeandet3, Michel Couderchet1,2 

1 Plantes-Pesticides & Développement Durable, URVVC-EA 2069, Université de Reims,  
B.P. 1039, 51687 Reims cedex 2, France, e-mail: aziz.aziz@univ-reims.fr;  

2 Eco-Toxicologie, URVVC-EA 2069, Université de Reims, 51687 Reims cedex, France; 
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51687 Reims cedex 2, France 

 
Abstract: Chitosan, β-1,4-linked N-glucosamine, is a deacetylated derivative of chitin which is an 
important constituent of cell walls of many fungi. In this study, we investigated the elicitor activity of 
crustacean-derived chitosan oligomers with a wide range of known molecular weight (MW) and 
degree of deacetylation (DDA) in grapevine leaves. We showed that chitosan oligomers are potent 
elicitors of phytoalexins, trans- and cis-resveratrol, ε-viniferins and piceids. The amount of elicited-
phytoalexins was dependent upon Molecular Weight (MW) and Degree of DeAcetylation (DDA) of 
chitosan. The trans-isomers were more influenced by the chitosan structure than cis-isomers. In all 
cases, chitosan with a low MW and a DDA ≥80% exhibited high phytoalexin-inducing activity. The 
most active chitosan also led to marked stimulation of chitinase and β-1,3-glucanase activities in 
grapevine leaves. This elicitor capacity of chitosan appeared to be associated with an induced 
protection against gray mold. This protection apparently did not result from direct effect of chitosan 
on fungal pathogen growth but rather from an induction of plant resistance. 
 

 
Endophytic colonization of grapevine plants by Burkholderia 
phytofirmans strain PsJN enhances host’s growth and resistance  
to gray mold 
 
Stéphane Compant1, Jerzy Nowak2, Christophe Clément1, Essaïd Ait Barka1  
1 Laboratoire de Stress, Défenses et Reproduction des Plantes, Unité de Recherche Vignes  
et Vins de Champagne, UPRES EA 2069, UFR Sciences, Université de Reims Champagne-
Ardenne, 51687 Reims Cédex 2, France, e-mail: stephane.compant@univ-reims.fr, 
christophe.clement@univ-reims.fr, ea.barka@univ-reims.fr; 

2 Department of Horticulture, Virginia Polytechnic Institute and State University, 
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Abstract: Although our plant growth promoting bacterium Burkholderia phytofirmans strain PsJN has 
not been isolated from grapevine plants, it is capable of colonization of Vitis vinifera L. Upon 
grapevine inoculation this bacterium is able to establish epiphytic and endophytic populations and 
improve plant growth as well as resistance to gray mold caused by Botrytis cinerea.  
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Comparative study of the ecological niche of Penicillum expansum 
Link., Botrytis cinerea Pers. and their antagonistic yeasts  
Candida oleophila strain O and Pichia anomala strain K  
 
Rachid Lahlali, Damien Friel, M. Haïssam Jijakli 
Plant pathology Unit, Gembloux Agricultural University, Passage Des Déportés 2,  
Gembloux 5030, Belgium, e-mail: r.lahlali@hotmail.com, jijakli.h@fsagx.ac.be 
 
Abstract: The protective level of both yeast strains Pichia anomala and Candida oleophila against P. 
expansum and B. cinerea was previously positively correlated with a yeast density superior or equal 
104 CFU/cm2 of fruit surface in practical conditions. Trials in laboratory conditions confirmed this 
observation and highlighted that the protective level might depend on the humidity level on fruit 
surface. A study of the ecological factors (water activity and temperature) susceptible to influence the 
yeast density on fruit surface was undertaken. In vitro, both yeast strains had a similar ecological niche 
as compared with that of both wound pathogens of apple. Nevertheless at low water activities and low 
temperatures, the lag time to start antagonistic yeast growth was higher than that observed for wounds 
pathogens. The in vivo study allowed designing two predicting growth models for describing the yeast 
density on apple fruit surface according to the relative humidity, incubation temperature and the initial 
concentration of yeast application. A weak yeast density was observed at low relative humidity (75%). 
The effect of humidity appeared to be more important than that of incubation temperature. For both 
pathogens, the in vivo study revealed only significant effect of incubation temperature on diameter 
lesion. The comparison between the in vitro and in vivo trials underlined that yeasts followed the same 
growth tendency. In contrast, the growth of pathogens was limited at relative humidity close to 
saturation (98%). All results suggest the importance to maintain the storage room at saturate relative 
humidity in order to reduce the losses dues to blue and grey moulds. 
 
 

Environmental adaptation of Pichia anomala WRL-076 as an 
effective biocontrol agent for pre-harvest application 
 
SUI-SHENG T. HUA 
U. S. Department of Agriculture, Agricultural Research Services, Western Regional Research 
Center, Albany, CA 94710, USA, e-mail: ssth@pw.usda.gov 
 
Abstract: In laboratory experiments, PEG (polyethylene glycol) 8000 was used to adjust medium aw 
to 0.96, which mimicked a water stress condition of –5.62 MPa. P. anomala WRL-076 can grow at 
this low water activity (aw). The yeast cells formed a film and inhibited the growth of A. flavus 
inoculated to the medium. Two experiments were conducted in a commercial orchard in the 
summer of 2005. P. anomala WRL-076 reduced the frequency of A. flavus colonization by 4 to 10 
times and decreased the total propagules of A. flavus by 80 to 99% in comparison to nut-fruits not 
sprayed with the yeast. 
 
 

 42



 

Role of Ampelomyces quisqualis on grapevine powdery mildew in 
Trentino (northern Italy) vineyards 
 
Dario Angeli1, Loris Maines1, Erika di Marino2, Enzo Mescalchin2, Ilaria Pertot1 

1 SafeCrop Centre via Mach 1, S. Michele all’Adige, 38010, Italy, dario.angeli@iasma.it; 
2 CAT, IASMA, via Mach 1, S. Michele all’Adige, 38010, Italy  
 
Abstract: Sulphur is the only effective alternative to chemical pesticides against powdery mildew in 
organic agriculture. However, it is also under criticism in some production systems, as in Trentino 
(northern Italy), where tourism intermingles human presence and vineyards, and because its negative 
side effects on beneficials. A natural occurring powdery mildew hyperparasite, Ampelomyces 
quisqualis, is considered as alternatives to chemicals. During two years we monitored the natural 
presence of A. quisqualis strains in Trentino province. Low natural presence of the A. quisqualis (less 
than 1%) was found. It was found as mycelium parasitizing E. necator cleistothecia and as conidia, 
both in conventionally treated and organic vineyards. Among the isolated Ampelomyces spp. from the 
vineyards, a likely new morphotype was identified. Moreover, the efficacy greenhouse and field trials 
of A. quisqualis based bio-fungicide (AQ10) showed partial effectiveness. Under field conditions 
AQ10 treatments sprayed early in the season (spring) were slightly effective in controlling powdery 
mildew, on leaves and on grapes, whilst AQ10 was equivalent to sulphur when applied in the last part 
of the season (late summer). AQ10 sprayed in autumn to reduce over-wintering inoculum was 
ineffective in reducing powdery mildew in the following season. 
 
 
Molecular ecology of bacterial and fungal Verticillium antagonists 
in/on different host plants and soils 
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1 Graz University of Technology, Environmental Biotechnology, Petersgasse 12, A-8010 
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Abstract: To study the effect of plant species and soil type on the proportion and diversity of 
naturally occurring antagonistic bacteria and fungi towards Verticillium dahliae Kleb., 
microorganisms isolated from oilseed rape and strawberry rhizospheres were analyzed and compared 
to those retrieved from bulk soils. Samplings took place on randomised field trials at three different 
locations in Germany over two growing seasons.  Each of the investigated microbial community 
harboured a high proportion and a broad spectrum of Verticillium antagonists. The proportion and 
composition of antagonists was influenced by the plant species and by the site. Bacterial antagonists 
showed a higher degree of plant specificity than fungal ones. Altogether, a large list of new 
Verticillium antagonists was detected. The latter and the knowledge about naturally occurring 
antagonists can be translated into new concepts to control Verticillium. 
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Phyllosphere microbial communities in pot roses respond  
to low P fertilization and mycorrhiza inoculation, but not to 
application with the biocontrol fungus Ulocladium atrum 
 
John Larsen1, Sabine Ravnskov1, Conny Wang Hansen2 
1 Department of Integrated Pest Management, Danish Institute of Agricultural Sciences, DK-
4200 Slagelse, Denmark, e-mail: John.Larsen@agrsci.dk; 
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Abstract: Biocontrol of grey mould in pot roses by combined inoculation with the arbuscular 
mycorrhizal (AM) fungus Glomus mosseae and the biocontrol fungus Ulocladium atrum was 
examined in a greenhouse pot experiment with low (5 ppm) and conventional phosphorous (50 ppm) 
provided with the nutrient solution. The experiment had a fully factorial design with three main 
factors: 1) G. mosseae (±), 2) U. atrum (±) and 3) phosphorus (P) fertilization (5 and 50 ppm). Each of 
the eight treatments had five replicates each with five pots and each pot had three plants. Rose cuttings 
were rooted in a peat-based substrate, which in the treatments with mycorrhiza were mixed with 
inoculum of G. mosseae. Plants were trimmed to five cm above the surface five and nine weeks after 
rooting. Immediately after the second trimming spores of U. atrum was applied by spraying a water 
suspension with 106 spores per plant. The following day the same amount of spores of Botrytis cinerea 
were applied to the foliage. Plants were harvested two weeks after B. cinerea application.  

At harvest plants were scored for grey mould development by counting lesions and also shoot 
and root dry weights were measured. Furthermore, the microbial communities in the phyllosphere 
were examined by incubating three leaves from each plant in 1/10 tryptic soy broth for 24 hrs. 
Microorganisms from the enrichment culture were extracted by centrifugation and the pellet was 
subjected to whole cell fatty acid analysis.  

Overall shoot dry weight was highest in treatments with conventional P. Inoculation with G. 
mosseae increased shoot dry weight in combination with low P, whereas U. atrum had no effect on 
plant growth. Low P and U. atrum markedly reduced grey mould development, whereas mycorrhiza 
had no influence on grey mould. Phyllopsphere microbial communities responded to low P and 
interactions between mycorrhiza and low P were found, whereas U. atrum had no effect.  

In conclusion, combined inoculation with G. mosseae and U. atrum, especially at low P 
fertilization, seems to be a promising strategy to manage grey mould in production of pot roses. Our 
results indicate that changes in the phyllopshere microbial communities, may be involved in the 
control of grey mould in the low P treatment, but most likely not in grey mould control with U. atrum.  
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Root application of bacterial antagonists to field-grown lettuce: effects 
on disease suppression and non-target microorganisms 
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Abstract: The phytopathogenic fungus Rhizoctonia solani causes high yield losses in agricultural and 
horticultural crops. As no effective control is available in organic farming or horticulture, biological 
control using naturally antagonistic bacteria can supply new control strategies. After several in vivo 
and in vitro tests the two rhizobacteria Pseudomonas trivialis (3Re2-7) and Pseudomonas fluorescens 
(L13-6-12) as well as the potato endophyt Serratia plymuthica (3Re4-18) were selected as effective 
Rhizoctonia antagonists. In our study the biocontrol effect and the impact of these antagonistic 
bacteria on non-target lettuce-associated microorganisms was assessed after their root application in 
two field trials in Germany. The biocontrol effect of all introduced bacteria, which includes a 
significant increase of the dry weight and a significant decrease of the disease severity, could be 
shown for the first time in a field trial. The culture-independent method of PCR-single-strand 
conformation polymorphism (SSCP) analysis was used to examine the microbial communities of the 
rhizosphere, the endorhiza and the endophyllosphere of field-grown lettuce. Primers targeting the ITS1 
region or highly variable regions of the 16S rDNA were applied to obtain fingerprints of the fungal or 
bacterial communities, respectively. As expected, SSCP fingerprints of the lettuce-associated 
microbial communities revealed a much higher bacterial and fungal diversity in the rhizosphere than in 
the endophytic microhabitats. So far, only transient changes in the composition of the bacterial 
communities were found. Comparison of SSCP fingerprints revealed a high dependence of community 
composition on field site, plant growth stage and microenvironment, while no long-term impact could 
be found due to the bacterial treatments. Generally, only little is known about the microbial 
communities associated with field-grown lettuce. Therefore, DNA bands of the SSCP fingerprints, 
representing the dominant members of the lettuce-associated microbial communities, were further 
characterised by cloning and sequencing. Next to various unspecified uncultured species, the 
sequences of SSCP bands matched NCBI database entries of the fungal genera Cladosporium, 
Trichoderma, Tetracladium and Bremia as well as the bacterial genera Pseudomonas, Variovorax, 
Staphylococcus and Rhodanobacter. Based on the results, an environmentally friendly and efficient 
biocontrol strategy can be developed. 
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Abstract: Research on biocontrol agents (BCAs) such as yeasts, bacteria and fungi against plant 
pathogens is developing fast, but the effects of the introduction of these microorganisms on non target 
organisms and on the plant host physiology are poorly known. We study the effects of the spray of an 
epiphytic yeast (Y16), a potential biocontrol agent against the powdery mildew, on scab, the codling 
moth and the phylloplane chemical composition. A change in the codling moth egg quantity laid on 
the apple tree treated with the yeast suspension was strong. In the second season of experiment, during 
the second flight period, we observed an increase of the egg laid on the treated tree, especially on tree 
site close to the apple fruits. These results are however, in contradiction with the preliminary 
experiment. A third season will be conducted this summer in order to clarify the effect of the yeast on 
the quantity of egg laid. Several yeast and bacterium isolates were tested for their ability to control 
apple powdery mildew in the frame of a screening program. The yeast Y16 showed a good potential as 
BCA of this disease. Three weeks from the inoculation, disease severity (percentage of leaf area 
covered by symptoms) in the water control was 37.4%. The severity of the yeast treated plants was 
reduced to 7.6%. We are currently analysing the effect of the yeast suspension on the germination of 
V. inaequalis conidia. Primary metabolites (sugars) of the phylloplane stimulate the egg laying of the 
codling moth, C. pomonella. Modifications of ratios and quantities of these metabolites can change the 
number of eggs laid on the plants and could modify the development of pathogens. We analyse the 
soluble carbohydrate, sugar alcohol and free amino-acid composition of leaf surface water washing on 
the different sites by gas chromatography. On the first set of analysis, we observed on the upper side 
of the distal leaf surfaces one day after spraying that the treatment increased the quantity of saccharose 
(from 180 µg/cm² on the untreated trees up to 243 µg/cm²) and sorbitol (from 89 up to 135 µg/cm²) 
compared to the non treated trees. Analysis of free amino acids did not show any significant difference 
on the distal leaves on both leaf sides. We are currently doing a second set of analysis using liquid 
chromatography. 
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A mechanism for growth inhibition in plants, associated with 
Trichoderma application 
 
Brendon Neumann1, Mark Laing2 
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Abstract: Trichoderma spp. are well known for their abilities to control plant pathogens and in many 
cases, to enhance plant growth. Less documented is the occasional, temporary growth stunting of 
plants associated with application of Trichoderma at high doses. Trials investigating the interaction of 
root zone temperature and Trichoderma applications revealed that under conditions of high 
ammonium-N and high temperatures, the growth stunting effects of Trichoderma were increased. The 
symptoms shown by the trial plants resembled ammonium toxicity. These observations prompted 
research into the interactions between Trichoderma and nitrogen cycling. It was concluded that, when 
Trichoderma is added to plant root zones at high doses, and in the presence of ammonium ions, it 
interferes with the normal process of nitrification. This occurs either through the competitive exclusion 
of nitrifying bacteria in the root zone, and/or through enhanced ammonium uptake facilitated by 
Trichoderma, in a mycorrhizal type of association. As a result, the risk of ammonia toxicity and 
associated growth inhibition is increased. Other side effects of the combination of high levels of both 
Trichoderma and ammonium nitrogen were enhanced medium acidification, and reduced K+ and Ca++ 
in leaf tissue. Even in the absence of plants, Trichoderma applications to soils resulted in changes in 
the ammonium to nitrate ratios. The levels of ammonium-N in the soil were inversely related to 
population size of nitrifying bacteria. This suggests that the primary mechanism of growth stunting by 
Trichoderma involves the reduction of the population of nitrifying bacteria, which in turn results in a 
reduced conversion of ammonium-N to nitrate-N, resulting in an increased risk of ammonium toxicity, 
leading to stunting. 
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Effect of chemical pesticides and biocontrol agents on  
growth and mineral composition of healthy strawberries 
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Abstract: Several biocontrol agents (BCAs) have shown positive effects on plant growth. It is known 
that triazole fungicides have an effect on plant growth, chloroplast pigments and sterol biosynthesis of 
maize and a "greening effect" was observed on cereals after azoxystrobin treatments. The aim of this 
work was to compare the effect of a triazole (penconazole), a strobilurin (azoxystrobin) and two 
BCAs, Trichoderma harzianum T39 and Ampelomyces quisqualis sprays, on plant growth, chlorophyll 
content and mineral composition of healthy strawberry plants. Plants (cv. Elasanta) were weekly 
treated for three times under controlled conditions, starting from the third day after planting. The total 
chlorophyll content was not affected by any agent. T. harzianum T39 induced a temporary increase 
(not observed with the other treatments) of plant growth in the first two weeks post treatment, 
compared to untreated control, but at the end of the experiment the total leaf surface of T. harzianum 
T39 treated plants was similar to the other treated and untreated plants. Azoxystrobin and penconazole 
induced an increase in the development of aerial parts, which seems to be associated with a decrease in 
root growth. Azoxystrobin treatments increased phosphorus content in stem and leaves, while 
penconazole reduced potassium in leaves and other microelements in leaves and roots. T. harziamum 
T39, penconazole and azoxystrobin seem to affect the physiology of strawberry plants, conversely A. 
quisqualis, which is known to act as a powdery mildew hyperparasite, seems not to interfere with it. 
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Occurrence of bacteriophages against antagonists towards 
Verticillium dahliae Kleb. in the rhizosphere of strawberry 
 
Arite Wolf  
University of Rostock, Insitute of Life Sciences, Microbiology, Albert-Einstein-Strasse 3, 
D-18051 Rostock, Germany, e-mail: arite.wolf@uni-rostock.de 
 
Abstract: Much research has been done on antifungal bacteria naturally occurring in the rhizosphere 
of crops, because they get more attention referring to control of soilborne fungal diseases in an 
environmentally friendly way. Many factors can affect the persistence and activity of these beneficial 
bacteria. The occurrence of bacteriophages can reduce the abundance of introduced bacteria and 
consequently their disease-suppressing effect. New antagonistic bacteria towards the plant pathogenic 
fungus Verticillium dahliae Kleb. were isolated from the rhizospheres of strawberry. The proportion of 
antagonistic bacteria ranged from 5.9 to 14.8%. Phages were isolated from the same samples as the 
bacterial antagonists by using these bacteria as hosts. In strawberry rhizosphere the proportion of 
phage-sensitive antagonists ranged from 40.0 to 62.5%, depending on the sampling time. The highest 
number of ten phage-host-systems per sample was isolated from young plants representing an 
abundance of culturable phages of about 1.2×104 PFU (plaque forming units) g-1 rhizosphere sample. 
The counts of viral particles were estimated as up to 1×109 particles g-1. All phage-sensitive 
antagonists were identified as similar to each other (>70% by BOX-PCR fingerprint pattern) and to 
Pseudomonas fluorescence (sequencing of the 16S rRNA gene). The phages formed plaques with 
different morphology, but all phages lysed all isolated host strains. By RFLP 10 different phage 
groups could be determined. The phages are to be characterized by transmission electron microscopy.  
 
 

Wound age effect on the efficacy of Candida oleophila strain O 
against post-harvest decay of apple fruits 
 
Mohammed Bajji, M. Haïssam Jijakli 
Plant Pathology Unit, Gembloux Agricultural University, Passage des Déportés 2,  
5030 Gembloux, Belgium, e-mail: jijakli.h@fsagx.ac.be 
 
Abstract: In the present work, wound age effect on the efficacy of Candida oleophila strain O against 
Botrytis cinerea was assessed on harvested apple fruits. To this end, a C. oleophila strain O suspension 
was applied to apple wounds 0, 30, 60, 120, 180 or 240 min. after wounding. One hour after treatment, 
wounds were inoculated with a conidial suspension of B. cinerea and the population of the antagonist 
at the wound site was recovered and quantified. After an incubation period of 7 d, the lesion diameter 
caused by B. cinerea was measured and the protective level of strain O estimated. There was no effect 
of the tested periods on the population size of strain O one hour after its application on apple wounds 
(i.e. moment of B. cinerea inoculation). In the absence of the antagonistic strain, the extent of the 
lesions depends on the freshness of the wound at the inoculation time. The lesion diameter of the 
infection was in fact smaller in fresh (0 and 30 min after wounding) than in old (60 to 240 min after 
wounding) wounds. In the presence of strain O, there was a significant reduction of the infection 
lesions regardless of the lag period between wounding and treatment. The protective level decreased 
with increasing time lapse between wounding and treatment, the highest protection being obtained 
when strain O was applied on fresh wounds. This suggests that C. oleophila strain O should be applied 
immediately after wounding. As postharvest decay of apples is mainly due to handling operations 
occurring between harvest and storage, an application of the antagonistic strain O as soon as possible 
after harvest is recommended for an optimal biocontrol of postharvest decay caused by B. cinerea on 
apple fruits. 
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Competition for amino acids as a potential mechanism of 
Aureobasidium pullulans against post-harvest apple blue mold 
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2 Institut National de la Recherche Agronomique Guich, BP 415 Rabat, Morocco; 
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Abstract: Aureobasidium pullulans (strain Ach1-1) has proved to be very effective against 
Penicillium expansum on postharvest wounded apples. In this work, the role of amino acids in its 
antagonistic activity was investigated. Exogenous application of amino acids into apple wounds had 
significantly reduced the protective level of strain Ach1-1, the extent of the reduction being dependent 
on the applied concentration. HPLC analysis of apple amino acids at the wound site during the first 
24-hour incubation period revealed that amino acids, especially serine, glycine and glutamic acid, 
were more depleted in wounds containing strain Ach1-1 alone or both strain Ach1-1 and P. expansum 
than in wounds inoculated with P. expansum alone or untreated wounds. Individual applications of 
these amino acids, most particularly serine, in apple wounds significantly decreased strain Ach1-1 
efficacy against P. expansum. It seems thus from our data that competition for amino acids may be an 
important mode of action of strain Ach1-1 against P. expansum and serine one of the most limited 
amino acids in this competition. 
 
 

In vitro study of the influence of temperature, pH, and aw on the 
growth rate of Trichoderma asperellum 
 
Boyogueno A.D Begoude1,2, Rachid Lahlali2, Damien Friel2, Pierre R. Tondje1,  
M. Haïssam Jijakli2 
1 Laboratoire Régional de Lutte Biologique et de Microbiologie Appliquée, Institut de le 
Recherche Agricole pour le Développement (IRAD-Nkolbisson, BP 2067, Yaoundé – 
Cameroun; 

2 Plant Pathology Unit, Gembloux Agricultural University, Passage des Déportés 2, 5030 
Gembloux, Belgium, e-mail: jijakli.h@fsagx.ac.be 

 
Abstract: The effects of water activity (aw), temperature and pH were evaluated on the radial growth 
of Trichoderma asperellum (strains PR10, PR11, PR12, 659-7), an antagonist of Phytophthora 
megakarya, the causal agent of cocoa black pod disease. The radial growth of four strains of T. 
asperellum was monitored for 30 days on PDA modified medium at six levels of aw (0.995-0.880), 
three values of pH (4.5, 6.5 and 8.5) and three incubation temperatures (20, 25 and 30°C). Whatever 
the strain, mycelial growth rate was optimal at water activities between 0.980 and 0.995, 
independently of incubation temperature and pH. All strains appeared to be very sensitive to aw 
reduction. In addition, all four strains were able to grow at all temperatures and pH values (4.5-6.5), 
highest growth being observed at 30°C and pH= 4.5-6.5.  
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Functional characterization of grape defence genes to improve the 
biocontrol activity of Pseudomonas fluorescens against Armillaria 
mellea 
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Cesare Gessler1, Claudio Moser2 
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38010 S. Michele a/Adige (TN), Italy, e-mail: claudio.moser@iasma.it 

 
Abstract: Armillaria mellea is the main causal agent of grape root rot in some important viticulture 
areas. It causes vigour decline and plant death. So far, no resistant Vitis rootstocks have been 
identified and the pesticides are ineffective in controlling this disease. Since young grapes do not show 
A. mellea symptoms during the first 3-4 years, the activation of defence mechanisms has been 
hypothesised. In order to study defence response at molecular level in the widely used rootstock 
(Kober 5BB), the suppression subtractive hybridization approach has been used and specific genes 
induced 24 h after A. mellea inoculation have been identified. To elucidate the function of these genes 
in the plant defence response, their full-length sequences have been obtained and cloned in a vector 
suitable for heterologous expression in bacteria. The characterization of antifungal properties of the 
recombinant proteins will identify grape genes involved in defence reaction against A. mellea. These 
antifungal genes will be mobilized in Pseudomonas fluorescens to introduce a new antagonistic trait in 
this biocontrol agent. 
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Survival of Trichoderma atroviride 122F on strawberry 
phylloplane and in soil 
 
Claudia Longa1, Yigal Elad1,2, Ilaria Pertot1 
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Abstract: Trichoderma atroviride P. Karst. 122F was isolated from decayed hazelnut wood in 
northern Italy. Its antagonistic activity against Armillaria mellea, the causal agent of root rot in 
agricultural crops and forests, was observed in vitro and in planta tests. The objective of the research 
was to characterize the biology and ecology of this antagonist. To better characterise T. atroviride 
122F, the influence of pH, temperature and nitrogen and carbon sources on its in vitro growth was 
evaluated. T. atroviride 122F survival was assessed on strawberry leaves under greenhouse controlled 
conditions and in three different soil types (sterilised and non-sterilised) at room temperature. T. 
atroviride 122F conidial suspension (1×106 conidia/ml) was sprayed on leaves of four week old 
strawberry plants. Leaf samples were taken 0-45 days after spraying. CFUs were counted on 
Trichoderma sp. selective medium to assess T. atroviride 122F survival. T. atroviride 122F survival in 
soil was assessed in polypropylene bottles with an application rate of 1.106 conidia/g soil. Assessments 
were carried out after 0-90 day after application. T. atroviride 122F survival in soil was measure as 
described before. It was found that isolate 122F is mesophillic, with an optimum growing temperature 
of 25°C. The fungus presents a wide pH tolerance, but growth was reduced on alkaline media (pH≥9). 
Nitrogen and carbon sources as yeast extract, peptone, tryptone, galactose, mannose and sucrose gave 
the highest mycelium biomass production (dry weight). The fungus can survive on strawberry leaves, 
but decreased from 5.23×104 to 4×102 CFU/mm at the end of the experiment. T. atroviride 122F 
survives and multiplies in sterilised soils, whereas no increase, followed with a decrease after 20 days, 
was seen in non-sterilized soils, probably as a consequence of competition with soil microbial 
population. This hypothesis is also supported by differences in survival and establishment of T. 
atroviride 122F in the three non-sterilised soils. T. atroviride 122F is not highly demanding for 
growing and adequately survived under the tests conditions, showing a good potential for soil and 
foliar application. 
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Microcosm approach for examining the survival and migration  
of Trichoderma atroviride 122F in soil 
 
Claudia Maria Oliveira Longa, Ilaria Pertot 
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e-mail: claudia.longa@iasma.it  

 
Abstract: Survival and dispersal of a biocontrol agent in the soil is an important aspect both for 
increasing its control efficacy and in risk assessment. Much of this information is usually obtained 
with the use of microcosms. An undisturbed soil structure is an important prerequisite for representing 
natural environmental conditions. A new microcosm prototype is proposed in experiments using an 
“intact soil” core. Microcosms were manufactured from iron pipes (7 cm inside diameter) cut to 50 cm 
lengths. The pipe was perforated every 10 cm over length for easily sampling soil at increasing depths. 
A preliminary experiment was run in December 2005 to optimize sampling frequency and extracted 
soil sample size. A second experiment was set up to evaluate the movement with percolating water of 
Trichoderma atroviride P. Karst 122F. Soil cores were taken from the field in March and May 2006, 
by inserting the pipe for 50 cm into the soil and gently removing it without disturbing the sampled 
core. The microcosms were immediately placed in an incubator at 20°C. The surface was irrigated 
according to the natural rain quantities. Conidia of T. atroviride 122F grown on rice were inoculated 
on the microcosm’s soil surface by mixed the suspension with the first centimetre of soil (final conidia 
concentration of 1×106 CFU/g soil). A soil sample was weekly removed through each perforation 
representing a particular microcosm soil layer. Dilution plating was carried out using a semi-selective 
medium for Trichoderma spp. to count the recovered T. atroviride’s CFUs during time. A good 
survival was seen in the first layer of soil and slow and limited movement with percolating water was 
seen. These experiments, after validation, can provide information on possible behaviour and fate of 
soil application of T. atroviride 122F. 
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Effects of allyl-isothiocyanate released by Brassica carinata meals 
on Trichoderma spp. and soil-borne pathogens 

 
Stefania Galletti, Eleonora Sala, Pier Luigi Burzi, Simona Marinello, Claudio Cerato 
C. R. A., Consiglio per la Ricerca e la sperimentazione in Agricoltura, Istituto Sperimentale 
per le Colture Industriali, Via Corticella 133, 40129 Bologna, Italy, e-mail: s.galletti@isci.it 
 
Abstract: Biofumigation by Brassicaceae green manure or seed meals is a promising, ecological 
alternative to methyl-bromide against soil-borne pathogens, based on the release of glucosinolate-
derived compounds toxic for several pathogens. The effects on the beneficial soil microflora, naturally 
occurring or artificially introduced as biological control agents, need to be elucidated. Forty strains of 
Trichoderma spp., a well known fungus used as biological control agent, were in vitro tested for 
tolerance to allyl-isothiocyanate, the biocidal volatile compound released by wetted B. carinata meal. 
The results showed variable responses among the Trichoderma isolates, highlighting fungicidal or 
fungistatic effects, while a fungicidal effect was found towards the pathogens (Rhizoctonia solani and 
Pythium ultimum) at the same dose. One isolate, Ba15 strain (T. koningii), showed a peculiar 
behaviour, tolerating biofumigation very well. Moreover it was able to help the growth of other 
Trichoderma isolates growing in presence of the meal in the same Petri dishes, overcoming the 
fungistatic effect, maybe partially detoxifying the biocidal molecule. This effect was not observed 
towards the pathogens, which still were killed even in presence of Ba15 strain. Trichoderma strains 
were also assayed for in vitro antagonism towards the pathogens, by the dual growth method, with 
differential responses. Ba15 strain did not evidenced any antagonism ability. In conclusion these 
findings seem to confirm that Trichoderma is generally less sensitive than the tested pathogens to 
biocidal compounds released by wetted B. carinata seed meal, suggesting a possible combined use, 
and that the addition of Ba15 strain into soil could favour the survival and growth of natural or 
introduced Trichoderma antagonists, protecting them from depressing effects. 
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Microbial activity for a sound environment – field results from 
bacterial inoculation in potatoes and vegetables 
 
Margareta Wikström1, Margareta Hökeberg, Jamshid Fatehi2, Bernt Gerhardson2,  
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e-mail: margareta.hokeberg@maselab.se 

 
Abstract: The aim of the research carried out within the MASE-programme - Microbial Activities for 
a Sound Environment - is to supply background knowledge that will facilitate development and use of 
microbial based products in food and feed production. MASE, like the sister programme DOM – 
Domestication of Microorganisms – aiming at accumulating knowledge and support to the 
biotechnology industry regarding the fermentation, formulation and safety assessment of "non-
conventional" microorganisms, both have the Swedish Foundation for Strategic Environmental 
Research – MISTRA – as a main funder. The MASE research activities are carried out in close 
collaboration with industrial partners and are focusing on six main areas: environmentally sound 
production of vegetables, potatoes, golf courses, cereals, sugar beets, and on biopreservation of food 
and feed with the use of microorganisms.  
Field experimental research within the MASE vegetable and potato projects, were performed mainly 
in the south of Sweden and in Spain. Between two and eight bacterial isolates were fermented and 
inoculated to seeds, tubers or roots in 42 full scale field experiments during 2004 and 2005. Seed 
inoculations were performed in spinach, carrots, dill and peas. Root inoculations were performed in 
iceberg lettuce, broccoli, cabbage, kale, swedes, peppers and tomato. The treated plants in most of 
these tested crops showed more enhanced emergence and a more rapid growth than non inoculated 
controls. Since a rapid emergence often meant an advantage over diseases and weeds, this also often 
led to significant yield increases. The obtained yield increases could be explained either by direct plant 
growth promotion and/or by biological control of diseases. Based on the results obtained we see a 
good potential for utilising the tested bacteria in practical plant production. The fact that some of the 
bacterial isolates regularly induced a positive effect in several of the tested crops, also point to good 
economic possibilities and commercial potential for developing these as product ingredients. However, 
unpredictable factors here are costs for registration and for large scale commercial production, factors 
that are presently researched within the sister DOM-programme, and in collaboration with MASE 
industrial partners. 
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Biocontrol mechanisms in Pseudomonas fluorescens CHA0 depend on 
the nutrient status of the pathogen 
 
Matthias Peter Lutz, Monika Maurhofer, Geneviève Défago 
Plant Pathology, Institute of Integrative Biology (IBZ), ETH Zürich, Zürich, Switzerland,  
e-mail: Matthias.Lutz@agrl.ethz.ch 
 
Abstract: Different biocontrol mechanisms are known to be essential for the biocontrol activity of 
pseudomonads. In strain CHA0 the production of the antimicrobial compounds e.g. 2,4-
diacetylphloroglucinol (DAPG) is one of the most important biocontrol mechanisms. P. fluorescens 
CHA0 is able to protect cress against Pythium ultimum in a gnotobiotic system, where the pathogen is 
applied as mycelium covered millet. In this microcosm, a gacA mutant deficient in the production of 
various secondary metabolites such as DAPG, pyoluteorin and HCN is not able to protect the plants. 
Therefore, the production of the antimicrobial compounds is crucial for the biocontrol activity. We 
developed a new gnotobiotic system in which P. ultimum was added after cultivation on the clay 
mineral vermiculite with little nutrients. In this microcosm, a gacA mutant was able to protect cress 
against P. ultimum to a similar extend as the wild-type strain CHA0. Therefore, other mechanisms 
than the production of secondary metabolites seems to be important to control P. ultimum in this 
microcosm. This suggests that the biocontrol mechanism responsible for disease suppression is 
dependent of the nutrient status of the pathogen. 
 
Influence of application time on survival, establishment and 
ability of Clonostachys rosea to control Botrytis cinerea conidiation 
on rose debris 
 
Marcelo A. B. Morandi, Liliana P. V. Mattos, Elen R. Santos 
Embrapa Environment, P.O. Box 69, 13820-000, Jaguariúna, SP, Brazil, 
e-mail: mmorandi@cnpma.embrapa.br 
 
Abstract: The influence of application time (9, 12, 15 and 18 h) and the length of exposure to natural 
sunlight (0, 0.5, 1, 2, 4 and 8 h) on survival, establishment, and ability of Clonostachys rosea to 
suppress Botrytis cinerea conidiation on senescing rose leaves were investigated. The experiments 
were carried out in a climate-controlled greenhouse (Exp. 1) and in a plastic-covered greenhouse (Exp. 
2). The conidia germination was significantly increased in the treatment kept on shadow and 
negatively correlated with application time from 9 to 18 h. The recovery of viable conidia from leaves 
reduced exponentially with length of exposure to sunlight. However, germination incidence was 
inversely proportional to the application time, independently of exposure to sunlight. These findings 
indicate that other factors beside solar radiation influenced germination. The relative humidity (RH) in 
the hours following inoculation correlated positively with germination, independently of sunlight 
exposure. Colonization of tissues by C. rosea was significantly reduced (40 to 50%) as exposure to 
sunlight increased. Despite the drastic effects of exposure to sunlight on C. rosea, the suppression of 
B. cinerea conidiation was only marginally affected (suppression of 94.5 to 100% and 65 to 93% at 
exp. 1 and exp. 2, respectively). Exposure of conidia to sunlight on the phylloplane for several hours 
reduced the efficiency C. rosea in colonizing tissues, but only partially affects its ability to suppress B. 
cinerea. These results show the ability of C. rosea to withstand adverse environmental conditions and 
still provide suppression of B. cinerea conidiation on rose debris. Although biocontrol was still 
effective, we recommend that the application of the antagonist to crops should be done preferentially 
during periods of low sunlight and high RH, in order to maximize the pathogen suppression. 
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The effect of root exudates of tomato plants inoculated with biocontrol 
and/or arbuscular mycorrhizal fungi on the development of soil-borne 
tomato pathogens  
 
Karin Hage-Ahmed, Monika Nell, Roswitha Mammerler, Horst Vierheilig,  
Siegrid Steinkellner  
Institute of Plant Protection, Department of Applied Plant Sciences and Plant Biotechnology, 
University of Natural Resources and Applied Life Sciences, Peter Jordan-Strasse 82,  
1180 Vienna, e-mail: siegrid.steinkellner@boku.ac.at 
 
Abstract: The development of the tomato pathogen Fusarium oxysporum f. sp. lycopersici (Fol) in the 
presence of tomato root exudates was studied. Root exudates were extracted from tomato plants co-
inoculated and inoculated separately with a commercial arbuscular mycorrhizal fungal inoculum and 
Trichoderma harzianum, T. viride or T. atroviride. In order to elucidate changes of the root exudation 
in plants treated as mentioned above, fungal growth of Fol was determined in a bioassay. 
 
 

Changes in the root exudates of mycorrhizal tomato plants 
affecting microconidia germination of Fusarium oxysporum f. sp. 
lycopersici are not host specific 
 
Stephan Scheffknecht1, Marc St-Arnaud2, Horst Vierheilig1, Siegrid Steinkellner1 
1 Institute of Plant Protection, Department of Applied Plant Sciences and Plant 
Biotechnology, University of Natural Resources and Applied Life Sciences, Peter Jordan-
Straße 82, A-1180 Vienna, e-mail: siegrid.steinkellner@boku.ac.at; 
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Montréal, 4101 Sherbrooke est, Montréal (QC), Canada 

 
Abstract: The effect of root exudates from plants colonized or non-colonized by the arbuscular mycorrhizal 
fungus Glomus mosseae on microconidia germination of Fusarium oxysporum f. sp. lycopersici (Fol) was 
studied. Root exudates from the Fol-host tomato and root exudates from Fol non-host plants were tested. 
Root exudates from all tested plants stimulated microconidia germination. Mycorrhization increased the 
stimulatory effect exhibited by the root exudates from the Fol host tomato and from all non-host plants. 
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Biology and biological control of tomato powdery mildew  
(Oidium neolycopersici) 
 
Dana Jacob, Dalia Rav David, Yigal Elad 
Departmet of Plant Pathology and Weed Research, The Volcani Center, Bet Dagan 50250, 
Israel, e-mail: danasjacob@hotmail.com 
 
Abstract: Tomato powdery mildew (Oidium neolycopersicum) has started to cause severe epidemics 
on tomato about 15 years ago. it mainly infects Solanaceae and Curcubitaceae plants. The symptoms 
on tomato plant include powdery white lesions on the upper side of leaves and on all other aerial plant 
parts except for on the fruits. In severe outbreaks, the lesions coalesce and the disease is debilitating 
resulting in fast death of leaves. It is extremely common in greenhouse tomatoes world-wide but 
increasing in importance on field-grown tomato crops. Suppression of the pathogen relies mainly on 
chemical fungicides. The fast nature of epidemic development results in many and frequent sprays. 
Our objectives were to study the disease biology and to find new friendly means of control of the 
disease including biocontrol agents in order to later structure an integrated control system that will 
result in reduction of chemical fungicides use and residues. O. neolycopersici conidia germination was 
highest at temperature 25ºC, high relative humidity (RH) and low light intensity, whereas, conidia 
production is higher at 22°C, lower RH and higher light intensity (but fluctuating greenhouse temp 
result in higher number of conidia). Under field conditions, epidemics developed faster under 
conditions of high RH and moderate temperature. Accordingly, we simulated conditions for significant 
epidemic development on potted tomato plants subjected to artificial inoculation in experimental 
greenhouses. While testing various yeast and bacterium isolates ,it was found that few of them reduced 
disease severity by up to 80% on potted plants under heavy disease pressure. However, disease 
suppression was better on upper leaves than on lower leaves. Disease severity was significantly higher 
on the lower leaves, thus control efficacy may be negatively related to the disease pressure and the 
time the plant organ was exposed to the pathogen inoculum and the biocontrol agent. The potential 
biocontrol agents did not affect the germination and germ tube elongation of the Oidium conidia. 
However, three of the micro-organisms reduced conidia formation on the thallus of O. neolycopersici 
on leaves. 
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Dynamics of microbial communities associated with genetically 
modified sugarcane and the biocontrol potential of endophytic 
bacteria against Fusarium moniliforme Kleiner 
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Abstract: The microbial community of sugarcane was accessed by using isolation and DGGE 
technique. In the field experiment were considered 3 treatments, following (1) sugarcane SP80-1842 
(conventional) weeded; (2) sugarcane IMI-1 imazapyr resistant weeded; and (3) sugarcane IMI-1 
imazapyr resistant managed with herbicide. The microorganisms were isolated after superficial 
disinfection of leaves and roots of sugarcane plants, also it were isolated fungi from rhizosphere. The 
genetic variability was evaluated by rDNA sequencing. The non-cultivated community of fungi was 
accessed through DGGE. It was not observed any relation between observed microorganisms and 
treatments, concluding that in the evaluated conditions neither transgeny nor management affect the 
microbial population.  
    Several Fusarium spp. were isolated from sugarcane and the molecular characterization of this 
group was performed by using RAPD. It was observed pathogenic and non-pathogenic F. moniliforme 
associated to sugarcane. 170 endophytic bacteria, isolated from the same experiment, are being 
evaluated against F. moniliforme, causal agent of pokkah boeng disease in sugarcane. The endophytic 
bacteria were characterized by BOX-PCR, and tested in vitro by pairing with F. moniliforme in PDA 
media. It was observed a number of bacteria with biocontrol potential and further assays are needed to 
understand the mechanism of this antagonistic interaction. Financial Support: FAPESP and CAPES. 
 
 
Interest of cultural practices to manage soilborne diseases 
 
Christian Steinberg, Véronique Edel-Hermann, Céline Janvier, Hanna Friberg,  
Claude Alabouvette 
UMR INRA-Université de Bourgogne, Microbiologie et Géochimie des Sols, 17 rue Sully,  
BP 86510, 21065 Dijon, France, e-mail: steinberg@dijon.inra.fr 
 
Abstract: Soilborne diseases are caused by pathogenic agents constituting single populations among 
complex communities of microorganisms. These populations are interacting and regulating their 
densities and activities, also modulated by the a-biotic environment. Cultural practices such as the 
application of organic amendments, rotation of crops, intercropping, bio-disinfestation, solarisation, 
and tillage practices influence the balance between functional groups in soils. Some of these cultural 
practices, alone or in combination have the capacity to enhance disease suppression but their efficacy 
depends on the resident microflora of the soil and on the specific ecological requirements of the 
pathogens. More detailed investigation of the biologically complex system and improvements of the 
presently available methods are necessary to improve practices in order to manage this microbial 
potential in an economically and feasible manner. 
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Organic matter-mediated cocoyam root suppression in natural 
and field systems in Cameroon 
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Abstract: The root rot disease caused by Pythium myriotylum, a soil-borne pathogenic oomycete, is 
the major limiting factor to increased production of cocoyam (Xanthosoma sagittifolium), an 
economical important food crop in the tropical and sub-tropical region. Suppressive soils to cocoyam 
root rot in Cameroon have been studied since 2001 in view of identifying factors responsible for the 
disease suppression. Greenhouse plant assays using artificially infected natural, heated and micro-
bially-recolonised heated suppressive soils, and a comparative analysis of properties of suppressive 
and conducive soils were used to identify soil factors that mediate the disease suppression. Physico-
chemical variables such as high content of soil organic matter, N, cations, and biological variables 
including high population densities of heterotrophic bacteria, Pseudomonas spp., Actinomycetes, and 
Trichoderma spp. were found to be strongly associated with soil suppressiveness. Three compost types 
previously screened for suppressiveness to P. myriotylum, were used in attempts to generate 
suppressiveness in disease conducive soils. Compost amendments at the rate of 20 t.ha-1 raised the soil 
organic carbon content to an average up to 2% (about one quarter of that in actual suppressive soils; 
8.12 to 8.72%). This resulted in significant disease reduction and increased tuber yield in three 
experimental plots (Ekona, Matomb and Akonolinga) differing in their cropping histories. But the 
disease control and the tuber yield were satisfactory only at Ekona (68.3 to 70.4% disease reduction 
and 71.5 to 75.84% increase tuber yield) where the inoculum pressure was relatively lower (3.7×102 

cfu/g soil), and unsatisfactory at Matomb (20.5 to 30.1% disease reduction and 0 to 25.8% increase 
tuber yield) and Akonolinga (10.2 to 24.4% disease reduction and 34 to 59% increase tuber yield) 
where the inoculum pressure was relatively higher, (5.27×102 and (5.43×102 cfu/g soil), respectively. 
Results suggest reduction of Pythium population in soil through crop rotation prior to applying 
composts. 
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Effect of calcium lignosulphonate on sclerotia of Sclerotinia 
sclerotiorum in organic substrates 
 
Matteo Montanari, Gloria Innocenti 
Department of Protezione e Valorizzazione Agroalimentare, Alma Mater Studiorum 
University of Bologna, Faculty of Agricultural Science, viale Fanin, 46, 40127 Bologna, Italy, 
e-mail: matteo@agrsci.unibo.it 
 
Abstract: Our purpose was to evaluate the effect of calcium lignosulphonate (CaLs) addition (3% v:v) 
to three organic substrates for ornamental plants: peat + coconut fibre (PC), municipal solid wastes + 
peat + pumice (MCP), and green compost + peat + pumice (GCP) on sclerotia of Sclerotinia 
sclerotiorum. Sterile sand was used as non-organic control. Sclerotia were buried into each substrate 
enriched or not with CaLs immediately after the addition of CaLs or sterile water. After 30 days, 
sclerotia were removed, surface sterilised and plated on agar medium to verify viability and 
colonisation of sclerotia by fungi naturally present in the substrate. CaLs significantly reduced the 
sclerotial germination when added to PC, whereas no effect was observed when it was added to GCP 
or sterile sand. The biocontrol effect of CaLs against sclerotia buried in MPC was transient. The 
enrichment of organic products with CaLs stimulated the colonisation of sclerotia by Trichoderma, 
Mucor and Fusarium oxysporum. 
 

 
Endophytes for the biological control of fungal tree diseases 
 
David Ezra, Tammy Kroitor 
Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan 
50250, Israel, e-mail: dezra@volcani.agri.gov.il  
 
Abstract: Endophytic microorganism-plant relationships range from the symbiotic to the pathogenic. 
Pathogen-plant interactions have been intensively investigated in an effort to study the mechanisms of 
pathogenesis and the basis of host-parasite relations. On the other hand, plants’ interactions with 
endophytic, non-pathogenic microorganisms have received much less attention and are still poorly 
understood. Some of these non-pathogenic endophytes are beneficial to their host plants. Some 
endophytes may protect their hosts by secreting antibiotics which inhibit the abilities of pathogens to 
develop in the plant and cause disease. These beneficial endophytes are the target of this study. We are 
looking for endophytes that have the potential to serve as biological control agents against fungal 
pathogens of trees. This work describes the processes involved in the isolation of biologically active 
endophytes from citrus trees and the introduction of a unique fungus, Muscodor albus, as a potential 
biocontrol agent for use against some tree pathogens, including Phoma tracheiphila.  
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Evaluation of endophytic actinobacteria as antagonists of Pythium 
aphanidermatum in corn 
 
Itamar Soares de Melo, Francisco G. Costa, Éder G. Cecília, Marcelo Morandi 
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Abstract: Endophytic bacteria reside within plant hosts without causing disease symptoms. 
Suppression of plant disease due to the action of endophytic microorganisms has been demonstrated in 
several pathosystems. Endophytic actinobacteria isolated from healthy corn plants were assessed for 
their ability to control damping-off. Forty one selected isolates were screened for in vitro antagonism 
towards Pythium aphanidermatum and for production of endo-glucanase, pectinase and chitinase. The 
taxonomy characterization of the isolates was fermented by using a combination of phenotypic, 
genotypic and phylogenetic methods and by FAME. All isolates were assigned to the genus 
Streptomyces. Some strains were putatively identified as S. halstedii, S. lavendulae, S. californicus, S. 
rochei rochei, S. anulatus, S. exfoliatus, S. glaucescens, S. albidoflavus and S. violaceusniger 
violaceusniger. Six strains were highly related and could not be identified to any Streptomyces species. 
These strains could represent novel streptomycete species. All Streptomyces isolates completely 
inhibited the mycelial growth of the pathogen. The active compounds, extracted with ethyl acetate, 
produced by all isolates, also strongly inhibited the mycelial growth. A Streptomyces lavendulae 
strain16R3B, tested for its effects on biocontrol of Pythium in greenhouse, significantly reduced the 
root rot index of cucumber and corn. Some isolates produced high amount of chitinase, pectin lyase 
and endo-glucanase. The results of this study indicate that endophytic actinobacteria isolated from 
corn plants provide an advantage as biocontrol agents for use in the field, where other have failed, due 
to their ability to colonize internal tissues of the host plant. 
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Role of arbuscular mycorrhiza-associated bacteria from the genus 
Paenibacillus in biocontrol of Pythium 
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Abstract: Several studies have shown that arbuscular mycorrhiza (AM) can increase plant tolerance 
against root diseases caused by Pythium, which is an important pathogen in greenhouse production of 
cucumber. The mode of action of this biocontrol activity is not fully understood, but both direct 
interactions between AM fungi and Pythium, and mycorrhiza-mediated plant defense reactions have 
been proposed. In addition, antagonism from bacteria in the mycorrhizosphere has been proposed. In 
the present study, the Pythium biocontrol features of bacteria from the genus Paenibacillus were 
examined. Paenibacillus strains which were isolated either from the rhizosphere of mycorrhizal 
(symbiosis with the AM fungus Glomus intraradices BEG87) or non-mycorrhizal cucumber plants or 
from the hyphosphere of G. intraradices were included in the experiments.   
    A simple cucumber seed emergence bioassay was developed using six-wells microtiter plates with 
sterilized sand as the growth substrate. One cucumber seed of the variety Mystica was placed in each 
well, and each treatment had five replicates. Each replicate consisted of one plate with six wells. 
Seventeen strains of Paenibacillus spp. (thirteen from AM and four from non-AM systems) were 
screened against two Pythium isolates (Py. aphanidermatum or Pythium sp.), which were inoculated as 
one agar plug applied directly to the seed. The respective controls without Pythium received agar plugs 
without Pythium. After sowing the microtiter plates were incubated in a growth chamber (19-21°C and 
16 h photoperiod) for seven days and 3 days later each experimental unit was scored for seed 
emergence.  
    Among the seventeen strains of Paenibacillus spp., no strains significantly reduced damping-off 
incidence caused by the rather aggressive isolate Pythium sp. (B5), however, thirteen strains including 
4 strains of Pa. polymyxa, 8 strains of Pa. macerans and 1 strain of Paenibacillus sp. significantly 
increased the percentage of seedling emergence of seeds inoculated with Py. aphanidermatum (FC42). 
The two best strains of Paenibacillus macerans not only reduced pre-emergence damping-off 
incidence with 73%, but also gave full protection against Py. aphanidermatum so that 68-82% of the 
emerged seedlings remained healthy seven days after sowing. Interactions between these strains and 
AM, and their combined effects on Py. aphanidermatum need to be investigated to further elucidate 
the role of Paenibacillus strains in the biocontrol activity of arbuscular mycorrhiza. However, our 
results demonstrate a potential among bacteria from Pa. polymyxa and Pa. macerans to control pre- 
and post emergence damping off in cucumber caused by Pythium.  
 
 

 63



 

Plant screening strategy to select soil and rhizosphere bacteria as 
biocontrol agents against white root rot of avocado 
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Abstract: A plant screening strategy to detect in planta bacterial biocontrol activity has been 
developed. This has allowed direct selection of the most effective isolates against avocado white root 
rot caused by Rosellinia necatrix. Biocontrol tests were performed using avocado plants cv. Reed 
obtained by in vitro germinated embryos. Out of 146 isolates tested, 25 expressed a disease index less 
than 30% when the control disease index was at 50% (ID50). Among the selected isolates, only 10 had 
in vitro antagonistic activity against R. necatrix. This result supports the hypothesis that potential 
biocontrol agents against avocado root rot are rejected when only antagonism is considered during the 
selection process. 
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High-Throughput preliminary screening of microorganisms with 
potential activity against Plasmopara viticola by means of quantitative 
Real-Time Polymerase Chain Reaction 
 
Silvia Dagostin, Gobbin Davide, Palmieri Luisa, Ilaria Pertot 
Safecrop Centre, IASMA, Via Mach 1, 38010 San Michele all’Adige, Trento, Italy, 
e-mail: silvia.dagostin@iasma.it 
 
Abstract: Downy mildew is one of the most important grapevine diseases worldwide, caused by the 
obligate parasite Plasmopara viticola. Control of the disease is so far achieved only by fungicide 
applications. Biocontrol is a more natural and less environmental harmful alternative compared to 
chemical pesticides. Screening for biocontrol efficacy on plants is expensive and time consuming. 
Therefore a rapid high-throughput method was developed for relative quantification of P. viticola 
DNA directly from Vitis vinifera leaves by means of multiplex real-time quantitative polymerase chain 
reaction (PCR) with TaqMan chemistry. A total number of 254 microorganisms, (bacteria and 
filamentous fungi), isolated from different substrate in untreated or abandoned vineyards, were tested 
using the high-throughput preliminary screening of and the potential role as Plasmopara viticola 
biocontrol agents was studied. Leaf disks were cut from fresh young (less then two weeks old) 
grapevine leaves. The leaf disks were treated with the microorganisms and afterwards inoculated with 
a suspension of P. viticola sporangia. Untreated and copper treated references were included. After 
two days of incubation at 20°C the disks were freeze-dried and the DNA extracted. A real-time 
polymerase chain reaction was carried out and a relative quantification of P. viticola DNA was 
achieved. A high ratio between P. viticola DNA / V. vinifiera DNA indicated a successful infection 
and a low biocontrol activity. Conversely, a low ratio indicated a good disease control. Among the 254 
tested microorganisms, about 134 showed a reduction of P. viticola DNA compared to the untreated 
control, thus meaning a potential antagonistic activity. In planta tests should then be performed to 
evaluate their real activity, however this high-throughput method allows to reduce, discharging the 
ineffective ones, to at lest one half the number of microorganisms to be tested on plants.  
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Frequency, diversity and biocontrol activity of surfactant-producing 
Pseudomonas species in Vietnam 
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Abstract: Biosurfactants are surface-active molecules produced by a variety of bacterial genera, 
including plant-associated Pseudomonas species. Among the biosurfactants produced by 
Pseudomonas species, rhamnolipids and cyclic lipopeptides (CLPs) have received considerable 
attention in biological control. CLPs are composed of a fatty acid tail linked to a short oligopeptide, 
which is cyclized to form a lactone ring between two amino acids in the peptide chain. CLPs are very 
diverse both structurally and in terms of their biological activity. The structural diversity is due to 
differences in the length and composition of the fatty acid tail, and to variations in the number, type 
and configuration of the amino acids in the peptide moiety. CLPs have received considerable attention 
for their antimicrobial, cytotoxic, and surfactant properties. For the antagonistic Pseudomonas species, 
CLPs play a key role in antimicrobial activity, motility, biofilm formation, and biological control of 
plant pathogenic fungi and oomycetes. 
    In this study, 64 samples were collected from the rhizosphere of black pepper plants grown in three 
different regions in the Quang Tri district in central Vietnam. Rhizosphere suspensions were plated 
onto semi-selective medium for fluorescent Pseudomonas species and a large number of randomly 
selected colonies were subjected to a drop collapse assay to identify putative CLP-producing 
Pseudomonas species. A total of approximately 300 isolates that produce biosurfactants were selected 
and subjected to genotypic analyses by BOX-PCR. A total of 65 different genotypic groups, including 
42 groups with single isolates and 23 groups with multiple isolates, were identified. Subsequent 
chemical profiling of the biosurfactants produced by representative isolates of the 23 genotypic BOX-
PCR groups resulted in the identification of only 4 different, putative CLP surfactants. The differential 
ability of the identified biosurfactant-producing Pseudomonas isolates to control phytophthora root rot 
of black pepper and cucumber will be presented. 
 
 
Biological control of verticillium wilt of cotton by endophytic bacteria 
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Abstract: Endophytic bacteria were isolated from the roots of various cotton cultivars and weeds in 
the cotton fields of Aydin province during 2004-2005 growing season. Twelve bacterial strains out of 
158 isolates showed a significant inhibition zone towards Verticillium dahliae Kleb. on potato 
dextrose agar (PDA) plate. Twelve antagonistic strains were tested for their in-vitro ability of 
producing volatile organic compounds, siderophore, indole acetic acid and phosphate solubilization. 
The antagonistic strains were further evaluated for the capacity to control verticillium wilt in vivo and 
to induce growth promotion in vitro by bacterial seed treatment. Two fluorescent pseudomonads and 
one Bacillus strains significantly reduced the incidence of verticillium wilt on cotton plants. 
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grapevine leaves against Botrytis cinerea and induce plant defense 
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Abstract: 282 bacteria were isolated from the rhizosphere and organs of healthy field grown-
grapevine plants and screened for their ability to protect grapevine leaves against Botrytis cinerea. A 
set of 26 strains was shown to confer a strong protection against the pathogen. Phenotypic and 
molecular analysis identified seven of these strains as subgroups of Pseudomonas fluorescens (PTA-
268, PTA-CT2), Bacillus subtilis (PTA-271), Pantoea agglomerans (PTA-AF1, PTA-AF2) and 
Acinetobacter lwoffii (PTA-113, PTA-152). The biocontrol activity of these strains was correlated 
with differential induction of lipoxygenase, phenylalanine ammonia-lyase and chitinase activities in 
grapevine leaves, as defense markers. In vitro antifungal experiments further indicated that only PTA-
AF1 and PTA-CT2 exerted also a direct antagonism against B. cinerea.  
 
 
Swiss wheat varieties differentially attract naturally occurring 
Pseudomonas spp. in a soil dependent manner 
 
Matthias Peter Lutz, Geneviève Défago, Monika Maurhofer 
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e-mail: Matthias.Lutz@agrl.ethz.ch 
 
Abstract: Improvement of plant fitness and yield by natural occurring root colonizing microorganisms 
is of special value in low-input or organic wheat production. Beneficial soil bacteria such as certain 
Pseudomonas strains are known to promote plant growth by several mechanisms. Thus, these 
microorganisms are able to circumvent potential negative consequences of low-input cropping systems 
such as the limited supply of nutrients and higher disease pressures often observed. A significant 
potential exists to further improve beneficial effects by breeding wheat genotypes with a greater 
capacity to sustain the interactions with these bacteria. However, the interaction of crop plants (e.g. at 
the variety level) and bacteria as well as the conditions which favor the accumulation of beneficial 
microorganisms are largely unknown. Therefore, a main goal of this study was to obtain essential 
information about the impact of wheat genotypes on the frequency and genetic diversity of beneficial 
Pseudomonas ssp. in low input soils. Three Swiss wheat varieties with a different genetic background 
were examined for the traits mentioned above in two distinct soils and bacteria were isolated from 
three different ecological niches, soil, root surface and the inside of the roots. We could show that the 
wheat varieties differed in the accumulation of pseudomonads carrying the phlD gene (which is 
essential for the production of the antimicrobial compound 2,4-diacetylphloroglucinol and therefore 
disease suppression). Furthermore, a significant interaction between soil origin and wheat variety on 
root colonization by Pseudomonas spp. was found. 
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Endophytic bacteria for biocontrol of coffee leaf rust (Hemileia 
vastatrix) 
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Abstract: Suppression of plant diseases due to the action of endophytic microorganisms has been 
demonstrated in several pathosystems. Several mechanisms may control the suppression of plant 
pathogens, either directly by antibiosis and competition, or indirectly by induction of plant resistance 
response. The objective of this work was to select endophytic bacterial strains from coffee leaves (F), 
roots (R) and stems (G) with biocontrol potential against coffee leaf rust (Hemileia vastatrix). Two 
hundred fifteen endophytic bacterial strains were evaluated in coffee leaf discs. Bacterial suspensions 
were applied on leaf discs, 72 and 24 hours before, after and simultaneously with the pathogen. Nine 
bacterial strains (116G, 123G, 36F, 137G, 14F, 109G, 115G, 3F, and 119G) showed to be effective in 
reducing the rust development. These selected bacterial strains were evaluated in coffee seedlings 
(Coffea arabica ‘Mundo Novo’). The bacterial suspensions were sprayed to the foliage 72 and 24 
hours before, after, and simultaneously with the pathogen. The best control levels were obtained when 
the biocontrol agents were applied 72 hours before the pathogen. Four endophytic strains - 119G, 3F, 
115G, and 109G - were effective in controlling coffee leaf rust (89, 84, 69 and 66%, respectively). The 
activity of enzymes (peroxidase, lipoxygenase, and phenylalanine ammonia-lyase) was assessed in 
relation to the control of H. vastatrix in leaf coffee seedlings seven days after the spray of four 
bacterial strains (119G, 3F, 115G, and 109G). It was observed that the inoculation of the strains 3F 
and 119G increased the peroxidase activity in leaves of coffee seedlings and significantly reduced the 
number of rust lesions per leaf. The other enzymes were not affected. The detection of peroxidase 
activity in leaves without the presence of the antagonists and pathogen proves the induction of 
systemic resistance, but probably there are other mechanisms of action. The isolates were identified 
based on cell membrane fatty acid contents, analyzed in a gas chromatograph, using microbial 
identification software (MIDI Sherlock TSBA Library version 5.0, Microbial ID, USA), as 
3F=Brevibacillus choschinensis, 115G=Microbacterium testaceum, and 119G=Cedecea davisae. 
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Abstract: Three biopesticide prototypes based on previously selected isolates of Clonostachys rosea 
(Cc001), Trichoderma koningii (Th003) and Pichia onychis (Lv031) were evaluated in a farm with 
history of losses caused by Sclerotinia sclerotiorum. The biological control agents achieved significant 
control of the disease, expressed as reduction in the number of dead plants compared with the 
untreated control which presented 32% of dead plants. Both IPM and Th003 treatments reduced the 
disease by 91 and 92% respectively, while chemical, Cc001 and Lv027 treatments reduced the disease 
by 28, 32 and 23%, respectively. Considering that IPM and Th003 treatments presented significant 
differences in reduction of disease as compared with the chemical control, they were selected to be 
validated in the same experimental area with a new lettuce crop. In this new experiment white mold 
was considerably high in the untreated control (85% of dead plants). Nevertheless, treatments 
significantly reduced the disease as compared with untreated control. The IPM and Th003 treatments 
resulted in 86 and 82% disease reduction, respectively as compared with chemical treatment that 
resulted in 49% reduction. 
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Integrated approach to enhance biocontrol efficacy of post-harvest 
biocontrol agents 
 
Samir Droby1, Lea Cohen1, Batia Weiss1, Avinoam Daus1, Jana Antonov2, Amir 
Bercovitz2, Daphna Blachinsky2, Beny El-ad2, Katia Feldman2, Alice Husid2, Michael 
Lazare2, Nataly Marcov2, Idan Shamai2, Mordechai Keren-Zur2  
1Department of Postharvest Science, ARO, the Volcani Center, P.O. Box 6, Bet Dagan 
50250, Israel; 

2Agrogreen Minrav Group - Kiryat Minrav Hi-Tech Park, P.O.Box 153, Ashdod 77101, 
Israel, e-mail: samird@volcani.agri.gov.il 

 
Abstract: The past decade has seen a steady increase in seeking alternatives to synthetic fungicides for 
post-harvest disease control. In particular, this has led to considerable research on the use of microbial 
antagonists as protective agents in much the same way as packing houses use synthetic fungicides for 
disease control. Several biological products, based on either yeast or bacteria have been developed and 
commercially tested. The success and wide spread use of these products, however, remains limited. 
This is for several reasons, among which is the inconsistency, variability of the efficacy under 
commercial conditions, and the lack of understanding how to adapt “biological approaches” to crop 
systems in a commercial setting.  
    The yeast antagonist Metschnikowia fructicola was jointly developed by ARO and AgroGreen Inc. 
and commercialized under the trade name "Shemer". Its efficacy against pre- and post-harvest diseases 
was commercially tested on wide variety of fruits and vegetables. In most situations performance of 
the product, as a stand alone treatment, was comparable with chemical control. In others, enhancement 
of efficacy of the biocontrol product was required and achieved by integrating the biocontrol product 
with other approaches. 
    In recent years we have been developing an integrative approach in which various physical and 
biological treatments are implied. These were tailored to the specific crop, and consisted of treatments 
that can be integrated in the routine post-harvest practices of the crop. This approach relies on first 
application of hot water treatment that disinfects and eradicates existing infections followed by 
microbial antagonists that protect the commodity from future infections. Combining antagonists with 
food-grade preservatives as well as modified atmosphere packaging (MA) has been also evaluated. 
Tests of this integrated approach were carried out on sweet potatoes, peaches, strawberries, and citrus. 
Collectively the results clearly show that performance of yeast biocontrol agents could be markedly 
augmented by the combination of complementary approaches such as physical disinfection and 
additives. 
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Pre-harvest application of a combined treatment of Candida sake 
(CPA-1) and Pseudomonas syringae (CPA-5) to control post-harvest 
decay of pome fruits  

 
Carla Nunes1, Josep Usall2, Neus Teixidó2, Maribel Abadias2, Immaculada Viñas2  

1 Centro de Desenvolvimento de Ciências e Técnicas de Produção Vegetal (CDCTPV), 
Postharvest Unit, Universidade do Algarve, Campus de Gambelas, 8000-139 Faro, 
Portugal, e-mail: canunes@ualg.pt; 

2 Postharvest Unit. CeRTA. Centre UdL-IRTA, 177 Rovira Roure Avenue, 25198 Lleida, 
Catalonia, Spain, e-mail: Josep.usall@irta.es 

 
Abstract: ‘Golden Delicious’ apples and ‘Blanquilla’ pears were wounded in the field 2 days before 
harvest and treated with C. sake CPA-1 and P. syringae CPA-5 alone or in combination. After harvest 
fruits were inoculated with P. expansum and stored at 1°C for 4 months. All treatments reduced decay 
caused by the pathogen, but the combination of the antagonist tends to be more effective. 
 
 
Increased biocontrol efficacy of Brevibacillus brevis against cucurbit 
powdery mildew by combination with neem extracts 
 
Eunice J. Allan, Michael J. Wilson, Barrie Seddon, Errika Paloukidou, Nahla Bouqellah 
School of Biological Sciences, University of Aberdeen, Cruickshank Building, Old Aberdeen, 
Aberdeen, AB24 3UU, Scotland, UK, e-mail: e.allan@abdn.ac.uk, fax: 44 1224 273731 
 
Abstract: This study has confirmed that the commercial neem extract, Trilogy, Certis, USA controls 
Podosphaera xanthii in several cucumber varieties. Furthermore, when the neem extract was 
combined with the bacterial biocontrol agent Brevibacillus brevis there was enhanced biocontrol. 
Indeed, effective control was still achieved when the concentration of Trilogy was reduced to only 
0.05%. It has also been demonstrated that the neem extract operates by at least two modes action: 
directly by inhibiting P. xanthii conidia germination and indirectly, by inducing disease resistance in a 
systemic manner throughout the plant. Such combined use of BCAs has been advocated to broaden 
efficacy under different environments and to reduce the risk of resistance developing in the pathogen.  
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On farm evaluation of biological control potential of some native 
isolates of Trichoderma asperellum on Phytophthora megakarya, the 
causative agent of cacao black pod disease in Cameroon 
 
Pierre Roger Tondje1, Dan Roberts3, Didier Begoude Boyogueno1, Nyemb Tshomb1, 
Michel Ndoumbe1, Marie Claude Bon2, Gary J. Samuels3, Prakash K. Hebbar4, Roy 
Bateman5, Domonic Fontem6, Stephan Weise7 

1 IRAD (Institute of Agricultural Research for Development), Regional Biological control  
and Applied Microbiology lab P.O. Box 2067 Yaoundé, Cameroon, e-mail: 
prtondje@yahoo.com;  

2 EBCL-ARS (European Biological Control Laboratory-ARS), Campus International de 
Baillarguet, 34980 Montferrier Le Lez, France; 

3 USDA, ARS (United States Department of Agriculture ARS), BARC-West, Building 011A, 
Beltsville, MD 20705, USA, e-mail: gary@nt.ars-grin.gov; 

4 MARS Inc. /USDA- ARS, Alternate Crops Systems Lab. Beltsville MD, USA,  
e-mail: prakash.hebbar@effem.com; 

5 Imperial College, IPARC, e-mail: r.bateman@imperial.ac.uk; 
6 University of Dschang, Cameroon, e-mail: dfontem@yahoo.com; 
7 IITA –STCP (International Institute of Tropical Agriculture-Sustainable Tree Crops 
Program) Cameroon, e-mail: s.weise@cgiar.org 

 
Abstract: Fungal isolates PR10, PR11, PR12, 659-7 identified as Trichoderma asperellum, were 
isolated from the forest natural reserve of Dja (Cameroon) and from farmers’ fields around Yaoundé 
(Cameroon). Necrotrophic mycoparasitism was observed for all these isolates. Pre-colonized plates 
with the cacao black pod disease causative agent Phytophthora megakarya (NKOMIII) failed to infect 
healthy cacao pods 24 hours after contact with T. asperellum (PR11) and 48 hours after contact with 
PR10, PR12, and 659-7. On farm efficacy of these isolates was further evaluated during two years on 
field trials conducted in farmers’ fields in two different locations within the cacao growing zone of 
Cameroon. The experimental plots were set up in selected cacao farms left untreated with chemical 
fungicides for many years, and on which the pathogen pressure was well established. Six treatments 
were considered: T. asperellum (PR10, PR11, PR12, 657-9), a metalaxyl based chemical fungicide 
(Metalaxyl+cuprous oxide) and a non- treated control. In addition to routine management practices 
(pruning, sanitary harvest), sprays of biocontrol candidates and the metalaxyl based fungicide were 
made every two weeks and data were collected every week on individual trees. Plots treated with T. 
asperellum (PR11) yielded most, with higher number of mature and healthy cacao pods. 
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Bacillus subtilis strain QST 713, use in integrated pest management 
 
Donald W. Edgecomb, Denise Manker 
AgraQuest Inc, 1530 Drew Ave, Davis, CA, 95616, USA, e-mail: dedgecomb@agraquest.com 
 
Abstract: Bacillus subtilis QST 713, a naturally occurring bacterial strain, was discovered in a 
California orchard by AgraQuest, Inc., USA. B. subtilis QST 713 has been shown to possess 
significant efficacy against a broad spectrum of bacterial and fungal pathogens and is not toxic to 
beneficial and non-target organisms. As determined by US-Environmental Protection Agency and 
international regulatory authorities, B. subtilis QST 713 is exempt from the requirement of a tolerance 
because there are no synthetic chemical residues, and it is safe to workers and the environment. As a 
result, treated fruit and vegetables can be exported throughout the world without restrictions. B. 
subtilis QST 713 works through multiple modes of action that involve the competitive biological 
action of B. subtilis in addition to fungicidal, lipopeptide compounds produced by the bacterium, 
including novel molecules. B. subtilis QST 713 has been shown to be an effective tool for disease 
control in organic crop production and in integrated disease control programs contributing to 
resistance management and, overall, reducing dependency on synthetic fungicides. 
 
 

Combination of microbial biocontrol agents to control rhizoctonia 
damping-off and fusarium wilt of tomato  
 
Magdalena Szczech1, Barbara Dyki2 
1 Department of Plant Protection, Research Institute of Vegetable Crops, Konstytucji 3-Maja 
1/3, 96-100 Skierniewice, Poland, e-mail: mszczech@inwarz.skierniewice.pl; 

2 Department of Genetic, Breeding and Biotechnology, Research Institute of Vegetable Crops, 
Konstytucji 3-Maja 1/3, 96-100 Skierniewice, Poland, e-mail: bdyki@inwarz.skierniewice.pl

 
Abstract: Mixtures of bacteria with different modes of action were used to control Rhizoctonia 
damping-off and Fusarium wilt of tomato plants. In the experiments with R. solani combined bacteria 
reduced variability of biocontrol exhibited by single strains of these bacteria and the effect of the 
mixtures was more stabile. Application combined bacteria to the roots of tomato transplants also 
significantly enhanced suppression of Fusarium wilt. 
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Sensitivity to fungicides of wild and mutant strains of Trichoderma 
spp. for integrated control of tomato root and crown rot 
 
Rodrigo Herrera1, Jaime Montealegre1, David Nuñez1, Natalia Romero1, Ximena 
Besoaín2, Luz M. Pérez3 
1 Departamento de Sanidad Vegetal, Facultad de Ciencias Agronómicas, Universidad de 
Chile, Casilla 1004, Santiago, Chile, e-mail: rherrera@uchile.cl; 

2 Pontificia Universidad Católica de Valparaíso, e-mail: xbesoain@ucv.cl; 
3 Universidad Andrés Bello, e-mail: lperez@unab.cl 
 
Abstract: In vitro sensibility of mycelia and conidia of Trichoderma strains to fungicides was studied. 
Trichoderma wild strains of several species (T. harzianum: Th 650, Th V, Th 291, Th 11, Th12; T. 
viride: Tvir 32; T. piluliferum: Tpi 33, and T. polisporum: Tpo 34) previously characterized and 
selected as good bioantagonists to control tomato root and crown rot (Fusarium oxysporum f. sp. 
lycopersici, F. solani, Pyrenochaeta lycopersici, Phytophthora nicotianae, and Rhizoctonia solani) 
were tested. Mutants were obtained with nitrosoguanidine and UV light, and their biocontrol activity 
was assessed on the pathogens mentioned above. The fungicides evaluated which are used normally or 
should be used to control tomato root and crown rot diseases, were Aliette, Enzone, Hymexazol, 
Mertec, Metalaxil, Monceren, Phyto-Fos, Rovcap and Rovral, The Trichoderma wild strains ThV, Tpi 
33 and Th 11, had higher EAC50 at least for two fungicides, being less sensitive to the agrochemicals 
evaluated than the other wild strains. Fungicides Hymexazol and Phyto Fos caused little effect on the 
growth of the wild strains. None of the wild and mutant strains were affected by Monceren. On the 
other hand, fungicides Mertec and Rovral had the highest inhibitory effect. The mutant strains 
obtained from wild strains Th 11, Th 12 and Tvir showed higher EAC50 and MIC values, being less 
sensitive to the fungicides evaluated than their respective wild type. 
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Improving control of storage diseases on apple by combining 
biological and physical post-harvest methods 
 
Ben Vorstermans1, Stijn Van Laer1, Piet Creemers1, Philippe Pujos2, Haïssam Jijakli3 
1 Proefcentrum Fruitteelt* Mycology, De Brede Akker 13, B-3800 Sint-Truiden, Belgium,  
e-mail: ben.vorstermans@pcfruit.be, stijn.vanlaer@pcfruit.be, piet.creemers@pcfruit.be; 

2 Bionext, Passage des déportés, 2, 5030 Gembloux, Belgium, e-mail: pps@bionext.be; 
3 Unité de Phytopathologie, Faculté Universitaire des Sciences Agronomiques, Passage des 
déportés, 2, 5030 Gembloux, Belgium, e-mail: jijakli.h@fsagx.ac.be  

 
Abstract: Post-harvest non-chemical treatments consist of a large range of different approaches, 
including strengthening of the commodity’s natural defence mechanisms, thermotherapy, application 
of antagonistic microorganisms and natural antimicrobial substances. NEX0101 is a promising 
antagonistic biocontrol agent containing the yeast Candida oleophila as the active ingredient. 
NEX0101 was developed by Bionext, a spin-off from the laboratory of Prof. H. Jijakli, and is 
currently evaluated for commercial use. The product contains a yeast strain isolated from apple fruit 
and was originally developed for the control of post-harvest diseases on apple (Jijakli et al., 2003). 
The antifungal effectiveness of this antagonist can be increased by addition of calcium salts (Van Laer 
et al., 2004, Jijakli et al., 2006). As the mode of action of this yeast is based on the colonisation of 
wounds, the mean targets of NEX0101 are blue mould, caused by Penicillium expansum, and grey 
mould, caused by Botrytis cinerea. Facing possible latent infections, thermotherapy by using hot water 
treatments could provide an advanced control towards lenticel rot (Pezicula spp., anamorph 
Gloeosporium spp.). A combination of both physical and biological treatment techniques could 
broaden the spectrum to all key pathogens on apple and pear. According to previous results the 
combination NEX0101 with calcium gluconate provides an advanced mould control towards P. 
expansum. All treated objects gave a significant reduction in decay. A submersion time of 2 minutes 
proved to be slightly more efficient compared to 30 seconds dipping. Facing the treatments techniques, 
no clear difference was observed comparing dipping or drenching the apple fruits. The best results 
were achieved using NEX0101 in combination with post-harvest dipping by thermotherapy. The hot 
water treatment alone was statistically inefficient towards wound parasite P. expansum, on the 
contrary thermotherapy stimulates the decay caused by this post-harvest pathogen. For the future a 
combination of biological and physical treatments could offer a worthy non-chemical alternative for 
organic and integrated fruit growers towards fruit rot decay, although more research is necessary to 
implement these methods in practice.  
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Management of cucurbit powdery mildew on greenhouse-grown 
melons by different biological control strategies 
 
Diego Romero1, Alejandro Perez-García1, Francisco-Manuel Cazorla1, Houda Zeriouh1, 
Dolores Fernandez-Ortuño2, Juan-Antonio Torés2, Antonio de Vicente1 
1 Grupo de Microbiología y Patología Vegetal, Unidad Asociada CSIC, Departamento de 
Microbiología, Facultad de Ciencias, Universidad de Málaga, E-29071, Málaga, Spain, 
e-mail: diego.romero@uma.es; 

2 Estación Experimental la Mayora, (CSIC) Algarrobo-Costa, E-29750, Málaga, Spain 
 
Abstract: Podosphaera fusca is the causal agent of cucurbit powdery mildew in Spain. Control 
failures of many commercial fungicides have favoured the progress of biological control approaches 
and their integration in feasible integrated pest management programs. In this study, the ability of two 
mycoparasites and four strains of Bacillus subtilis alone or in alternation with a fungicide 
(azoxystrobin) to efficiently manage P. fusca under greenhouse conditions is provided, supporting 
their use as parts of integrated control programmes for management of cucurbit powdery mildew. 
 
 
Effect of application time of control agents on Podosphaera aphanis 
and side effect of fungicides on biocontrol agents survival on 
strawberry leaves 
 
Federica Fiamingo1, Yigal Elad2, Ilaria Pertot1 
1 SafeCrop Centre IASMA, S. Michele all’Adige 38010, Italy, federica.fiamingo@iasma.it; 
2 Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan 
50250, Israel 

 
Abstract: Powdery mildew of strawberry (Podosphaera aphanis f.sp. fragariae) is one of the main 
concerns worldwide either in all strawberry growing systems. Integrated pest management allows 
adequate disease control while reducing the use of chemical fungicides. The optimal integration 
between chemical and biocontrol agents (BCAs) is based on the right timing of treatments according 
their mechanism of action and the disease stage and level and, since BCAs are living organisms, on 
avoiding negative side effect of chemicals on them. With the final aim of integrating chemicals and 
BCAs in a decision support system for optimization of IPM on strawberry the efficacy of some widely 
used fungicides (sulphur, polyoxin, kresoxim methyl and tetraconazole) and some Application of 
BCAs (Ampelomyces quisqualis AQ10, Bacillus subtilis QST 713, Trichoderma harzianum T39) 
against powdery mildew at different times in respect to pathogen infection was evaluated. Sulphur and 
B. subtilis QST 713 were active only if applied at inoculation time; polyoxin, kresoxim methyl and 
tetraconazole had the highest efficacy if applied after inoculation. T. harzianum T39 was active when 
applied 4 days before inoculation and it was not active when applied after inoculation suggesting a 
mechanism of action involving resistance induction in the host plant. A. quisqualis showed a poor 
efficacy probably due to the high disease pressure and, being a hyperperasite, to early application vs. 
pathogen establishment. Side effects of chemicals fungicides on BCAs were also evaluated. 
Quantitative survival of T. harzianum T39 and B. subtilis QST 713 on strawberry leaves was not 
affected by fungicides (sulphur, penconazole, azoxystrobin, polyoxin, kresoxim methyl and 
tetraconazole) treatment, while A. quisqualis viability decreases significantly. 
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Integration of biocontrol agents and natural products against tomato 
late blight 
 
Alessandro Ferrari1, Stanislav Dubeshko1-3, Haim Vintel2, Dalia Rav David1,2,  
Yigal Elad1,2 
1 SafeCrop Centre, IASMA, via Mach 1, S. Michele all’Adige, 38010, Italy, 
e-mail: alessandro.ferrari@iasma.it; 

2 Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan 
50250, Israel; 

3 Institute of Molecular Biology and Biochemistry, 480012 Almaty, Kazakhstan 
 
Abstract: Late blight (Phytophthora infestans) is one of the most devastating diseases of potato and 
tomato. It can result in complete destruction of these crops. The aim of this study was to test 
alternatives to synthetic fungicides currently used in the control of late blight and to evaluate the 
efficacy of a combined use of biocontrol agents and natural products. Antifungal activities of the 
BCAs Trichoderma harzianum T39 (formulated), four yeast and five bacteria isolates from Israel and 
Italy were assayed on tomato and potato plants artificially inoculated with P. infestans sporangia, 
under growth chamber and greenhouse conditions. Additionally we tested the effect of an alcoholic 
plant extract (Elot-vis), a chitosan based product (Chitoplant) and a fatty acid based agent (Tecnobiol) 
compared to two low copper rate products (Labicuper and Labimethyl) and copper hydroxide 
(Kocide). Significant control of the disease on tomato was observed following treatments with T. 
harzianum T39, two bacteria isolates (B19 and B69), Chitoplant and Elot-vis. T. harzianum T39, Elot-
vis and Chitoplant were consistent in their control activity. The tests in potato consisted only of the 
BCAs. T39 and B19 significantly reduced potato late blight. In tomato a synergistic effect was 
obtained for B19 plus Elot-vis. 
 
 

 
Compatibility of Trichoderma koningii with chemical fungicides 
 
Magda García, Laura Villamizar, Alba Marina Cotes 
Biological Control Laboratory, Colombian Corporation for Agricultural Research, 
AA 240142, Las Palmas, Bogotá, Colombia, e-mail: acotes@corpoica.org.co, 
 
Abstract: Isolate Th003 of T. koningii with high biocontrol activity against different pathogens on 
tomato plants was tested in vitro and in vivo for compatibility with routinely used fungicides: 
clorothalonil, difenoconazol, methyl-tiofanate, carbendazim, benomyl, copper oxichloride and sulfur. 
When in vitro compatibility tests were conducted, a negative effect of clorothalonil, difenoconazole, 
methyl-tiofanate, carbendazim, benomyl, and copper oxichloride expressed as T. koningii complete 
inhibition of germination and growth was observed. Sulfur did not affect these parameters. However 
when the effect of the fungicides was evaluated in vivo, T. koningii was able to germinate, although a 
significant reduction effect ranging from 10-17% was observed, as compared with the untreated 
control (P<0,0001) with the fungicides carbendazim,  benomyl, clorothalonil and copper oxichloride 
when germination was evaluated 24 and 48 h after fungicide application. This study highlights the 
importance of testing biocontrol agents in vivo to establish compatibility with chemical pesticides. 
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Biocontrol strategy in tomato soil-less culture by combining  
slow filtration and Pythium oligandrum inoculation 
 
Gaétan Le Floch1, David Renault1, James T. Tambong2, Jessica Vallance1, C. André 
Lévesque2, Patrice Rey1  

1 Laboratoire de Biodiversité et Ecologie Microbienne (EA 3882), ESMISAB, Université de 
Bretagne Occidentale, Technopôle Brest-Iroise 29280 Plouzané, France, 
e-mail: gaetan.lefloch@univ-brest.fr; 

2 Agriculture and AgriFood Canada, KW Neatby Building, 960 Carling Avenue, Ottawa, 
Ontario, K1A0C6, Canada, e-mail: levesqueca@agr.gc.ca 

 
Abstract: Pythium oligandrum is a biocontrol agent which has been successfully used to protect 
plants from root diseases in hydroponic cultures. After introduction of selected strains of 
P. oligandrum in the rhizosphere of tomatoes grown in greenhouse, their persistence was assessed by 
two molecular methods, DNA macroarray and real-time PCR; and results were compared to those 
from a plate-counting method. PCR-based methods detected P. oligandrum throughout the 6-months 
growing season, whereas plate counting indicated its presence only over the first 3 months. These 
results provide new data about persistence and inoculation strategies for P. oligandrum on plants. In 
the same experiment, a slow filter (SF) was used to eliminate pathogenic fungi from the nutrient 
solution. Antagonistic bacteria strains (Bacillus cereus or Pseudomonas putida) were inoculated in the 
SF unit to enhance its efficacy. Each month, its ability to eliminate Pythium spp. was evaluated by 
assessing populations found in inflow and outflow water, and in the rhizosphere. It showed a drastic 
reduction of Pythium spp. from the nutrient solution by SF. However, P. dissotocum was endemic and 
was routinely detected in the rhizosphere of inoculated and control plants. 
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Control of citrus black spot (Guignardia citricarpa) by biological control 
agents and other alternative products 
 
Wagner Bettiol, Eduardo R. A. Bernardo 
Embrapa Environment, CP 69, 13820-000, Jaguariúna, SP, Brazil, 
e-mail: bettiol@cnpma.embrapa.br 
 
Abstract: Citrus black spot (CBS) is responsible for substantial damage in citrus, in several countries. 
In Brazil, this disease occurs in several municipalities in the State of São Paulo, in an area that is 
highly representative of the state’s citriculture. Black spot control basically relies on the use of 
protective or systemic fungicides, applied at 28-day intervals. The objective of this work was to 
evaluate the effects of biocontrol agents (Bacillus subtilis and Trichoderma sp.) and other alternative 
products (cow milk and biofertilizer) to control CBS in organic and conventional systems. In the first 
experiment, the following treatments were done on ‘Pera plants’: B. subtilis (107 and 108 CFU ml-1); 
autoclaved Milhocina (0.5%) + Molasses (0.5%); Trichoderma sp. (106 conidia ml-1); cow milk (5%) 
and Microgeo® (commercial biofertilizer currently used by citrus organic growers). The severity of 
the disease on 50 fruits at harvest stage collected randomly from each replication plant were evaluated 
by means of a six-category scale, which 1=0.5%, and 6=49% of fruit area with lesions. The percentage 
of fruits classified at class 1, 2 and 3 to 6 were calculated. The milk and B. subtilis (108) treatments did 
not differed significantly from each other and presented the higher percentage of fruits classified at 
class 1 (26 and 19%, respectively) and the lower percentage of fruits at class 3 to 6 (30 and 36%, 
respectively). These treatments were significantly superior to Microgeo® treatment (11, 38 and 51%, 
respectively for fruits at class 1, 2 and 3 to 6). In the second experiment, in a conventional ‘Valencia’ 
orchard, different doses (0, 2.5, 5, 7.5 and 10% v/v) of a biofertilizer (produced by aerobic 
fermentation of a mixture of molasses, compost cattle manure, earthworm humus, yeast and water) 
were sprayed and compared with a standard fungicide treatment. The percentage of fruits classified as 
1 and 2 were 4.4, 8.0, 5.8, 6.6, 4.9 and 12.8, respectively for the treatments 0, 2.5, 5.0, 7.5 and 10% of 
biofertilizer and fungicide. The percentage of fruits classified as 5 and 6, for the same treatments were 
38, 29, 28, 28, 28 and 19. These results indicate the potential of the use of biofertilizer, milk and B. 
subtilis as alternatives for citrus black spot control, especially in organic orchards. 
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Survival of Trichoderma harzianum T22 in soil after chloropicrin 
fumigation 
 
Daniele Prodorutti1, Luca Mocellin2, Ilaria Pertot2 

1 IASMA Research Centre-Plant Protection Department, Via E. Mach 1, 38010 San Michele 
all’Adige (TN)-Italy, e-mail: daniele.prodorutti@iasma.it; 

2 Safecrop Centre, IASMA, Via E. Mach 1, 38010 San Michele all’Adige (TN)-Italy 
 
Abstract: Grapevine root rot caused by Armillaria mellea is an important disease in some areas of 
northern Italy (Trentino). Chemical fungicides are ineffective in controlling the disease and biocontrol 
agents (BCAs) show only partial and insufficient protection. In autumn 2005, the efficacy of the 
fumigant chloropicrin was tested against A. mellea in two different fields. After the fumigation, the 
soil was treated with Trichoderma harzianum strain T22 to evaluate its survival and development. The 
aim was to evaluate if chloropicrin fumigation can reduce the inoculum and favour the establishment 
of the BCA by reducing competition with the indigenous microflora. After burying samples of A. 
mellea at different depths, the soil was treated with chloropicrin and covered with a plastic film. Part 
of the area was left untreated and similar A. mellea samples were buried in it. Ten days after 
fumigation, A. mellea samples were removed from soil to evaluate their viability. At the same time, 
portions of the previously fumigated soil and of the untreated part were treated with a water 
suspension of T. harzianum T22 conidia. Soil samples were collected at different times. For each 
sample the recovered Trichoderma spp. CFUs were counted on selective media. The fumigation killed 
A. mellea samples placed in the soil. The residual chloropicrin present after fumigation also reduced 
the viability of Trichoderma T22 that was spread in the soil after the removal of the plastic film. In 
fact less Trichoderma spp. colonies were measured one week after the application in the chloropicrin 
treated area compared to the untreated one.  
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3 Postharvest Unit. IRTA. Centre UdL-IRTA, Av. Rovira Roure, 191, 25198 Lleida 
(Catalonia), Spain 

 
Abstract: Green and blue mould, caused by Penicillium digitatum and P. italicum, respectively, are 
response of serious economic losses in citrus packinghouses. Curing, by holding fruit at high 
temperatures and humidity, to enhance host defence mechanisms, is an attractive commercial 
possibility for control postharvest decay. The biological control agent Pantoea agglomerans (CPA-2), 
isolated from apple surface, is an effective antagonist to the major post-harvest pathogens on pome 
and citrus fruits. The present study focused the combination of “short” or “long” curing and Pantoea 
agglomerans (CPA-2). 
    In “short” curing assays, all oranges were previously wounded and inoculated with P. digitatum or 
P. italicum at 106 conidia/ml. After air-drying oranges were treated: (i) with P. agglomerans (CPA-2) 
at 2×108 CFU/ml, (ii) cured at 55ºC for 4 h, (iii) with biocontrol agent after the curing treatment. 
Control was non treated fruits. To evaluate the effect of “long” curing, fruits were wounded as 
previously described. After 24 h of infection establishment, fruits were treated as above, except that 
the in curing treatments fruits were cured at 40ºC for 18 h followed for 6 h at 20ºC. Seven days after 
storage at room temperature, all treatments successfully controlled blue and green mould, in both 
assays. However the best control decay was achieved combining curing with biocontrol agent. The 
combination of P. agglomerans with curing at 55ºC for 4 h reduced the development of P. digitatum 
and P. italicum by 60 and 52%, respectively, with long curing at lower temperature, the reduction was 
80% for P. digitatum and 82% for P. italicum.  
    From the present results it is concluded that for the reduction of postharvest decay of both 
pathogens the combination of “short” or “long” curing with P. agglomerans (CPA-2) improve the 
biocontrol activity of the antagonist. However in a commercial point of view the a curing treatment at 
40ºC for 18 h integrated with P. agglomerans is more effective, with no effects in fruit quality, such as 
weight loss, and for packinghouses will be easily to reach lower temperatures in a commercial 
chamber. 
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Integrated management of soil-borne pathogens as a tool for prolonged 
use of rockwool substrate for tomato growing in an open hydroponic 
system  
 
Czeslaw Ślusarski  
Research Institute of Vegetable Crops, Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland  
 
Abstract: Two spring and two autumn trials with greenhouse tomatoes were conducted, in which 
preplanting chemical disinfestation of two- and three-year old rockwool slabs with a disinfectant 
containing dimethylalkykbenzyl ammoniumchloride and polyhexamethylene biguanidyne-
hydrochloride (at 1500 ppm) was integrated with a complementary postplanting application of 
biocontrol agents (Pythium oligandrum, Trichoderma viride B35) or a mixture of fungicides 
(propamocarb + tiophanate-methyl). Additional applications of P. oligandrum, T. viride B35 and the 
fungicide mixture increased the marketable yield in comparison with the disinfectant alone, on the 
average by 3.2, 4.0 and 4.9% in the spring crops and by 11.8, 2.1 and 6.9% in the autumn crops, 
respectively.  
 
 
Can biotechnology help biocontrol to overcome its innate weaknesses?  
 
Cesare Gessler, Ilaria Pertot 
Safecrop Centre, IASMA, Via Mach 1, 38010 San Michele all’Adige, Trento, Italy, 
e-mail: cesare.gessler@iasma.it  
 
Abstract: Genetic manipulation of microorganisms with the goal of increasing biocontrol abilities by 
introducing additional mechanisms is feasible and several articles are published. Increased potential 
risks of such genetic modified microorganisms are also recognized and possible safeguard mechanisms 
discussed. In this paper a short up to date discussion is presented. Currently risk assessment seems to 
be not able to answer any of the relevant safety questions, therefore it seems too early to envisage any 
practical use of biotechnology to overcome biocontrol limitations. 
 
 
Development of risk assessment methodology for biocontrol agents  
 
Hans Mensink, Jacqueline Scheepmaker  
RIVM-SEC (Rijksinstituut voor Volksgezondheid en Milieu-Stoffen Expertise Centrum; 
National Institute of Public Health and the Environment-Expertise Centre for Substances) 
P.O Box 1, 3720 BA Bilthoven, the Netherlands, 
e-mail: Hans.Mensink@rivm.nl, Jacqueline.Scheepmaker@rivm.nl 
 
Abstract: Regulatory guidance on the risk assessment of Biocontrol Agents (BCAs) needs a strong 
impulse as risk assessors need to evaluate 15 ‘existing’ BCAs. Today, regulatory guidance is still 
limited. A risk decision tree was developed which guides risk assessors and regulators through the risk 
assessment. The decision tree is primarily based on the data requirements (Annex IIB and IIIB) and 
the uniform principles (Annex VIB) of 91/414/EEC.   
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Environmental fate of the biocontrol agent of fire blight 
Pseudomonas fluorescens EPS62e on apple and pear using real-
time PCR and selective media  
 
Marta Pujol, Esther Badosa, Emilio Montesinos 
Institute of Food and Agricultural Technology-CIDSAV-CeRTA, University of Girona,  
17071 Girona, Spain, e-mail: mpujol@intea.udg.es 
 
Abstract: The strain EPS62e of Pseudomonas fluorescens was isolated from a healthy pear fruit and 
is a reliable biological control agent of fire blight because of its high efficacy in controlling Erwinia 
amylovora infections in immature fruits, blossoms and shoots. To develop this biocontrol agent as a 
commercial biopesticide, the knowledge of its environmental fate after field release is needed. In the 
present work, the dynamics of EPS62e population on apple and pear blossoms, fruits and leaves was 
monitored under greenhouse and field conditions. Two monitoring tools were developed and used 
simultaneously to evaluate the behaviour of the target strain; a method based on CFU counting on 
selective media, and a real-time PCR method (Pujol et al., 2006a) based on a SCAR marker (Pujol et 
al., 2005). The biocontrol agent showed an active colonisation of flowers under greenhouse and field 
conditions, reaching population levels from 107 to 108 CFU/blossom at the carrying capacity of 
flowers. Strain EPS62e almost dominated completely the cultivable microbiota of flowers. The field 
trials, carried for about two months, showed that the vast majority of the biocontrol agent population 
remained at the calyx area after the fruit set. In blossom trials, no significant differences were 
observed between population levels assessed by CFU-counting and real-time PCR methods. However, 
when EPS62e was inoculated in leaves, the population levels decreased during time, and the values 
estimated by both methods significantly differed under greenhouse conditions. In general in leaves, 
values obtained by real-time PCR were higher than those obtained by CFU-counting, indicating a 
possible  entry into a viable but unculturable (VBNC) state of a part of EPS62e population and the 
presence of non-degraded DNA after cell death. However, under field conditions, the population levels 
on leaves decreased till non-detectable levels and both methods of analysis coincided. The results 
indicated that the biocontrol agent was under stressful conditions when inoculated in the phyllosphere 
and may enter into a VBNC state or dead, whereas it was under optimal colonisation conditions when 
applied in blossoms. Therefore, the use of both monitoring methods provides useful information on 
epiphytic fitness of the biocontrol agent depending on the host species, the plant organ and weather 
conditions. 
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Development of a quantitative competitive PCR assay for the 
quantification of the biocontrol agent Pseudomonas fluorescens 
Pf153 in soil  
 
Davide Gobbin1, Fabio Rezzonico2  
1 SafeCrop Centre, Istituto Agrario di S. Michele all’Adige, via Mach 1, S. Michele all’Adige, 
TN, 38010, Italy, e-mail: davide.gobbin@agrl.ethz.ch; 

2 SafeCrop centre c/o Forschungsanstalt Agroscope Changins-Wädenswil ACW, CH-8820 
Wädenswil, Switzerland, e-mail: fabio.rezzonico@acw.admin.ch 

 
Abstract: Pseudomonas fluorescens Pf153 was isolated from the roots of tobacco plants grown in a 
soil suppressive to black root rot caused by Thielaviopsis basicola. We developed two PCR-based 
molecular markers (Pf153_1 and Pf153_2) that allow the specific identification of the strain Pf153 
among pseudomonads and other bacteria present in the soil. Based on the marker Pf153_2 a 
quantitative competitive PCR assay was developed. The competitor cmp2 was cloned into the plasmid 
pME6031 and transformed into P. fluorescens CHA0. In soil the DNA extraction efficiency from both 
Pseudomonas strains is identical; therefore CHA0/c2 can be used as a standard to quantify the 
biocontrol strain Pf153. The detection limit of QC-PCR lies between 6.6 and 0.66 Pf153 CFU/mg soil. 
This method enables an exact quantification of Pf153 in biocontrol assays performed in natural soil, 
overcoming differences in DNA extraction efficiency and PCR amplification from any soil 
environment.  
 
 
Development of a RAPD marker and a semi-selective medium for 
Aureobasidium pullulans (strain Ach1-1), a biocontrol agent against 
post-harvest diseases on apples 
 
Adil El Hamouchi1, 2, Bouchra Najimi1, Samir El Jaafari1, Damien Friel2, M. Haïssam 
Jijakli2 
1 Laboratoire de Biotechnologie et Amélioration des plantes, Faculté des Sciences de Meknès, 
Université Moulay Ismail, BP 4010, 50000 Meknès, Morocco,  
e-mail: s.eljaafari@menara.ma; 

2 Unité de Phytopathologie, Faculté des Sciences Agronomiques de Gembloux, Passage des 
Déportés 2, 5030 Gembloux, Belgium, e-mail: jijakli.h@fsagx.ac.be 

 
Abstract: Aureobasidium pullulans strain Ach1-1 is an efficient biocontrol agent against Botrytis 
cinerea and Penicillium expansum on apples. Specific tools have to be developed in order to monitor 
this biocontrol agent. This will contribute to evaluate its adaptation and its survival ability on post-
harvest commodities or to assess the effectiveness of various application methods. The monitoring of 
the antagonist has been achieved following two complementary approaches. On the one hand, a 
specific RAPD marker (522 pb) to strain Ach1-1 has been obtained among a collection of 11 strains of 
A. pullulans with primer OPR-13. This fragment was cloned and sequenced in order to develop a 
SCAR marker for the strain Ach1-1. On the other hand, a semi-selective medium for quantification of 
strain Ach1-1 is under development. This medium presents a high toxicity towards the air microflora, 
while the growth of strain Ach1-1 was unaffected. 
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Bar code labelling system for managing and tracking microbial 
culture collections and experiments in labs 
 
Tiziana Gramazio1, Vladimir Schlevin3, Simon Yashaev3, Luca Bortoluzzi1, Tsvi Kuflik2, 
Yigal Elad1,4, Ilaria Pertot1 
1 SafeCrop Centre, IASMA, via Mach 1, S. Michele all’Adige, 38010, Italy,  
e-mail: tiziana.gramazio@iasma.it;  

2 Management Information Systems Department, University of Haifa, Haifa, Israel; 
3 Computer Science Department, University of Haifa, Haifa, Israel; 
4 Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan 
50250, Israel 

 
Abstract: Maintaining microbial culture collections, as well as management of safety at work, are 
relevant aspects in research centres especially in small ones dealing with biocontrol in agriculture. 
Accurate planning and managing experiments fosters reliability of the scientific data, while saving 
time and money. LExMaS is a bar code based mobile information system, developed in order to assist 
small research centres in carrying out experimental activities in microbiological labs and experimental 
fields. It is a simple and reliable logging system that allows online mobile gathering of data related to 
the components of experimental trials with microorganisms (biocontrol agents, plant pathogens, etc.). 
The bar code labelling also allows managing safety sheets and procedures for using hazardous 
substances and microorganisms and maintenance of lab facilities. The system is composed of two 
main components: desktop and mobile (based on a wireless, mobile barcode reader and logger), which 
are interconnected by a local area network. The system is multilingual, with the possibility to select 
the preferred language among English, French, German and Italian. The wireless architecture and the 
handy data-loggers allow portability and reduction of costs with long term benefits in simplifying lab 
management and in guaranteeing data traceability and reproducibility of trial methodology. 
 
 
Development of a Real-time PCR method for quantification of 
Trichoderma atroviride 122F in soil and comparison with soil dilution 
plating and qualitative PCR methods 
 
Federica Savazzini, Claudia Longa, Ilaria Pertot 
Safecrop Centre, IASMA, Via Mach 1, S. Michele all’Adige, 38010, Italy, 
e-mail: federica.savazzini@iasma.it 
 
Abstract: Real-time PCR has been proved to be one of the most powerful techniques for 
quantification and detection of microorganisms in several areas, i.e. medical diagnosis and GMO 
detection, due to its high sensitivity, accuracy and specificity. In the present study a method for 
quantification by real-time PCR is applied for detecting and quantitatively estimating the presence of 
Trichoderma spp. and a biocontrol agent (BCA) T. atroviride 122F in soil using specific primers. The 
method was developed using the criteria of the validation process, i.e. specificity, applicability, 
sensitivity, dynamic range and accuracy. Its validity in monitoring the BCA presence and quantity 
after its release in the environment was tested in soil and on plant surface experiments, in microcosms 
and under field conditions. The method appears to be reliable and specific, but it should be validated 
and checked with additional experiments using samples from intact soil microcosms and field, where 
unidentified strains of Trichoderma may be present and could interfere with the PCR amplification. 
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Improvement of biocontrol of Fusarium oxysporum f. sp. 
lycopersici and Verticillium spp. by formulation of Penicillium 
oxalicum 
 
Pilar Sabuquillo, Antonieta De Cal, Paloma Melgarejo 
Department of Plant Protection, INIA, Carretera de La Coruña km 7, 28040 Madrid, Spain, 
e-mail: melgar@inia.es 
 
Abstract: Sugars, polyalcohols, inorganic salts, and detergents were added to conidia of Penicillium 
oxalicum at three different points of the production-formulation process to improve water dispersal. 
Effects also were tested on conidial germination and production. Conidial dispersal in water improved 
when 1.5% sodium alginate was added to the substrate in bags before production, and when 1.5% 
sodium alginate, 60% sucrose, 60% D-sorbitol, 60% fructose, 5 to 20% PEG 8000, or 20% glycerol 
were added to conidia before drying. Several P. oxalicum formulations significantly reduced tomato 
wilt caused by Fusarium spp. under greenhouse conditions and by Verticillium spp. in a field assay. 
These formulations were then evaluated against tomato wilt in three glasshouse (G1 to G3) and two 
field (F1 and F2) experiments. A range of 22–64% of disease reduction was observed with all 
formulations. Our results provide an effective method to add additives to the conidial production 
process or during formulation as a dry product to improve P. oxalicum dispersal, increasing disease 
reduction from wilt of tomato caused by Fusarium and Verticillium spp. 
 
 
Optimisation of the freeze-drying process of Pseudomonas fluorescens 
strains Pf 153 and CHA0  
 
Dietrich Stephan1, Isabella Linda Bisutti1, Ana-Paula Matos da Silva2, Johanna Covi1 
1 Centre for research and development of crop protection with low environment and consumer 
health impact (SAFECROP), c/o BBA, Institute for Biological Control, Heinrichstr. 243, 
64287 Darmstadt, Germany, e-mail: d.stephan@bba.de;  

2 BBA, Institute for Biological Control, Heinrichstr. 243, D-64287 Darmstadt, Germany 
 
Abstract: Within the development of a freeze-drying protocol the freezing process and the drying 
temperature were optimised for the Pseudomonas fluorescens strains Pf 153 and CHA0. When 21 
different protectants were compared, especially sugars protected the vegetative cells during the freeze-
drying process. After the optimisation of the process the viability before and after freeze-drying of Pf 
153 was not significantly different. Therefore, these results demonstrate that the desiccation sensitive 
P. fluorescens can survive a drying process without loss of viability. Additional storability tests were 
carried out with the best protectants: skimmed milk, sucrose, glucose, lactose and lignosulfonic acid. 
The highest viability after storage was obtained when Pf 153 and CHA0 were formulated in lactose. 
When the efficacy of freshly produced and freeze-dried pseudomonads were compared ad planta, in 
different plant-pathogen systems, no significant differences were obtained. But, depending on the 
pathogen, the protectants were influencing the efficacy of the pseudomonads.  
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Biological control of snow mould in cereals by a dry formulated 
pseudomonad 
 
Jens Levenfors1, Sebastian Håkansson2, Vanja Sohlberg, Margareta Hökeberg1 
1 BioAgri AB/DOM, P.O. Box 914, SE 75109, Uppsala, Sweden, 
e-mail: margareta.hokeberg@bioagri.se; 

2 SLU, P.O. Box 7025, SE 750 07, Uppsala, Sweden 
 
Abstract: Snow mould (Microdochium nivale) causes considerable losses in rye and winter wheat 
under Scandinavian climate conditions and heavy chemical treatment is often used to control the 
disease. Concern for human health and the environment, combined with restrictions on the use of 
chemical control agents have increased interest in the development of biological control as an 
alternative to fungicidal use. Healthy seed maintenance is a core problem in organic farming. 
Biological control products could also offer a good solution to secure healthy seed supply for organic 
farmers. There are several reports on disease control effects shown by Gram-negative Pseudomonads, 
however, there are obvious obstacles to develop and process this group of bacteria into a product, 
which meet the requirements of being user-friendly, having low production costs and being storable 
with retained and consistent biocontrol effect. These issues are emphasized within the Swedish 
research program ‘Domestication of Microorganisms for non-Conventional Applications’ (DOM), 
where domestication tools for biological disease control products is one main study area.  
    An isolate of Pseudomonas brassicacearum, showing significant effects against snow mould in 
winter cereal field experiments, was selected as a gram-negative model organism. Basic protocols for 
fermentation and preparation of a dry formulation of the bacterium were established and evaluated in 
initial studies. Different dry-formulation protocols based on trehalose were developed and tested for 
survival rate of the bacterial cells after drying when compared to cell density before drying. The strain 
was fermented, vacuum-dried and subjected for bioassays in greenhouse experiments. Additionally, 
the dry formulated product was tested for viability and biocontrol effect after storage. Adding certain 
additives to the trehalose-based dry protectant gave a dramatic positive response on the survival rate of 
the dried bacteria. The biocontrol efficacy was retained after re-hydration of dried cells. The dried 
cells proved to be storable for several months with no reduction of survival rate. 
 
 
Improving desiccation response and heat shock tolerance of the 
biocontrol agent Pantoea agglomerans CPA-2 by osmotic treatments 
 
Neus Teixidó, Teresa Paula Cañamás, Maribel Abadias, Rosario Torres, Josep Usall, 
Cristina Solsona, Inma Viñas 
Postharvest Unit, CeRTA, Centre UdL-IRTA, Rovira Roure Av., 191, 25198 Lleida, 
Catalonia, Spain, e-mail: neus.teixido@irta.es 
 
Abstract: Improvement in osmotic and thermal tolerance of P. agglomerans cells by modifying 
growth media with the ionic solute NaCl was achieved. Improved cells exhibited also better survival 
rates than control cells during spray-drying and fluidized bed-drying processes, and maintained their 
biocontrol efficacy against postharvest fungal pathogens in apples and oranges. The compatible 
solutes glycine-betaine and ectoine play a critical role in environmental stress tolerance improvement. 
This research suggests that it is possible to improve the stress tolerance of the microorganism and thus 
its behaviour under non-controlled environmental conditions and/or during its formulation process 
without affecting its biocontrol potential. 

 87



 

Application of beneficial microorganisms to seed during priming 
to improve crop health and establishment 
 
Amanda J. Bennett, John M. Whipps 
Warwick HRI, University of Warwick, Wellesbourne, Warwick, CV35 9EF, England, 
e-mail: amanda.bennett@warwick.ac.uk 
 
Abstract: Specific fungal (Clonostachys rosea and Trichoderma harzianum) and bacterial (Pseudo-
monas chlororaphis and P. fluorescens) isolates were successfully applied to carrot and onion seed 
during drum priming, achieving a target rate of at least 5 log10 cfu g-1 dry seed. Subsequent glasshouse 
experiments in three soil types showed that priming seed with selected beneficial microorganisms 
could improve seedling emergence in some instances. Survival studies also showed that the 
microorganisms applied to seed during priming could be recovered from seedling roots and 
rhizosphere soil up to eight weeks after planting. The ability to deliver beneficial microorganisms 
successfully to seed during priming has potential to improve crop health and establishment. 
 
 
Information, opinions and future perspectives on biocontrol agents 
among growers: comparison between two countries 
 
Riccarda Moser1, Daniele Barbacovi1, Yigal Elad1,2, Ilaria Pertot1 
1 Safecrop Centre, IASMA, Via Mach 1, 38010 San Michele all’Adige, Trento, Italy, 
e-mail: riccarda.moser@iasma.it; 

2 Department of Plant Pathology and Weed Research, ARO, The Volcani Center,  
Bet Dagan 50250, Israel 

 
Abstract: Biocontrol agents (BCAs) are promising tools for pest control in agriculture, thanks to their 
low environmental impact and absence of chemical residues in the final product. The use of BCAs in 
pest control of strawberry could be a valid alternative to chemical pesticides, providing healthier 
produce for consumers and less impact to the environment. Growers’ viewpoint on BCAs can help 
researchers in identifying weak points and strategies to promote BCAs use in agriculture. A survey, 
aimed to understand how BCAs are considered and used by strawberry growers and what aspects 
could be implemented to increase BCAs utilization, was done in two different agricultural systems, i.e. 
northern Italy and Israel. The two selected areas differ in their climate, environment, farm dimension, 
market and growers organization: northern Italy (Trentino) has a continental climate, is a mountain 
area, farms are numerous, small and organised in cooperatives, mainly producing for the national 
market during summer; Israel (central part) is flat with Mediterranean climate, farms are bigger and 
focused on export in winter. Differences involve also phytosanitary problems, product efficacy and 
hence grower’s satisfaction. Representative samples of growers were selected and interviewed. 
Similarities and differences in information level and opinions between strawberry growers of the two 
countries are presented. Result show also that marketing and experience have a key role to widespread 
the practice of BCAs among the growers. 
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Formulation of Epicoccum nigrum and Penicillium frequentans conidia 
to improve the biocontrol of post-harvest brown rot of peaches 
 
Paloma Melgarejo, Belén Guijarro, Inmaculada Larena, Antonieta De Cal 
Department of Plant Protection, INIA, Carretera de La Coruña Km 7.5, 28040 Madrid, 
Spain, e-mail: melgar@inia.es 
 
Abstract: Stabilizers were added to conidia of Epicoccum nigrum and Penicillium frequentans to 
improve shelf-life of conidia stored at different temperatures. Effect of additives on each fungal 
viability depended on the moment of their application. 1% KCl, 50% PEG 8000, 2.5% methyl 
cellulose, 2.5% methyl cellulose+ talc or 1% KCl + silica powder increased conidial viability of E. 
nigrum after 365 days of storage at room temperature, while 7.5% glucose, 7.5% glycerol, 1.5% 
sodium alginate or 7.5% sodium glutamate increased conidial viability of P. frequentans. A significant 
effect of storage temperature was observed on conidial viability of P. frequentans with or without 
additives after 365 days. No effect was observed with presence or absence of light or high vacuum. 
These formulations significantly reduced brown rot on peaches. 
 
 
Production of lipopeptide antibiotic iturin A by Bacillus subtilis using 
soybean curd residue in solid-state fermentation, and evaluation of the 
product as biocontrol agent 
 
Shinji Mizumoto, Makoto Shoda 
Chemical Resources Laboratory, Tokyo Institute of Technology, R1-29-4259 Nagatsuta, Midori-
ku, Yokohama 226-8503, Japan, e-mail: smizumot@res.titech.ac.jp 
 
Abstract: Bacillus subtilis RB14-CS, which suppresses the growth of various plant pathogens in vitro 
by producing the antibiotic iturin A, was cultured using soybean curd residue in solid-state 
fermentation (SSF). After 4 day incubation, iturin A production reached 3300 mg/kg wet substrate. By 
the statistical optimization of medium compositions, iturin A production was enhanced to 5500 mg/kg 
wet substrate. When the okara product cultured with RB14-CS was introduced into soil infested with 
Rhizoctonia solani, which is a causal agent of damping-off of tomato, the disease occurrence was 
significantly suppressed. As the okara cultured with RB14-CS exhibited functions of both plant 
disease suppression and nutritional effect on tomato seedlings, this product is expected to contribute to 
the recycling of the soybean curd residue. 
 
 

 89



 

Increasing stress tolerance, epiphytic fitness and efficacy of biocontrol 
bacterial strains by means of osmo-adaptation 
 
Anna Bonaterra, Jaume Camps, Emilio Montesinos 
Institute of Food and Agricultural Technology and CeRTA-CIDSAV, University of Girona, 
Campus Montilivi, 17071 Girona, Spain, e-mail: mpujol@intea.udg.es 
 
Abstract: Biocontrol bacterial strains suffer several stresses during production, conservation and after 
application to plant surfaces. A procedure for the pre-adaptation of bacteria by osmoadaptation during 
inoculum preparation was developed to increase cell survival during unfavorable conditions. The 
method consists of the combination of saline osmotic stress and osmolyte amendment to the growth 
medium. The experiments were performed with the biocontrol agent of post-harvest diseases Pantoea 
agglomerans EPS125 and the biocontrol agent of fire blight Pseudomonas fluorescens EPS62e. Under 
osmotic stress cells accumulated compatible solutes intra-cellularly but decreased significantly growth 
rate and cell yield. The amendment of the saline growth medium with glycine betaine restored growth 
rate and cell yield. The osmo-adapted cells showed a strong increase in tolerance to desiccation and 
thermal stress (100 to 1000 fold). Osmo-adaptation also increased by 100-fold cell survival on plant 
surfaces and efficiency of biocontrol under low relative humidity conditions in comparison to the non-
osmo-adapted controls. The implications of the method for increasing the epiphytic fitness and the 
efficacy in other biological control agents of plant pathogens are discussed. 
 
 
Alginate matrix based formulation for storing and release of 
biocontrol agents 
 
Luca Mocellin, Cesare Gessler 
Safecrop Centre, IASMA, Via Mach 1, 38010 San Michele all’Adige, Trento, Italy, 
e-mail: luca.mocellin@iasma.it 
 
Abstract: Fungi belonging to the genus Trichoderma are naturally present in the environment. Some 
of them are known to be biocontrol agents of foliar and root plant pathogens. One of the main 
constraints of microbial biocontrol agents is their short survival during storage and after field 
application, with consequent lost of efficacy. The objective of the present study was to explore the use 
of encapsulation with sodium alginate matrix of Trichoderma spp. as a new formulation with the aim 
to protect the microorganism from environmental stress (temperature, desiccation, contamination, 
etc.). Encapsulation has been suggested as an alternative method for entrapment and immobilization of 
whole cells or their extracts, but currently there are a limited numbers of reports describing the 
encapsulation of microbial cells. Alginates are widely used in food and pharmaceutical industries and 
have been utilised as a matrix to trap drugs, macromolecules and biological cells in controlled 
environment like bioreactors, but they are not used with microbial biocontrol agents. 
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Survival in the phylloplane of Trichoderma koningii and biocontrol 
activity against tomato foliar pathogens  
 
Carlos Andrés Moreno Velandia, Alba Marina Cotes 
Biological Control Laboratory, Colombian Agricultural Research Corporation, A.A.240142 
Las Palmas, Bogotá D. C., Colombia, e-mail: acotes@corpoica.org.co 
 
Abstract: The biological control of tomato foliar diseases by a formulated prototype based on 
Trichoderma koningii (Th003) was evaluated under greenhouse conditions in comparison with the 
unformulated fungus. Survival of the antagonist on tomato phylloplane was studied. Although highest 
inoculum pressure of Oidium lycopersicum was present during the experiment, both formulated and 
unformulated T. koningii treatments reduced powdery mildew incidence by 25 and 28%, respectively, 
whereas disease severity was reduced from 28-66%. The study on population dynamics of T. koningii 
on tomato phylloplane showed differences in the viable propagules density between formulated and 
unformulated conidia. 
 
 
Fermentation and its influence on the survival of Pseudomonas 
fluorescens strain Pf 153 within the freeze drying process 
 
Isabella Linda Bisutti1,2, Katja Hirt2, Dietrich Stephan1,2 
1 SAFECROP, c/o BBA, Institute for Biological Control, Heinrichstr. 243, 64287 Darmstadt, 
Germany, e-mail: isabella.bisutti@iasma.it; 

2 BBA, Institute for Biological Control, Heinrichstr. 243, D-64287 Darmstadt, Germany, 
e-mail: d.stephan@bba.de 

 
Abstract: For Pseudomonas fluorescens strain Pf 153 a freeze drying protocol without loss of 
viability and efficacy was developed. Afterwards, the influence of the fermentation on the viability 
after freeze drying was investigated. The results indicate that the fermentation time influences the 
viability. The application of a heat and pH shock does not result in an improvement of viability. It is 
also possible to enhance the biomass production by varying the liquid media. It was shown that the 
media did not influence the viability during freeze drying. 
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Necessity of highly concentrated antagonist inocula for biocontrol 
of Botrytis cinerea at low temperatures 
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Abstract: Field trials were carried out on 7 farms in Norway to assess the ability of a commercial 
Trichoderma product (PlantShield) and two unformulated biocontrol strains, Clonostachys rosea 336 
and T. atroviride P1, to control Botrytis cinerea, the causal agent of gray mold in strawberry. Prepared 
as recommended, PlantShield spray contained 106 conidia ml-1 and the unformulated antagonists were 
applied at the same concentration. None of the treatments reduced pre- or postharvest gray mold 
satisfactorily. Tests on detached flowers and agar media showed that at a concentration of 106 conidia 
ml-1, the antagonists were unable to inhibit B. cinerea at 15oC, the mean temperature during our field 
applications. Control of B. cinerea at 15oC necessitated antagonist concentrations of 107 conidia ml-1. 
Awareness of the requirement for more concentrated antagonist inocula at suboptimal temperatures 
should improve consistency of biocontrol programs using Trichoderma and Clonostachys. 
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Abstract: One strain of A. pullulans (de Bary) Arnaud var. pullulans 1113-5, was previously selected 
for its high antagonistic activity against Penicillium expansum and Botrytis cinerea, two molds 
responsible of post-harvest decay of apple fruit. The objective of the study to optemize the biomass 
production of this strain in a lab-scale fermentor. A dried formulation of A. pullulans was carried out 
using a fluidised bed dryer. Stability of the dried product was evaluated during storage and the 
antagonist activity against P. expansum was evaluated at a pilot scale on apple fruit. The high cell 
density fermentation can be achieved with A. pullulans using glucose fed-batch technology resulting 
in a final biomass dry weight of 107 g/l. A viability of 60% was measured after the drying process 
allowing the evaluation of this strain for a long period of storage. After 7 months of storage at 4°C, 
16% of initial viability corresponding to 1.5×1010 CFU/g dry matter was noticed. The best antagonistic 
activity against P. expansum was achieved with the application of a 1×108 CFU/ml suspension of A. 
pullulans on wounded fruit. We can conclude that the biomass formulation did not alter the efficacy of 
the biological control agent. 
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Abstract: Pseudomonas fluorescens (A506), used for control of the causal agent of fireblight Erwinia 
amylovora, was formulated using patented biopolymer technology (Patent No. 506484) to form gels, 
granules and water dispersible prills containing live bacteria. The survival of bacteria in formulations 
was monitored at 4 and 20°C. There was no loss of bacterial cell viability in the gels stored at 4°C for 
up to 4 months. Similarly, bacteria remained viable in granules and water dispersible prills stored at 4 
and 20°C for up to 2 months. Pseudomonas fluorescens (F113) has biocontrol activity against Pythium 
ultimum and has been shown to reduce the severity of damping-off of sugarbeet in soil microcosms. 
This strain was formulated as a gel and as a coating on onion seeds. The gel formulation could be 
stored successfully for about 3 months with little loss in cell viability at either 4 or 20°C. The viable 
cell numbers on coated onion seeds remained stable at 4°C for approximately 3 months, but there was 
a loss in the viable bacteria numbers on coated seeds stored at 20°C. A bacterial loading of 2.1×106 
cells per seed could be achieved on onion seeds, providing a stable inoculum for establishment of the 
bacteria in the soil after sowing. 
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Abstract: Recognition of certain non-pathogenic rhizobacteria can trigger a systemic resistance 
reaction that renders the host plant less susceptible to a subsequent infection by a virulent agent. Since 
this induced systemic resistance (ISR) is long-lasting and not conducive for development of pathogen 
resistance, disease control strategies based on this phenomenon are promising.  

A non-pathogenic Pseudomonas putida strain (BTP1) isolated in the laboratory was shown to 
enhance the level of resistance in bean [Ongena et al. 2004. Mol. Plant-Microbe Interact. 17: 1009-
1018.]. In our work, we have demonstrated that the strain is also active on tomato since two 
independent experiments showed a 34% disease reduction in plants pre-inoculated at the root level 
with BTP1, as compared with the challenged controls. On the basis of these results, our aim is to 
further characterize the defense mechanisms that could contribute to the enhanced level of resistance 
observed in tomato upon treatment with P. putida BTP1. 

Results from comparative biotests on TLC against Cladosporium cucumerinum showed an 
enhanced fungitoxic activity of leaf extracts prepared from BTP1-inoculated plants compared with 
controls before and after the infection by B. cinerea. This is related to the accumulation of one 
hydrophobic antifungal compound in infected leaf tissues induced following treatment with the 
bacterium. The structural characterization of this molecule is under way. 

On the other hand, the lipoxygenase activity in plants treated with the bacteria was measured 
before and after pathogen challenge. Interestingly, the analyses revealed three-fold higher LOX 
activity in leaves from BTP1-treated plants as compared with control plants 48 h after the infection. 
Measuring fatty acid hydroperoxide-cleaving activity in leaf extracts showed a rapid stimulation of 
this LHP activity in BTP1-treated plants during the first two days after pathogen challenge to reach 
value (1.7-fold) higher as compared with control plants. Total RNA was extracted from tomato leaves 
of plants exposed to methyl jasmonate vapors for 24 h for synthesis a new cDNA of TomLoxF probe 
using RT-PCR technique. Interestingly, treatment with strain BTP1 was also associated with changes 
in tomLoxF gene transcription in host plants after the infection by Botrytis cinerea as revealed by blot 
hybridization analysis. This last observation has to be verified in an additional independent experiment 
but, collectively, our results indicate that the lipoxygenase pathway, leading to antifungal 
phytooxylipins, could have been stimulated in tomato plants and that this stimulation may be related to 
the disease protective effect afforded by the Pseudomonas strain. 
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