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I1 
 
Pre- and post-harvest losses and degradation of food crops: extent, 
causes and control 
 
Strange, R.N.  
 
Birkbeck College, University of London, Malet Street, London WC1E 7HX, UK, 
e-mail: r.strange@sbc.bbk.ac.uk 
 
Five topics will be discussed in this talk:  
1. The real situation of agriculture and food supply in the World. This year the world 
population is set to surpass 7 billion yet, even now, around 1 billion are underfed and about 
double that number is deficient in one or more micronutrients or vitamins. The talk will address 
the following points: even if the total amount of food in the world is sufficient, is it available in 
sufficient quantity and quality to all? Can agriculture catch up? How much are yields depressed 
by pre- and post-harvest plant disease? Why are people denied access to a healthy diet? 
 
2. The role of the International Society of Plant Pathology. The ISPP launched a Taskforce 
for Food Security in 1998. Two of the means by which it addresses the problem of food security 
are by providing grants for work in Developing or Transition Countries and, in cooperation with 
the publisher, Springer, founding a new international journal with the title “Food Security, the 
science, sociology and economics of food production and access to food”. The journal accepts 
papers of two types: a) those that define the constraints - physical, biological, socio-economic 
and political - that prevent such a large section of the world’s population (see #1) from 
accessing an appropriate diet i.e. one that is sufficiently nutritious to allow full development of 
physical and mental potential and b) papers that address the means by which these constraints 
may be overcome. 
 
3. New areas of work. Although globally not new, farmer field schools and effective extension 
work would be new to many areas of the world where crop productivity is low. Some examples 
will be given of successes in this area. Promotion of good storage techniques is vital and 
techniques for this will also be discussed. 
 
4. The role of transgenics. Transgenics can provide a relatively “quick fix” for many situations 
in which productivity or nutritional value are poor. For example, resistance to brown streak 
disease of cassava can be obtained through RNA-i technology raising the possibility of effective 
control (Patil et al., 2011). Other examples will be given. 
 
5. Agroecology. Acquisition of knowledge of the ecology of our crops can lead to better and 
more sustainable yields. Such techniques include push-pull for insect pests, intercropping with 
nitrogen fixing shrubs and trees and providing a green cover for the ground at all times (Garrity 
et al., 2010). 
 
Garrity, D.P.; Akinnifesi, F.K.; Ajayi, O.C.; Weldesemayat, S.G.; Mowo, J.G.; Kalinganire, A.; Larwanou, 
M.; Bayala, J. 2010 Evergreen Agriculture: a robust approach to sustainable food security in Africa. Food 
Security, 2: 197-214. 
Patil, B.L.; Ogwok, E.; Wagaba, H.; Mohammed, I.U.; Yadav, J.S.; Bagewadi, B.; Taylor, N.J.; Kreuze, J.F.; 
Maruthi, M.N.; Alicai, T.; Fauquet, C.M. 2011 RNAi-mediated resistance to diverse isolates belonging to 
two virus species involved in Cassava brown streak virus. Molecular Plant Pathology, 12: 31-41. 
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I2 
 
Potential impacts of climate changes on plant disease management 
 
Navas-Cortés, J.A. 
 
Institute for Sustainable Agriculture (IAS), Spanish National Research Council (CSIC), Avda. Alameda del 
Obispo s/n, P. O. Box 4084, 14080, Córdoba, Spain, e-mail: jnavas@ias.csic.es 
 
Global climate variability and change caused by natural processes as well as anthropogenetic 
factors are major and important environmental issues in the 21st century. The increase in mean 
temperatures, change in precipitation regimes, and a continuous increase in CO2 concentration 
are likely the main scientific evidence of climate change in recent decades. Global climate 
change will affect all economic sectors to some degree, but agriculture, perhaps one of the most 
sensitive and vulnerable sectors, is expected to be affected very diversely in different parts of 
the world. The resulting effects will depend greatly on current climatic and soil conditions, the 
direction of change and the availability of resources and infrastructure to cope with change. 
Plant disease epidemics result from specific interactions of a susceptible host plant, a prevalent 
and virulent pathogen and a conducive environment. Consequently, shifts in any one of these 
components can change disease expression in a given pathosystem. Due to the integral role of 
environmental conditions in disease expression, outcomes of climate change in plant 
pathosystems include modifications in host resistance, altered stages and rates of pathogen 
development, and changes in the physiology of host-pathogen interactions. These effects have 
been predicted to result in shifts in the geographical distribution of pathogens and their hosts, 
altered crop losses due to disease, and a change in the selection and efficacy of management 
strategies with regard to timing, preference and efficacy of chemical, physical and biological 
control measures and their utilization within integrated pest management (IPM) strategies. As a 
consequence, current disease management strategies may require adjustment under the 
different scenarios of climate change. In particular, biological based management strategies 
(biocontrol) would be markedly affected. In this talk focus will be made on: (i) the use of climate 
risk mapping tools for estimating the potential geographic distribution of pathogens and 
biocontrol agents under different climate change scenarios; and (ii) implications of climate 
change on postharvest disease control. 
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I3 
 
Experiences in commercializing biological research: a personal journey 
 
Shepherd, M. 
 
Biocell Corporation, 19 Laureston Avenue, Papatoetoe, Auckland, New Zealand,  
e-mail: max.shepherd@biocellcorp.co.nz 
 
The explosion in biological knowledge continues unabated and biotechnology is now a 
dominant technology in many economies. 
This paper uses case studies to examine the many factors required for the successful 
commercialization of biological research. Critical factors that have been identified for success 
include; quality science, intellectual property protection, scientist and entrepreneur interaction, 
market/industry pull for the product, a company structure with adequate human and capital 
resources, quality safety and efficacy studies for product registration. 
The key relationships between commercial partners, universities and research institutions will 
be examined. 



 

32       

 

 



 

   

 
 
 
 
 
 
 
 
 
 

 
 
 
Host Pathogen Interaction 



 

34       



 

    Host Pathogen Interaction 

  35 

OHP1 
 
Infection biology of Monilinia fructicola and implications for cultivar 
improvement and brown rot resistance in processing peaches  
 
Bostock, R.1; Lee, M.H.2; Yaghmour, M.1; Gradziel, T.3; Crisosto, C.3; Parfitt, D.3 

 
1University of California, Department of Plant Pathology, One Shields Ave., Davis, CA 95616, USA, 
e-mail: rmbostock@ucdavis.edu 

2National Chung-Hsing University, Department of Plant Pathology, 250 Kuo-Kuang Rd., Taichung 402, 
Taiwan 
3University of California, Department of Plant Sciences, One Shields Ave., Davis, CA 95616, USA 
 
Breeding efforts for processing peach (Prunus persica) at UC Davis have traditionally focused 
on germplasm improvement, disease resistance, fruit integrity and longevity, and efforts towards 
recombining genes from different sources to achieve regionally adapted cultivars with high 
productivity and processing quality. Resistance to brown rot disease, caused by Monilinia 
species, has been an important target for this program for about two decades. Advanced lines 
combining good horticultural qualities with high fruit brown rot resistance have been identified 
and new materials continue to be selected. Disease resistance in the fruit is heritable and 
appears to be controlled by multiple genes. The goal has been to identify high horticultural 
quality items over the full range of harvest times for processing peaches, and lines with fruit that 
mature extra early or extra late have been targeted for selection, since these are often periods of 
high disease vulnerability. Promising lines with good horticultural/production qualities have 
emerged from the program and are now in advanced regional grower trials. In addition, we have 
identified a series of progeny lines in two populations from crosses of brown rot resistant and 
susceptible genotypes that display segregation for fruit disease resistance, and studies are 
underway to identify, critically assess and refine the association of molecular markers with this 
resistance. Analysis of materials used in the breeding program has provided insights about fruit 
factors that strongly influence infection strategies of Monilinia fructicola. This paper will provide 
i) a brief overview of the brown rot resistance program, ii) progress towards development of 
molecular markers to assist breeding, iii) recent research on M. fructicola infection of flowers 
and fruit at different maturity stages, and iv) current efforts to prospect fruit surface chemistry in 
relation to infection biology and the microbial ecology of the fructoplane. 
 
Lee, M.H.; Bostock, R.M. 2007. Fruit exocarp phenols in relation to quiescence and development of 
Monilinia fructicola infections in Prunus: a role for cellular redox? Phytopathology, 97: 269-277. 
Lee, M.H.; Chiu, C.M.; Roubtsova, T.; Chou, C.M.; Bostock, R.M. 2010. Overexpression of a redox-
regulated cutinase gene MfCUT1 increases virulence of the brown rot pathogen Monilinia fructicola on 
Prunus spp. Molecular Plant Microbe Interactions, 23: 176-186.  
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OHP2 
 
Development of genomic tools to dissect pathogenicity factors of the 
citrus postharvest pathogen Penicillium digitatum 
 
López-Pérez, M.; Ballester, A.R.; González-Candelas, L. 
 
Instituto de Agroquímica y Tecnología de Alimentos (IATA-CSIC). Av. Agustín Escardino 7, Paterna, 
46980-Valencia, Spain, e-mail: lgonzalez@iata.csic.es 
 
Penicillium digitatum, the causal agent of citrus green mould, is the major pathogen of citrus 
fruit during postharvest handling and storage in Mediterranean climate regions. It is a 
necrotrophic fungus that penetrates the fruit through wounds. Despite the economical relevance 
of this fungus our knowledge on its pathogenicity mechanisms are still very limited. In this 
communication we will present a set of molecular tools that we have developed to conduct an in 
deep characterization of this important postharvest fungal pathogen together with a draft of the 
genome sequence of P. digitatum and the results of the analysis of the first candidate genes 
putatively involved in pathogenicity. 
We have obtained a subtractive cDNA library enriched in P. digitatum genes that are up-
regulated during infection of citrus fruit. From this library we have identified several genes with a 
potential role in virulence. The coding and flanking sequences of several candidate genes have 
been isolated from a genomic DNA library prepared in the fosmid PCC2FOS. In order to 
determine the role of these genes we need to obtain null mutants. To do so we have developed 
a transformation system based on Agrobacterium tumefaciens mediated transformation (ATMT) 
using the green fluorescent protein (GFP) as a model. P. digitatum transformants that express 
GFP driven by different promoters constitute a useful tool to conduct ecophysiological studies. 
Using the same methodology we have obtained P. digitatum null mutants through homologous 
recombination in genes coding for two different polygalacturonases, a pectin lyase and a Rieske 
protein. 
As an additional tool to characterize this fungus we have also started the sequencing of the 
P. digitatum genome by using massive parallel pyrosequencing with 454 Titanium technology. 
We have obtained more than 650,000 reads with an average length of 350 bp, representing a 
6.5X genome coverage. De novo assembly groups these reads into more 5000 contigs 
accounting for 28.5 Mb, which is close to the expected genome size. 
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OHP3 
 
Regulating mechanisms of exogenous factors on pathogenicity of 
Penicilium expansum 
 
Tian, S.; Li, B.; Lai, T.; Qin, G. 
 
Key Laboratory of Photosynthesis and Environmental Molecular Physiology, Institute of Botany, Chinese 
Academy of Sciences, Beijing 100093, China, e-mail: tsp@ibcas.ac.cn 
 
Penicillium expansum, a widespread filamentous fungus, causes serious decay in various fruits 
and produces the mycotoxin patulin which has potential carcinogenic effects to human health. In 
order to deeply understand the mechanisms of exogenous factors regulating fungal 
pathogenicity, we mainly investigated the effects of different pH values (2.0, 5.0 and 8.0) and 
nitric oxide (NO) on conidial germination of P. expansum, and involved mechanisms relating to 
ROS through oxidant sensitive probe and immunodetection of carbonylated proteins. We found 
spore germination of P. expansum was obviously inhibited at pH 2.0 and 8.0, and some critical 
proteins involved in protein synthesis and folding were down-regulated under both acidic and 
alkaline stresses in P. expansum spores through the 2-DE-based comparative proteomic 
approach, and corresponding biological processes were impaired. These findings indicated that 
ambient pH might affect spore germination of P. expansum by changing intracellular pH and 
regulating protein expression. Further, impairing synthesis and folding of proteins might be one 
of the main reasons. In addition, NO released by sodium nitroprusside (SNP) significantly 
suppressed conidial germination of P. expansum. The activities of SOD and catalase (CAT), as 
well as ATP content in the spores under NO stress were lower than those in the control, which 
suggested NO in high concentration, could induce the generation of ROS, subsequently 
resulting in severe oxidative damage to proteins crucial to the process of spore germination of 
P. expansum. 
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OHP4 
 
Transcriptome analysis of grapefruit flavedo in response to application of 
the yeast biocontrol agent Metschnikowia fructicola 
 
Droby, S.1; Hershkovitz, V.1; Ben-Dayan, C.1; Cohen, L.1; Raphael, G.1; Pasmanik-Chor, 
M.2; Liu, J.3; Belausov, E.1; Wisniewski, M.3 
 
1Dept. Postharvest Science, Agricultural Research Organization (ARO), the Volcani Center, Bet Dagan, 
Israel, e-mail: samird@volcani.agri.gov.il 

2The Bioinformatics Unit, Faculty of Life Sciences, Tel-Aviv University, Israel 
3U.S.Department of Agriculture-Agricultural Research Service (USDA-ARS), WV, USA 
 
Yeasts used to control postharvest pathogens have been shown to induce several biochemical 
defence responses in surface wounds of fruit. The capability to elicit these responses in fruit 
tissue has been regarded as one of the possible mechanisms of action by which yeast 
biocontrol agent inhibit the development of decay. 
To gain a better understanding of the molecular changes taking place in fruit tissue following the 
application of the yeast biocontrol agent, Metschnikowia fructicola, microarray analysis was 
performed on grapefruit (Citrus paradisi, cv Star Ruby) surface wounds using an Affimetrix 
Citrus GeneChip. Using a 1.5 fold change difference as biologically significant, the data 
indicated that 1016 putative unigenes showed significant expression changes following 
wounding and yeast application compared to wounded controls. These changes included a 
range of defence-related oxidative, signalling and secondary metabolism genes. Microarray 
results of select genes were validated by reverse transcription-quantitative real-time PCR (RT-
qPCR). The data indicated that yeast application induced expression of Respiratory burst 
oxidase homolog (Rboh), two signaling mitogen-activated protein kinases (MAPK), genes 
encoding G-proteins, chitinase (CHI), phenylalanine ammonia-lyase (PAL) and 4-coumarate-
CoA ligase (4CL). In contrast, three genes encoding a peroxidase (POD), superoxide dismutase 
(SOD) and catalase (CAT) were down regulated in grapefruit peel tissue treated with the yeast 
cells. Moreover, suppression was correlated with significantly higher levels of hydrogen 
peroxide, superoxide anion and hydroxyl radical production in yeast-treated surface wounds. 
Interestingly, high amounts of H2O2 were detected inside yeast cells recovered from wounded 
fruit tissue, indicating the ability of the yeast to actively produce ROS when it is in contact with 
plant tissue. 
This study provides the first global picture of gene expression changes in grapefruit in response 
to the yeast antagonist M. fructicola. It also provides evidence for the involvement of the yeast, 
M. fructicola, in regulating oxidative stress responses in wounded fruit tissue. Concomitantly, 
the yeast-induced oxidative burst may to the development of resistance against pathogen attack 
via activation of signaling pathway/s involving increased production of PR proteins and various 
secondary metabolites. 
 
This research was partially supported by a grant (IS-4268-09) from the U.S. – Israel Binational Agricultural 
Research and Development (BARD) Fund to Samir Droby and Michael Wisniewski. 
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OHP5 
 
Colletotrichum acutatum interaction with unripe and ripe strawberry 
(Fragaria × ananassa) fruits reveals differential responses at histological 
and transcriptional level 
 
Baraldi, E.1; Guidarelli, M.1; Carbone, F.2; Mourgues, F.2; Perrotta, G.2; Rosati, C.2; 
Bertolini, P.1 
 
1Laboratory of Biotechnology, DIPROVAL-Criof, University of Bologna., Via Fanin 46, 40127, Bologna, 
Italy, e-mail: elena.baraldi@unibo.it 

2ENEA, Trisaia Research Center, Department of Genetics and Genomics, 75026 Rotondella (MT), Italy 
 
Many fungal pathogens interact with fruit hosts at preharvest unripe stages and remain 
quiescent during ripening, causing severe economic losses for the post-harvest fruit production. 
Similarly, Colletotrichum acutatum causes antrachnose symptoms only on ripe strawberry 
(Fragaria × ananassa) fruits, while it attacks unripe fruits only through quiescent infections. 
In this study, the C. acutatum quiescence on unripe strawberries was morphologically 
investigated through microscope analysis of the interaction on white and red fruits, indicating 
that the early interaction events are similar in both fruits, whereas, after 24 h, fungal colonization 
dramatically varies. Specifically, in white fruits C. acutatum becomes quiescent as melanized 
appressoria, while on red fruits it displays subcuticular necrotrophic invasion. 
To investigate the different susceptibility of unripe and ripe fruits, a microarray analysis of white 
and red strawberries after 24 h interaction with C. acutatum was performed. Our results suggest 
that flavonoid and fatty acids metabolisms, regulated during ripening, could be involved in the 
production of fungistatic molecules, previously indicated as quiescence inducing elements, in 
unripe fruits. Besides a number of genes commonly regulated upon pathogen interaction, 
several genes are specifically transcribed only in white or red challenged fruits, providing insight 
on the mechanisms of fungal quiescence. 
 
Guidarelli, M.; Carbone, F.; Mourgues, F.; Perrotta, G.; Rosati, C.; Bertolini, P.; Baraldi, E. 2011. 
Colletotrichum acutatum interactions with unripe and ripe strawberry fruits and differential responses at 
histological and transcriptional levels. Plant Pathology. In Press. 
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OHP6 

 
Genes differentially expressed by Aspergillus flavus during the 
pathogenic colonization of Zea mays 
 
Punelli, M.1; Reverberi, M.1; Uva, P.2; Mentzen, W.2; Dolezal, A.L.3; Woloshuk, C.P.4; 
Scarpari, M.1; Fabbri, A.A.1; Fanelli, C.1; Payne, G.A.3 
 
1Dipartimento di Biologia Vegetale, Università “La Sapienza”., Largo Cristina di Svezia 24, 00165 Roma, 
Italy, e-mail: marta.punelli@uniroma1.it 

2CRS4 Bioinformatica - Polaris, 09010 Pula (CA), Italy 
3North Carolina State University, Department of Plant Pathology, 851 Main Campus Raleigh, NC, USA 
4Department of Botany and Plant Pathology, Purdue University, 915 West State Street, West Lafayette, 
Indiana 47907, USA 

 
Aflatoxins are carcinogenic fungal secondary metabolites produced by Aspergillus flavus and 
other closely related species. Levels of aflatoxins in feed and food commodities are strictly 
regulated by many countries because of the health hazard. Many internal and external factors, 
such as nutrition, environment and interaction with the host (e.g. Zea mays) affect aflatoxin 
biosynthesis. In relation to this, we hypothesise 3 phases (saprophytic, chemotrophic, 
pathogenic) in the interaction between the host and the pathogen. Our experimental setup was 
aimed to reproduce in vitro and in vivo these different phases. The saprophytic phase was 
mimicked by growing A. flavus on dead kernels of maize. In the chemotrophic phase, the fungus 
was grown in an Erlenmeyer flask with a minimal medium, in which a dialysis membrane 
containing previously wounded, viable maize kernels was submerged. The host-chemical 
diffusible compounds such as monoterpenes should be able to elicit fungal responses related to 
host perception. The final phase, the pathogenic one, was performed by wound inoculating A. 
flavus onto maize ears in the field. We analyzed the transcriptome of A. flavus using a custom 
Affymetrix GeneChip microarray containing all the predicted A. flavus genes. Comparison of 
expression profiles at the different experimental conditions enabled us to identify trends in gene 
expression associated with the different phases of A. flavus infection of Zea mays. 
Aflatoxins are not the sole secondary metabolites produced by A. flavus (Georgianna et al., 
2009). In our experiments, 24 secondary metabolites clusters were significantly (p<0.05) 
differentially expressed. Interestingly, the cluster 32, which was highly expressed during 
pathogenic growth, includes the nepA gene (necrosis and ethylene-inducing peptide). NepA is a 
peptide representing a new class of necrotic elicitors. This extracellular protein, initially identified 
from the culture filtrate of Fusarium oxysporum, has the ability to induce necrosis in several 
plants (Bailey et al., 1997). It is under way the generation of a mutant deleted in a transcription 
factor apparently regulating the cluster 32; this study has the aim to better understand the 
involvement of this cluster during the pathogenesis. 
 
Bailey, B.A.; Jennings, J.C.; Anderson, J.D. 1997. The 24-kDa protein from Fusarium oxysporum f.sp. 
erythroxyli: occurrence in related fungi and the effect of growth medium on its production. Canadian 
Journal Microbiology, 43: 45–55. 
Georgianna, D.R.; Fedorova, N.D.; Burroughs, J.L.; Dolezal, A.L.; Bok, J.W.; Horowitz-Brown, S.; 
Woloshuk, C.P.; Yu, J.; Keller, N.P.; Payne, G.A. 2009. Beyond aflatoxin: four distinct expression patterns 
and functional roles associated with Aspergillus flavus secondary metabolism gene clusters. Molecular 
Plant Pathology, 11(2): 213–226. 
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OHP7 
 
Changes in grape berry skin morphological and biochemical 
characteristics during fruit development and susceptibility to Botrytis 
cinerea 
 
Fermaud, M.; Roudet, J. 
 
INRA, UMR 1065 SAVE, BP 81, 71 ave E. BOURLAUX, 33883-Villenave d’Ornon, France, 
e-mail: fermaud@bordeaux.inra.fr 
 
Grey mould (B. cinerea) is a major airborne grapevine disease that can drastically reduce yield 
and wine quality. The main objective was to investigate potential determinants involved in the 
dynamics of fruit susceptibility to the pathogen. First, laboratory bioassays, based on artificial 
inoculations, allowed us to assess the age-dependent susceptibility of undamaged berries at six 
or seven stages from bunch closure to over-maturity. Significant differences in B. cinerea 
development and sporulation severity at the fruit surface were confirmed between the berry 
stages. Consequently, the increasing berry susceptibility was quantified accurately during fruit 
development and ripening. Second, using fruit sampled similarly at the same stages, various 
physical, morphological and anatomical parameters were assessed including i) cluster 
compactness ; ii) fresh and dry masses of bunch, berry and skin (% water content) ; iii) 
availability of free water at the skin surface assessed by measuring water activity (aw). 
Furthermore, berries were analyzed chemically considering the berry juice composition (sugar 
content and organic acid concentration) and by assessing phenolic content in the skin and 
phenolic compounds linked to the parietal structures in the berry skin. The relationships were 
investigated between the structural and chemical fruit characteristics and the time course of 
berry susceptibility. For example, significant and negative linear regressions were established 
between aw and either the berry susceptibility level or the disease incidence at harvest in the 
experimental vineyard. The temporal variations in the different fruit parameters and their 
correlation with the changes in berry susceptibility to the pathogen have been established. 
 
Deytieux-Belleau, C.; Geny, L.; Roudet, J.; Mayet, V.; Donèche, B.; Fermaud, M. 2009. Grape berry skin 
features related to ontogenic resistance to Botrytis cinerea. European Journal Plant Pathology, 125: 551-
563. 
Fermaud, M.; Deytieux-Belleau, C.; Roudet, J.; Darrieutort, G.; Geny, L. 2009. Water activity at the fruit 
surface: a potential indicator of grape berry susceptibility to Botrytis cinerea. International Symposium 
IOBC/WPRS «Integrated Protection and Production in Viticulture», 1-4 Nov. 2009, Staufen, Germany (In 
Press). 
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OHP8 
 
Enhancement of apple resistance to Penicillium expansum and patulin 
contamination by the phenolic compound quercetin 
 
Sanzani, S.M.1; Ippolito, A.1; Schena, L.2; De Girolamo, A.3; Nigro, F.1; Solfrizzo, M.3; 
González-Candelas, L.4 
 
1Department of Environmental and Agro-Forestry Biology and Chemistry, University of Bari., Via G. 
Amendola 165/A, 70126 Bari, Italy, e-mail: simona.sanzani@agr.uniba.it 

2Department of Agricultural and Forest Systems Management, Mediterranean University of Reggio 
Calabria., Località Feo di Vito, 89122 Reggio Calabria, Italy 

3Institute of Sciences of Food Production,National Research Council.,Via G. Amendola 122/O,70126 Bari, 
Italy 

4Instituto de Agroquimica y Tecnologia de Alimentos (IATA), Consejo Superior de Investigaciones 
Científicas., Apdo. 73, 46100 Burjassot, Valencia, Spain 

 
Penicillium expansum is the causal agent of blue mould, a serious postharvest disease of pome 
fruit, and the main producer of the mycotoxin patulin. Since its control by synthetic fungicides is 
less and less accepted by consumers, the demand for alternative means is pressing. In the 
present investigation the effectiveness of the phenolic compound quercetin in controlling blue 
mould and consequent patulin accumulation was evaluated both in vitro and in vivo. In the in 
vitro tests quercetin significantly reduced patulin production, although no significant effect on 
fungal growth was observed. When the compound was tested in vivo on Golden delicious 
apples, it reduced disease incidence and severity, as well as patulin accumulation, even when 
applied in wounds other than the ones inoculated with the pathogen. In order to elucidate 
quercetin mode of action, transcriptomic investigations were carried out. Quantitative real-time 
PCR (qPCR) results showed that quercetin was able to reduce the relative expression of two 
putative cytochrome P450 monooxygenases (p450-1 and p450-2) involved in oxygen activation 
process within patulin biosynthetic pathway. Moreover, suppression subtractive hybridization 
(SSH) permitted to identify a pool of 88 unique gene differentially expressed in quercetin-treated 
apples. Several sequences revealed high similarities with different classes of pathogenesis-
related proteins (RNase-like PR10 and PR8), or with proteins expressed under stress 
conditions. Other transcripts had high similarity to genes of unknown function or genes coding 
proteins having a role in pathogen recognition and in signalling pathways. SSH data were 
validated by analysing the expression of 14 genes by qPCR. Eleven genes proved to be up-
regulated at a medium-high level in freshly harvested apples. Among these, 5 genes selected 
for temporal expression profiling revealed the existence of a combined effect, particularly at 24 
or 48 hours, between wounding and phenolic treatment. The overall results suggest that the 
antioxidant quercetin acts on the transcription level of apple genes involved in several distinct 
metabolic processes as well as on fungal genes involved in patulin biosynthetic pathway, and 
this might end up with an increased host resistance to P. expansum. 
 
This work was partially supported by a grant from ‘Ministero dell’Università e della Ricerca’ of Italy, PRIN 
2006 Grant No. 2006072204: ‘Pilot study on innovative systems for the reduction of patulin contamination 
in pome fruits’. 
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OHP9 
 
Host mechanisms regulated during ammonium secretion by 
Colletotrichum coccodes infection: the activation of salicylic and 
jasmonic acid pathways in tomato fruit 
 
Alkan, N.1,2; Fluhr, R.2; Prusky, D.1 
 
1Department of Postharvest Science, Agricultural Research Organization, the Volcani Center, Bet Dagan, 
Israel, e-mail: dovprusky@volcani.agri.gov.il 

2Department of Plant Sciences, Weizmann Institute of Science, Rehovot, Israel 
 
Insidious fungal infections by postharvest pathogens such as Colletotrichum remain quiescent 
after infection of unripe-green fruit. However, during ripening and senescence, the pathogens 
assume a necrotrophic life style, rapidly colonizing the tissue. Colletotrichum coccodes secretes 
ammonium during germination and colonization of host tissue. Here we show that ammonium 
accumulation induced changes in the integrity of the host nucleus and programmed cell death. 
To further examine the role of ammonia in the infection process, transcriptome expression in 
fruit tissue treated with ammonia was compared to transcriptomes expression in infected tissue. 
The analysis revealed 82 and 237 common up-regulated and common down-regulated genes, 
respectively. Quantitative RT-PCR analysis of select transcripts in normal NADPH oxidase 
(SIRBOH+) and transgenic antisense plants (SIRBOH-) revealed that their expression was 
NADPH oxidase-dependent. Common-up-regulated genes showed over representation of 
salicylic acid (SA) dependent genes as well as genes related to biotic stress. The down 
regulated genes showed over representation of Jasmonic acid (JA) dependent genes. Indeed, 
direct application of SA to the fruit enhanced C. coccodes necrotrophic colonization, whereas 
the application of JA delayed colonization. Importantly, green fruit and red fruit displayed similar 
gene expression patterns although only red fruit is susceptible to colonization. It is thus likely 
that the resistance of green fruit to C. coccodes colonization is due to additional factors. 
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OHP10 
 
Infection capacity at different maturity stages of oranges in compatible 
(Penicillium digitatum) and incompatible (Penicillium expansum) 
interaction 
 
Vilanova, L.1; Viñas, I.2; Torres, R.1; Jauset, A. M.3; Usall, J.1; Burón-Moles, G.2; 
Teixidó, N.1 
 
1IRTA, XaRTA-Postharvest., 191 Rovira Roure, 25198-Lleida, Catalonia, Spain, 
e-mail: laura.vilanova@irta.cat 

2University of Lleida, XaRTA-Postharvest., 191 Rovira Roure, 25198-Lleida, Catalonia, Spain 
3University of Lleida, Department of Crop and Forest Science., 191 Rovira Roure, 25198-Lleida, Catalonia, 
Spain 

 
Penicillium digitatum and Penicillium expansum are the most devastating pathogens of citrus 
and pome fruit respectively, being responsible of important economical losses during post-
harvest handling. Whereas P. digitatum is a very specific pathogen of citrus (compatible 
interaction), P. expansum has a broader host range, although has not been reported as 
infective in citrus (incompatible interaction). 
To know the response of fruit and the infection capacity of both moulds, two varieties of oranges 
at different maturity stages of fruit, and different inoculum concentrations of both pathogens 
were studied. After inoculation, oranges were stored at ambient and cold storage temperatures, 
and severity and incidence were recorded. 
In compatible interaction, first harvested oranges (immature fruit) stored at 20 ºC and at 4 ºC did 
not show significant differences in rot dynamics at 107 conidia mL-1 inoculum concentration, 
however, in the other inoculum concentrations significant differences in rot dynamics were 
found especially in immature oranges. Incompatible interaction showed that P. expansum could 
infect both varieties of oranges from commercial maturity state at 107 conidia mL-1 inoculum 
concentration. In general, decay incidence and severity were higher at 4 ºC than at 20 ºC with 
P. expansum. In addition of infection capacity studies, histochemical tests were also carried out 
to detect wound healing compounds for both pathogens. A positive reaction for lignin was 
shown for both pathogens in immature oranges at short-period response (48 h). Incompatible 
interaction showed that lignification was apparently more important in immature fruits at long-
period response (7 d). In all cases, no reaction was found in control samples. These results 
demonstrate that maturity stage could affect infection capacity in compatible and incompatible 
interaction in oranges and lignin formation play an important role in defence mechanisms. 
Furthermore, and to our knowledge this is the first work that demonstrates that P. expansum 
could infect oranges under favourable conditions. 
This is a first step for increasing knowledge on host defence mechanisms in order to design 
new rational and environmental strategies to control postharvest diseases. 
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Mature and senescing tissues such as fruits are particularly susceptible to infection with Botrytis 
cinerea. However control of this phytopathogen is difficult due to the variety of infection methods 
and an ability to survive for extended periods of time. Apple cultivars differ in their postharvest 
susceptibility to B. cinerea, but resistance also varies within a single fruit of the same variety. In 
particular the red (sunny) side of the fruit has greater resistance than the green (shaded) side 
(Davey, et al. 2004). Since antioxidant levels are also higher on the red side of the fruit, we 
hypothesised that an improved capacity of tissues to deal with the oxidative stress resulting 
from B. cinerea infection and storage could be the basis of the observed increase in resistance. 
The aim of this work therefore was to gain a better understanding of the mechanisms of 
interaction between B. cinerea and apple fruit postharvest and to identify potential resistance 
mechanisms. 
Fruit from two apple varieties with contrasting susceptibilities to B. cinerea were artificially 
inoculated with conidial solutions of B. cinerea or with water (mock infection) on the red and the 
green sides of each fruit. Disease development was quantified and samples of both flesh and 
peel tissues destructively sampled at either 0, 5, or 14 days post infection. We then carried out 
an extensive analysis of fruit metabolites (sugars, phenols, antioxidants…), and antioxidant 
enzyme activities (CAT, SOD, APX etc.), to examine possible correlations with disease 
susceptibility. Results clearly demonstrate that the green side of individual fruit is more 
susceptible to B. cinerea infection than the red side suggesting that adaptation to field stress 
leads to cross-tolerance to post-harvest (biotic) stress. In addition protein contents and CAT 
activities were lower in green tissues, while APX activities were higher in tissues from the red 
(more resistant) side of the fruit. Interestingly enzyme activities in tissues of the red and green 
sides of the fruit responded differently to B. cinerea infection (but not mock infection), even 
before the appearance of disease symptoms, suggesting that there are specific responses to 
phytopathogen infection prior to the emergence of disease symptoms. Results are discussed in 
terms of the development of low-input mechanisms to improve postharvest storage qualities in 
apple. 
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β-aminobutyric acid (BABA) is a non-protein amino acid which occurs rarely in nature. 
Postharvest BABA treatment protected of potato tubers against dry rot pathogen Fusarium 
sulphureuhe. In this study, potato tuber slices treated with 100 mM BABA, to compare the levels 
of superoxide radical (O2

-), hydrogen peroxide (H2O2) and the activity of superoxide dismutase 
(SOD), catalase (CAT), ascorbate peroxidase (APX) and glutathione reductase (GR) in two 
cultivars (resistant “Shepody” and susceptible “Xindaping”). The results showed that BABA 
significantly increased the levels of O2

- and H2O2, followed by an increase in activity of SOD, 
CAT, APX and GR. However, O2

-, H2O2 and SOD response occurred earlier in resistant 
cultivars. The highest content of O2

- and H2O2 was occurred respectively in 2 and 3 days after 
treatment. However, the maximum content was appeared respectively in 3 and 5 days after 
treatment in susceptible ones. The highest SOD activity appeared 3 days after treatment in 
resistant cultivar. However, a significant increase in SOD activity was observed after 4 days of 
treatment in susceptible cultivar. It is suggested that BABA treatment resulted in ROS 
generation and antioxidative defence responses, and was associated with induction of 
resistance to dry rot of potato tubers. 
 
Omur, B.; Ziya, G.; Hakan, O.; Ahmet, D. 2005. Induction of oxidants in tomato leaves treated with DL-β-
Amino butyric acid (BABA) and infected with Clavibacter michiganensis ssp. Michiganensis. European 
Journal of Plant Pathology, 112: 361–369. 
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Ochratoxin A (OTA) is a mycotoxin that can affect human health and its presence in food and 
food products is undesirable. Aspergillus carbonarius is an important OTA-producing fungus 
that is responsible for toxin contamination of grapes and wine, coffee and cocoa. Soil and vine 
trash on soil are the primary sources of A. carbonarius in vineyards. Wind-borne spores from 
the soil are deposited onto the surface of vines, including berry surfaces. A. carbonarius is a 
very invasive fungus, able to colonise and penetrate berries even without skin damage in 
artificially inoculated grapes. Little is known about infection processes of berries through the 
stigma, pedicels, natural openings or by direct penetration of the cuticle. The use of fungal 
transformants expressing cytoplasmic fluorescent proteins has enhanced greatly the ability to 
visualize and analyze the colonization and infection processes. 
An enhanced green fluorescent protein (egfp) was used to mark a OTA producing strain of 
A. carbonarius (W04-40) isolated from naturally infected grape berries Transformation of the 
fungi was mediated by Agrobacterium tumefaciens (AGL-1). In order to express egfp, a binary 
vector with the Aspergillus nidulans glyceraldehyde-3-phosphate dehydrogenase (gpdA) 
promoter, the tryptophan (trpC) terminator and the hygromycin phosphor transferase (hph), was 
used. Co-cultivation of A. carbonarius with A. tumefaciens, harboring the binary vector, onto co-
cultivation medium (IMAS) during 36 h resulted in hygromycin -resistant colonies after 6–7 days 
after the transference to the selection medium. A. tumefaciens-mediated transformation of A. 
carbonarius was very efficient. The frequency of resistant colonies was 894 per 104 conidia, 193 
per 105 conidia and 200 per 106 conidia. Therefore, the most efficient transformation occurs 
when the co-cultivation is done with 104 conidia due to higher frequency of resistance colonies 
and less background obtained. To confirm the presence of the hph gene in the hygromycin 
resistant colonies, 20 putative transformants were screened by PCR analysis. The hph gene 
was identified in all the transformants. Variation of expression levels of the egfp was detected 
among the transformants and 50 % of them appeared bright green fluorescent under the 
microscope. Microscopic analysis of all the bright fluorescent transformants revealed 
homogeneity of the fluorescent signal which was clearly visible in the hyphae as well as in the 
conidia. The use of egfp as a marker for A. carbonarius is a convenient, fast, and effective 
approach for studying plant–fungus interactions.  
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Among the new biological approaches to minimize the chemical quantities of pesticides in the 
soil and their residues in food products, the stimulation of natural plants defences is considered 
as one of the most promising alternative strategy for crop protection. Our previous work showed 
that the cell-wall of Ulva lactuca contained two polysaccharides; the glucuronan and the ulvan. 
The specific depolymerization of the ulvan and the glucuronan by an ulvan-lyase and a 
glucuronane-lyase isolated from a bacterial strain allowed the production of oligoulvans and 
oligoglucuronans respectively. In the present work, we have tested the ability of the algal 
polysaccharides and oligosaccharides on enhancing natural defences in harvested apple fruit. 
The elicitor potential was evaluated by the stimulation of several components of defence 
(phenylalanine ammonia-lyase, peroxydase, polyphenoloxydase, ascorbate peroxydase, 
catalase, superoxyde dismutase, phenolic compounds and lignin contents). The effects of these 
algal saccharides on controlling blue and grey mould rots caused by Penicillium expansum and 
Botrytis cinerea in apple were also tested. 
The obtained results showed that the polysaccharides/oligosaccharides of U. lactuca induce 
natural defences in postharvest apple. The relationship between stimulation of the natural 
defence and the induced resistance to Penicillium expansum and Botrytis cinerea will be 
discussed. 
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Alternaria is a pathogen which attacks several agronomically important plants. In particular 
Alternaria alternata pt mali, initially described in North America, provokes a foliar and fruit 
disease in susceptible varieties of apple tree known as “Alternaria blotch disease” (ABD) 
through the synthesis of AM-toxin. In Italy the first symptoms of a new disease of the apple tree, 
always related to an Alternaria infection, was recently evidenced. The symptoms induced by this 
pathogen are very similar to those previously described for Alternaria alternata pt mali, even if, 
in this case, no synthesis of AM toxin was detected. Particularly interesting in the disease 
progression is the necrosis phenomenon induced by this pathogen in susceptible varieties of 
apple tree for the metabolic and molecular peculiarities which characterize this type of plant 
response to fungal attack. 
The aim of this study is to evaluate the effect of this disease on the induction of a hyperoxidant 
status in the host cells (apple fruits and leaves) through the evaluation of the main reactive 
species involved in the response to fungal elicitors such as “host-selective toxins” (HST). ROS 
formation and the subsequent redox signaling play a pivotal role in the integration of diverse 
type of plant defence responses. ROS from different sources are sufficient for eliciting the plant 
responses and moreover their generation indicates that the defence is active (Deighton et al., 
1999). ROS accumulation is involved in the regulation of cell death. In particular PCD seems to 
be modulated by the regulation of the expression of a set of genes which includes the down-
regulation of genes whose products are related to photosynthesis (e.g. clorophyll a/b binding 
protein) and the up-regulation of ROS producing (germine oxalate oxidase and lipoxygenases) 
or scavenging (such as glutathione S-transferase, glutathione peroxidases and thioredoxin 
oxydases) activities, (Gechev et al., 2004). As far as these evidences could be noticed in the 
data herein showed, it could be conceivable an occurrence of PCD in the present plant-
pathogen interaction. 
In a short time the analysis of other apoptosis biochemical markers include DNA fragmentation 
into nucleosomal fragments (DNA laddering), will be performed. 
These results will allow to obtain new knowledge regarding the interaction Alternaria-apple that 
is, up-to-date, not yet well defined. 
 
Deighton, N.; Muckenschnabel, I.; Goodman, B.A.; Williamson, B. 1999. Lipid peroxidation and the 
oxidative burst associated with infection of Capsicum annuum by Botrytis cinerea. Plant Journal, 20: 485-
92. 
Gechev, T.S.; Gadjev, I.Z.; Hille, J. 2004. An extensive microarray analysis of AAL-toxin-induced cell death 
in Arabidopsis thaliana brings new insights into the complexity of programmed cell death in plants. Cellular 
and Molecular Life Sciences, 61: 185-1197. 
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The postharvest diseases in guavas are caused by pathogens that infect primarily before 
harvest, remaining latent until fruit ripening. However, very ripe guavas rapidly enter into 
senescence. This study characterized the postharvest diseases in 'Pedro Sato' guavas 
harvested at three maturation stages, according to the skin color. Weekly, 100 fruits without 
defects, two per plant, were collected in the orchard of seven years located in Itajú-SP in the 
2009/10 crop. In the first week the fruits were collected at the maturity stage 1 (skin color: dark 
green), second week in stage 2 (light green) and third week stage 3 (yellowish green). The skin 
color was determined by Minolta colorimeter, model CR-400, being the stage 1: hue angle (hº) 
between 120 and 117, stage 2: hº between 116 and 113 and stage 3: hº between 112 and 108. 
The fruits, after disinfected with NaClO (0.5 %) for 5 minutes and rinsed in running water for 3 
minutes, were placed on individual trays and stored for six days at 25 ºC and 85 % RH. The 
incidence of diseases was visually assessed at 2, 4 and 6 days of storage. The experiment was 
repeated once on another plot of orchard and the incidences of diseases were compared by 
nonparametric test for comparisons of multiple proportions at 5 % of probability. The disease 
incidence was above 50 % in the three stages of maturity at six days of storage. On average of 
maturity stages, anthracnose (Colletotrichum spp.) was the main disease, with 81.3 % of 
incidence, followed by black spot (Guignardia psidii), with 38.8 %. In lower incidences were 
observed rots caused by Neofusicoccum spp. (3.5 %), Phomopsis spp. (1.0 %), Mucor hiemalis 
(0.3 %) and Pestalotiopsis psidii (0.2 %). Differences in the incidence of anthracnose and black 
spot were observed between the three stages of maturation, with an increase of 75.7 % of 
anthracnose and 5533.3 % of black spot under stage 1 compared to 3. The results confirm the 
economic importance of postharvest diseases in guavas, since disqualify the fruit for marketing. 
The diseases have increased proportionately with the level of fruit maturity at harvest, which 
must be considered in planning the harvest and sale as a way to reduce damage from diseases. 
 
Research developed with financial support of FAPESP. 
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Postharvest decay accounts for the most significant losses of postharvest citrus worldwide. 
Green mold caused by Penicillium digitatum (Pers.:Fr.) Sacc is the major responsible of decay 
of postharvest citrus, usually contributing to 90 % of the total loss especially in locations with 
arid and subtropical climates. Since appearance of fungicide resistance has become an 
important factor in limiting the efficacy fungicide treatments, new studies have been needed in 
order to improve control methods. 
Picking up of these alternative treatments or the development of new ones would be bountied 
by a better knowledge of pathogenicity/virulence mechanisms within the fruit-pathogen 
interaction. 
Fungal transcription factors such as Ste12-like belong serine/threonine protein kinases family 
and they are known as mitogen-activated protein (MAP) kinases that are involved in the 
transduction of a variety of extracellular signals and the regulation of several developmental 
processes. It has been demonstrated that a MAP kinase pathway could be involved in 
pathogenicity and/or virulence. In fact, homologs of Ste12 identified in several pathogenic fungi 
have been shown to be involved in pathogenicity. 
The objectives of the present work were to confirm that P. digitatum has a functional homolog of 
Ste12 and to analyze its expression pattern during fruit infection and to shed light on its role in 
virulence towards the host. 
In that sense, P. digitatum PdSt12 gene have been identified and the complete sequence 
confirm two zinc finger C2H2 domain typical of MAP kinases. The sequence revealed the 
presence of four introns and an open reading frame of 2346-bp that encodes a putative protein 
of 693 aminoacids. 
Disruption of PdSt12 gene have been carried out using Agrobacterium tumefaciens LBA4404 
mediated transformation (ATMT) and Hygromycin B as selection marker. Different 
transformants have been selected in order to analyze their expression during orange infection 
and their role in virulence. 
 
González-Candelas, L.; Alamar, S.; Sánchez-Torres, P.; Zacarías, L.; Marcos, J.F.; 2010. A transcriptomic 
approach highlights induction of secondary metabolism in citrus fruit in response to Penicillium digitatum 
infection. BMC Plant Biology, 10: 194. 
Sánchez-Torres, P; Tuset, J.J. 2011. Molecular insights of fungicide resistance in sensitive and resistant 
Penicillium digitatum infecting citrus strains. Postharvest Biology and Technology, 59: 159-165. 
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Citrus green mould, caused by Penicillium digitatum is one of the most important postharvest 
diseases of citrus. Fungicide treatments are a key component in the integrated management of 
many plant diseases, therefore the appearance of resistance has become an important factor in 
limiting the efficacy. 
The most recent thought for fungicide resistance is based on active eflux of these toxic 
compounds due to transporters like ABC (ATP binding cassette) or MFS (Major Facilitator 
Superfamily) that have remarkably broad susbstrate specificity although they can also transport 
specific compounds. Despite the size of the economic losses caused by this fungus, another 
important aspect is that some of these resistant genes may be involved in 
pathogenicty/virulence. 
To uncover these factors relevant to fungicide resistance and pathogenesis we have identified 
and characterized five different P. digitatum genes (PdMFS1-PdMFS5) encoding MFS 
transporters that exhibit different genomic structures. 
In order to evaluate the role of each specific gene, A. tumefaciens mediated transformation 
(ATMT) was used to either overexpress or disrupt each gene in several P. digitatum isolates 
exhibiting different phenotypes regarding fungicide resistance or pathogenicity. Hygromycine B 
that was used as selection marker and monosporic P. digitatum transformants were selected 
based on molecular analysis by PCR to confirm that correspond to real transformants. All 
selected transformants were then characterized from their putative role in both fungicide 
resistance and pathogenesis. 
All five genes revealed their relevance in funcigicide resistance; in fact, P. digitatum 
overexpressing each MFS transporter coming from sensitive isolates exhibited an increase 
resistance to different type of fungicides including postharvest fungicides such as imazalil and 
thiabendazol. Disrupted transformants showed that only three out of five genes studied are 
really involved in pathogenesis since infection was reduced during in vivo assays. All findings 
support the hypothesis that many factors could be involved in fungicide resistance but only 
specific MFS transporters could act as pathogenicity factors. 
 
Sánchez-Torres, P.; Tuset, J.J. 2007. Consideraciones sobre la resistencia a fungicidas de post-cosecha 
de cítricos en Penicillium digitatum. Levante Agrícola, 389: 432-437. 
Sánchez-Torres, P.; Tuset, J.J. 2011. Molecular insights of fungicide resistance in sensitive and resistant 
Penicillium digitatum infecting citrus strains. Postharvest Biology and Technology, 59: 159-165. 
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The study aimed to evaluate the influence of the physic-chemical characteristics of peach fruits 
on infection and latent period of M. fructicola using non-destructive methods. Peach fruits of the 
cultivar Chimarrita were harvested in different maturity stages based on color of the peel in one 
orchard located at Pelotas, RS. The fruits were carefully transported to the Fruit Science 
Laboratory where 112 fruits without lesions, wounds or mechanical injuries were selected. It 
was assessed weigh, diameter and color (with Colorimeter Minolta CR-300, results expressed 
as hue color angle (hº)). Near infrared spectroscopy (NIRS) was used to assess °Brix, firmness, 
total acidity and dry matter. Also was measured the chlorophyll content in the skin by portable 
spectrophotometer DA-meter®. The measurements were made on both sides of the each fruit in 
the moment of pathogen inoculation and NIRS and index DA, 48 and 60 h post inoculation. 
Fruits stored in the plastic boxes were maintained at room temperature (25 ± 2 ºC) and put on 
benches in the laboratory under 90 % of relative humidity. Fifty six fruits were wounded (1.0 mm 
diameter x 1.0 mm) and fifty six remained intact. The inoculation of 10 µL conidia suspension of 
M. fructicola (1.0 x 106 conidia mL-1) was made in areas demarcated of the fruit. Statistical 
Analysis of Anova, LSD test, correlation and linear regression were performed using Statistica 
8.0®. In unwounded fruits no incidence of brown rot was observed. However, 48 h after 
inoculation, infection was observed in all fruits wounded with the lesions varying from 24.8 to 
33.03 mm of diameter. At this moment only 32 % of the lesions were sporulating. After 12 h the 
lesions varying from 37.6 a 49.1 mm and they were all sporulating. The maximum and minimum 
values obtained in the main parameters assessed were: DA (0.85-2.09), total acidity (4.7-10.2), 
firmness (3.7-6.7) and Brix (8.02-14.8).The index DA (r=-0.31) and total acidity (r=-0.47) was 
negative correlated with diameter of the lesions. All others parameters had no effect on the 
growing of the lesion. Comparing the physico-chemical characteristics between wounded and 
unwounded fruits it was observed a great and significant reduction in total acidity, 5.8 in 
unwounded to -0.71 to wounded fruits. The results showed no infection or at least latent period 
over than 10 days when no wounded or disinfection was performed in peach fruit inoculated 
with M. fructicola in post-harvest condition. 
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The main physiological processes in tomato plants under pathogenesis of Fusarium oxysporum 
were studied. Pathogens were inoculated in 4-mounts-old tomato plants trough root system. 
The response of tomato plants on Fusarium oxysporum inoculation depended on environmental 
temperature, humidity and light intensity. Temperature was most important environmental 
factors. When Fusarium oxysporum was inoculated under temperature more 35 °C the drying 
up of green plants was displayed after 7-10 days. In usual conditions the pathogenesis carried 
out about 30-40 days and drying up of tomato plants was watched after them yellowing. The 
different visual display of disease was caused by various mechanisms of withering. The slow 
pathogenesis was caused by toxins of Fusarium oxysporum (fusarium acid), which suppressed 
the physiological processes in tomato plants and inhibition of biosynthesis of main cell 
components. Under high temperature the fungi proliferated actively in root tissues and mycelium 
grows, enlarged and corked the phloem. The decrease of xylem flow and dehydration of plant 
tissue were displayed in this case. The activation of destructive processes (lipid peroxidation 
and generation of reactive oxygen) was obtained under both types of pathogenesis. 
Photosynthesis suppression under fusarium wilt was caused by decrease in photosystem II 
photochemistry and limitation in rate and affectivity of linear electron flow in chloroplasts. The 
reduction of chlorophyll content and increase in anthocyane content indicated destructive 
processes in pigment apparatus of tomato plants. The intensity of destructive processes under 
high temperature was higher. The mechanisms of plant–fungi interaction, signal transduction 
and combined impact of biotic (fungi) and abiotic (high temperature) stress factors are 
discussed. 
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The principal apple production area in Argentine is the Río Negro and Neuquén Valleys, located 
in North Patagonia. The most important cultivars are Red Delicious and its clones which include 
around the 60 % of the apples productions. Red Chief, Angius and Atwood are the mains clones 
cultivated. These clones have both a good quality and a good market. The objectives of the 
present work were to evaluate different susceptibility of three Red Delicious clones and the 
effects of different atmospheres during postharvest conservation to the moldy core o core rot 
disease development. During 2005 and 2006 years, 8 samples of Red Cheef, 11 of Angius and 
15 of Atwood clones were evaluated. Two types of atmospheres were evaluated: conventional 
atmosphere for three and nine months and controlled atmosphere with 1.5 of O2 and 0.5 of CO2 
for nine months. After these conservation times the symptoms of the presence of moldy core or 
core rot in 200 fruit for sample were evaluated in order to detect any incidence and/or severity of 
the disease. 
The three studied clones presented similar susceptibility to the disease. In a conventional 
atmosphere the incidence and the severity increased during the first three months; then, the 
percentage was constant until the end of the conservation period (9 months). The controlled 
atmosphere did not show any difference with the conventional atmosphere. 
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Citrus green mold infection of citrus fruit requires injury of the epicarp starting with the role of 
injury in infection, the objective of this research was to clarify the mechanism of infection of 
citrus fruit by Penicillium digitatum. 
By immediately water rinsing lemons that were artificially injured, we succeeded in creating 
injury sites that are not able to be infected by green mold (“non-infectable injury sites”). Utilizing 
these “non-infectable injury sites,” we investigated the infection mechanism of green mold and 
onset of disease. 
Green mold infection of lemons with “non-infectable injury sites” was restored when P. digitatum 
was applied in conjunction with limonene extracted from the upper (oily) fraction of the lemon 
epicarp exudate. While treatment with the lower (aqueous) fraction of epicarp exudate from 
healthy fruit did not restore the spread of infection from “non-infectable injury sites,” treatment 
with the lower (aqueous) fraction of epicarp exudate from diseased fruit did restore infection. 
The pH of the lower (aqueous) fraction of epicarp exudate from healthy fruit was 5.5 and the 
concentration of organic acids was less than 5 mM; in the case of diseased fruit, pH was 3.5 
and the concentration of galacturonic acid (GalA) was greater than 100 mM. While limonene did 
not affect the growth of green mold, it caused necrosis of cells on the injury surface. Inoculating 
“non-infectable injury sites” with P. digitatum and limonene-free epicarp resulted in infection. 
Upon inoculating a subsample of the epicarp not containing limonene with P. digitatum conidia, 
initial pH of the epicarp exudate hovered around 5.5. GalA increased and pH decreased with 
growth of the fungus, reaching 55 mM and pH 3.5 after 28 h. Treatment of “non-infectable 
injury” with the pH 3.5, 50 mM GalA exudate restored infection by P. digitatum without causing 
necrosis of cells on the injury surface; furthermore, under the same conditions, P. digitatum was 
observed to invade other living plant cells. 
P. digitatum behaves as a saprophyte in environments more neutral than pH 3.5 and as a 
parasite in more acidic environments. It infects citrus fruit by cleverly exploiting byproducts of 
epicarp injury, shifting from saprophytic to parasitic behavior. 
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Brown rot disease (Monilinia fructicola Honey) is a major cause of Prunus spp. fruit losses in 
pre- and post-harvest settings. As part of an on-going effort to develop biological approaches for 
managing diseases of temperate fruit crops we are seeking to better understand the 
mechanisms by which M. fructicola suppresses or overcomes defense reactions in stone fruit. 
To identify genes specifically induced/repressed during stone fruit-postharvest pathogen 
interaction a microarray analysis was conducted of peach fruit transcriptome response to 
compatible (M. fructicola) and non-compatible (Penicillium digitatum) pathogens. A recently 
developed apple microarray consisting of ~40,000 70-mer-oligos was used to hybridize RNA 
extracted from fruit tissue 24 h after wound inoculation with a conidial suspension of M. 
fructicola, P. digitatum, or sterile water. Tissue from intact fruit was also analyzed. Sample 
comparison was conducted in a loop design which consisted of 4 biological replicates and 
included a dye swap. Statistical analysis of the data generated by a total of 16 microarrays 
showed that 1048 genes are differently regulated in peach fruit in response to M. fructicola and 
P. digitatum inoculation. From those 552 are uniquely regulated by brown rot pathogen, while 
P. digitatum specifically affected expression of 493 peach genes within the first 24 h after 
inoculation.  
A selection of a list of genes of known importance in plant microbial interactions is in progress to 
follow their expression over a time-course (3; 6; 12; 24; 36 hpi) using RT-qPCR. Results on 
specific genes and RT-qPCR will be presented and discussed. The current study demonstrates 
that a newly developed apple microarray can be successfully used for transcript profiling in 
stone fruits. 
 
This research was partially supported by a grant (IS-4268-09) from the U.S. – Israel Binational Agricultural 
Research and Development (BARD) Fund to Samir Droby and Michael Wisniewski. 
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The fungal pathogen C. acutatum has a wide host range causing diseases worldwide and 
severe yield losses on economically important crops e.g. apple, blueberry, strawberry and 
sweet cherry. During the infection, species of Colletotrichum produces a range of hydrolytic 
enzymes including proteinases to promote host colonization and degradation of host cell walls. 
It has been suggest that fungal proteinases play a role in pathogenicity and virulence (Redman 
et al., 2002). The lifestyle of Colletotrichum spp. is hemibiotrophic and during the necrotrophic 
development the pathogen produces several secondary metabolites. However, only a few 
possess phytotoxic activity. The aim of this project is to screen for enzyme activity and to 
investigate differentially expressed genes important for strawberry infection of C. acutatum. 
Flask cultures with liquid strawberry media with adjusted pH were inoculated with the C. 
acutatum isolate SA 0-1. The SA 0-1 used in this study is a Danish isolate highly aggressive 
towards strawberry plants. Microscopy, pH-measurements and enzyme activities were 
monitored each day for a time period of 7 days after inoculation. The enzyme activity was 
determined with the use of azurine crosslinked (AZCL)-polysaccharide plates. 
During the time course experiment, C. acutatum produced casein, collagen, arabinoxylan and β-
glucan degrading enzymes. The pH increased rapidly as the infection develops. Two time points 
of interest based on pH and enzyme activity were carried out for RNA isolation and used for 
suppression subtractive hybridization (SSH). The forward and reverse direction was performed, 
in order to compare the two time points. Both housekeeping genes and genes encoding for 
proteins involved in biosynthetic pathways of secondary metabolites were identified by 
sequencing. The most relevant genes will be further characterised in genome walking, gene 
expression and gene disruption studies. These experiments will hopefully provide information 
for better understanding the C. acutatum-strawberry interaction. 
 
Redman, R. S.; Rodriguez, R. J. 2002. Characterization and isolation of an extracellular serine protease 
from the tomato pathogen Colletotrichum coccodes, and it’s role in pathogenicity. Mycological Research, 
106: 1427-1434. 



 

    Host Pathogen Interaction 

  59 

PHP13 
 
Resistance of apple cultivars established in Querétaro, México to blue 
mold (Penicillium expansum Link) 
 
Soto-Muñoz, L.; Martínez-Peniche, R. 
 
Universidad Autónoma de Querétaro, Departamento de Investigación y Posgrado en Alimentos, Facultad 
de Química. CU, Cerro de las Campanas s/n Col. las Campanas. Querétaro, Qro 76010, México, 
e-mail: musolou@hotmail.com 
 
Main apple cultivars established in Querétaro, México are ‘Golden Delicious’ and ‘Red 
Delicious’. As they ripen in August, when the national market is saturated, they are sold at low 
prices. A certain number of late ripen hybrids introduced in the region which could also be 
stored in order to get better prices. However, during the storage of fruits, damages produced by 
fungus, mainly Penicillium expansum Link causing blue mold. The use of chemical fungicides to 
prevent postharvest diseases is not entirely accepted due to the environmental contamination 
and the possibility of apparition of resistant strains. An alternative could be the use of tolerant 
genotypes.  
The objective of this work was to evaluate the genetic tolerance of several apple hybrids to 
P. expansum during storage and correlate it with physical and chemical characteristics of the 
fruit. Apples from 20 genotypes were inoculated with a P. expansum spore suspension (10000 
spores) in four wounds achieved at the equatorial zone of the fruits, and the diameter of the 
injury caused by fungus was measured after six, eight and ten days of incubation at 26 ºC. In 
addition, the equatorial diameter, total titritable acidity (TTA), total soluble solids (TSS), colour 
and firmness of samples were measured. 
A high variability in the tolerance to P. expansum between apple genotypes was revealed. 
‘Golden Delicious’ and 428 (‘Anna’ x ‘Gala’) were the most susceptible varieties to P. expansum 
(4.08 cm and 2.88 of diameter, respectively after ten days of incubation), on the other hand, 
fungus did not grow at all in SM4, 429b (‘Anna’ x ‘CLR9T10’) and 401 (‘Tropical Beauty’ x 
‘Princess’) and, in ‘Lourdes’, a later ripen cultivar, P. expansum was inhibited in 97 % with 
respect to ‘Golden Delicious’. The multivariant analyses showed that the incidence of P. 
expansum was positively correlated with TSS concentration and negatively correlated with TTA. 
No correlation between P. expansum growth and firmness, colour or equatorial diameter was 
found. We conclude that the apple cultivars locally established exhibit a high variability in their 
tolerance to P. expansum. 
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Penicillium digitatum and P. expansum are the molds responsible of the green and blue mold on 
citrus and pome fruits, respectively, and cause important economical losses during their 
postharvest handling. The use of green fluorescent protein (GFP) can be a useful molecular tool 
to study compatible and incompatible interaction between host-pathogen and detect and 
visualize the infection process in situ. In this work, mutants of P. digitatum and P. expansum, 
obtained by Agrobacterium tumefaciens mediated transformation, expressing two different 
variants of GFP from Aequorea victoria (eGFP and sGFP) have been analyzed. In one set of 
transformants, a binary vector was obtained with the egfp gene under the control of the 
Aspergillus nidulans gpdA gene promoter. In another set of transformants, another binary vector 
was used with the sgfp gene under the control of the Pyrenophora tritici-repentis ToxA gene 
promoter. In both cases, hygromycin resistance was used as a selection marker. In order to 
check whether transformants maintained their pathogenicity, germination and growth capacity 
compared to wild strains several studies were conducted. A pathogenicity study was performed 
with both wild type and P. digitatum and P. expansum transformants on oranges and apples, 
respectively. Infected fruit were incubated at 20 ºC and 85 % relative humidity and rot diameter 
was measured to check if marked strains lost/maintained their pathogenicity. Germination and 
growth studies were performed in vitro on different synthetic media and storage conditions. In 
germination studies, for each media and temperature, three agar discs were aseptically 
removed from each replicate plate using a cork borer, placed on a slide and examined 
microscopically. In the growth capacity studies, the Petri plates were examined daily and the 
radius of each colony was measured. The characterization of each transformant compared with 
the wild type strain demonstrated the suitability of the use of GFP as a marker for P. digitatum 
and P. expansum in monitoring both pathogens in fruit-pathogen interaction studies. 
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Wheat and barley are the most important field crops in Libya. The aim of this study is to 
investigate the effect of the fungus Aspergillus flavus on some biochemical contents of wheat 
and barley grains. Samples were inoculated with the tested fungus and incubated at different 
levels of temperature and humidity. Protein, Moisture, oil, ash and carbohydrate percentages in 
each sample were estimated. There are slightly differences between humidity levels and the 
tested temperatures in their effect on protein and moisture percentages of seed samples. The 
obtained data indicated that protein content was decreased in inoculated wheat seeds, 
whereas, increased in barley. The percentages of moisture in inoculated grains were increased 
as compared with those of healthy ones. Result of this study clearly showed inoculation with the 
fungus A. flavus decrease the percentage of oil, ash and carbohydrates in wheat and barley 
grains compared with the healthy ones. Incubation at 20 ºC gave the highest percentages of 
ach and carbohydrate in each wheat and barley samples. These changes were more 
pronounced in inoculated seeds of wheat and barley incubated at high temperature and 
humidity. 
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The postharvest rot ‘Bull’s eye’ (caused by Neofabraea alba) has become the most significant 
disease of apples, especially in late harvest or prolonged cold storage varieties. The objective of 
this study was to determine the effect of the fruit wetness hours and the moment of its 
occurrence in the orchard on the incidence of ‘Bull’s eye rot’ in Pink Lady apples in a 
commercial orchard located in Longaví, Maule Region, Chile. Random selected apple trees 
were subjected to two artificial rains, carried out 45 and 30 days prior to harvest plus a natural 
rain which had occurred 15 days before harvest. In every moment, trees were sprayed in order 
their fruits reached 3, 6 and 9 hours of wetness. A completely randomized design was used with 
factorial arrangement: hours (0, 3, 6 and 9) and occurrence (45 and 30 days) with 3 replications 
of 3 trees each. At harvest, 80 apples per experimental unit were harvested randomly, placed in 
a box and stored at 0 ºC for 4 months. Subsequently, the fruits were visually examined for the 
number of rot lesions per fruit to determine the disease incidence. All treatments which received 
artificial rain, independent of the number of hours or the moment of occurrence, showed a 
significantly higher rot incidence (between 61.1 and 77.8 %) than the fruit harvested from the 
control trees (47.8 %). The highest Bull’s eye rot incidence in Pink Lady apples was obtained 
when fruits were artificially wetted 30 days before harvest and remained wet on their surface for 
9 hours.  
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Brown rot caused by Monilinia spp. is an economically important fungal disease of stone fruit, 
and is responsible for substantial preharvest and postharvest losses. Primary inoculum is 
mainly formed by mycelium and conidia of the pathogen in mummies that remain on the trees 
over winter in Ebro Valley, Spain. Primary inoculum is capable of infecting blossoms and 
immature fruit during the early spring. These primary infections can remain latent in the 
blossoms and immature fruit when the weather conditions are unfavourable, and persist as 
latent infections during the fruit growing season until the weather conditions become conducive 
to disease expression. The secondary inoculum may appear from infected tissue containing 
sufficient moisture to allow sporulation of the pathogen. Secondary infections of peach rot in the 
Ebro Valley occur at all stages of crop development: flower, green fruit and ripe fruit, either 
active or latent. The density of conidia of Monilinia spp. in the orchard air increases continuously 
from the first appearance of infected fruit to harvest.  
Three peach and nectarine orchards were sampled during the years 2006, 2007 and 2008 in 
Ebro Valley. The number of Monilinia conidia in the air of each orchard, the number of Monilinia 
conidia on the fruit surface and the presence/absence of latent infection on immature fruit were 
determined by sampling flowers or fruit at six growth stages during the growing season in each 
orchard. The incidence of postharvest brown rot was determined from 100 fruit without any 
visible signs of infection by Monilinia spp. in the sampling area in each orchard at the end of 
each growing season. Climatic data (temperature, relative humidity, wetness duration and 
rainfall) were collected at weather stations located in the middle of the study area of each of the 
orchards. The time it takes for the first aerial conidia (Tcoair) to appear, the first conidia on the 
surface of flowers and fruits (Tcosur) and the first latent infection (Tlat) were determined during 
the crop in each orchard. 
After different regression analysis with epidemical and climatic variables, the incidence of 
postharvest brown rot can be predicted: i) two months before harvest by Tlat, Tcosur and 
Tcoair, ii) two and one week before harvest either by the number of conidia on the surface of 
the fruits, or by the incidence of latent infection, iii) the same day of harvest by the rate of brown 
rot observed in the trees, and iv) by the mean temperature (from popcorn to harvest). 
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Spain is the first European Union producer and exporter of pomegranates (Punica granatum L.). 
More than 90 % of the Spanish commercial acreage is located in the Southeast area of the 
country (Alicante province, Elche area). Currently, there is a clear interest in prolonging the 
storage period of fresh fruit to reach off-season markets and also to increase the period of time 
with fruit available for industrial processing. Weight loss, chilling injury (scald or brown 
discoloration of the skin and/or superficial pitting), and decay are the most important problems 
limiting storability of pomegranate.  
The etiology and incidence of postharvest diseases in our local environmental conditions were 
determined for two consecutive seasons. Commercially-grown pomegranates cv. ‘Mollar de 
Elche’ (syn.: ‘Mollar’) from two different orchards were used to assess both wound pathogens 
(postharvest infections) and latent pathogens (field infections). Healthy pomegranates were 
either artificially wounded in the rind or surface-disinfected with sodium hypochlorite and placed 
in humid chambers at 20 ºC for up to 2 months. Additionally, decay was periodically assessed 
on intact pomegranates stored at 5 ºC for up to 6 months. Isolates of pathogens causing fruit 
decay were plated in potato dextrose agar (PDA) Petri dishes and incubated at 25 ºC for further 
macroscopic and/or microscopic identification. 
The main causal agents of wound and latent infections were Penicillium spp. (blue mold), and 
Botrytis cinerea (gray mold), respectively. Pathogenic Penicillium species were identified as 
P. expansum, P. sclerotiorum, and P. glabrum (Palou et al., 2010). Blue and gray molds were 
also the most frequent diseases observed on cold-stored fruit. Other relatively frequent 
pathogens on fruit stored at 20 and 5 ºC were Aspergillus niger and Pilidiella granati (syn.: 
Coniella granati), respectively. This work provides useful information to the Spanish 
pomegranate industry to consider the adoption of disease control means. Since no conventional 
fungicides are currently permitted in Spain for postharvest treatment of pomegranates, attention 
should be devoted to the evaluation of alternative antifungal treatments in the context of an 
integrated disease management (Palou et al., 2007). 
 
Palou, L.; Crisosto, C.H.; Garner, D. 2007. Combination of postharvest antifungal chemical treatments and 
controlled atmosphere storage to control gray mold and improve storability of ‘Wonderful’ pomegranates. 
Postharvest Biology and Technology, 43: 133-142. 
Palou, L.; Guardado, A.; Montesinos-Herrero, C. 2010. First report of Penicillium spp. and Pilidiella granati 
causing postharvest fruit rot of pomegranate in Spain. New Disease Reports, 22: 21. doi:10.5197/j.2044-
0588.2010.022.021. 
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Among black Aspergilli, Aspergillus carbonarius is considered the most important one as 
ochratoxin A (OTA) producer compared with the isolates belonging to A. niger. However, A. 
niger is more frequently isolated from grapes compared to A. carbonarius (Bau et al., 2005). 
The presence of OTA has been largely investigated on wine grapes but only few reports have 
been performed on table grapes. In a recent study the presence of OTA in table grapes without 
visible symptoms has been demonstrated (Ayoub et al., 2010). The objective of this study was 
to assess the frequency of OTA producer strains belonging to A. carbonarius and A. niger 
among the black Aspergilli isolated in some table grapes varieties from Apulia region (Victoria, 
Michele Palieri and Italy) and to investigate the presence of OTA in asymptomatic grapes. An 
amount of 55 black Aspergilli was isolated from 3 vineyards and analyzed by PCR in order to 
establish the number of A. carbonarius and of A. niger isolates. The results showed that about 
40 % of the isolates were OTA producers, and that most of them where A. carbonarius (63 %) 
or A. niger (27 %). OTA contamination was assessed also for asymptomatic berries by using 
HPLC coupled with Mass Spectrometry and a possible OTA translocation was hypothesized 
probably due to a passive translocation from contaminated grapes or by a transport in which 
plant tissues are involved. The amount of OTA contamination seems to be correlated with sugar 
content of berries; which is in turn correlated with the variety and climatic conditions. From the 
obtained results it is to be hoped the assessment of a tolerable limit for OTA contamination on 
table grapes in order to safeguard consumer’s health. 
 
Ayoub, F.; Ricelli, A.; D’Onghia, A.M.; Yaseen, T. 2010. Early detection of Aspergillus carbonarius and 
A. niger on table grape: a tool for quality improvement. Food Additive and Contaminants, 27(9): 1285–
1293. 
Bau, M.; Castellá, G.; Bragulat, M.; Cabañes, F. 2005. DNA-based characterization of ochratoxin-A-
producing and non-producing Aspergillus carbonarius strains from grapes. Research in Microbiology, 
156(3): 375-381. 
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Truss tomatoes imply freshness and incredible taste; consumers are highly attracted to the 
tomato aroma provided by the green parts of the cluster and enjoy the ability to pick tomatoes 
from the cluster over several days. However, early post-harvest decay of calyces and rachises, 
referred to as post-harvest early calyx decay (PHECD), has become a major quality problem in 
the trade of truss tomatoes. Although graded at harvest and packed as high-quality fruit, 5-30 % 
of the fruit clusters that reach European markets 7-10 days later are sold at low prices, 
repacked, or simply dumped due to shriveled calyces or covered with black mold or active 
mycelia. Cladosporium species and Alternaria alternata identified by microscopic observations 
were the prevalent fungi (92 %). These pathogens recovered following surface disinfection of 
the calyces, indicating that they had colonized the truss as latent disease already in the 
greenhouse. Cladosporium isolates from overtly infected calyces were identified as C. 
sphaerospermum (Penzig) and C. tenuissimum (Cooke). C. fulvum, the pathogen inducing 
tomato leaf-mould, was not detected, and the incidence of the PHECD syndrome was similar for 
tomato leaf mold-resistant and susceptible varieties. 
The severity of the PHECD syndrome increased during the warm seasons and declined in the 
winter. In vitro experiments showed that although differing in their growth response to 
temperature, the two Cladosporium species have an optimum range around 20-25 ºC. Growth 
rates declined significantly below 10 ºC and above 30 ºC. Co-analysis of agro-meteorological 
data from tomato greenhouses with the corresponding postharvest quality examinations 
suggested that prolonged dew events in successive nights during the warm seasons enhance 
the level of PHECD injuries. The latent nature of the disease does not allow a strategy of 
response to occurring syndromes. Nevertheless, prophylactic practices of chemical agents 
commonly used against Alternaria spp. (Early blight) and tomato leaf mould (C. pulvum) 
significantly reduced PHECD levels. In addition, measures to maintain an unbroken cold chain 
and to minimize the risk of condensation are essential. 
 
Bustan, A.; Cohen, S.; Erlich, O.; Tsror (Lahkim), L. 2008. Association of Cladosporium species and 
Alternaria alternata and serious post-harvest early calyx decay (PHECD) in truss tomatoes in Israel. Plant 
Pathology, 57: 378. 
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In this study we have investigated the presence of ochratoxin A (OTA) in three wine grape 
varieties: Cesanese d’Affile (red wine), Trebbiano Toscano (white wine), Montepulciano (red 
wine) during 2009 and 2010. The study was performed following the samples from the harvest 
to the winery and analysing the grapes, the must and the wine by different extraction methods in 
order to understand the performance of the applied protocol on the considered products. 
Furthermore the isolation of the “Black Aspergilli” strains present on the grapes was performed. 
A correlation between the presence of toxigenic “Black Aspergilli” and OTA contamination was 
attempted. The quantification of OTA was performed by HPLC and the identification of the 
strains was performed following the morphological key described by Pitt (Pitt and Hocking, 
1985) and using molecular techniques to unambiguously identify Aspergillus carbonarius and A. 
niger as recently showed (Ayoub et al., 2010). The results show that generally fungal 
contamination and in particular the presence of “Black Aspergilli” is significantly different in the 
two years considered. Furthermore Cesanese d’Affile is by far the variety more heavily 
contaminated by the “Black Aspergilli” strains. Concerning the analysis method performances it 
is evident that the method recommended for OTA determination in wine is not exploitable for 
grapes and musts.  
 
Pitt, J.I.; Hocking, A.D. 1985. Fungi and Food Spoilage. Food Science and Technology, A series of 
monographs. Academic Press, Australia. 
Ayoub, F.; Reverberi, M.; Ricelli, A.; D’Onghia, A.M.; Yaseen, T. 2009. Early detection of Aspergillus 
carbonarius and A. niger on table grapes: a tool for quality improvement. Food Additives and 
Contaminants, 27(9): 1285–1293. 
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Brown rot, caused by Monilinia fructicola and/or M. laxa, is an important disease of stone fruits 
grown in California. Infected and mummified fruit (“mummies”) serve as important conidial and 
ascosporic inoculum sources (Holtz et al., 1998). The objective of this study was to determine 
factors affecting survival of the pathogen on fruit left in the field after harvest. Prune mummies 
were produced on trees by injecting mature fruit with a spore suspension of M. fructicola before 
harvest. Over 2000 mummies were collected and conditioned for 5 days by placing them on the 
floor of a prune orchard at the Kearney Agricultural Center, University of California in Parlier. 
Ten prune orchards were selected in eight counties in California, and about 200 mummies were 
partially buried in the soil under a tree in each orchard in September. Thirty mummies were 
sampled monthly in each orchard from October through March. Mummies left on trees at the 
Kearney Agricultural Center were also collected monthly. For each sampling, five to eight pieces 
of mummified tissue per mummy were placed on acidified potato dextrose agar to obtain the 
proportion of mummies in which M. fructicola survived. The relationship between days after 
placing mummies on the ground and proportion of mummies with viable M. fructicola was 
determined by regression analysis. In all orchards, the survival of the pathogen declined 
exponentially over the winter and reached minimum levels of <10 % by early spring. A slower 
decline was observed for the pathogen in mummies left on trees, and M. fructicola was isolated 
from over 30 % of these mummies after February. Soil temperature and precipitation during the 
winter were related linearly to the decline of the pathogen. Infected mummies were also placed 
in brown paper bags in incubators at 5, 10, and 15 ºC, and sampled sequentially to determine 
the percentage of M. fructicola surviving in mummies as affected by the temperature. Survival of 
the pathogen declined over time after incubating mummies at different temperatures, and the 
decline was faster at 10 and 15 ºC than at 5 ºC during the first 2 months of incubation. Although 
there may be other factors affecting survival of M. fructicola in mummified fruit in the field, 
certainly temperature and precipitation play a significant role in the survival of the pathogen in 
these tissues.  
 
Holtz, B.A.; Michailides, T.J.; Hong, C. 1998. Development of apothecia from stone fruit infected and 
stromatized by Monilinia fructicola in California. Plant Disease, 82: 1375-1380. 



 

72       

OEED8 
 
Black spots caused by Rhexocercosporidium carotae on cold stored 
carrots in Sweden 
 
Wikström, M.1; Ragnarsson, S.1; Jönsson, B.1; Köhl, J.2; Arvidsson, A.K.3; Burgers, 
S.L.G.E.2; Groenenboom-de Haas, B.H.2; Lombaers-van der Plas, C.H.2 
 
1Swedish Board of Agriculture, Plant Protection Centre, P.O. Box 12, S- 230 53, Alnarp, Sweden 
2Plant Research International, P.O. Box 16, NL- 6700 AA Wageningen, The Netherlands, 
e-mail: jurgen.kohl@wur.nl 

3Findus R&D AB, P.O. Box 530, S-267 25 Bjuv, Sweden 
 
Black spots on carrots are a major problem in cold stored carrots leading to significant 
postharvest losses. Black spot symptoms can be caused by different pathogens. In Sweden, 
Rhexocercosporidium carotae (syn. Acrothecium carotae) was identified as the most important 
storage pathogen of carrots. The pathogen was first described in Norway and recently has been 
reported also from Sweden, The Netherlands, Canada, and Denmark. Knowledge on R. carotae 
is very limited and important information is lacking. Therefore, a joint Swedish-Dutch project 
started in 2006 with the goal to gain more information about the biology of the pathogen and to 
develop a forecasting method for the disease. A TaqMan-PCR for detection and quantification 
of the pathogen in field samples has been developed and applied to identify inoculum sources 
of the pathogen in the field. Inventories of carrot lots have been done during 3 years to identify 
pre- and postharvest factors which favour disease development. Multiple regression analysis of 
data from the inventories of Swedish carrot crops and the stored lots indicated that damage by 
R. carotae may be linked to harvest conditions resulting in different degrees of surface damage 
of the carrots. Also the presence of umbelliferous plants in the neighbourhood of the crop 
seemed to increase the prevalence of the disease, while clayish calcium-rich soils on the other 
hand might suppress the disease. 
 
Kastelein, P.; Stilma, E.; Elderson, J.; Köhl, J. 2007. Occurrence of Rhexocercosporidium carotae on cold 
stored carrot roots in the Netherlands. European Journal of Plant Pathology, 117: 293-305. 



 
 

Epidemiology, Etiology and Detection 

  73 

OEED9 
 
A methodology for the detection of epiphytic Geotrichum candidum on 
stone fruits and postharvest variation of pathogen´s populations in peach 
 
Henriquez, J.L.; Alarcón, P.; Castelleti, E. 
 
Departamento de Sanidad Vegetal, Facultad de Ciencias Agronómicas, Universidad de Chile. Casilla 
1004, Santiago, Chile, e-mail: jhenriqu@uchile.cl 
 
Sour rot of stone fruit became an important postharvest rot of Chilean peaches and nectarines 
since 2004. Epidemics of the disease were observed at the same time in stone fruit grown in 
California as well (Michailides and Morgan, 2004). Rotting fruit is observed at the arrival of the 
fruit to the export markets, while the disease poorly develops in the fruit samples left at the 
original packinghouses, making difficult to undergo studies on the epidemiology and disease 
control. In the present study, we developed a methodology to monitor the epiphytic populations 
of the pathogen on the fruit, and tested to determine the variation in the population of the 
pathogen on peaches after harvest from commercial orchards. Previous work showed that 
freezing the fruit and incubating at room temperature allowed the saprophytic growth of the 
epiphytic populations of the pathogen on the fruit, but the colonies of G. candidum were 
sometimes overgrown by other fast-growing saprophytic fungi. To inhibit the saprophytic fungi 
that prevent G. candidum enumeration, fungicide mixtures of dicloran + iprodione, dicloran + 
imazalil, dicloran + pyrimethanil and dicloran + benomyl were sprayed on Zee Lady peaches, 
before freezing them completely at -17 ºC. After freezing, the fruit was held in wet chambers at 
room temperature for 4 days and the fungal colonies were counted and percent of fruit with 
epiphytic colonies of G. candidum determined. Additionally, the epiphytic populations of G. 
candidum on Sweet September peaches, from orchards with or without history of the disease, 
were determined at the arrival of the fruit at the packing facility, after the hydrocooler and at the 
end of the packing line. All the fungicide mixtures but dicloran + imazalil effectively reduced the 
saprophytic growth of Rhizopus, Cladosporium, Penicillium and Aspergillus, allowing the 
enumeration of G. candidum. The percent of fruit with epiphytic populations of G. candidum was 
lower in fruit coming from the orchards without history of the disease. The number of fruits with 
epiphytic populations did not increased after the hydrocooler but raised to almost a 100 % at the 
end of the packing line, for both kinds of orchards. Since most of the boxed fruit have the 
inoculum, and G. candidum is a wound pathogen, handling practices should be improved for 
proper disease management.  
 
Michailides, T.J.; Morgan, D.P. 2004. First report of sour rot of California peaches and nectarines caused 
by yeasts. Plant Disease, 88(2): 222. 
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In 2008/2009, bull’s eye rot (BER) was identified as one of the main post harvest pathogens of 
late maturing apple cultivars particularly ‘Pink Lady’ in South Africa. Although bull’s eye rot is 
one of the major post harvest diseases of apples worldwide, very little is known about the 
causal agent, distribution, incidence and epidemiology of BER in orchards and under storage 
conditions in South Africa. The bull’s eye rot disease complex consists of four Neofabraea 
species, however only one species is associated with BER of storage apples in South Africa 
namely Neofabraea alba. Species identification of the BER pathogens is difficult as 
morphological differences between the species are subtle and often overlap. Using ITS and 
species-specific β-tubilin primers, we are confirming whether N. alba is the only species 
associated with BER in South Africa. Over 500 Neofabraea isolates, collected throughout the 
apple producing regions of the Western Cape, are being screened. To date, N. alba is the only 
species associated with BER symptoms in the Western Cape. 
The distribution, incidence and epidemiology of N. alba on pome fruit in South Africa is 
unknown. Records of BER epidemics in South Africa are scarce with three ‘outbreaks’ recorded 
in the 1960s, the 1980s and in 2008/2009. An increase in the incidence of BER is often 
associated with rainy periods near harvest. Asymptomatic ‘Pink Lady’ apples were collected 
from orchards and packinghouses in the apple producing regions of the Western Cape. Disease 
incidence and distribution were determined by collecting apple fruit (1) directly from orchards at 
harvest; (2) 1 month after harvest from the selected packinghouses and; (3) 3-6 months 
postharvest. A paraquat (1 %) dip treatment was used to determine the incidence of latent 
infections. Bull’s eye rot isolates were collected from 13 of 26 producers sampled (50 %) and 
from all regions sampled in the Western Cape. Disease incidence data ranged from 2 to 76 %. 
Paraquat treatments detected BER as early as 7 days post treatment. Environmental data will 
be collected over the period of research. In addition, there is little information on the ability of N. 
alba to produce cankers on apple trees. Determining the ability of N. alba to form cankers on 
apple trees in South Africa and under which environmental factors is important as cankers are a 
potential source of inoculum for infection in the orchards. To determine the ability of N. alba to 
form cankers, ‘Pink Lady’ apple trees will be inoculated under greenhouse conditions. To date, 
no cankers were detected in orchards surveyed. 
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Red Delicious apple production is the main economic activity in the Río Negro Valley of 
Northern Patagonia in Argentina. Moldy core disease affects many cultivars of apples, including 
Red Delicious and its clones. This research was carried out during three consecutive seasons 
1998/99, 1999/00 and 2000/01, in two orchards of Red Delicious apple trees in the major apple 
production area of Argentina. The objectives of this research were to determine: (a) the 
frequency of colonization of individual flower parts by Alternaria spp.; and (b) the incidence of 
fruit colonization by Alternaria spp. from fruitlet to harvest. Sepals, petals, stamens, pistils, 
calices and carpels were monitored at different phenological stages from pink bud to harvest, in 
order to detect the presence of Alternaria spp. In the pink bud stage, Alternaria spp. were only 
present in sepals and in a small percentage of petals. Stamens and pistils remained 
contaminated at a very low percentage as long as the flowers were closed. When the flowers 
opened, this percentage increased up to 90 % by the end of spring time. The fungus was 
present in the orchard and colonized flower parts after they were exposed to air. All flower and 
fruit organs became increasingly contaminated by Alternaria spp. through the three growing 
seasons. The pathogen appears to first colonize the calyx and then enter to the carpels. The 
presence of moldy core symptoms in January could indicate the further presence of core rot at 
harvest when 63 % of the fruits showed presence of Alternaria spp. in the core region, although 
a lower percentage developed moldy core (16 %) or core rot (10 %). These results suggest that 
fruit with significant risk of developing moldy core or core rot should be sold as early as possible 
to avoid commercial loses. 
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Carrots are the most important outdoor vegetable crop in Norway and the majority of the 
harvested crops are stored. During storage postharvest diseases might cause heavy losses. 
The most important postharvest pathogens in Norway are Mycocentrospora acerina causing 
liquorice rot and Fibularhizoctonia carotae causing crater rot. Botrytis cinerea (grey mould) and 
Sclerotinia sclerotiorum (white mould) also sometimes cause disease problems during storage. 
We have developed PCR primers that can be used for detecting M. acerina and F. carotae in 
soil samples in the growing season or at harvest for predicting diseases during storage. Data on 
M. acerina seems to be relatively reliable (Hermansen et al. unpublished). There is lack of 
information about resistance among cultivars to these postharvest diseases. Knowledge about 
the relationship between carrot maturity and disease development is also limited. In 2010 a field 
experiment consisting of 10 different cultivars was established where plots were inoculated with 
these two pathogens before drilling in May. After harvest in October, the roots were put into cold 
storage at 0-1 ºC and these will be assessed for disease incidence during the spring 2011. 
Based on the results from this experiment we will select cultivars that will be used in another 
field experiment starting in 2011 where disease development related to different maturity 
classes and content of antifungal substances will be studied. Our goal for future disease 
management is an integrated approach exploiting cultivar resistance and harvesting crops at 
optimal maturity. In addition, prediction of disease development using PCR will be implemented. 
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Brown rot caused by Monilinia spp. is an economically important fungal disease of stone fruit, 
and is responsible for substantial pre-harvest and post-harvest losses. Until 2006, brown rot in 
Spanish peach orchards was caused by M. laxa and M. fructigena. A third Monilinia species, M. 
fructicola, a quarantine pest within the European Union has now been detected in some peach 
orchards in Spain in 2006, as well as in peach orchards in France in 2001, the Czech Republic 
in 2006, Italy in 2008, Slovenia in 2010 and an apricot orchard in Switzerland in 2008. 
Compared to M. laxa and M. fructigena, M. fructicola grows faster and sporulates more 
abundantly, and displays a greater propensity for developing benzimidazole-, dicarboximide- 
and triazole- resistance strains. The fungus has a teleomorphic stage, which increases its 
evolutionary potential. 
Assessments of the nature and extent of genetic variation in plant pathogens have important 
implications for understanding host-pathogen interactions, disease management, and the 
spread of the pathogen within the different geographical regions. In order to study the genetic 
diversity of M. fructicola, several sorts of molecular markers have been designed by different 
laboratories, including randomly amplified polymorphic DNA (RAPDs) and non anchored 
intersimple sequence repeats (ISSRs). However, a simple effective and reproducible method is 
still required for studying the origin and genetic structure and diversity of isolates of M. 
fructicola. 
Sequence characterized amplified regions (SCARs) are developed to solve the reproducibility 
problem related to the RAPD/ISSR technique. SCAR markers are detected by PCR using 
longer specific oligonucleotide primers that have been designed after cloning and sequencing 
the discriminating bands obtained in RAPDs/ISSRs. M. fructicola isolates used in this study 
were obtained from stone fruit orchards in Europe. All isolates were identified as M. fructicola 
using morphological characteristics and a polymerase chain reaction (PCR) assay. Thirty 
fragments obtained from RAPDs/ISSRs from eight isolates of M. fructicola were selected by 
their potential to differentiate among isolates. These fragments were extracted and purified from 
agarose gels, then cloned in pGEM-T Easy vector; the plasmid was transferred to E. coli DH5α 
cells. The cloned fragments were sent for sequencing. Obtained sequences were not found in 
the GenBank database when they were BLAST searched. The specificity of each SCAR primer 
pair was assessed in a multiplex polymerase chain reaction (PCR) using 45 isolates of M. 
fructicola from 3 different peach orchards. The five SCAR markers generated will be useful for 
identification of M. fructicola isolates and may have significant implications in understanding its 
genetic variability. 
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Botrytis cinerea (teleomorph Botryotinia fuckeliana) is a cosmopolitan fungus attacking more 
than 200 plant species in the temperate zone worldwide. The presence of the transposable 
elements Boty and Flipper, within fungal genome, is considered to be one of the most important 
agents of the high genetic variability observed in this fungal species (Giraud et al., 1997). The 
current study was conducted aiming primarily to investigate the presence and frequency 
distribution of the transposable elements Boty and Flipper in pathogen isolates collected from 
several hosts (tomato, cucumber, strawberry, kiwifruit and apple) from fields located in the same 
region of Greece. The presence of the two transposable elements was based on PCR detection 
(Ma and Michailides, 2005). Results showed that in all the sampled hosts occurred in sympatry 
the 4 possible different genotypes (isolates of transposa type carrying both transposable 
elements, Boty–type isolates, Flipper-type isolates and vacuma type isolates carrying neither 
transposable element). Marked differences in genotype frequencies among populations were 
observed. In tomatoes, cucumbers and strawberries transposa isolates possessing both 
transposable elements were the predominant in the populations, while in kiwifruit and apple fruit 
populations the vacuma isolates were prevailing. Furthermore, in kiwi and apple fruit 
populations high frequencies of Flipper-type isolates were observed. 
In an attempt to explain the observed predominance of vacuma isolates in kiwi and apple fruit 
populations, mycelial growth rate of a set of vacuma isolates was compared to the mycelial 
growth rate of a set of transposa isolates at 3 different temperatures (0, 10 and 20 ºC). In 
addition, the same set of isolates were used to compare aggressiveness of isolates on wound-
inoculated kiwifruit incubated at 2 different temperatures (0 and 20 ºC), in terms of disease 
incidence and disease severity. The results showed that vacuma and transposa isolates had 
similar mycelial growth rates at the limiting temperatures of 0 and 10 ºC, while vacuma isolates 
grew faster at the optimum temperature of 20 ºC. Similarly there was no significant difference in 
aggressiveness on wound-inoculated kiwifruit between transposa and vacuma isolates. Based 
on the above mentioned results remains opened a third possibility according to which the higher 
frequency of vacuma isolates observed in cold-stored fruit could be explained through the 
assumption that latent infections that consist a great part of the totally infected fruits have been 
caused mainly by vacuma isolates. To fully explore that further research is required. 
 
Giraud, T.; Fortini, D.; Levis, C.; Lamarque, C.; Leroux, P.; LoBuglio, K.; Brygoo, Y. 1999. Two sibling 
species of the Botrytis cinerea complex, transposa and vacuma are found in sympatry on numerous host 
plants. Phytopathology, 89: 967-973. 
Ma, Z.; Michailides, T.J. 2005. Genetic structure of Botrytis cinerea populations from different host plants in 
California. Plant Disease, 89: 1083-1089. 
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Guava anthracnose, one of the main postharvest diseases of this culture, has as causing 
agents Colletotrichum gloeosporioides and Colletotrichum acutatum. The favourable weather 
conditions for the disease development have not been determined yet. Therefore, the aim of 
this work was to quantify the incidence and severity of the disease in red flesh guavas, 
artificially inoculated with C. gloeosporioides and C. acutatum and incubated under different 
temperatures and wetness periods. After superficial disinfestation, fruit of cultivar ‘Pedro Sato’ 
were inoculated with conidial suspensions of C. gloeosporioides and C. acutatum placed over 
wounds. Fruit were incubated in growth chambers under 15, 20, 25 and 30 ºC and were 
subjected to wetness periods of 6 and 24 h immediately after the inoculation. The diseased fruit 
incidence, lesion diameter, and incubation and latent periods were assessed. According to the 
quadratic model, temperatures of 23 ºC for C. gloeosporioides and 22 ºC for C. acutatum – 
combined with wetness period of 24 h – were the most favourable to the development of the 
disease. The highest disease incidence (100 %) occurred 10 days after inoculation, in fruit 
incubated at 25 and 30 ºC temperature, regardless of the fungal species. The maximum lesion 
diameter was 3.3 cm for C. gloeosporioides and 3.2 cm for C. acutatum under temperatures of 
25 ºC and 24 h of wetness. The incubation period was 7 days for both species at 20 and 30 ºC. 
The shortest latent period was 9 days at 25 ºC for C. gloeosporioides and 30 ºC for C. 
acutatum. Even at low temperature (15 ºC), there was no reduction in incidence, lesion 
diameter, incubation and latent periods. There was no statistical difference for the variables 
analyzed between the wetness periods of 6 and 24 h. The disease occurs on a large range of 
temperature and wetness periods. 
 
Research developed with financial support of FAPESP. 
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Red Delicious apple production is the main economic activity in the Río Negro Valley of 
Northern Patagonia in Argentina. Moldy core disease and core rot affect many cultivars of 
apples, including Red Delicious and its clones. In this area the weather conditions are optimal to 
Alternaria spp. development. Humidity and temperature are the principal parameters for any 
pathogen to increase inoculum presence; however, inside the fruit the colonization by fungi is 
influenced by pH conditions. The objective of the present work was to evaluate the Alternaria 
spp. behaviour at different temperature, pH and water activity (aw) conditions. The study was 
carried out with six different strains isolated from moldy core or core rot symptoms in Red 
Delicious apples. These apples were stored during six months in conventional atmosphere. The 
temperature study was done in vitro and in vivo conditions and the evaluated temperatures 
were 0 ºC, 20 ºC, 30 ºC, 35 ºC and 40 ºC. The pH was set at 4 and 7 and the tested aw were 
0.99, 0.95 and 0.90. The last two parameters were evaluated only in vitro in PDA medium with 
the addition of apple juice. The biggest Alternaria development was observed at 30 ºC either in 
vivo or in vitro conditions. At 35 ºC, all the strains developed and rot was observed in fruits. At 
pH 4, which is the mesoderm pH in Red Delicious apples, a small rot development was 
observed for the six studied strains. In relation to the aw study, 0.99 was the best condition for 
all the strains evaluated and rot development decreased at 0.95 and 0.90 aw values. The 
mesoderm aw quantified was 0.99. The six strains studied showed good development in the 
environment and fruit conditions evaluated. 
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Postharvest diseases cause considerable losses of harvested fruits during transportation and 
storage. Healthy product is the presumption of sustenance quality in whole food chain (breeding 
– cultivation – market – processing – consumption). Appropriate postharvest management 
depends on proper identification of the disease. Pathogen identification will also help in making 
future management decisions. The low concentration of pathogens in samples is the limiting 
factor for their sensitive detection. For rapid detection and identification traces of pathogens are 
used molecular diagnostic method, great potential have electromigration techniques with 
possibly integration of preconcetration, separation and detection of pathogen. 
Our work was focused on some fungi caused major postharvest losses of fruits of temperate 
zone (stone and pome fruits). Three Monilinia species and Penicilium expansum were selected 
as model fungi for analytical experiments. For Monilinia species is difficult and time consuming 
to identify the species level based on morphological characteristics of the isolates on the 
defined medium. The isoelectric point (pI) of spores characterizes the surface properties and pI 
could be one from the identification markers for these fungi. The isoelectric points of the 
examined spores ranged with the pH from 2.0 to 5.0. The values of pI of spores were calculated 
from the migration times of the selected pI markers and their isoelectric points (average pI 
values for spores of M. laxa 3.2, M. fructicola 3.8, M. fructigena 3.9, and P. expansum 3.7). The 
basic electromigration properties of the spores were determined and the results from culture 
strains were verified on the real samples taken from fruits. The electromigration techniques, 
particularly capillary isoelectric focusing could be fast and cheap (in equipped laboratory) 
methods for distinguishing species in many microorganisms. 
 
This work was supported by the Grant Agency of the Academy of Sciences of the Czech Republic No. 
IAAX00310701 and by the Institutional research plan AVO Z40310501. 
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Postharvest decay of fruit worldwide results in annual losses between 5 and 20 % with up to 
50 % in developing countries. In British Columbia (BC), Canada the three major fungal 
pathogens responsible for postharvest decay of pome fruit are Penicillium expansum (blue 
mold), Botrytis cinerea (grey mold) and Mucor piriformis (mucor rot). An interdisciplinary 
approach combining DNA macroarray technology and mathematical modelling is being 
developed to detect postharvest pathogens and predict disease in apple growing regions in 
Canada. 
For two growing seasons in the Okanagan Valley, BC, environmental samples were collected 
from four orchards. DNA was extracted, amplified by PCR and hybridized to pathogen-specific 
probes bound to a nylon membrane. Macroarray technology is a reverse dot blot technique that 
provides simultaneous identification of numerous fungal pathogens in a single test. The 
distribution of fungal DNA during the apple growing season was determined using this approach 
and compared with environmental factors such as temperature and rain events as a component 
of a predictive model. At harvest, apples were collected, wounded and stored to assess the 
natural disease incidence. Preliminary data suggest a positive correlation between detection of 
the three postharvest pathogens just prior to harvest and disease after storage in naturally 
infected fruit (r = 0.79). 
A reliable predictive model could assess the risk of postharvest infection. An ordinary differential 
equation model for disease growth, embedded in a framework of stochastic cellular automata 
describing disease spread, is being developed to simulate the development of the pathogen in 
storage. The model takes into account biological factors such as the varying susceptibilities of 
apples to infection, increase in susceptibility as the fruit ages, and the circulation of spores 
through air conditioning currents. 
By combining the sensitive detection methods with environmental data and the pathogen growth 
model in storage we hope to develop a useful predictive tool for growers and packinghouse 
personnel. 
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Tan spot (TS) caused by Pyrenophora tritici-repentis (PTR) occurs in many growing regions 
worldwide and is considered to be among the major constraint in wheat in Argentina. In nature, 
this pathogen reproduces both sexually and asexually, but the extent of genetic variability in the 
P. tritici-repentis Argentinean population is unknown. The aim of this study was to assess the 
genetic variability among different isolates of the fungus and to determinate if similarities among 
isolates are correlated with geographic origin of the isolates. Eighty nine isolates of PTR 
collected from 14 geographically distinct regions and locations of the wheat growing area were 
studied with amplified polymorphic markers with sequence data from the internal transcribed 
spacer region of the ribosomal DNA (ITS). Virulence traits of isolates were performed on two 
differential wheat cultivars (BIOINTA 1001 and Buck Mataco), under greenhouse conditions on 
21-day old plants. 
The degree of similarity between isolates was calculated using a simple matching coefficient 
and dendrograms constructed by the unweighted pair-group method with arithmetical averages 
(UPGMA). Cluster analysis of RAPDs showed seven different groups of isolates at 43 % 
similarity. Isolates from ecological region III (Entre Ríos Province) clustered on Groups I, II and 
IV, pointing out the highest variability on that region. Group V involves all isolates from Alberti 
location and Group VII included most isolates from Bragado and Los Hornos localities. Analysis 
of the ITS1 and ITS4 primers grouped the isolates in fifteen separated clusters and resulted in a 
sensible method by providing valuable information on the genetic diversity of the population of 
tested PTR isolates. Assessments of severity and type of symptoms reaction indicated 
significant differences between cultivars and isolates. Chlorosis+ necrosis+ was the most 
common reaction type (55 % of frequency), following by chlorosis+ (13 %) or no symptoms 
(3 %). Both wheat cultivars showed susceptible or resistant reaction to all isolates but exhibit 
differences in the degree of resistance depending on the isolated tested. BIOINTA 1001, in 
general, showed the highest resistance. No association between virulence phenotypes and 
molecular profiles of isolates was observed. Based upon results obtained, it is possible to 
conclude that PTR isolates from Argentinean wheat area posses a great genetic and 
pathogenic diversity. The present results corroborated the genetic variability previously 
observed using Inter-Simple Sequence Repeats technique (ISSR). 
 
Lamari, I.; Srelkov, S.E. 2010. The wheat/Pyrenophora tritici-repentis interaction: progress towards an 
understanding of tan spot disease. Canadian Journal Plant Pathology, 32(1): 4–10. 
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The use of postharvest fungicides is the main way to control postharvest diseases of citrus 
fruits. Penicillium digitatum and Penicillium italicum are considered as the most common 
postharvest pathogens in citrus packinghouses. Tiabendazole (TBZ) is a fungicide used since 
the 1960´s and Imazalil (IZ) since the 1980´s but still are the most used fungicides, and it is 
currently a common practice to apply both TBZ and IZ to citrus fruit on packinglines either in 
sequence or together. However prolonged use of TBZ and IZ has resulted to the selection and 
proliferation of resistant isolates of Penicillium. 
To identify resistant strains is a well known task, but quantify the level of the resistant population 
established in a packinghouse may be a more interesting management tool. The aim of this 
work was to quantify P. digitatum and P. italicum strains resistant to TBZ and IZ in 
representative packinghouses of Algarve. 
Over six seasons (from 2004-05 to 2009-10), the environment of selected packinghouses was 
sampled by a gravimetric method using Petri dishes with (i) PDA, (ii) PDA amended with 10 
ppm of TBZ and (iii) PDA amended with 1 ppm of IZ. Resistant strains were found in 10 of 11 
sampled packinghouses. Averaged resistance to TBZ was 24 % and to IZ 12 %, showing an 
increasing trend over time. For instance, the highest resistance levels were recorded in 2009-10 
season with averaged levels of 41 % to TBZ and 31 % to IZ. Comparing among packinghouses, 
the amount of marketed fruit, the degreening operation and the drenching seem to be related to 
higher resistance levels. 
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Blue mould caused by Penicillium spp. is one of the main postharvest diseases of apples in 
Uruguay and Chile. Various fungicides are used in postharvest treatments to control this 
disease. Iprodione and imazalil are the main fungicides utilized in Uruguay, while thiabendazole 
use has decreased in the last 10 years due to fungicide resistance. In Chile, thiabendazole has 
been utilized for many years, but recently fludioxonil has been introduced in the market. In this 
work, a method based on RFLP of the ITS1-ITS2 region and the β-tubulin gene was developed 
to identify pathogenic Penicillium species from a collection of 80 isolates from both countries. 
Thiabendazole sensitivity was assessed in vitro for all isolates and mutations in the β-tubulin 
gene of resistant isolates were investigated. Uruguayan isolates were identified as P. expansum 
and P. solitum, while P. expansum was the only species among Chilean isolates. Of the 
Uruguayan and Chilean isolates 32 % and 80 %, respectively, were resistant to the fungicide. 
Mutations in the 198 codon were found only in 30 % of the resistant isolates. The remaining 
resistant isolates had no mutations in the sequenced region of the β-tubulin gene; therefore, 
other mechanisms may be involved in thiabendazole resistance. 
 
Cyted Project (06PI0302) 
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The identification of the causal agent in Chile of the postharvest disease called bull’s eye rot 
has been based on symptoms presented in apples and morphological characteristics of the 
reproductive structures of the fungi collected from lesions. For this reason, the molecular 
identification was performed, starting from mycelia of 16 fungal isolates, collected from the 
orchard floor and fruit stored and showing lesions in different locations of the Maule Region 
(Chile). The 16 isolates were subjected to pathogenicity tests, and their virulence to apple fruit, 
production of bull’s eye rot, and recovering of the fungi from the rot were determined. DNA 
extracted from mycelium of each isolate, was amplified by PCR and sequenced (approximately 
600 base pair DNA fragment containing ITS1, the 5.8S gene, and ITS2). Of the 16 isolates 
analyzed, ten corresponded to the fungus Neofabraea alba (Guthrie) Verkley (synonym 
Pezicula alba Guthrie; anamorph Phlyctema vagabunda Desm.); one was identified as a 
Colletotrichum spp. and five Fusarium spp. Therefore, our results represent molecular evidence 
that Neofabraea alba causes the postharvest disease bull’s eye rot, although the identified 
species are separated from those deposited in the GenBank. Also, these results indicate that 
symptoms which are characteristic of the disease can be produced by several pathogenic fungi 
in apples. 
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Post-harvest decay has a negative impact on the profitability of pear production, as well as on 
consumer confidence in the product. There is currently no information on the incidence levels of 
post-harvest decay on pears in the Western Cape Province of South Africa. 
Pears obtained from orchards (OR) and packinghouses (LR) in different production areas for 
the 2009/2010 harvest were evaluated for post-harvest decay. All the fruit were handled the 
same way where fruit with lesions and decay symptoms were culled on the packing line in the 
packinghouses. After 2 months of storage in regular atmosphere at -0.5 ºC, the pears were 
ripened at 21 ºC for 7 days and evaluated for decay symptoms and casual organisms. The 
incidence of specific decay types varied significantly between the four pear cultivars included in 
this study, with Forelle (2.68 %) having high incidence of calyx end Botrytis, Bon Cretien (2.99 
%) and Packham’s Triumph (2.10 %) had high incidence of puncture Penicillium, and Beurre 
Bosch (1.68 %) had puncture Alternaria in orchard run fruit. In line run fruit, Forelle (0.24 %) had 
lower incidence of calyx end Botrytis, Bon Cretien (3.59 %) and Packham’s Triumph (2.75 %) 
had significantly higher incidence of puncture Penicillium. The incidence of puncture Alternaria 
in line run Beurre Bosch (8.35 %) increased significantly. Alternaria species, Botrytis cinerea 
and Penicillium species were responsible for 3.33 % (range 1.55-6.58 %), 1.01 % (range 0.1-
2.72 %), and 1.84 % (range 0.23-4.57 %) mean decay incidence in OR fruit, and 3.14 % (range 
0.47-8.35 %), 0.49 % (range 0.12-1.34 %) and 3.00 % (range 2.49-3.73 %) decayed LR fruit 
respectively. 
The results indicate that post-harvest decay caused by Botrytis cinerea originates in the 
orchard, with the cultivar Forelle particularly susceptible to calyx end infection caused by this 
fungus. Post-harvest decay caused by Penicillium and Alternaria species has its origin in 
inoculum in the orchard, however, decay is exacerbated by post-harvest handling and sorting of 
the fruit. Line run (LR) handling reduced the incidence of decay caused by Botrytis cinerea, as 
fruit with decay symptoms were culled but significantly increased the incidence of decay caused 
by Penicillium species. Inoculum pressure during the specific time of year the fruit is harvested 
as well as sanitation practices in the orchard and packing houses will have an influence on 
decay incidence, this need to be revised and adjusted for each cultivar to ultimately reduce 
decay. 
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Tomato has its origin in Mexico. It has been used by Aztecs before the white men came to 
America. Many years ago this plant was free of Ralstonia solanacearum (Rs) and Clavibacter 
michiganensis subsp. michiganensis (Cmm) in Mexico. Few years before globalization, Cmm 
started to appear in the northern part of Mexico, especially Sinaloa, possibly brought in by the 
seed. The Rs appears to be a recent introduction with young plants or seed into the state of 
Veracruz and from there into the state of Guerrero. The Cmm bacteria studied had its origin 
from a field in the state of Morelos and also greenhouses from the state of Chiapas. Both 
bacteria caused premature death of the plants, just before the production of the green or red 
fruits and the infection was over 80 % for Rs and practically 100 % for Cmm, loss of thousands 
of pesos sometimes even from small areas of the tomato variety Saladet. The death of the 
plants was rapid and the farmers were helpless and more so, the bacteria can be introduced 
into the soil where it can remain for years. Much of the tomato production is from greenhouses 
and also from the fields and consumption is very high, especially in cities. The objective of this 
study was to identify the two bacteria, suggest control and determine the Rs biotype using the 
Hayward´s biochemical method, the hypersensitive reaction on tobacco, the fine white ooze 
method from tissue in clean water and the oxidase reaction, which is the fastest 10 s method. 
The Cmm was determined by the Q Agdia kit, cultivation of both bacteria on the King´s B 
medium, Gram reaction and Ryu´s fine string test with 3 % KOH. The results showed that the 
Rs was the biotype 1 with the following characteristics: utilization of dextrose and trehalose 
positive and mannitol, sorbitol and dulcitol negative, no oxidation of lactose, maltose and D(+) 
cellobiose, production of nitrite from nitrate. It was Gram negative confirmed by the Ryu´s 
method and the formation of the white string within 20 min in water. The hypersensitive reaction 
occurred in one day and later the whole plant died. The colonies on King´s B medium were 
fluidal and whitish. The other bacteria was identified as Cmm and it was Gram positive and 
negative for the Ryu´s test, showing yellowish, slow growing colonies on medium and no 
hypersensitive reaction. The Q Agdia test was positive. The control measures of burning the 
plant residues of both bacterial diseases and application of Bacillus subtilis was performed 
superficially to the plants with Rs infection. Growing plants from certified seed or seed treated 
with antibiotics or mild acids was also suggested. 
 
Fucikovsky, L. 1978. Distribution of Pseudomonas solanacearum in Mexico and its early detection in 
potato tubers. Proceedings of the 4th Internacional Conference on Plant Pathogenic Bacteria (Ed.) Station 
Pathologie Végétale et Phytobacteriologie. Angers, France, 863-867, 979 pp. 
Ryu, E. 1940. A simple method of differentiation between Gram positive and Gram negative organisms 
without staining. Kitarato Arch. Exp. Med. 17: 58-63. 
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Karnal bunt (KB) disease of wheat, caused by fungus Tilletia indica (syn. Neovossia indica) is 
an important disease in North Western Plain Zone of India and particularly prevalent in the 
‘Tarai’ of UP, HP, Punjab, Haryana and J & K states. Besides India, the disease was also 
known to occur in several tropical and sub tropical areas of the world including Nepal, Pakistan, 
Mexico, North-Western Europe and USA. All the disease management strategies based on host 
resistance require the knowledge of variability in pathogens. Traditional markers used to study 
the variability in pathogens are based on the use of differential hosts, culture characteristics, 
morphological markers and biochemical tests. However, these markers are highly influenced by 
the host age, inoculum quality and environmental conditions. Tilletia indica cultures were 
isolated from the wheat grain samples collected from different places of Jammu and Kashmir 
namely, (Marh), Kathua (Raanjdi), Udhampur (Shibba), Rajouri (Thanda Pani), Poonch 
(Chandak), Doda (Batote), Jammu (R. S. Pora), Kathua (Ghagwal), Udhampur (Painthal), 
Rajouri (Rajjal), Poonch (Digwar) and Doda (Assar) during 2006-07 and 2007-08. DNA was 
isolated from fresh mycelia of twelve T. indica isolates by using CTAB method. The RAPD was 
performed with 10-mer oligonucleotide primers of Operon Technologies; Alameda, California, 
for studying the polymorphism among different isolates representing wide geographic range. 
The assays were repeated thrice with each primer to confirm reproducibility of amplification. 
Screening of six 10-mer oligonucleotide primers (OPAD 3, OPAC 12, OPAC 17, OPAA 11, 
OPAD 19 and OPV 14) revealed 2 RAPD primers (OPAD 19 and OPV 14) to yield informative 
(polymorph), strong and reproducible DNA amplicons (bands) of T. indica isolates by PCR. The 
level of polymorphism was different with different primers among different isolates. Primer 
OPAD 19 resulted into same fingerprint among Rajouri (Thanda Pani), Poonch (Chandak), 
Doda (Batote), Udhampur (Painthal) and Poonch (Digwar) isolates while isolates from other 
places showed different banding pattern. Present study revealed genetic variation among 
T. indica isolates of J & K collected from different places which could lead to improved 
strategies for controlling the disease. 
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Brown rot of peach fruit is caused by M. laxa, M. fructigena and M. fructicola in Spain, since 
2006 when M. fructicola was cited for the first time (De Cal et al., 2009). This leads to economic 
loss in preharvest and postharvest in years with appropriate environmental conditions for 
disease development, particularly in late varieties of peach and nectarine. The adaptation of 
new pathogen to our environmental conditions and host genotype can have unpredictable 
consequences in the evolution of its virulence. 
Seven components of parasitic fitness (germination of conidia; length of germ tubes; growth and 
sporulation of colonies on PDA; lesion length; incubation period and latency period) have been 
studied for six isolates from each of the three species of Monilinia spp. from the Ebro Valley 
(Spain). The brown rot caused by each of the three species of Monilinia spp. is positively 
correlated with: germination of conidia; the length of germ tubes; the rate of lesion length; and 
the latency period. 
Furthermore, disease development and Monilinia species distribution were studied in three 
commercial orchards in the Ebro Valley over three growing seasons between 2006 and 2008. 
The incidence of postharvest brown rot in each orchard was determined from 100 fruit without 
any visible signs of infection by Monilinia spp. that were randomly collected from 10 trees (10 
fruit/tree) in the sampling area in each orchard at the end of each growing season. The results 
suggest a future scenario where only M. fructicola and M. laxa will compete in the peach brown 
rot pathosystem, where M. fructicola is the strongest due to their larger sporulation, germination, 
and length of germ tube of their conidia, last factors significantly correlated with brown rot 
development. However, isolates of M. fructigena collected in the Ebro Valley always showed a 
reduced virulence compared to the other two species in terms of the four components of 
parasitic fitness correlated with the brown rot in peaches. This may be the reason that M. 
fructigena has been isolated only in 2006, not during 2007 and 2008. 
 
De Cal, A.; Gell, I.; Usall, J.; Viñas, I.; Melgarejo, P. 2009. First report of brown rot caused by Monilinia 
fructicola in peach orchards in Ebro Valley, Spain. Plant Disease, 93: 763. 
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Studies on the distribution of the mycotoxin deoxynivalenol (DON) in wheat milling fractions 
revealed that DON levels in bran were two or more times greater than in the wheat endosperm. 
However, no survey has been conducted to determine the distribution of DON in germ after 
wheat milling. The main goal of the present work is to study the effect of dry milling on the 
distribution of DON in wheat germ. 
A total of 30 batches of soft wheat and the corresponding germ after milling were provided by a 
local industry. DON analysis in wheat was done by extraction (ACN: H2O, 84:16), purification 
(Mycosep #225) and determination by LC-DAD as previously described (Herrera et al., 2009). 
For the analysis of DON in germ, n-hexane was added to the extraction mixture and fat was 
discarded after centrifugation. The remaining extract was filtered and cleaned up as described 
above. 
DON occurred in 100 % of wheat batches, with a mean concentration of 0.29 mg kg-1 and a 
maximum of 0.82 mg kg-1. Regarding germ fraction, DON was detected in 21 out of 30 batches 
(70 %), with a mean concentration of 0.13 mg/kg and a maximum of 0.29 mg/kg. All samples 
were below their respective maximum permitted level of 1.25 mg kg-1for wheat and 0.75 mg kg-

1for germ (CR EC nº 1881/2006). 
The distribution factor here is defined as the ratio between the mycotoxin content in the germ 
fraction and the mycotoxin content in the wholegrain. Therefore, the distribution factor for DON 
after milling was 0.45. Dry milling of 100 kg of whole wheat kernels yielded 10 kg of wheat 
germ, indicating that approximately 4.5 % of the original DON in wholegrain is left in the germ 
fraction. Therefore, the germ is not a significant source of DON and the usual dry milling 
practice is enough to deliver a commercially safe product. 
 
MICINN Project AGL2008-03555/ALI and DGA Grupo Consolidado de Investigación A01/2008. 
 
Herrera, M.; Juan, T.; Estopañan, G.; Ariño A. 2009. Comparison of deoxynivalenol, ochratoxin A and 
aflatoxin B1 levels in conventional and organic durum semolina and the effect of milling. Journal of Food 
and Nutrition Research, 48: 92-99. 
Commission Regulation (EC) No 1881/2006 setting maximum levels for certain contaminants in foodstuffs. 
Official Journal of the European Union L 364: 5-24. 
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Mycotoxin contamination of food products is an important health hazard of a growing interest 
around the world. Penicillium expansum has been considered the main patulin producer in 
apples and pears. Different environmental factors, like temperature, water activity (aw), pH, etc., 
are determinant for growth capability and mycotoxin production. Generally, fruits are stored at 
marginal conditions for mould growth and this situation could influence on the intra-species 
differences, thus prediction of their behaviour might be difficult. The aim of this research was to 
assess the impact of suboptimal environmental conditions on the intra-specific variability of P. 
expansum and patulin production using seventy nine isolates of this mould. Petri dishes with 
Apple Concentrate Agar Medium (ACAM) were inoculated centrally and two temperature 
conditions were tested: 20 ºC, as a temperature near to optimal, and 1 ºC as a suboptimal 
temperature, usually used for fruit storage. For each condition, 10 Petri dishes were inoculated, 
and colony growth and patulin production was measured along time. ANOVA revealed 
significant differences among growth rate (µ) and lag phase (λ) within the seventy nine assayed 
isolates. Coefficients of variation revealed a wider dispersion of µ (mm/day) and λ (days) at 1 ºC 
compared to 20 ºC. There were significant differences (p<0.05) among patulin levels (ng mm-2) 
for the different conditions, values being lower under the lower temperature. Coefficients of 
variation revealed the wider dispersion of patulin production at 1 ºC. In order to address the 
strain variability in growth initiation and prove the well-established notion of reducing patulin 
production in foods by preventing fungal growth, a greater number of strains should be included 
in the studies under marginal growth conditions. 
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The German Ministry of Education and Research (BMBF) provides funding of more than 1.9 
million Euros for a large joint project on the development of innovative sensor-based techniques 
and processes in the field of food quality and safety. In this research-project "Exploration of 
sustainability potentials by use of sensor-based technologies and integrated assessment 
models in the production chain of plant related food" 13 partners from universities, non-
university institutions and industry cooperate within seven subprojects. The expected results 
shall contribute to maintain freshness and improve safety of produce. In one of the seven 
subprojects “Indicators and sensor technology for the identification of mycotoxin producing fungi 
in the processing of grain” spectroscopic methods and electronic noses for the detection of 
moulds and/or mycotoxins are tested. 
At this time there are known no fast and non-destructive online analysis methods for the 
detection of mycotyxins in grain. Moulds and their toxins can affect the quality of food and feed 
and are a global health risk for plants, animals and humans. The detection of various 
mycotoxins using standard methods is very time-consuming and costly. Therefore, it was the 
objective of the research project to explore the potential of optical spectroscopy and 
spectrometry integrated in a novel sensor platform as fast and non-destructive online analysis 
methods for the detection of moulds and their toxins. 
Grain (wheat, rye) with various moisture content and naturally or simulated inoculated with 
various fungi and mycotoxins was used. Especially, absorption and reflections methods as well 
as fluorescence techniques and the combination of such were tested and characterized for 
different model and real-world samples. Simultaneously, various gas sensors (e.g. Metal oxide 
sensors, Electrochemical cells, Ion mobility spectrometer) were characterized on the same 
sample matrices. Both, spectroscopic methods and electronic nose PEN3, were successfully 
applied on the detection of moulds (Aspergillus, Penicillium and Fusarium) on inoculated rye 
and wheat samples. Aflatoxins, Ochratoxin A and Zearalenone were detected on wheat using 
luminescence spectroscopy. 
Currently, a direct detection of mycotoxins is not possible with a regular gas sensor array 
system due to the low vapor pressure of the toxins. However, an indirect detection via their 
metabolites is possible with Laser IMS, when dopants are employed. 
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The incidence of pathogens associated with postharvest fruit rots on the four most extensively 
cultivated apple cultivars (Red Delicious, Golden Delicious, Granny Smith and Fuji) in Greece 
was surveyed during two consecutive storage periods (2008-9 and 2009-10) in five 
packinghouses located in northern Greece. The fungi isolated were identified based on their 
morphological characteristics and ITS gene sequencing. In all the four cultivars sampled, 
Penicillium expansum and Botrytis cinerea were the predominant pathogens accounting for 
averages of 44.2 and 23.6 %, respectively, of the pathogens isolated from the sampled fruit. Two 
other important rot pathogens were Alternaria tenuissima and Mucor pyriformis accounting for 
16.1 and 6.6 %, respectively of the diseased apples. Other pathogens such as Monilinia laxa, M. 
fructigena, Botryosphaeria obtusa, Geotrichum candidum, Fusarium avenaceum and F. 
proliferatum were isolated at low frequencies and are considered of minor importance. Patulin 
production in fruit artificially inoculated with P. expansum was significantly higher in Red Delicious 
and Golden Delicious fruit than in Granny Smith and Fuji fruit and was negatively correlated with 
the acidity of the fruit. The high incidence of P. expansum and A. tenuissima along with the 
presence, even if at very low frequencies, of F. avenaceum and F. proliferatum, all of which are 
potentially mycotoxin-producers, emphasize the risk for mycotoxin contamination of apple fruit 
juices and by-products. Furthermore, information on the distribution of the pathogens on the main 
cultivars may be useful for the implementation of strategies to control the diseases and minimize 
the threat of mycotoxin contamination on each cultivar. 
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Annual world garlic production is approx. 15.8 million tons. Production in Spain is about 142,400 
tons, grown on 16,100 ha annually. Spanish garlic production is ranked first in the European 
Union and third in the world with exports of 52,455 tons. In 2009 studies have identified, for the 
first time in Spain, the causal agent of clove rot during storage (Palmero et al., 2010). In June 
2010 similar symptoms were observed on stored bulbs of a different cultivar (“Morado de 
Cuenca”) from the biggest production area in Spain: Castilla La Mancha, wich comprises 
Albacete province (4900 ha) and Cuenca province (2632 ha) with average yields higher than 
8,000 kg ha-1. Symptomatic cloves showed internal tan rot progressing toward the clove apex, 
with occasional white mycelium in rot cavities. Isolates were identified as Fusarium proliferatum 
(T. Matsushima) Nirenberg. Furthermore, Seefelder et al. (2002) reported mycotoxins in garlic 
bulbs in Germany. Garlic can be consumed fresh worldwide, so the production of mycotoxins 
must be also addressed. In this study we clearly identified the isolates, not only by 
morphological features but also with supplementary data provided by molecular analyses and 
pathogenicity test that allowed us to finally resolve the identity of those isolates. The 
mycotoxigenic potential (FUM1 gene) of F. proliferatum isolates was determined. Furthermore, 
in vitro evaluation of the effect of temperature on radial mycelial growth of Fusarium proliferatum 
isolates was also addressed to know the effect on the viability of the fungus throughout the 
growing season and during drying (30 ºC), cold storage (-4 ºC) or during storage (15-25 ºC). 
The results showed differences between growth rates and provide essential information to know 
the cycle of the pathogen and thus explain the evolution of the disease throughout the storage 
period. 
 
Palmero, D.; De Cara, M.; Iglesias, C.; Moreno, M.M.; González, N.; Tello, J.C. 2010. First Report of 
Fusarium proliferatum Causing Rot of Garlic Bulbs in Spain. Plant Disease, 94(2): 277. 
Seefelder, A.; Gossman, M.; Humpf, H.U. 2002. Analysis of Fumonisin B1 in Fusarium proliferatum-
infected asparagus spears and garlic bulbs from Germany by liquid chromatography-electrospray 
ionization mass spectrometry. Journal of Agricultural and Food Chemistry, 50: 2778-2781. 
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Aspergillus carbonarius is the major responsible for the ochratoxin A present in grape and its 
derivatives, such as wine and raisins. The purpose of the present study was to model the 
growth of ochratoxigenic strains of A. carbonarius under environmental conditions which may 
take place during postharvest and dehydration of grapes and validate those models with 
external literature data. Czapek Yeast Extract agar was adjusted to seven different water 
activities: 0.80, 0.825, 0.85, 0.87, 0.89, 0.925 and 0.95. Plates were incubated at 15, 20, 25, 30, 
and 35 ºC. Both kinetic and probability models were applied. No growth was observed at 0.80 
aw. Growth data were fitted to the primary model of Baranyi and the maximum growth rates 
were modelled as a function of temperature and water activity by several kinetic secondary 
models. A cardinal model was the more suitable to describe the growth kinetics of 
A. carbonarius. The developed model was validated on independent data sets from the 
literature and presented acceptable goodness of prediction. A logistic regression polynomial 
model was applied to predict the probability of growth over time. The degree of agreement 
between predictions and observations was 91.3 % concordant. Validation of the probability 
model with literature data sets showed high percentages of agreement. Results indicate that the 
developed predictive models could be satisfactorily employed to describe the combined effect of 
temperature and water activity on the growth of A. carbonarius under the experimental 
conditions. 
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Deoxynivalenol (DON) is one of the most significant Fusarium trichothecene mycotoxins 
because of its frequent occurrence in cereal grains. DON is produced mainly by hemibiotrophic 
phytopathogens Fusarium graminearum Schwabe and F. culmorum (W.G. Smith) Saccardo. 
These fungi can infect and contaminate the grain with toxin at any stage from pre-harvest to 
post-harvest and during storage. Fungal interactions with competitive Fusarium species can 
influence on mycotoxin accumulation. Mycotoxin productivity in mixed inoculations generally 
increased (Xu et al., 2007). However, very little is known about possibility of mycotoxin 
transformation by competitive species in Fusarium pathogen complex. 
In the present work we investigated the capacity several F. sambucinum sensu lato isolates to 
metabolize DON. Fusarium isolates from State collection of phytopathogenic microorganisms of 
VNIIF were cultured in liquid MYRO medium: 40 g saccharose, 10 g glycerol, 3 g KH2PO4, 1 g 
(NH4)2HPO4, 2 g MgSO4, 5 g NaCl and H2O (1 L). Three from the isolates were producers and 
two isolates not produced 4,15-diacetoxyscirpenol (DAS) in these conditions. An isolate of 
F. sambucinum var. minus produced 4,15-diacetylnivalenol whose structure was confirmed by 
1H NMR spectrometry. DON (8-10 mg L-1) was added in the medium before inoculation. The 
fungi were grown for 2–7 days in the dark at 26 ºC on rotary shaker (220 rpm). Trichothecene 
mycotoxins were detected in cultural filtrate by using TLC and gas chromatographic methods. 
Results of experiments showed that only isolates that produced DAS were able to 
transformation of DON added in the medium, and it’s interesting that 4,15-diacetylnivalenol was 
dominant product of DON biotransformation. Isolates that not produced DAS and even isolate 
that had the capacity for production 4,15-diacetylnivalenol not metabolized DON. It is possible, 
that only producers of DAS can absorb DON and have enzymes showed broader substrate 
specificity and would accept a substrate with the 7-hydroxy-8-keto functionality, i.e. can 
acetylate hydroxyl of DON at C-15, hydroxylate C-4 position, acetylate hydroxyl at C-4 and 
subsequently excrete metabolized product from cells. Thereby interactions among different 
Fusarium species can influence not only on quantity of mycotoxins but also alter assortment 
and proportion of different mycotoxins in grain and as a result its toxicity. 
 
Xu, X.; Nicholson, P.; Ritieni, A. 2007. Effects of fungal interaction among Fusarium head blight pathogens 
on disease development and mycotoxin accumulation. International Journal of Food Microbiology, 119: 67-
71. 
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Postharvest is a critical step of food production because it is possible the development of 
pathogenic fungi often connected to toxin biosynthesis. According to FAO data, 25 % of food is 
contaminated with mycotoxins, causing serious risk to consumer health. The growth of toxigenic 
fungi and the subsequent synthesis of mycotoxins can occur at any stage of food production 
cycle. In postharvest, in particular fungal growth is promoted by the long time of storage with 
consequent disease development that causes product loss. The contamination of agricultural 
commodities with mycotoxins can occur without visible fungal growth. Therefore, the 
development of rapid and reliable assays for fungal DNA quantification is helpful. PCR-based 
methods represent a valid alternative to traditional diagnostic methods for the early detection of 
pathogens, because of their high specificity and sensitivity. 
In this study, a multiplex PCR assay permitting simultaneous detection of main contaminant 
fungi (A. parasiticus, A. flavus, A. carbonarius and Penicillium expansum) on fruits and cereals 
has been developed. Specie-specific primers were designed on the basis of genes responsible 
for toxin biosynthesis or related to pectin degradation. 
Apples, maize kernels and grapes were artificially contaminated with previous fungal species 
and fungal growth was monitored at different time intervals after inoculum. This method 
permitted early detection of different fungi responsible for postharvest diseases and for 
mycotoxin production. 
 
Tolaini, V.; Zjalic, S.; Reverberi, M.; Fanelli, C.; Fabbri, A.A.; Del Fiore, A.; De Rossi, P.; Ricelli, A. 2010. 
Lentinula edodes enhances the biocontrol activity of Cryptococcus laurentii against Penicillium expansum 
contamination and patulin production in apple fruits. International Journal Food Microbiology, 138(3): 243-
249. 
De Rossi, P.; Reverberi, M.; Del Fiore, A.; Tolaini, V.; Ricelli, A.; Fabbri, A.A.; Fanelli, C. 2010. Early 
identification of Aspergillus carbonarius in artificially and naturally contaminated grape berries by Real 
Time PCR. Quality Assurance and Safety of Crops and Foods, 2: 120-126. 
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Core rot of apples can contribute to a major portion of postharvest losses in South African apple 
production, with recorded losses of between 5 and 12 % (Combrink and Ginsburg, 1973). Core 
rot has three distinct symptoms, wet core rot (WCR), dry core rot (DCR) and mouldy core (MC), 
each associated with specific fungi. Pre-harvest core infection is thought to result in extensive 
fruit drop in some cultivars. The following genera of fungi have been isolated from the core 
region and identified as causal organisms of the three core rot symptoms: Alternaria, Botrytis, 
Candida, Cladosporium, Coniothyrium, Fusarium, Aspergillus, Gloeosporium, Epicoccum, 
Penicillium, Pestalotia, Phoma, Sporathrix, Trichoderma and Rhizopus (Ellis and Barrat, 1983). 
This study’s aim was to add to our knowledge on the incidence of core rot in South African 
apple orchards by examining pre- and postharvest core rot incidences, and the causal 
organisms associated with these incidences. Three orchards in the Ceres apple production area 
were selected based on high disease incidence recorded in previous seasons. Shortly before 
commercial harvest, twenty grounders per tree from ten to forty trees per orchard were 
collected. The number of visibly healthy and decaying fruit was recorded. The visibly healthy 
fruit from each tree were surface sterilized, cut in half longitudinally and then examined for core 
rot symptoms. Isolations were made from all symptomatic fruit and resulting cultures were 
morphologically identified to genus level. In addition, harvested fruit from the three orchards was 
collected from a commercial packinghouse, where the fruit were stored under regular 
atmosphere. The fruit were examined as described previously. This study was repeated for the 
2009 and 2010 seasons. Disease incidence for the three orchards over the two years was 
similar, and the mean core rot incidences are presented. For the seasons 2009 and 2010 the 
pre-harvest WCR, DCR and MC incidences were 6.67, 6.84 and 8.21 % and 6.5, 11.24 and 
6.67 % respectively, and postharvest incidences were 1.37; 2.17 and 8.90 % and 2.47, 5.69 and 
8.77 % respectively. Penicillium species were most commonly isolated from WCR symptoms, 
whereas Alternaria species were most commonly associated with DCR and MC symptoms. 
Morphological identifications to species level, particularly of the Penicillium and Alternaria 
species isolated are currently being undertaken and will be verified using molecular techniques. 
The organism with the highest mean incidence is Alternaria, with incidences for the season 
2009 and 2010 at 40.5 and 66.7 % for pre-harvest, and 66.9 and 54.9 % for postharvest, 
respectively. The other organisms with high incidences are Penicillium and Fusarium with 
incidences of 43.5, 13 % and 8.3, 2.3 % respectively for 2009 and 2010 pre-harvest season and 
24, 20.9 % and 2.3, 3.3 % respectively for 2009 and 2010 post-harvest season. 
The results from this study show unacceptably high incidences of core rot in visibly healthy 
dropped apples before harvest apples, and as well as mouldy core symptoms in postharvest 
fruit. Alternaria and Penicillium are the causal organisms with the highest mean incidence of 
infection. 
 
Combrink, J.C.; Ginsburg, L. 1973. Core rot in Starking apples – a preliminary investigation into the origin 
and control. Deciduous Fruit Grower, 23: 16-19. 
Ellis, M.A.; Barrat, J.G. 1983. Colonization of delicious apple fruits by Alternaria spp. and effect of 
fungicide sprays on moldy-core. Plant Disease, 67: 150-152. 
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Stem-end rot caused by the fungal pathogen Botrytis cinerea is the most important postharvest 
disease of kiwi fruit (Michailides and Elmer, 2000). Control of the disease is most commonly 
achieved by fungicide treatments, while cultural methods can merely contribute to successful 
disease control. However, the problem of resistance development in fungicides used against the 
pathogen and the social concerns regarding pesticide residues on the fruits constitute important 
limiting factors for the chemical control of the disease, necessitating research for alternative 
control methods. In the current study the effect of gaseous ozone exposure on the development 
of gray mold disease caused by B. cinerea, on kiwifruit (Actinidia deliciosa, cv. ‘Hayward’) was 
investigated. 
Artificially inoculated kiwifruit subjected for 4 months to cold storage (0 ºC, RH 95 %) either in 
an ozone (O3) enriched atmosphere (0.3 µL L-1) or in a conventional for kiwifruit cold chamber, 
where catalytic oxidation of ethylene is applied. Results showed that ozone treatment delayed 
and simultaneously decreased disease incidence by 56 %, while disease severity on infected 
fruits remained unaffected. Artificially infected fruit formed sclerotia, while no sporulation of the 
pathogen occurred in the presence of ozone. 
To elucidate whether the observed disease suppression was mediated by a direct effect of 
ozone on the fungal pathogen or by the induction of a resistance mechanism in the fruit, two 
additional sets of experiments were conducted. Kiwifruits were exposed to ozone (0.3 µL L-1) for 
0, 2, 8, 24, 72 and 144 h either before or after the artificial inoculation with the pathogen and the 
effect on the development of the disease in terms of disease incidence and severity was 
monitored. Results revealed that pre-inoculation exposure of fruit to ozone, at increasing 
exposure time intervals provided significant disease incidence suppression while post-
inoculation exposure of the fruits did not affect disease incidence and severity. Such results 
provided direct evidence that ozone treatments induce resistance of kiwifruit against the 
pathogen. Measurements of fruit quality parameters such as total carotenoids, flavonoids, 
phenols and antioxidant activity on fruit exposed to ozone for the same intervals showed that 
there was a strong negative correlation among disease incidence or severity and phenol 
content. Such results suggest that ozone exposure may induce phytoalexin accumulation that 
are mainly compounds of phenolic nature.  
 
Michailides, T.J.; Elmer, P.A.G. 2000. Botrytis gray mold of kiwifruit caused by Botrytis cinerea in the 
United States and New Zealand. Plant Disease, 84: 208-223. 
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Brown rot caused by Monilinia spp. is the most important postharvest disease of stone fruit in 
the European Mediterranean producing areas. Currently, chemical fungicides are not allowed to 
be applied to stone fruit postharvest in Spain, which has increased the need to develop new 
alternatives for controlling postharvest brown rot. The main objective was to study the 
radiofrequency (RF) heat treatment to control brown rot in peaches and nectarines artificially 
inoculated with M. fructicola or with natural Monilinia spp. inoculum. From preliminary studies, a 
RF treatment at 27.12 MHz, with 17 mm distance between fruit and upper electrode and 18 min 
exposure time was selected as effective treatment to control brown rot without affecting fruit 
quality. These conditions were used to evaluate the effectiveness of RF treatment to control M. 
fructicola inoculated 0, 24 and 48 h before treatment and with different inoculum concentrations 
(103, 104 and 105 conidia mL-1). Brown rot reduction ranged from 44 to 82 % and 63 to 100 % in 
‘Summer Rich’ and ‘Placido peaches, respectively. RF efficacy generally was not affected by 
infection time. Brown rot incidence was significantly reduced in ‘Summer Rich’ peaches at all 
inoculum concentrations evaluated, whereas in ‘Placido’ peaches, RF treatment was only 
effective when fruit were inoculated at 103 conidia mL-1. The RF treatment was also studied in 
naturally infected fruit where Monilinia spp. development was completely inhibited in both 
‘Summer Rich’ and ‘Placido’ peaches. No brown rot control was observed in nectarine fruit. In 
conclusion, these results indicated that RF heating may provide a potential postharvest 
alternative treatment form brown rot control in peaches. However, further experiments will be 
carried out to overcome the lack of efficacy in nectarine fruit and reduce the time of the 
treatment. 
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In Europe the pome fruit growing industry is currently confronted with residue restrictions 
imposed by marketing chains as retail companies and import countries. Next to a high quality 
product also a limited residue loading on the fruit surface is requested. Mostly the chemical 
fungicides applied shortly before harvest towards fruit rot decay during storage are focused as 
they are frequently detected after analytical analysis. The past years research concerning 
alternative approaches has exploded. In line of this topic, a IWT-project (IWT070573): 
“Engineering of the antioxidant metabolism in apple fruits for a less sensibility of storage 
diseases and a higher nutritional value” has started. During this project the relationship between 
different cultivars, pre-harvest and post-harvest stress treatments, harvest time, antioxidant 
metabolism and the resistance against pathogen infections in function of the storage time will be 
investigated. Until now the effect of some cultural and physical measurements on the 
susceptibility of different cultivars for Botrytis cinerea were evaluated. The results of these first 
analyses will be presented. If results are fruitful, one or more of these treatments can in the 
future be used as an alternative treatment for the disease management of Botrytis cinerea in the 
field. 
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Brown rot of peaches was caused in the European Mediterranean areas by the fungi Monilinia 
laxa and Monilinia fructigena until 2001 when a third Monilinia species, M. fructicola has now 
been detected in France. M. fructicola displays a greater propensity for developing 
benzimidazole-, dicarboximide- and triazole-resistant strains, while no resistant isolate of M. 
laxa and M. fructigena had been found until 2006. 
The aim of this study was to analyse the resistance to benzimidazole- (thiophanate-methyl), 
dicarboximide- (iprodione) and triazole- (ciproconazole) fungicides of 2006 and 2007 field 
collected isolates. 389 and 243 isolates were characterised at different phonological stages in 
peach trees orchards using morphological characteristics and a polymerase chain reaction 
(PCR) assay. In 2006, out of 389, 324 isolates were defined as M. laxa; 1 as M. fructigena and 
64 as M. fructicola, whereas in 2007, out of 243, 43 isolates were characterised as M. laxa and 
200 as M. fructicola respectively. Discriminant doses between resistant and sensitive strains 
were: 2 and 6 mg L-1, 5 mg L-1, and 0.3 mg L-1 for benzimidazole-, dicarboximide- and triazole- 
in potato dextrose agar, respectively. 
The studied M. fructicola isolates showed high resistance rate to 6 mg L-1 dose of thiophanate- 
methyl (with relative growth higher than 90 %) whereas only a few of M. laxa isolates are 
resistant to this pesticide. On the other hand, the percentage of both M. laxa and M. fructicola 
iprodione resistant isolates is lower, with very similar rates in both species. The unique M. 
fructicola isolate collected is thiophanate-methyl resistant and iprodione susceptible. It has not 
been recorded any significant growth on 0.3 mg L-1 ciproconazole in neither of three species 
studied. 
Possible consequences on controlling this disease are discussed, taking into account the high 
resistance rate of M. fructicola and the new M. laxa resistant isolates to benzimidazole and 
dicarboximide recovered to Spain. 
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Biological control of gray mold of apple with mixture of Bacillus subtilis, 
Pichia guilliermondii and Candida membranifaciens isolates 
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The biocontrol agents Candida membranifaciens (isolates A4, A5), Pichia guilliermondii isolate 
(A6) and Bacillus subtilis (isolates B2, B6) were tested individually and in combination to 
evaluate their effectiveness on gray mold. Results showed that the antagonists were compatible 
while they were treated in vitro. Results showed that the spore germination of Botrytis cinerea 
plus antagonists decreased significantly by the combination of B2+A5 more than the other 
treatments. The dual culture test showed that combinations of B2+A5 and B6+A6 inhibited 
mycelial growth of the pathogen and they were more effective than when they used alone. The 
combined application of B. subtilis B2 with Candida membranifaciens A5 resulted in significant 
suppression B. cinerea on apple at 25 and 4 ºC. This study suggests that combining antagonists 
is more effective for biological control of gray mold of apples than using antagonists alone. 
 
Calvo, J.; Calvente, V.; De Orellano, M.; Benazzi, D.; DE Tosetti, M.I.S. 2003. Improvement in the 
biocontrol of postharvest diseases of apple with the use of yeast mixture. Biocontrol, 48: 579-593. 
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Further advancement in biocontrol efficacy of potential yeast 
antagonist(s) for controlling Penicillium rots of citrus 
 
El-Neshawy, S.M. 
 
Department of Postharvest Diseases, Plant Pathology Research Institute, ARC/ Giza, Egypt, 
e-mail: saneyaneshawy@yahoo.com 
 
The proved potentialities of the identified yeast antagonists against green and blue moulds on 
citrus as to provide protection against the causal pathogens Penicillium digitatum or Penicillium 
italicum is confirmed as potential yeast antagonists for biological control as a promising 
alternative to chemical use. Candida oleophila, Trichosporon pullulans, Saccharomyces 
transvalensis, Candida tropicalis, Rhodotorella lactosa, Trichosporon pilimanae and 
Cryptococcus flavus were selected as potentially effective biological agents against Penicillium 
rots on citrus fruit in in vitro and ex vitro studies. 
Investigation of the mode of action was carried out on citrus tissues where the interaction 
between Penicillium digitatum, the causal pathogen of green mold, and each of tested yeast 
antagonists has taken place. These yeasts affect the pathogen by nutrient competition and 
direct interaction with Penicillium pathogen as shown in SEM study on fruit surface. The mass 
colonization of wound sites by yeast cells as well as the fastidious attachment of yeast cells to 
hyphal cells causing blocking and restriction of Penicillium development was illustrated. The 
attachment processes was associated with a potential production of 1,3 D gluconase excreted 
in citrus tissue in the presence of potential yeast(s). The nutritional competition occurred 
through utilizing sugars as sources of carbon in growth media or in citrus tissues, revealing 
remarkable evidence of competition for total sugar content in the field of interaction between 
both yeast antagonists and the causal pathogen. Further studies are needed for enhancing the 
efficacy of the selected yeasts to maximize protection under commercial conditions in packing 
houses. 
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Suppressive-subtractive cDNA analysis indicates that elevated yeast 
antioxidant gene expression is associated with increased stress tolerance 
and biocontrol efficacy in the antagonistic yeast, Candida oleophila  
 
Wisniewski, M.1; Liu, J.1; Droby, S.2; Macarisin, D.1; Hershkovitz, V.2 
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2Agricultural Research Organization (ARO), The Volcani Center, Bet Dagan, Israel 
 
Several yeast species have been used as biocontrol agents against postharvest diseases of 
fruits and vegetables. The objectives of the current study are to develop a better understanding 
of the role of reactive oxygen species (ROS) in relation to viability and biocontrol activity of 
Candida oleophila, and to develop strategies to improve the efficacy of yeast biocontrol agents. 
Previously, we demonstrated that a mild heat shock (HS) pretreatment could improve the 
tolerance of Metschnikowia fructicola to subsequent high temperature and oxidative stress and 
also improve biocontrol activity against Penicillium expansum on apple fruit (Liu et al. 2011). 
Additionally, we found that pre-exposure of yeast cells to a solution of 1.0 mM glycine betaine 
enhanced the tolerance of Cystofilobasidium infirmominiatum to oxidative stress and also 
improved biocontrol efficacy (In Review). In the present study, a mild oxidative stress 
pretreatment (30 min at 5.0 mM H2O2) improved the tolerance of C. oleophila to heat and 
oxidative stresses, and its biocontrol efficacy. Suppression subtractive cDNA hybridization 
(SSH) analysis was used to identify gene expression in yeast exposed to sub-lethal oxidative 
stress compared to untreated controls. Levels of gene expression were confirmed using semi-
quantitative PCR. Data indicated that antioxidant genes, such as Catalase, Glutathione 
oxidoreductase, and Glutathione peroxidase/redox transducer were upregulated. The elevated 
expression of these genes contributed to less ROS accumulation and a lower level of protein 
oxidation under heat and oxidative stresses. Moreover, the stress-adapted yeast showed higher 
growth rate in YPD with pH 4 and in apple fruit. Collectively, results indicate oxidative stress 
adaptation contributed to improvement in stress tolerance and biocontrol efficacy of C. oleophila 
by a mechanism that involves the activation of antioxidant gene expression in yeast. 
 
This research was partially supported by a grant (IS-4268-09) from the U.S. – Israel Binational Agricultural 
Research and Development (BARD) fund to Samir Droby and Michael Wisniewski. 
 
Liu, J.; Wisniewski, M.; Droby, S.; Tian, S.; Hershkovitz, V.; Tworkoski, T. 2011. Effect of heat shock 
treatment on stress tolerance and biocontrol efficacy of Metschnikowia fructicola. FEMS Microbiology 
Ecology, Accepted. 
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Cloning, characterization and expression of the alkaline serine protease 
genes from the postharvest biocontrol agent Aureobasidium pullulans 
PL5 
 
Zhang, D.P.; Valente, S.; Spadaro, D.; Garibaldi, A.; Gullino, M.L. 
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The alkaline protease genes, named as cDNAALP5 gene and ALP5 gene, were amplified 
respectively from complementary DNA (cDNA) and genomic DNA of the antagonistic yeast 
Aureobasidium pullulans PL5, a postharvest biocontrol agent against Monilinia spp. Botrytis 
cinerea and Penicillium expansum on stone and pome fruits. An open reading frame of 1,248 bp 
encoding a 415-amino acid (aa) protein with a calculated molecular weight (Mr) of 42.9 kDa and 
an isoelectric point (pI) of 4.5 was characterized. The cDNAALP5 gene had a 18-amino acid 
signal peptide, one N-gylcosylation, one histidine active site, and one serine active site. The 
ALP5 gene with the molecular weight of 1,351 bp contained two introns, of 54 bp and 50 bp. 
Protein BLAST and phylogenetic tree analysis of the deduced amino sequences from the 
cDNAALP5 gene showed that the protein encoded by cDNAALP5 gene had 100 % homology to 
the protease enzyme (ALP2) of the sea yeast Aureobasidium pullulans, suggesting that the 
protein cDNAALP5 was alkaline serine protease. Expression of cDNAALP5 in Escherichia coli 
BL21 (DE3), followed by identification with Western-blotting, purification with Ni-NTA and 
analysis with enzyme assay, yielded a homogeneous recombinant cDNAALP5 which 
hydrolyzed the substrate casein and inhibited the mycelia growth of the pathogens. 
 
Zhang, D.; Spadaro, D.; Garibaldi, A.; Gullino, M.L. 2010. Efficacy of the antagonist Aureobasidium 
pullulans PL5 against postharvest pathogens of peach, apple and plum and its modes of action. Biological 
Control 54: 172-180. 
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Infection biology, disease incidence and control of black mold on 
longkong fruit (Aglaia dookkoo Griff.) during pre- and post-harvest 
 
Sangchote, S.; Sungsiri, T. 
 
Kasetsart University, Faculty of Agriculture, Department of Plant Pathology, Bangkok, Thailand, 
e-mail: agrsrs@ku.ac.th 
 
The causal organism of black mold on longkong was identified by its morphological 
characteristics and a molecular technique. It showed that this fungus was in the genus 
Leptoxyphium spp. that had not been reported in Thailand. Their base sequence is similar to 
Leptoxyphium madagascariense CBS 124766 (at 97 %) and also very closely related to L. 
madagascariense and L. fumago. An infection of Leptoxyphium spp. at different stages of flower 
and fruit development till harvest were investigated. The infection started at 45 days and 
increased as fruit developed. It infested EFNs (extrafloral nectaries) and then, extended to hair 
on the fruit surface without infecting the fruit tissue. At mature stage of EFNs, lignin and suberin 
were accumulated at the secretory tissue. Secretory pole showed no cranking on the surface 
but it had an opening pore surrounding this pole. Nectar consisted of fructose, sucrose, and 
glucose and at 20 °Brix, Phomopsis spp. Leptoxyphium spp. and C. gloeosporioides germinated 
at 87.3, 54.3 and 20 %, respectively. Control of black mold by preharvest treatments with 
different chemicals and Bacillus subtilis at 2 weeks interval till harvest, carbendazim at 1,500 
ppm were the most effective treatments but spray with mancozeb and carbendazim 1 week 
before harvest were ineffective. 
 
Sangchote, S.; Khewkhom, N.; Sungsiri, T. 2010. Black mold disease of longkong fruit (Aglaia dookkoo 
Griff.) at preharvest and postharvest stage. Agricultural Science Journal. 41: 1 (Suppl.) 361-364. 
Sangchote, S.; Khewkhom, N.; Sungsiri, T. 2009. Black mold disease of longkong fruit (Aglaia dookkoo 
Griff.): Disease incidence, losses and preharvest treatments to control this disease. The 9th National Plant 
Protection Conference, Ubon Ratchathani, Thailand. 
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Fusarium fungal species: effect of post-harvest storage conditions on 
contamination of grains with Fusarium toxins 
 
Mylona, K.; Magan, N. 
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Fusarium fungal species are associated with high levels of toxin contamination of stored cereals 
over the world, mainly trichothecenes type A and B, fumonisins, T-2 and HT-2 toxins etc. 
Maximum levels for most of these toxins in food and feed have been established by the 
European Commission. F. langsethiae, a Fusarium species identified only in 2004, has been 
associated with high levels of T-2 and HT-2 toxin in cereals especially in northern Europe. The 
aim of this study was to determine the growth and T-2 and HT-2 toxin production boundaries of 
F. langsethiae in oats for the first time, as compared to those of F. graminearum and F. 
verticillioides on wheat and maize respectively. The effect of environmental factors on dry 
matter losses (DMLs) caused by these fungal species was also of interest. 
Grains were rewetted at different water activity levels (aw) and stored at 15-30 ºC and the 
amount of CO2 produced was measured daily by Gas-chromatography. On the 10th day of 
storage the samples were analysed for toxin contamination. The optimum conditions for growth 
of F. langsethiae and toxin production were under the highest aw (0.97) and 25 ºC, while for the 
other Fusarium species was still at the wettest conditions but at 30 ºC. Toxin production by all 
Fusarium species as well as DMLs reached very high levels only after 10 days storage at these 
conditions. Significantly the oats showed little, if any, symptoms of infection even at the 
optimum conditions, while spoilage in wheat and maize at the same time was extensive. 
Modelling of these data on quality losses and toxin production in relation to the storage 
conditions allows the identification of high risk conditions during the post harvest storage of 
grains, which can be particularly useful for the grain storage industry. Toxin production by all 
Fusarium species studied was positively correlated with DMLs, suggesting that measurements 
of CO2 production during storage may be used to accurately predict toxin accumulation in stored 
cereals and therefore allow timely control actions for efficient post harvest management of these 
crops. 
 
We are grateful to the EU for funding this work via the FP7 MYCORED Project (G.A. 222690). We also 
wish to thank the Department of Agrobiotechnology, IFA-BOCU, Tulln, Austria for performing the toxin 
analysis of the samples and Prof. S. Edwards, Harper Adams University College, UK for providing the F. 
langsethiae strain used in this work. 
 
Mylona, K.; Magan, N. 2011. Submitted manuscript. 
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Efficacy of two rhizobacterial antagonists for control of postharvest 
diseases in apple fruit at two locations in Canada 
 
Nelson, L.M.1; Mantyka, D.L.1; Errampalli, D.2; Golubovic, N.2 
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Two of the most commercially important postharvest diseases of apples in storage are blue 
mold (caused by Penicillium spp.) and gray mold (caused by Botrytis cinerea). Public concern 
about the safety of synthetic fungicides and demand for pesticide-free products has led to the 
development of biological controls as an alternative approach; however, only one biological 
control agent has been registered in Canada for postharvest suppression on pome fruit. 
Rhizobacteria that suppress fungal pathogens and are adapted to cold climates may be a 
potential source of novel control agents. The objective of this study was to test the efficacy of 
two antagonistic rhizobacteria isolated from cold Saskatchewan soils for control of postharvest 
diseases under controlled atmosphere (CA) or cold air storage at two locations in Canada using 
local apple varieties and storage conditions. 
In 2010 two apple cultivars, McIntosh and Empire, grown in Ontario (ON) and two, Gala and 
Jonagold, in British Columbia (BC) were wounded and inoculated by drenching with 1x104 
spores mL-1 of local strains of the pathogens P. expansum or B. cinerea alone (controls) or in 
combination with 1x108 CFU mL-1 of Pseudomonas fluorescens antagonist 4-6, P. fluorescens 
antagonist 1-112, a 1:1 mixture of the two antagonists (1x108 mL-1), 1.59 mg mL-1 of the 
biocontrol agent, Bio-Save® (a.i. P. syringae) or 0.3 mg mL-1 of the fungicide, Scholar® (a.i. 
fludioxonil). The local cultivars of each treatment were stored at 1-2 ºC in air in ON or BC and 
the BC cultivars were also placed in local commercial CA storage. Disease incidence and lesion 
diameter were measured at 4-week intervals. 
The antagonists, 4-6 and 1-112, Bio-Save and Scholar reduced disease incidence by 71-96 % 
compared to the controls after 2 months in CA storage in BC. Disease incidence varied with 
pathogen, apple cultivar and location during cold storage for 2 months in air. Disease incidence 
with both pathogens was higher in ON than in BC. Scholar provided the best control overall in 
air storage, decreasing disease incidence of P. expansum (71 %) and B. cinerea (70.3 %) by 
94.8 % and 98.2 %, respectively across all apple cultivars and locations. Antagonists 4-6, 1-112 
and Bio-Save decreased disease incidence of P. expansum by 51-62 % overall. With B. 
cinerea, isolate 4-6 decreased disease incidence by 29.1 %, Bio-Save by 14.2 % and 1-112 by 
5.9 %. While neither of the antagonists was as effective as the fungicide Scholar under air 
storage, they showed promise for comparable control of postharvest decay under CA storage 
and were as effective as the commercial biocontrol, Bio-Save, under air storage. Further studies 
are underway to confirm these data. 
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obtain a successful biocontrol product  
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One of the most critical aspects for the success of a biocontrol product is its commercial 
applicability: mass production of large amounts, formulation with a reasonable shelf life that 
maintains efficacy, packaging and storage and if it performs effectively under practical 
conditions providing consistent and regular results. A biofungicide should be effective for at 
least 6 months and preferably for 2 years. There is not a lot of scientific information published in 
these aspects, because usually these steps of development are conducted in association or 
directly by private companies and all this research is developed under secrecy agreements.  
An optimized mass production system has been developed for Candida sake CPA-1 and 
Pantoea agglomerans CPA-2, effective biocontrol agents for the major postharvest diseases on 
pome fruit and grapes, and pome fruit and citrus, respectively. Inexpensive compounds and 
industry by-products have been used to obtain suitable growth media. 
Different liquid and solid (freeze-drying, fluidized bed-drying and spray-drying) formulation 
processes have been studied and optimized for both biocontrol agents to obtain a product with 
a good survival and efficacy. 
Finally, the effect of packaging and, storage temperature and atmosphere conditions on the 
stability and biocontrol efficacy was evaluated. A soluble concentrate product, based in a liquid 
formulation for C. sake and a wettable powder product based in a freeze-dried formulation for 
P. agglomerans with a reasonable shelf life and good biocontrol efficacy were obtained. 
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O to control postharvest diseases of apples 
 
Jijakli, M.H.1,2; Lahlali, R.1 
 
1University of Liege, Gembloux Agro-Biotech, Plant Pathology Unit, Passage des Déportés, 5030 
Gembloux, Belgium, e-mail: mh.jijakli@ulg.ac.be  

2Plant Care Business Unit, Lallemand Group, 233 chaussée de Waterloo, 1060 Bruxelles, Belgium 
 
Biocontrol of post-harvest fruit decays is achievable by post-harvest application of antagonists 
but also by pre-harvest spraying of biocontrol agents in the field. In the latter practice, the 
antagonist is applied just before harvest so that it can colonize the fruit surface and any wounds 
inflicted during harvest before the arrival of wound pathogens. Researchers have highlighted 
the very real practical problem of promoting the effective establishment of prospective 
antagonists in a natural environment. This can be crucial, limiting the consistency of biocontrol 
under field conditions and the widespread commercialization of biocontrol agents. The 
fluctuation of abiotic factors such as temperature, water availability, relative humidity and UV 
radiation has an impact on the biological proprieties of biocontrol agents. 
The influence of artificial UV-B radiation was evaluated in vitro and in vivo on P. anomala strain 
K and C. oleophila strain O, two antagonistic yeasts previously selected for their high and 
reliable efficacy after their postharvest application on apples against Penicillium expansum and 
Botrytis cinerea. The in vitro LD90 values for strain K and strain O were respectively 1.6 Kj m-2 
(equivalent to 0.69 h of natural sunlight) and 1.45 Kj m-2 whereas in vivo lethal value were 
respectively 5.76 Kj m-2 (equivalent to 2.46 h of natural sunlight) and 5.50 Kj m-2. That adverse 
effect of sunlight on biocontrol agents may require that UV protectants must be included in the 
agent formulation. Lignin or folic acid could reduce yeast mortality of strain K caused by UV-B 
radiation on apple fruit surfaces and increased significantly the ability of strain K to control the 
post-harvest pathogen P. expansum on wounded apple fruit. In a similar way, riboflavin and uric 
acid were selected for their high protective effect of C. oleophila strain O against detrimental 
effect of UV light. These UV protectants could be included in the final formulation of antagonistic 
strains. 
In vitro and in vivo studies were also undertaken to develop models predicting the combined 
effects of relative humidity (RH, 75–98 %), temperature (5–25 ºC), and initial applied 
concentration (104–108 CFU mL-1) for both strains. Experiments on apple surface were carried 
out according to a Box-Behnken matrix. Multiple regression analyses showed that the model 
yielded a good prediction of yeast density. The effect of relative humidity appeared greater than 
that of temperature. The model predicted that under optimal growth conditions (25 ºC, 98 %), 
strain K and strain O should reach a density of 104 CFU cm-2 when applied initially at 107 CFU 
mL-1. Such density is required for protection against pathogens affecting wounded apples in 
storage. Our model is capable of predicting the yeast population densities on the apple surface 
48 h after field spraying of biocontrol agents. It might be useful in deciding whether pre-harvest 
treatment is sufficient to allow fast colonization of wounds inflicted during harvest and 
packaging, prior to the arrival of wound pathogens, or whether it is wise to apply further post-
harvest treatment to increase the yeast population density and thus ensure better protection 
against post-harvest apple decays arising in the storage room. 
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Biocontrol agents of postharvest diseases using microorganisms have been developed as 
alternative to synthetic postharvest fungicides to reduce chemical residues on fruits and to 
overcome the development of resistant fungal populations. The yeast Metschnikowia 
andauensis, witch our group isolated from the surface of ‘Bravo de Esmolfe’ apple, showed 
effective control of Penicillium expansum in ‘Golden Delicious’ apples and P. digitatum in 
‘Valencia late’ oranges. The aim of the present work was to explore the possibility of developing 
M. andauensis as a biocontrol agent of postharvest diseases of pome and citrus fruits. In 
laboratory trials this yeast showed a high biocontrol activity against different pathogens on 
several varieties of pome and citrus fruits at concentrations of 107 and 108 CFU mL-1, both at 
room temperature and cold storage. Over four years of experiments in semi-commercial trials 
M. andauensis provided excellent control against P. expansum in cold storage. The 
development of a biocontrol product is dependent of its the mass production of a biocontrol 
agent in a culture medium that can produce high amount of biomass at low cost, since the 
production medium is one of the major operational costs. Thus, the use of cheap and widely 
available raw materials as production medium is essential for commercial production. We tested 
wastes or/and by-products from food industry as carbon source to provide maximum biomass 
production of M. andauensis. Different food by-products from local food industry were tested 
under different production and scale conditions and the biocontrol activity of the produced cells 
against B. cinerea, P. expansum and R. stolonifer on pome fruits and of P. digitatum and P. 
italicum on citrus fruits were assessed. The higher population (more than 109 CFU mL-1) and the 
best biocontrol activity was obtained when M. andauensis was grown in a by-product from citrus 
industry. Populations dynamics of M. andauensis grown inside wounds and on the surface of 
pome fruits at both room and cold storage temperatures and modified atmospheres  indicates 
that citrus industry by-product is a good medium for growing this antagonist. 
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Two alternatives to synthetic fungicides were investigated for the control of the major citrus 
postharvest diseases. The first alternative consisted of the natural product potassium 
phosphonate that was compared to fosetyl-Al in preharvest as well as in postharvest trials for 
the control of brown rot caused by Phytophthora spp. The potassium phosphonate gave better 
results in both trials. The second alternative consisted of two different formulations of the 
biocontrol agent Candida saitoana, Bio-coat (C. saitoana combined with chitosan), and Biocure 
(C. saitoana combined with an antifungal lytic enzyme) for the control of citrus green mold as 
compared to imazalil under laboratory conditions as well as in semi-commercial packinghouse 
trials. Imazalil was more effective than the two formulations of C. saitoana. However the level of 
efficacy obtained by the two biocontrol yeast formulations is very encouraging for the use in 
postharvest treatments of organic citrus. 
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Postharvest fungal infections of pear fruit are frequently initiated at wounds that occur during 
harvest and handling. Due to logistical constraints, however, pears may be held in cold storage 
for considerable lengths of time before fungicides are applied to prevent postharvest decay. The 
efficacy of available postharvest fungicide and biocontrol agent treatments generally declines as 
the time between harvest and fungicide treatment increases. Foliar sprays of calcium chloride 
applied to ‘Bosc’ pear trees beginning in mid-summer and repeated every two weeks for a total 
of three applications slowed the increase in decay incidence observed when thiabendazole, 
fludioxonil, or Bio-Save 10 treatments were delayed up to nine weeks after harvest. Calcium 
chloride treatments resulted in partial suppression of decay at wounds caused by Cladosporium 
herbarum, Alternaria spp., Phialophora malorum, and Penicillium expansum, but not of decay 
caused by Botrytis cinerea. Increased decay incidence due to delayed postharvest fungicide 
application was also reduced by application of either pyraclostrobin + boscalid, thiophanate-
methyl, or trifloxystrobin one week before harvest. Calcium chloride treatments followed by 
either of the pre-harvest fungicides provided the greatest decay suppression when postharvest 
fungicide treatments were delayed. Decay control by fludioxonil treatment was superior to that 
provided by thiabendazole when the fungicides were applied to fruit promptly after harvest, but 
differences between these two fungicides decreased as the delay in application approached 
eight weeks after harvest. A program of orchard calcium chloride followed by pre-harvest 
fungicide treatments can reduce overall decay incidence and mitigate the consequences of 
delays in postharvest fungicide treatment. Potential organic programs involving pre-harvest 
yeast applications did not provide satisfactory decay control, and sequential treatment programs 
involving orchard calcium chloride sprays followed by pre-harvest yeast and postharvest Bio-
Save 10 line-sprays reflected the benefits of fruit calcium enhancement and of Bio-Save 10 
when applied promptly after harvest. 
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Italy is the largest producer of kiwifruit (Actinidia deliciosa Liang et Ferguson) in the world. Plant 
growth regulators (PGRs) such as auxins and cytokinins are widely used to increase fruit size 
and consequently the yield. The aim of the present work was to evaluate the effect of PGRs, 
applied in the orchard, on fruit susceptibility to Botrytis cinerea and Phialophora spp., during 
post harvest phase and on their quality. The experiments were conducted in an orchard of 
Actinidia deliciosa cultivar Hayward, during three years. The orchard was divided into three 
plots of 50 plants each, the first plot was treated with a synthetic cytokinins (Sitofex®), the 
second with auxin (Maxim®), both 20 days from full bloom, according to producer’s 
recommendations and the third one was left untreated (control). Fruit quality parameters 
firmness, size, soluble solids and calcium content were determined at picking time. One-half of 
fruit was harvested at random by cutting the petiole at 5 cm from fruit, after picking, the petiole 
of each fruit was removed before inoculation and the wound was inoculated with 20 µL (105 
conidia mL-1) of conidial suspension of B. cinerea. The other fruit was sprayed with a conidial 
suspension (105 conidia mL-1) of Phialophora spp. The fruit were kept at 20 ºC for 3 hours and 
then stored at -0.5/-0.8 ºC in regular storage (RS) for 120 days or in controlled atmosphere (CA) 
(oxygen 2,0 KPa and carbonic dioxide 4,0 KPa). The fruit were inspected after 180 days storage 
and the incidence of rots and quality parameters were determined. At harvest the fruit treated 
with PGRs showed a weight significantly higher (+17 %) than untreated fruit, however calcium 
pectate was lower (-28.5 %) than in control fruit. A treatment with Maxim® reduced significantly 
fruit firmness and soluble solids at the end of storage (both in RS and CA). In addition, it 
increased considerably the susceptibility of CA stored fruit to Phialophora and Botrytis rots (89 
and 56 % respectively) with respect to control fruit. Auxin treatment seems to affect the anatomy 
of fruit tissues by modifying pore size and vacuoles and thus influencing fruit resistance to 
pathogens. (Taglienti, et al. 2011). No statistical difference was observed in cytokinins treated 
fruit. Further investigations are required to elucidate the rule of Maxim® treatment on the high 
susceptibility of kiwifruit to postharvest rots.  
 
Taglienti, A.; Sequi, P.; Cafiero, C.; Cozzolini, S.; Ritota, M.; Ceredi, G.; Valentini, M. 2011. Hayward 
kiwifruit and plant growth regulators: detection and effects in post-harvest studied by magnetic resonance 
imaging and scanning electron microscopy. Food Chemistry, 126: 731-736. 
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Influence of fruit condition on the efficacy of sodium bicarbonate to 
control green mold on citrus 
 
Plaza, P.1; Viñas, I.2; Lamarca, N.1; Torres, R.1; Usall, J.1 
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The efficacy of bicarbonate salts to control postharvest decay in citrus has been extensively 
studied for many years by several research groups in different countries. Although their efficacy 
has been widely demonstrated both in lab and in commercial conditions, some practical 
considerations have to be solved before its implementation by Spanish citrus industry took 
place. The main goal of this work was to demonstrate the efficacy of a sodium bicarbonate (SB) 
treatment at 3 % at 40 ºC for 40 s on fruit cultivated in different Spanish areas, and its 
relationship with weather conditions at preharvest, and their fruit mineral levels and standard 
quality parameters at harvest. This study was carried out on ‘Clemenules’ mandarins, and 
‘Lanelate’ and ‘Valencia’ oranges cultivated in three different areas of Spain (Catalonia, Pais 
Valencià and Andalucia). A nutritional analysis of fruit (N, P, K, Ca, Mg, B and dry matter) and 
standard quality parameters evaluation (colour, firmness, juice yield, soluble solids and acidity) 
were analysed at harvest. Fruit were inoculated by Penicillium digitatum, and dipped on the SB 
solution (3 % at 40 ºC) or in water at 20 ºC, for 40 s. In all cases, the application of SB tested 
solution could significantly reduce the decay, but the level of efficacy depended on fruit origin, 
weather conditions and some mineral compounds and quality parameters. 
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Phosphite salts: A new alternative for citrus Penicillium spp. postharvest 
management 
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Phosphites (also termed phosphonates) are salts of phosphorous acid (H3PO3), nutritionally 
ineffective forms of phosphorus with an oxidation state of +5, as opposed to phosphorus 
compounds of oxidation state +3 that are used in fertilizers and utilized by plants. Known to 
control diseases caused by Oomycetes, such as brown rot of citrus, they inhibit other fungi but 
their activity can be modest (Guest and Grant, 1991). Most formulations are neutral in pH and, 
in soil, they oxidize to phosphate. Exempt from residue tolerances for many applications, they 
merit evaluation because of their benign environmental aspects. Phosphite solutions were 
applied to control green mold and blue mold, caused by Penicillium digitatum and P. italicum, 
respectively. In postharvest applications to fruit inoculated the prior day, brief immersion (15-60 
s) in 1 to 3.0 % phosphite solutions controlled both molds significantly, and were particularly 
effective on mandarin cultivars where other fungicide alternative treatments, such as sodium 
bicarbonate, often perform poorly. For example, a 1 min immersion at 25 ºC in 2.0 % calcium or 
sodium phosphite reduced green mold from 63.0 % among untreated ‘Murrcott’ mandarins to 
12.2 and 14.5 %, respectively, while 30.5 % decayed after 2.0 % sodium bicarbonate treatment. 
Similar treatments at 50 ºC with calcium or sodium phosphite further reduced green mold to 6.5 
and 6.9 %, respectively, while 14.3 % decayed after sodium bicarbonate treatment. Mixing 
phosphites with imazalil, thiabendazole, fludioxonil/azoxystrobin, or pyrimethanil improved their 
effectiveness. Synergy with imazalil occurred with solutions at neutral pH and not at low pH. 
Applications of 1.0 to 3.0 % (wt/vol) solutions of calcium or potassium phosphite to run-off one 
week before harvest to ‘Atwood’ navel oranges reduced postharvest decay from natural or 
artificial infections by approximately 50.0 %, although these very high phosphite rates, greatly 
above those recommended when phosphites are applied for other reasons, caused some 
defoliation. In similar tests in Uruguay, high rates caused injury and premature drop of 
Clementine fruit to occur. At lower rates (less than 1.0 %,) did not control postharvest decay. 
Phosphites were effective as a postharvest treatment, but their preharvest use for postharvest 
decay control was not promising. Amiri and Bompeix (2011) reported similar promising results 
with postharvest phosphite use on pomes. Postharvest registration of potassium phosphite was 
granted in 2010 in the USA. 
 
Amiri, A.; Bompeix, G. 2011. Control of Penicillium expansum with potassium phosphite and heat 
treatment. Crop Protection, 30: 222-227. 
Guest, D.I.; Grant, B. 1991. The complex action of phosphonates as antifungal agents. Biological. Reviews 
of the Cambridge Philosophical Society, 66: 159-187.  
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Rhizopus rot of strawberries 
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Gray mold and Rhizopus rot are caused by Botrytis cinerea and Rhizopus stolonifer, 
respectively, and they origin the main postharvest decay of strawberry. Gray mold infection 
starts with colonization of floral residues after flowering, it remains latent below the sepals until 
fruit ripening, and then it can turn from saprophyte to parasite close to or after harvest. 
Strawberries are usually stored at low temperatures before starting their shelf life. In reducing 
the temperature, condensation of the relative humidity can occur, resulting in the production of 
water droplets close to the fruit. At the same time, the fruit reactions to pathogen infection are 
reduced because of the low temperature and the weakened tissues. The disease can then start, 
often close to the pedicel, and at times also from wounds on the fruit produced during the 
harvest, resulting in its colonization of the fruit. Rhizopus rot is common mainly on fruits 
exposed to water, as with those grown at the borders of plastic tunnels, or in the open air when 
exposed to rain. Both diseases spread quickly to other fruits, a phenomenon known as nesting. 
In conventional agriculture, these diseases are usually managed by fungicide treatments, from 
flowering, and repeated up to harvest, depending on the preharvest interval. However, in 
organic agriculture, the use of synthetic fungicides is not allowed, so the exploitation of 
alternatives is desirable. Among these, the use of resistance inducers has the potential for large 
scale application. Resistance inducers can increase plant defences and at times they can also 
have antimicrobial activities. Fruit were dipped in solutions of these different inducers, and kept 
for 3-4 days at 20 ± 1 ºC or stored 7-10 days at 0 ± 1 ºC; they were then exposed to 2-3 days of 
shelf life. The best results were obtained using the commercial inducers Chito Plant (based on 
chitosan) and Bion (based on benzothiadiazole), which provided the greatest protection against 
decay, at around 60 % for gray mold and 80 % for Rhizopus rot. Experimental compounds 
based on Abies sibirica or nettle extracts, and formulations based on calcium and organic acids 
(Fitocalcio) or on oligosaccharides and glutathione (Algition) also provided significant decay 
protection. The tested formulations showed different degrees of inhibition of B. cinerea and R. 
stolonifer radial growth. Moreover, they increased gene expression of several enzymes linked to 
the plant defence pathway. Better disease control should be obtained with preharvest 
applications of these resistance inducers, which can also reduce the fungal inocula. This 
application can provide double protection of the fruit from infections, from the inside through the 
elicitation of host defences, and on the outside with antimicrobial, and in some cases coating, 
properties. 
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Effect of (pulsed) UV-C light on spore germination and mycelial growth of 
storage diseases causing fungi, and control of storage rot in apples and 
pears 
 
Wenneker, M.; Joosten, N.; Luckerhoff, L. 
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A heavy reliance on synthetic fungicides has been necessary to control postharvest decay of 
fruits. Recently, there is an ongoing concern about pesticide residues on fruits. Consumers 
increasingly prefer fruits without pesticides, and this is used by supermarkets as a selling 
strategy (residue free fruit). Research is started at Applied Plant Research (WUR-PPO) in order 
to find alternatives to chemical pesticides for controlling postharvest diseases in fruit crops. The 
use of ultraviolet-C (UV-C, 190–280 nm wavelengths) offers interesting possibilities for 
controlling storage decay. UV-C acts directly by damaging the microorganisms on the exposed 
surfaces, and indirectly by stimulating defence mechanisms in the treated product (Nigro et al., 
1998). In our study the effect of UV-C on spore germination (inactivation) and mycelial growth 
was examined. The experiments were carried out in the laboratory on Petri dishes (in vitro 
studies). A range in UV-C doses was tested. This range was obtained by adjusting the UV-C 
lamp height and exposure time. The effect of UV-C was measured by plating conidia of several 
fungal species on water agar plates. The agar plates were then exposed to different doses of 
UV-C light with removed cover. The plates were incubated and spore germination was 
assessed after 24, 48 and 96 h. All conidia of the tested fungal species were completely or 
partially killed with UV-C. However, conidia with dark pigments, such as Alternaria alternata and 
Venturia inequalis, were shown to be more resistant as compared with weakly pigmented 
conidia, such as Penicillium expansum and Botrytis cinerea. The effect of UV-C on mycelial 
growth of several storage rots causing fungi was evaluated by irradiating mycelial plugs placed 
on PDA-dishes. These plugs were exposed to a range of UV-C doses and time intervals. Effects 
were evaluated by measuring colony (mycelium) diameter and the occurrence of sporulation. 
UV-C irradiation was not able to inhibit in vitro mycelial growth. However, a reduction in growth 
and sporulation was noticed for most tested fungal species. 
Intense light pulses (ILP) is a technique to decontaminate surfaces by killing micro-organisms 
using short time pulses of an intense broad light spectrum, including UV-C light (Dunn et al., 
1997). In a series of trials, the effect of ILP on spore germination and mycelia growth of P. 
expansum and B. cinerea was evaluated. The equipment used for the ILP treatment was a 
special designed 4 Xenon lamps flashing chamber. In addition the effect of ILP in controlling rot 
fruit of caused by P. expansum and B. cinerea on apples (‘Elstar’) and pears (‘Conference’) was 
tested. It appeared that controlling fruit rot of these (inoculated) apples and pears was very 
difficult. Most likely due to UV-C shielding effects, which prevent the light beams from reaching 
the target. 
 
Nigro, F.; Ippolito, A.; Lima, G. 1998. Use of UV-C light to reduce Botrytis storage rot of table grapes. 
Postharvest Biology and Technology, 13: 171-181. 
Dunn, J.; Bushnell, A.; Ott, T.; Clark, W. 1997. Pulsed white light food processing. Cereals Foods World, 
42: 510-515. 
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Brown rot of stonefruit in New Zealand is caused mainly by Monilinia fructicola (Wint.) Honey 
and is responsible for substantial pre and postharvest crop losses. Currently, disease control 
strategies are based upon regular applications of fungicide, but the sustainability of this practice 
has been questioned as demand for pesticide-residue free fruit increases. The New Zealand 
Institute for Plant & Food Research Limited and the Catalan Research Institute of Technology, 
Food and Agriculture (IRTA) have been evaluating ‘residue-free’ postharvest treatments as part 
of an ongoing international collaboration programme. 
‘Fantasia’ and ‘Gold Nugget’ nectarines (Prunus persica var. nectarine (L.) Batsch) and ‘Golden 
Queen’ (Prunus persica (L.) Batsch) peaches from the Hawke’s Bay region of New Zealand 
were used in these studies. The trees received an early-season fungicide programme, but no 
preharvest fungicides were applied in 2011 in order to increase brown rot disease pressure at 
harvest. Apparently healthy fruit were picked and treated in a pilot scale heat treatment plant 
within one to two days of picking. Main treatments were based on high relative humidity (>95 % 
RH) with combinations of temperature (45 ºC and 50 ºC) and time (30 to 90 min). Untreated 
control fruit were not heat treated. Treated fruit were then packed into fruit boxes and incubated 
for 6 days at ambient temperature to simulate shelf life conditions. 
Brown rot incidence in ‘Fantasia’ nectarines was reduced from 62 % (untreated control) to less 
than 5 % after fruit were treated at 45 ºC for 30 or 60 min. These treatments did not result in 
heat damage to the fruit skin, and all fruit were classed as being saleable after 6 days. 
However, longer time exposures (e.g. 90 min) and higher temperature (50 ºC), resulted in heat 
induced skin damage. Hot moist air treatment of ‘Gold Nugget’ nectarines and ‘Golden Queen’ 
peaches is in progress and will also be reported upon. Our findings to date indicate that hot 
moist air treatment (‘curing’), originally developed by the research team at IRTA, has potential 
as a new postharvest treatment that is suitable for use in fungicide residue-free and integrated 
brown rot control programmes. 
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Potential of using Ozone to control in vitro and in situ growth and 
aflatoxin production by Aspergillus flavus on peanuts 
 
Sultan, Y.; Magan, N. 
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Studies have been carried out to examine the efficacy of different doses of O3 (0-300 ppm) to 
control in vitro germination, growth and sporulation of A. flavus strains. This was followed by 
experiments using the best O3 concentrations identified to examine the effect of O3 on control of 
A. flavus inoculated at two initial concentrations (102, 104 CFU g-1) and stored for up to 4 weeks. 
These studies showed that in vitro spore germination could be completely inhibited by short 
term exposure of up to 60 min with 100-300 ppm. However, mycelia growth was relatively 
unaffected, regardless of water availability. Sporulation was markedly affected by exposure to 
O3. in situ studies on stored peanuts at set O3 concentrations showed that it was possible to 
control temporal population growth of A. flavus, depending on initial inoculums level. 
Furthermore, aflatoxin production was significantly inhibited but this was influenced by both 
water availability and O3 exposure concentration. These results suggest that spores are key 
fungal components which are affected by O3. Control depends largely on this being effective as 
when mycelia establishment has occurred then control is more difficult. Higher concentrations or 
longer exposure times at low concentrations also need to be examined to evaluate the 
application of this approach to minimise contamination of peanuts with aflatoxins. 
 
Y. Sultan is grateful NRC, Institute and the Egyptian Higher Education Ministry for support. 
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During mechanical harvesting of citrus fruit, small invisible wounds are opened on the peel. 
These wounds are infection sites for wound pathogens, such as Penicillium digitatum. During 
degreening process of early harvested citrus fruit with ethylene at high humidity and 
temperature, these superficial wounds may be healed. In this study, Valencia oranges were 
kept at 30 ºC, 90-95 % humidity for 72 h as wounded and inoculated with P.digitatum; 
uninoculated and unwounded for curing process. The control fruit were put in directly a cold 
storage room at 5 ºC. After curing application, all fruit were stored at the same conditions (5 ºC) 
for 3 weeks. Effects of curing treatment on fruit quality parameters were also analyzed. 
Examination of scanning electron microscopy was done on cured and non-cured fruit surface. 
The decay development was 32 % on wounded and inoculated then cured fruit at 30 ºC, 90-95 
% humidity for 72 h. On wounded, inoculated and directly stored fruit it was 99 %. On other 
group of fruit wounded and cured and then inoculated with pathogen the disease incidence was 
only 18 %. On the other hand, wounded and kept for 3 days in cold store and then inoculated 
fruit, it was 96 %. These results showed that postharvest curing applications could be inhibited 
the pre and postharvest infection of Valencia fruit by healing wounds. There was no negative 
effect of curing treatment on fruit quality. 



 
 

Disease Control 

  127 

OC25 
 
The effect of postharvest blue light treatment on citrus decay 
 
Liao, H.L.1; Alferez, F.2; Burns, J.K.1 
 
1University of Florida, IFAS, Citrus Research and Education Center, Lake Alfred, Florida, USA, 
e-mail: jkbu@ufl.edu 

2Instituto de Agroquímica y Tecnología de Alimentos. Consejo Superior de Investigaciones Científicas 
(CSIC), Valencia, Spain 

 
Blue mold (Penicillium italicum) green mold (Penicillium digitatum), stem end rot (Diplodia 
natalensis and Phomopsis citri), and anthracnose rot (Colletotrichum gloeosporioides) are 
important citrus decays causing significant postharvest loss. Blue light treatment was evaluated 
to determine its effect on decay in tangerines and sweet oranges. On culture medium, blue light 
suppressed P. italicum and P. citri growth, but not growth of P. digitatum. In contrast, blue light 
promoted mycelium development of D. natalensis and sporulation of C. gloeosporioides. The 
fungi were inoculated into flavedo of citrus fruit exposed to different spectra of light, including 
blue, green, red, red/far-red, and the combination of blue, green and red light. Generally, blue 
light suppressed symptom development caused by P. digitatum, P. italicum, and P. citri. Green 
light promoted mycelium growth of P. citri on flavedo. Light of any spectra increased the rate of 
decay caused by D. natalensis and C. gloeosporioides.  
To determine the potential of blue light exposure to control postharvest decay, additional studies 
were conducted with citrus fruit inoculated with P. digitatum and P. italicum. Blue light 
suppressed fungal mycelial growth and sporulation on flavedo. The appearance of water-
soaked soft areas on inoculated fruit was not significantly affected by blue light. The effect of 
blue light treatment was dose-dependent. Direct exposure to blue was necessary to suppress 
mycelial growth and sporulation. Blue light may either promote localized host interactions that 
reduce the rate of decay and/or suppress toxin production by these fungi. The biochemical, 
enzymatic and molecular mechanisms implicated in blue light-suppressed decay will be 
presented. 
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Biological and chemical control of Fusarium stilboides in pepper fruits 
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The production of fruit and vegetables in greenhouses has increased in Mexico as higher yields 
and production out of season are obtained. A post-harvest fungal disease (Fusarium stilboides) 
has been recently discovered in Querétaro state. It seriously affects the pepper peduncle and 
causes high economic losses. Biological control has been successfully used to prevent 
postharvest diseases as Penicillium expansum in apples (Usall et al., 2000) and several 
antagonistic yeasts to P. expansum have been identified in Mexico (Sánchez et al., 2008). 
The objective of this study was to evaluate the antagonistic capacity of yeast strains from 
different origins against F. stilboides as compared with chemical control. Pepper fruits cv. 
'Baselga' were immersed in solutions of benomyl, captan, sodium bicarbonate or potassium 
bicarbonate at various concentrations or were inoculated with a suspension of 107 CFU mL-1 of 
47 yeast strains isolated from pepper, apple or wine veils and then inoculated with a spore 
suspension (105 spores mL-1) of F. stilboides. The incidence and the severity of fungus were 
determined at 6 and 12 days of incubation. 
Sodium bicarbonate 30 g L-1 significantly reduced the diameter of lesion in the epicarp (in 67 % 
after 12 days of incubation), while benomyl 0.6 g L-1 reduced the severity in the peduncle in 82 
% after 6 days and the incidence in 89 % and 56 % at 6 and 12 days of incubation, respectively 
which implies a differential effect on the comportment of both fungicides as a function of the fruit 
tissue. Besides, yeast 22-2

5b (from apple), Avv (wine veils), 5vtt (Candida incommunis) (wine 
veils), 3d.RMA3 (pepper) and 18-1

x (apple) reduced the severity in epicarp in 63 %, 54 %, 53 %, 
47 % and 45 % respectively after 12 days of incubation but none yeast reduced the 
development of pathogen in peduncle. 
We conclude that the efficacy of fungicide depends on the fruit tissue and that antagonic 
capacity of certain yeast strains over F. stilboides is comparable to the effect produced by 
chemical products.  
 
Usall, J.; Teixidó, N.; Fons, E.; Viñas, I. 2000. Biological control of blue mould on apple by a strain of 
Candida sake under several controlled atmosphere conditions. International Journal of Food Microbiology, 
58: 83-92. 
Sánchez, S.; Martínez, R.; Castillo, J.; Fernández, E. 2008. Antagonismo de levaduras nativas contra la 
pudrición azul (Penicillium expansum Link) en frutos de manzana. Revista Fitotecnia Mexicana, 31: 359-
366. 
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Postharvest diseases are caused by a wide range of different fungi and cause major losses in 
pome fruit production every year. In integrated production (IP) one to three preharvest 
applications with chemical fungicides are conducted to prevent postharvest rots during storage. 
Preharvest intervals of up to 21 days resulting from maximum residue limits, the risk of 
resistance development by pathogens, as well as the pressure from consumers to reduce 
chemical fungicides increasingly complicate their use. Especially detection of a range of 
different chemical residues impair the image of fruit as healthy food and some trade chains 
already demand produce containing less than five detectable chemical residues. 
Boni Protect® is based on antagonistic strains of the yeast-like fungus Aureobasidium pullulans 
isolated from the apple surface and is able to prevent the infections of wounds by plant 
pathogenic fungi. The product has no preharvest interval and can therefore be applied until 
harvest and between different pickings. 
Since 2002 preharvest use of Boni Protect® in field trials has been showing results comparable 
to efficiencies of chemical fungicides (Mögel and Kunz, 2006; Weiss et al., 2006). Three 
preharvest Boni Protect® applications in a field trial (variety Golden Delicious) reduced incidence 
of postharvest rots from 35.7 % to 13.6 % (efficiency of 62 %) in Portugal in 2009. Using 
Pomarsol as chemical standard a reduction of incidence to 21.8 % (efficiency of 39 %) was 
obtained. During the time period of 2007 to 2009 Boni Protect® showed its potential to replace 
chemical fungicide applications in six more European countries, achieving a maximum 
efficiency of 89 %. 
In addition to the replacement of chemical fungicide treatments Boni Protect® can be used to 
supplement their use to achieve higher efficiencies by applying Boni Protect® in their preharvest 
interval. In four field trials adding up to two Boni Protect® treatments to standard fungicide 
treatments an additional reduction of infected fruits to 4 % was obtained, which leads to an 
additional yield of 1200 kg ha-1. Therefore Boni Protect® has a high potential for replacing as 
well as for supplementing chemical fungicide treatments and offers new strategies for fruit 
growers in reducing postharvest rots. Furthermore it is able to make an important contribution to 
minimize residues and the risk of resistance development by fungal plant pathogens. 
 
Mögel, G.; Kunz, S. 2006. Vier Jahre Praxisversuche mit dem Hefepräparat Boni-Protect. Obstbau, 31: 
468-470. 
Weiss, A.; Mögel, G.; Kunz, S. 2006. Development of ‘Boni-Protect’ – a yeast preparation for use in the 
control of postharvest diseases of apples, pp. 113-117 in FÖKO e.V. (Ed.), 12th International Conference 
on cultivation technique and phytopathological problems in organic fruit growing, FÖKO e.V, Weinsberg. 
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A substrate was developed to optimize the biomass production M. pulcherrima strain BIO126 
(Spadaro et al., 2010a). Growth in Yeast Extract provided at concentrations equal to or higher 
than 30 g L-1 resulted in the highest biomass. The addition of two carbon sources, D-Mannitol 
and L-Sorbose at 5 g L-1 each, significantly improved the yeast growth. Initial pH values of the 
medium ranging from 5.0 to 7.5 permitted the highest growth of the yeast. A combination of 
Yeast Extract, D-Mannitol and L-Sorbose (YEMS), probably with diauxic utilization, showed 
synergistic effect, widening the exponential phase (the maximum specific growth rate was 0.45 
h-1), and increasing the final cell number (1.5 x 109 cells mL-1) and dry biomass (6.0 g L-1) in well 
controlled batch fermentation. In efficacy trials on ‘Golden Delicious’ apples, the microorganism 
grown in YEMS effectively reduced incidence and severity of B. cinerea (51.1 % and 70.8 %) 
and P. expansum (41.7 % and 14.0 %). 
In a second step, the effect of freeze-drying using different lyoprotectants at different 
concentrations on the viability and biocontrol efficacy of M. pulcherrima was evaluated (Spadaro 
et al., 2010b). The effects of initial yeast cell concentration and culture age on the viability were 
also considered. Yeast cells grown for 36 h were more resistant to freeze-drying than 48 h-old 
cells. An initial concentration of 108 cells mL-1 favoured the highest survival after freeze-drying. 
When maltose (25 % w v-1) was used as protectant, a high cell viability was obtained (64.2 %). 
Cells kept a high viability after 6 months of storage at 4 ºC. The biocontrol efficacy of freeze-
dried cells was similar to the activity of fresh cells on apples.  
 
Spadaro, D.; Ciavorella, A.; Zhang, D.; Garibaldi, A.; Gullino, M.L. 2010a. Effect of culture media and pH 
on the biomass production and biocontrol efficacy of a Metschnikowia pulcherrima strain to be used as a 
biofungicide for postharvest disease control. Canadian Journal of Microbiology, 56: 128-137. 
Spadaro, D.; Ciavorella, A.; Lopez, G.; Garibaldi, A.; Gullino, M.L. 2010b. Effect of protectants and initial 
cell concentration on viability of freeze-dried cells of Metschnikowia pulcherrima. Canadian Journal of 
Microbiology, 56: 809-815. 
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Continuous use of fungicides in packinghouses to control postharvest fruit diseases has led to 
increasing resistant strains of pathogens. In addition, there is a growing consumer´s concern 
about the possible harmful effects of fungicides on the human health and the environment. For 
that reason there is a clear need to develop new alternative methods for controlling postharvest 
diseases. Biological control has been one of the most studied areas in the last few years. The 
yeast Metschnikowia andauensis PBC-2 was isolated from ‘Bravo de Esmolfe’ apple surface 
and has been effective in controlling Penicillium expansum, Botrytis cinerea and Rhizopus 
stolonifer on pome fruits, and P. digitatum and P. italicum on citrus fruits. However, the efficacy 
of this biocontrol agent lack of consistency. One approach to improve the efficacy of the 
biocontrol system is the integration with other treatments, such physical and chemical systems. 
In this study the effectiveness of M. andauensis PBC-2 to control citrus decay in combination 
with different physical treatments such as UV-C, heat, food additives, ozone, chitosan and 
electrolyzed water was evaluated. When the treatments alone have the ability to reduce decay, 
the combination with the biocontrol agent, in general, provided better control. Results are 
discussed in terms of decay reduction and synergistic effect of the combinations. 
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Pichia guilliermondii (L29), Sporobolomyces roseus (L41), Rhodotorula mucilagenosa (L17), 
Sporodiobolus pararoseus, Pichia spp. (L4-1), Debaryomyces hansenii (L62), and Pichia 
membranifaciens (L21), previously selected for the control of postharvest disease on apple, and 
the commercial product Bacillus subtilis (Serenade®), and Bacillus subtilis + Bacillus 
licheniformis were evaluated for its activity in reducing postharvest green mould decay of ‘Pera’ 
oranges fruit caused by Penicillium digitatum in vivo and in vitro. Oranges were wounded with a 
sterile puncher in two opposite points in the equatorial region, reaching the albedo. Wounds 
were then inoculated with 20 µL of a spore suspension (105 spores mL-1) of the pathogen P. 
digitatum. Fruits were then submerged in aqueous suspension of each biocontrol agent at 108 
CFU mL-1. The fruit treatments were made 24 h prior inoculation, immediately after inoculation 
or 24 h after inoculation with the pathogen. Sterile water and Tecto® were used as control and 
standard treatment, respectively. Then, all fruits were incubated at 25 ± 2 ºC and 85-90 % 
relative humidity and the disease progress was evaluated by measuring the lesions diameter 
after six days incubation. The effect of biocontrol agents, at 105 to 108 CFU mL-1 concentrations, 
on spore germination of pathogen was evaluated by microscopy. The biocontrol agents 
controlled green mould in similar levels as compared to the fungicide treatment. Efficacy of 
biocontrol agents was maintained when applied prior or simultaneously to the pathogen 
inoculation; however, the efficacy was reduced for several bioagents when applied after 
inoculation. Biocontrol agents at 105 to 108 CFU mL-1 concentrations reduced the spore 
germination, and S. roseus (L41), R. mucilagenosa (L17), S. pararoseus, D. hansenii (L62), and 
P. membranifaciens (L21) were able to inhibit 100 % of spore germination. The biocontrol 
agents did not change the fruit flavours. This study demonstrates that cell suspensions of 
biocontrol agents can significantly reduced green mould, caused by P. digitatum, on orange. 
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Penicillium expansum causes blue mould of apple, the most important postharvest disease of 
apple and produces the carcinogenic mycotoxin patulin in decayed fruit. Control of blue mould 
still relies mainly on the use of synthetic fungicides, but the development of fungicides- resistant 
isolates and the public demand to reduce pesticides use have motivated the search for 
alternative control strategies. Fifteen isolates of Pseudomonas fluorescens were evaluated as 
potential biocontrol agent for apple blue mould in vitro and in vivo. Dual culture, cell free 
metabolites and volatile tests showed that all 15 isolates of P. fluorescens inhibited growth of P. 
expansum. Inhibition varied from 36 to 80 % in dual culture tests; 37 to 90 % in cell free 
metabolite tests and 37-87 % in volatile tests. Apple fruit wounds were inoculated with 40 µL of 
a bacterial suspension (109 CFU mL-1) of P. fluorescens followed 48 later by P. expansum (104 
spore mL-1). The apples were incubated at 20 ºC for 12 days or at 5 ºC for 32 days. All P. 
fluorescens isolates had significant preventive effect against P. expansum on wounded apple 
fruit compared to pathogen control and the isolate F7 was the most effective isolate for control 
of apple blue mould at both temperatures. 
 
Etebarian, H.R.; Sholberg, P.L.; Eastwell, K.C.; Sayler, R.J. 2005. Biological control of apple blue mould 
with Pseudomonas fluorescens. Canadian Journal of Microbiology, 51: 591-598. 
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Biological control of postharvest fruit diseases, using antagonistic microorganisms, has 
advanced greatly during the past decade as potential alternative to minimize chemicals use. 
Several microorganisms have been evaluated and reported as effective to control of 
postharvest fruit diseases. Production and formulation of biocontrol agents is an important step 
to the commercial use of the product. Recently, detailed studies have shown that Bacillus 
subtilis strain CPA-8 is an effective antagonist to the main postharvest pathogens on stone fruit 
(Casals et al 2010; Yánez-Mendizábal et al. 2011). Therefore, mass production of CPA-8 is an 
essential step for the development a commercial product. The aim was testing several low cost 
media based on commercial products and by-products that provide maximum cell growth of B. 
subtilis CPA-8, maintaining its biocontrol efficacy. To reduce the cost of media commercial 
nitrogen sources such as yeast extract, peptone, whole wheat soy flour, defatted soy flour and 
ground soy seed combined with inexpensive carbohydrates such as sucrose, maltose and 
molasses were tested. In a first screening step, media optimization was carried out in 250-mL 
flasks containing 50 mL of each test medium. Flasks were inoculated with fresh cultures of 
CPA-8 at 105 CFU mL-1 and maintained at 30 ºC and 150 rpm during 72 h. CPA-8 growth (CFU 
mL-1) was determined at 24, 48 and 72 h. Maximum cell growth (>9.4 log CFU mL-1) was 
obtained in media containing defatted soy flour (40 g L–1) in combination with sucrose (20 g L–1) 
or molasses (5 g L–1 or 10 g L–1). Based on these results the CPA-8 production was scaled up in 
a 5 L fermenter. Evolution of biomass production, pH and oxygen consumption in the optimum 
medium (20 g L-1 defatted soy flour, 5 g L-1 molasses plus salts) inoculated with CPA-8 at 106 
CFU mL-1 in fermenter set at 30 ºC, 200 rpm and 100 L h-1 of oxygen feeding was recorded 
every 2 h from 0 h to 30 h. There was a 4.9 h lag phase before growth, after which exponential 
growth occurred and maximum production was 9.5 log CFU mL-1 after approximately 20 h. Fruit 
trials with cell and cell free supernatant from CPA-8 grown in optimum medium maintained 
biocontrol efficacy against Monilinia fructicola on peaches and was the same as treatments from 
CPA-8 grown in 863 and MOLP showed disease reductions up to 95 %. These results could be 
used to provide a reliable basis for a scale-up of this fermentation process to an industrial level. 
 
Casals, C.; Teixidó, N.; Viñas, I.; Silvera, E.; Lamarca, L.; Usall, J. 2010. Combination of hot water, 
Bacillus subtilis CPA-8 and sodium bicarbonate treatments to control postharvest brown rot on peaches 
and nectarines. European Journal of Plant Pathology, 128: 51-63. 
Yánez-Mendizábal, V.; Usall, J.; Viñas, I.; Casals, C.; Marín, S.; Solsona, C.; Teixidó, N. 2011. Potential of 
a new strain of Bacillus subtilis CPA-8 to control the major postharvest diseases of fruit. Biocontrol Science 
and Technology, 21: 409-426.  
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Grey mould caused by Botrytis cinerea is one of the most important pre-harvest and post-
harvest diseases on fresh-market tomatoes throughout the world. Synthetic fungicides provide 
the primary means for controlling post-harvest fungal decay of fruit and vegetables but 
continuous use of chemical treatments has faced two major obstacles: increasing public 
concern regarding contamination of perishables with fungicidal residues, and proliferation of 
resistance in the pathogen populations. The ultimate aim of recent research in this area has 
been the development of various alternative control strategies to reduce dependency on 
synthetic fungicides. 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 (Wilson and Wisniewski, 1994). Saprophytic fungi 
are particularly suitable for post-harvest use, proving to be highly effective in reducing the 
incidence of fungal pathogens (Janisiewicz and Korsten, 2002). In an attempt to achieve 
biocontrol of B. cinerea in tomato fruit under storage conditions, a total of 222 indigenous fungi 
were isolated from the phyllo/fructoplane of field-grown tomato plants at La Plata horticultural 
area (Buenos Aires Province, Argentina) during 2009 and 2010. These organisms were 
evaluated for antagonism towards B. cinerea in dual culture tests. Based on a criterion of >50 % 
suppression of Botrytis growth, 38 fungi were selected for further evaluation under storage 
conditions at 20 ºC for 7 days. Artificially wounded tomato fruits cv. Superman were inoculated 
by means of sterile discs of filter paper (5 mm diameter) imbibed in the aqueous suspensions (1 
x 108 spores mL-1) of an antagonist and placed onto each lesion. After two hours another filter 
paper disc soaked in the water suspension of B. cinerea (1 x 105 spores mL-1) was superposed 
on every biocontrol agent-paper disc. After 1-week, 7 isolates of Cladosporium cladosporioides, 
Trichoderma harzianum, Penicillium sp and Alternaria alternata were significantly effective in 
reducing the diameter of lesions by more than 50 % compared to the control treated with B. 
cinerea alone. The application of C. cladosporioides provided the best protection and reduced 
the lesion size by more than 91 % compared to that in control fruit. Our results demonstrate that 
the application of fungal saprophytes represents a promising and environmentally friendly 
alternative to fungicide treatments to control postharvest grey mould of tomato. 
 
Janisiewicz, W.; Korsten, L. 2002. Biological control of postharvest diseases of fruits. Annual Review of 
Phytopathology, 40: 411-441. 
Wilson, C.L.; Wisniewski, M.E. 1994. Biological Control of Post-Harvest Diseases: Theory and Practice. 
CRC Press, London. 



 
 

Disease Control 

  137 

PC9 
 
The structure of epiphytic and endophytic microbial communities 
colonizing the kernels of biologically and chemically protected winter 
wheat 
 
Wachowska, U.1; Stasiulewicz-Paluch, A.D.1; Irzykowski, W.2; Jędryczka, M.2 

 
1University of Warmia and Mazury, 10-720 Olsztyn, ul. Prawocheńskiego 17, Poland,  
e-mail: urszula.wachowska@uwm.edu.pl 

2Institute of Plant Genetics PAS, Poznan, Poland 
 
During the growing season, the kernels of winter wheat cv. Bogatka were protected chemically 
or biologically, with mixtures of isolates of the yeast-like fungus Aureobasidium pullulans and 
bacteria of the genus Pseudomonas. A microbiological analysis was performed immediately 
after harvest and after six months of grain storage. Endophytic and epiphytic microbial 
communities were dominated by bacteria of the genus Pseudomonas. The populations of the 
above microorganisms on the surface of wheat kernels were significantly more abundant 
following the application of the fungicides Bumper 250SC and Fandango 200EC or a double 
application of isolates of Pseudomonas bacteria, compared with the control treatment. The 
objective of this study was determination of the biological and chemical control measure effect 
on epiphytic and endophytic microbial communities colonizing the winter wheat kernels. 
Epiphytic bacteria of the genus Azotobacter did not respond significantly to the applied plant 
protection measures. Azotobacter colonies were not isolated from the inside of the kernels of 
wheat plants protected with yeast-like fungal isolates. The highest counts of Azotobacter 
bacteria were noted in the tissue of kernels protected with Alert 375 SC and Soprano 125SC. 
The abundance of yeast-like fungal communities increased over three-fold, compared with the 
control treatment, on the surface of kernels treated with a suspension of A. pullulans over the 
growing season. Significant differences between the studied communities were also observed 
after six months of grain storage. The community of endophytic filamentous fungi isolated from 
the kernels of plants protected with Alert 375 SC and Soprano 125SC was significantly less 
abundant than the community obtained from the kernels of unprotected plants. A RAPD 
analysis of the genetic diversity of A. pullulans demonstrated genetic variation among 
individuals within the population of this species. 
A double application of fungicides considerably reduced the total counts of epiphytic filamentous 
fungi, yet it had no significant inhibitory effect on their abundance inside wheat kernels. Eight 
species of the genus Fusarium (F. avenaceum, F. culmorum, F. equiseti, F. graminearum, F. 
poae, F. sporotrichoides, F. solani, F. tricinctum) were identified on the surface of kernels, and 
their abundance was determined primarily by the method and time of isolation. The most 
abundant community of Fusarium fungi was obtained from newly-harvested wheat grain in 
2010, after the microbes had been washed from the surface of kernels. Chemical control 
substantially inhibited the growth of epiphytic fungi of the genus Fusarium. After six months of 
grain storage, the population size of Fusarium fungi obtained by washing increased, and it was 
considerably more abundant in comparison with the community isolated from the kernels of 
plants treated with a suspension of yeast-like fungi. 
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The effect of biological and chemical treatment on the yield and health status of winter wheat 
cv. Bogatka was studied under field conditions in north-eastern Poland, in 2009 - 2010. Mixtures 
of Aureobasidium pullulans isolates and Pseudomonas bacteria, isolated from winter wheat 
grain, were used as biological control agents. The objective of this study was to determine the 
inhibitory activity of the biological control agents of winter wheat diseases.  
In 2009, the applied protective treatment had no significant effect on selected yield structure 
components. A yield increment of 3.6 % and 8.2 % noted after the application of a suspension 
of Aureobasidium pullulans isolates and the fungicides Alert 275 SC and Soprano 125 SC, 
respectively, was statistically non-significant, compared with unprotected plants. The incidence 
of septoria leaf spot (Septoria spp.) was particularly high in 2009 – 2010. During wheat grain 
ripening, the percentage of leaf area affected by the disease increased by 20 % per week on 
average. In 2010, at the milk-ripe stage of winter wheat, Alert 375 SC, Soprano 125 SC, 
Bumper 250 EC and Fandango 200 EC significantly inhibited the severity of septoria leaf spot. 
In both years of the study, the application of a suspension of Pseudomonas bacteria had an 
inhibitory effect on the growth of Septoria pathogens, yet the differences in the severity of 
septoria leaf spot between this treatment and the control treatment were statistically non-
significant. 
In 2009, at the milk-ripe stage of winter wheat, a double application of a suspension of 
Pseudomonas bacteria inconsiderably reduced the incidence of Fusarium head blight (Fusarium 
spp.). A suspension of A. pullulans had a weak inhibitory effect on the severity of black spot 
(Alternaria spp.), compared with the control treatment. The application of the fungicides Alert 
375 SC and Soprano 125 SC considerably inhibited the development of Fusarium head blight. 
Their effectiveness reached 47 %, in comparison with unprotected plants. In both years of the 
study, eyespot symptoms dominated on the stem bases of winter wheat (Oculimacula spp.). In 
2009, the rates of stem-base infections caused by Fusarium and Oculimacula fungi were 
significantly lower on plants protected with a suspension of Pseudomonas bacteria than on 
unprotected plants. In 2010, the intensity of eyespot on the stem-bases of winter wheat 
protected with Bumper 250 SC and Fandango 200 EC was significantly lower, compared with 
the control treatment. 



 
 

Disease Control 

  139 

PC11 
 
Cloning and phylogenetic analysis of chitinase genes from the 
antagonistic yeasts, Metschnikowia pulcherrima strain MACH1 and 
Metschnikowia fructicola strain AP47 
 
Zhang, D.P.; Spadaro, D.; Garibaldi, A.; Gullino, M.L. 
 
Centre of Competence for the Innovation in the Agro-environmental Sector, Università degli Studi di 
Torino, via L. da Vinci 44, I-10095 Grugliasco (TO), Italy, e-mail: dreamstar@gmail.com 
 
Production of hydrolases is one of the components of the mechanism of actions of some 
biocontrol agents. Two chitinase genes, designated as MpChi1 and MfChi1 genes, were 
respectively amplified from the genomic DNA of the antagonistic yeasts Metschnikowia 
pulcherrima strain MACH1 and Metschnikowia fructicola strain AP47 by using genomic walking 
and confirmed on the cDNAs. Sequencing and nucleotide analysis showed that there were no 
introns inside the two genes. For MpChi1, an open reading frame (ORF) of 1,080 bp encoding a 
359 amino acid protein with a calculated molecular weight of 40.2 kDa and a pI of 5.39 was 
characterized, while for MfChi1, an ORF of 1,098 bp encoding a 365 amino acid protein with a 
calculated molecular weight of 40.9 kDa and a predicted pI of 5.27 was characterized. MpChi1 
and MfChi1 showed extremely high level of sequence identity of 99 %. Moreover, prediction of 
the deduced amino sequences suggested that both two proteins are acetic proteins and shared 
a common 19 amino acid signal peptide (positions 1 to 19). Protein BLAST and phylogenetic 
analysis revealed that both proteins encoded by MpChi1 and MfChi1 belonged to the chitinases 
of family 18 glycosyl hydrolases (GH family 18). However, MpChi1 and MfChi1 showed a very 
low homology to other chitinases of GH family 18, and contained a completely different 3’ 
terminal region from other yeast chitinases. As far as we know, this is the first report on cloning 
and characterization of chitinase genes from the yeast species M. pulcherrima and M. fructicola. 
 
Zhang, D.; Spadaro, D.; Garibaldi, A.; Gullino, M.L. 2010. Selection and evaluation of new antagonists for 
their efficacy against postharvest brown rot of peaches. Postharvest Biology and Technology, 55: 174-181. 
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The yeast Pichia fermentans controls brown and grey rots on apple fruit caused by Monilinia 
spp. and Botrytis cinerea, respectively (Giobbe et al., 2007). The same strain, however, proved 
an aggressive pathogen when inoculated on peach fruit, causing rot of fruit tissues, even in the 
absence of other pathogenic fungi. In both cases P. fermentans forms biofilm on fruit surfaces, 
but this consists of yeast-like cells on apple and of pseudo-hyphae on peach fruit. This dual 
behaviour rises the problem of the biological risk associated to the utilization of yeasts as 
microbial antagonists in the biocontrol of phytopathogens. 
With the aim of identifying the genes differentially expressed by P. fermentans during 
pseudohyphal growth, rapid subtractive hybridization analysis (RaSH) was carried out on yeast-
like cells and pseudohyphae. These were obtained by seeding P. fermentans on apple and 
peach fruit, respectively. In addition to further elucidate the genetic mechanisms involved in 
dimorphic transition, P. fermentans was grown also on synthetic liquid Yeast Carbon Base 
containing either methionine or urea, two nitrogen sources able to induce and separate pseudo-
hyphal and yeast-like growth under controlled laboratory condition. 
Reverse Northern Blotting of the clones gave rise to twelve fragments which were more 
expressed by pseudohyphae than by yeast-like cells. Sequencing and BLAST analyses of these 
fragments led to the individuation of genes putatively involved in pseudohyphal growth. 
 
Giobbe, S.; Marceddu, S.; Scherm, B.; Zara, G.; Mazzarello, V.; Budroni, M.; Migheli, Q. 2007 FEMS Yeast 
Research, 7: 1389-1398. 
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Brown rot caused by Monilinia spp. is the most important postharvest disease on peaches. In 
Europe, postharvest chemical treatments of stone fruit are not allowed and the spray programs 
in the field are often inefficient to control brown rot after harvest on packinghouses or during 
commercialization. Therefore, the use of alternative methods, such as biological control are 
being strongly considered. Bacillus subtilis strains have been reported among the most 
promising candidates for biological control of a wide range of fungal soil-borne and postharvest 
pathogens worldwide. Biocontrol potential of B. subtilis strains is based upon their ability to 
produce a broad array of powerful antibiotic compounds. The aim of the present study was to 
elucidate the main mode of action of B. subtilis CPA-8, a strain with proven ability to control 
brown rot caused by Monilinia spp. on peaches. Cell free supernatants from liquid cultures of 
CPA-8 showed strong antifungal activity against M. laxa and M. fructicola similar to that 
previously observed for living cells. Identification by TLC of three lipopeptide antibiotics, 
fengycin, iturin and surfactin, in butanolic extracts from cell free supernatants, pointed out that 
antibiosis could be a major factor involved in biological control mechanism of CPA-8. TLC–
bioautography analysis showed that fractions corresponding to fengycins were responsible for 
the inhibitory activity of CPA-8 against M. laxa and M. fructicola. Those results were supported 
by mutagenesis analysis, targeted to suppress the synthesis of fengycin lipopetides in CPA-8. 
The CPA-8 transformants were first molecularly analyzed (PCR) to select single copy 
transformants. Second, TLC analysis was used to select defective mutants with lost or reduced 
ability to produce fengycins and to inhibit fungal growth of M. laxa and M. fructicola. Fruit trials 
with cell suspensions or cell free supernatants from CPA-8 wild type and mutants confirmed that 
fengycin-defective mutants had lost their ability to control brown rot disease. Fruit treated with 
CPA-8 fengycin-defective mutant cell suspensions showed decay rates similar to those 
observed in the untreated control, while treatments from CPA-8 wild type strain showed 
reductions up to 100 %, similar to Serenade (a commercial B. subtilis QST–713 product). 
Obtained data clearly demonstrated that fengycin lipopeptides play a main role in the biological 
control potential of B. subtilis CPA-8 against peach brown rot. 
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Soft rot of potato tubers caused by Pectobacterium is a serious disease affecting potato crops 
during storage. Actually, there are no efficient bactericides used to protect potato against 
Pectobacterium atrosepticum. Our previous work showed that six Moroccan Streptomyces 
strains exhibit an in vitro activity against P. carotovorum and P. atrosepticum. These strains 
were selected for their in vivo potential control on potato slices of desirée, Bintje, Yukon Gold, 
Russette and Norland cultivars. Among these, Streptomyces OE7 strain showed the highest 
percentage of inhibition toward Pectobacterium carotovorum (65-93 %) and Pectobacterium 
atrosepticum (66-94 %) for all tested cultivars. In the present study, potato tubers (Cv, Desirée) 
pretreated by secreted metabolites of the selected strains were inoculated with Pectobacterium 
atrosepticum and placed in hermetic chambers at 28 ºC and relative humidity was 60 %. After 
10 days the severity of soft rot was evaluated. The elicitor potential of the potential control agent 
OE7 strain was estimated by monitoring the enzymatic activities of phenylalanine ammonia-
lyase, peroxydase, polyphenoloxydase and catalase. The obtained results showed that 
Streptomyces OE7 strain induce natural defences in postharvest potato. The relationship 
between stimulation of the natural defence and the induced resistance to Pectobacterium will be 
discussed. 
 
This work was supported in part by the PRAD project N°07_07 and the ARR project of AUF N° 9092 
RR007. 
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Botrytis cinerea is the fungal pathogen responsible for grey mould and Botrytis bunch rot, an 
important disease of grapevine that causes important losses in vineyards and also during 
postharvest storage of table grapes worldwide. Chemical fungicide application has been 
regarded as the main strategy to disease control, but fungicide resistance by the pathogen and 
risks for human health resulting from residue persistence in products, have generated the 
necessity of alternative strategies to chemical fungicides. 
Candida sake CPA-1 is a yeast that has shown its effectiveness controlling main postharvest 
diseases of pome fruit including B. cinerea, and it has also demonstrated to be a potential 
biocontrol agent against Botrytis bunch rot of grapevine in previous field experiments. 
In the present study, efficacy of C. sake CPA-1, applied as the formulated product CANDIFRUIT 
with the additive FUNGICOVER used as a wetter agent, was evaluated in two consecutive 
growing seasons in Lleida area. During 2009 season, control level was compared with control 
achieved by other alternative control products: BOTRY-ZEN, based on biocontrol agent 
Ulocladium oudemansii and ARMOUR-ZEN, based on the plant defence elicitor chitosan. 
During 2010 growing season, field experiments tested efficacy of C. sake and FUNGICOVER 
combinations using different additive concentrations and application timings. Experimental field 
was an organic vineyard (cv. ‘Macabeu’) located in Riucorb Valley region in Lleida area. 
Incidence and severity of bunch rot were evaluated over 50 bunches per replicate at harvest 
time. 
All treatments significantly reduced Botrytis incidence and severity at harvest time in both 
seasons. Disease control achieved by treatments with C. sake CPA-1 and FUNGICOVER was 
not significantly different from control achieved by the other tested products, and treatments 
applying C. sake 5x107 and FUNGICOVER 50 g L-1 during the whole season achieved a 95 % 
control of crop loss in 2009 and 2010 seasons. Treatments applying the mixture only during 
early season were also effective, providing opportunities for developing treatments with a more 
acceptable cost and confirming the potential of this microorganism as a suitable strategy to 
control B. cinerea in vineyards. 
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The fungal pathogen Botrytis cinerea causes severe rots on tomato (Lycopersicon esculentum 
Mill.) fruit during storage and shelf life. Biological control of biotic postharvest diseases of stored 
food products is a logical area of research, because commodities such as fruits and vegetables 
can be a source of direct ingestion of fungicides (Roberts, 1990). Aiming at the development of 
new antagonistic yeasts active in controlling postharvest grey mould rot of tomato, several 
isolates were recovered from Solanaceae plants grown in horticultural ecosystems at La Plata 
area, northeast Buenos Aires, Argentina. Of 300 isolates screened for inhibition of B. cinerea 
using the dual culture technique on agar (PDA) plates, 20 yeasts showed the stronger inhibition 
of the pathogen mycelial growth. The final assay was carried out in vivo on cultivar Larga Vida 
tomato fruit. Puncture wounds in surface-disinfested fruits were treated by means of a simplified 
method of inoculation: small sterile discs of filter paper imbibed in the cell suspension of the 
antagonists or the pathogen spore suspension, were superposed onto each wound. Fourteen 
yeast strains were selected for their remarkable antagonistic activity against B. cinerea on 
tomato after one-week storage at 25 ºC. Rhodotorula rubra and Candida pelliculosa allowed the 
highest reduction of decay. Both isolates were significantly effective in reducing the diameter of 
fruit lesions by more than 60 % compared to the control treated with B. cinerea alone. Total 
protection was obtained with the strain 231 of R. rubra on fruits challenged with pathogen 
spores (Dal Bello et al., 2008). Yeasts are particularly suitable for post-harvest use, proving to 
be highly effective in reducing the incidence of fungal pathogens of tomato fruit. In addition, 
yeasts as biocontrol agents may be an environmentally friendly alternative to chemical control. 
 
Dal Bello, G.; Mónaco, C.; Rollán, M.C.; Lampugnani, G.; Arteta, N.; Abramoff, C.; Ronco, L.; Stocco, M. 
2008. Biocontrol of postharvest gray mold on tomato by yeasts. Journal of Phytopathology 
(Phytopathologische Zeitschrift), 156: 257-263. 
Roberts, R. 1990. Postharvest biological control of grey mould on apple by Cryptococcus laurentii. 
Phytopathology, 80: 526–530. 
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The potential of using essential oils (extracted from Pogostemon cablin, Mentha arvensis, 
Cymbopogon citratus, Ocimum basilicum var. Maria Bonita, Rosmarinus officinalis, Lippia 
sidoides, Zingiber officinale, Citrus aurantifolia, Piper aduncum and Ocimum basilicum) and 
fixed oils (extracted from Allium sativum, Copaifera langsdorffii, Eucalyptus spp. Azadirachta 
indica) to control of Penicillium digitatum on citrus fruits was evaluated in vivo and in vivo. 
Oranges of cultivar Pera were wounded with a sterile puncher in two opposite points in the fruit 
equatorial region, reaching the albedo. Wounds were then inoculated with 20 µL of a spore 
suspension (105 spores mL-1) of the pathogen. Inoculated fruits were then submerged for 1 min 
in oil suspensions with several concentrations (1, 10, 100, 1000, 10,000 or 100,000 µL L-1). The 
fruit treatments in oil submersion were performed 24 h prior inoculation, immediately after 
inoculation or 24 h later. Afterwards, all fruits were incubated at 25 ± 2 ºC and 85-90 % relative 
humidity and the disease progress was evaluated by measuring the lesions diameter six days 
after incubation. The effect of oils in prevent spore germination was evaluated by microscopy 
and mycelial growth inhibition was tested in PDA medium. In all studies, sterile water and the 
fungicide Tecto® were used as control and standard treatment, respectively. The oils at 10,000 
and 100,000 µL L-1 controlled green mold and inhibited spores germination and mycelial growth 
in similar levels as compared to the fungicide treatment. No significant differences were 
observed between the oil applications in different time points, 24 h prior or after and 
simultaneously to the pathogen inoculation. Treatment with oil in concentrations higher than 
10,000 µL L-1 caused rind damage and changed fruits flavour, which makes its implementation 
impractical in high concentrations. 
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The use of plant protection strategies based on natural products and plant extracts as an 
alternative to conventional pesticides is increasing. In the literature several data can be found 
about the effect of natural plant products on plant pathogens. On wounding garlic tissues 
produce the volatile sulfur-containing substance allicin, which has been shown to have high 
antimicrobial activity against a number of organisms. We tested the effectivity of garlic extract 
against wheat pathogens. In vitro screening shown the effectiveness of garlic extract against the 
leaf spot complex caused by Bipolaris sorokiniana, Drechslera tritici-repentis and Septoria tritici. 
Agar (PDA 2 %) was seeded with spores of the fungi and 20 µL of dilution of garlic extract 
containing 280-340 µg allicin was spotted onto 0.5 cm diameter filter discs. After incubation of 
the Petri dishes at 22 ºC for 2 days in continuous light halos of growth inhibition surrounding the 
site of garlic juice application were clearly observed compared to the untreated controls (water 
only). In a variation of the above test, a plug of mycelium of B. sorokiniana or Drechslera tritici-
repentis was inoculated centrally onto a Petri plate and radial mycelial growth was followed. 
Filter paper discs cointaining 20 µL of dilutions of garlic extract caused a reduction in the 
diameter of the fungal mycelium over a 6-day incubation period. The mycelium at the edge of 
the colonies showed altered growth morphology Garlic extract inhibited germination of conidia 
of all three fungi and at high concentrations caused conidia of B. sorokiniana to lyse. Atrophy 
and collapse of D. tritici-repentis hyphae were observed 24 h post-treatment. 
Thus, inhibition of mycelial growth, sporulation and germination of Bipolaris, Drechslera and 
Septoria species have been shown to be result from exposure to garlic juice in vitro. On the 
bases of our experimental results small scale experiments on living wheat plants and grain are 
in progress. 
 
The authors thank the Alexander von Humboldt Foundation, Bonn, Germany, for financial support. 
 
Slusarenko, A.; Patel, A.; Portz, D. 2008. Control of plant diseases by natural products. Allicin from garlic 
as a case study. European Journal of Plant Pathology, 121: 313-322. 
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Brown rot caused by Monilinia spp. is the main disease affecting peaches and nectarines. Fruit 
are infected basically in the field, but the disease development occurs generally during 
postharvest of fruit. In addition, there are not available chemical products authorized to be 
applied on postharvest of stone fruit in Spain. Previous studies showed the high effectiveness of 
the application of 300 ppm of peracetic acid (PAA) for brown rot control. In order to reduce PAA 
concentration, the effect of hot water combined with PAA was studied to control brown rot in 
peaches and nectarines artificially inoculated with M. fructicola or with natural Monilinia spp. 
inoculum. From preliminary studies, the combination of 40 ºC and 200 ppm of PAA was 
selected as an effective treatment to control brown rot without affecting fruit quality. This 
combined treatment was evaluated to control M. fructicola inoculated 0, 24, 48 or 72 h before 
and after treatment and for the control of different inoculum concentrations (103, 104, 105 and 
106 conidia mL-1). Complete control of disease development was achieved when peaches and 
nectarines were artificially inoculated 0 h before treatment. In addition, this treatment was also 
very effective in nectarines inoculated 24 h previously. But no brown rot control was observed in 
nectarine and peach fruit artificially inoculated after treatment. Brown rot incidence was 
significantly reduced in peaches and nectarines at all inoculum concentrations evaluated. The 
combined treatment was studied in naturally infected fruit where brown rot reduction ranged 
from 29 % and 44 % in ‘Roig d’Albesa’ and ‘Placido’ peaches, respectively. 
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Catalonia is an important producing area of fresh fruit. Currently, fruit protection is based 
primarily on the pesticide applications to control diseases and pests, with a number of fruit that 
have presence of residues. The social awareness of the negative effect of pesticides use to 
human health and environment, the EU regulation of maximum limits of residue on fruit and the 
drastically reduction of existing active substances have implied major difficulties for pest and 
disease control. 
For several years in Catalonia, from the Agriculture Department (DAAM), the Food and 
Agriculture Research Institute (IRTA), Universities and in general the fruit sector have been 
made many efforts to guarantee a fruit production that respects the environment and human 
health by developing techniques and alternative systems for plant and fruit protection which can 
reduce the number of treatments applied on the crops. However, in order to improve the 
transference of all these techniques to the end-users and increase the integration of all actors 
involved in the present project, Fruit.Net was generated. 
Fruit.Net describes the current status of each crop (apple, pear and peach) in relation to the 
existence of alternatives treatments to the pesticides in different levels: in research, validation 
and commercial market, being possible to highlight those diseases and pests which have a lack 
of alternative control strategies, and also detect those where its control is more problematic. 
This valuable information is the starting point to develop this project which takes into account a 
specific part of research, another of validation and also the commercial application. The 
alternative systems to the pesticides that already exist or those that will be developed in this 
project will be validated and integrated for its commercial application, always with the final 
objectives of optimizing the use of pesticides and residues minimization. 
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Aqueous, hexane and ethanol extracts from fresh materials of carob, juniper, manitoka, 
horehound, pelargonium and white rock-rose plants from flora of Eljabel Alakhdar area in Libya 
were screened for their efficiency to control of Penicillium rot on orange fruits and maintaining 
storage quality of fruits. Results showed that aqueous and hexane extracts were more effective 
in controlling fruit rot than ethanol extracts. Moreover, aqueous extract of carob and 
pelargonium, and hexane extract of pelargonium were the most effective in decreasing infection 
among all tested treatments. Pre-treatment of orange fruits with aqueous and hexane extracts 
of carob gave the highest content of total sugars and the lowest content of phenol compounds. 
Whereas, there were insignificant differences between treatments in their effects on pH and 
soluble solids content of orange fruits. It was concluded from the current study some of the 
tested plant extracts may contain active compounds for successful control of studied disease. 
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There are evidences that the controlled atmosphere has fungistatic effect on fruits such as 
bananas, tomatoes and strawberries. It is, however, unclear whether the effect is due to 
reduced respiration rate and ethylene production of fruit or whether it has some effect on the 
development of the pathogen. Therefore, the objective of this work was to verify the influence, in 
vitro, of controlled atmosphere on the three pathogenic fungi from guava fruit: Colletotrichum 
gloeosporioides, C. acutatum and Guignardia psidii. To determine the mycelial growth, one disc 
of the mycelium with 0.5 cm in diameter, from 7-day colonies, was transferred to the center of 
Petri dishes, containing Potato Dextrose Agar (PDA). Five dishes from each isolate were placed 
inside of plastic boxes and submitted to the following treatments under controlled atmosphere 
(CA) at 25 ºC: 0 % N2 + 100 % O2, 20 % N2 + 80 % O2, 40 % N2 + 60 % O2, 10 % CO2 + 90 % 
O2, 20 % CO2 + 80 % O2, 30 % CO2 + 70 % O2, 20 % N2O + 80 % O2, 40 % N2O + 60 % O2, 60 
% N2O + 40 % O2 and control (air flow). The dishes were held at these conditions for 96 h. The 
CA was achieved through a system of "flowboard”, a flow control unit with multiple outputs. After 
the storage period, the diameter of the colonies was determined. The effect of gases on 
mycelial growth of the isolates was determined using analysis of variance and mean 
comparison of data from two experiments by Tukey test (p≤0.05). For all isolates, mycelial 
growth was smaller in the treatment using the highest concentration of CO2 + O2. In this 
treatment there was a maximum reduction in mycelial growth for C. acutatum (56.4 %). In 
treatments using N2O + O2, the maximum inhibition of mycelial growth was observed for G. 
psidii, in treatment 60 % N2O + 40 % O2 (41.6 %). The treatments using N2 + O2 were effective 
only for G. psidii, with maximum reduction of 29.8 % in mycelial growth in the concentration 20 
% N2 + 80 % O2. After aeration, all treatments recovered the normal growth. 
 
Research developed with financial support of FAPESP. 
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Fresh summer truffles (Tuber aestivum) have a limited postharvest shelf life (~10 days) due to 
the loss of their turgid texture and to the development of a white superficial mycelium growth 
that negatively affects their appearance and their characteristic and appreciated aroma. Thus, 
the objective of this study was to evaluate the effects of gamma irradiation at different doses 
(0.5, 1.0, 1.5 and 2.5 kGy) on microbial populations (total mesophilic aerobes, Pseudomonas 
genus, Enterobacteriaceae family, lactic acid bacteria, yeasts, molds and mesophilic aerobic 
spores), mycelium development, weight loss and sensory characteristics of Tuber aestivum 
packaged under modified atmospheres with microperforated films. These parameters were 
determined immediately after treatment and weekly during 42 days of storage at 4 ºC. 
After irradiation total microbial load were reduced by 5.3, 5.5, 5.6 and 6.3 logarithmic units with 
the 0.5, 1.0, 1.5 and 2.5 kGy gamma radiation doses, respectively, and counts below the 
detection limit were detected for the rest of the microbial groups. The lowest microbial counts 
throughout storage were detected on truffles treated with 1.5 and 2.5 kGy doses. The weight 
loss of T. aestivum was low throughout storage, reaching 1.7-2.0 % at the end of the truffle shelf 
lives, and no residual effects of the irradiation treatments have been detected on the sensory 
characteristics of fresh summer truffles. However, mycelium growth was observed on day 28 on 
truffles irradiated with the lowest doses, 0.5 and 1.0 kGy, affecting their organoleptic properties, 
specially the aroma, and ending their shelf lives. Truffles irradiated with 1.5 and 2.5 kGy did not 
develop this mycelium growth so better preserved their sensory characteristics and their shelf 
lives were prolonged from 21 days (non-irradiated truffles) to 35 and 42 days, respectively. 
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Fresh black truffles (Tuber melanosporum) are highly perishable and have a very limited shelf-
life (~3 weeks) due to several factors such as being harvested at full maturity, their high 
microbial load, the common presence of larvae and the poor application of postharvest 
technologies. It has been observed that the most important problem in the postharvest 
conservation of fresh black truffles is the preservation of their organoleptic properties, especially 
their aroma which is affected by the development of a superficial mycelium growth (Rivera et al., 
2010). However, another problem of fresh truffles is the presence of parasitized carpophores. 
Thus, the application of ionizing radiation to these products could be an attractive methodology 
because its efficacy is not limited to the surface. It can penetrate the product and eliminate 
microorganisms present in crevices and creases, as well as internal larvae of insects. 
The effects of electron-beam or gamma-irradiation (doses of 1.5 kGy and 2.5 kGy of either one) 
on the microbial populations and sensory characteristics of T. melanosporum packaged under 
modified atmospheres were monitored immediately after treatment, and subsequently every 
seven days during 35 days of storage at 4 ºC. Treatments with 1.5 and 2.5 kGy reduced the 
total mesophilic aerobes counts respectively by 4.3 and 5.6 log CFU g-1 for electron-beam 
treatment, and by 6.4 and 6.6. log CFU g-1 for gamma irradiation. Other microbial groups 
studied (Pseudomonas genus, Enterobacteriaceae family, lactic acid bacteria, mesophilic 
aerobic spores, molds and yeasts) were not detected after the treatments. Two species of 
yeasts, Candida sake and Candida membranifaciens var. santamariae, survived the irradiation 
treatments and became the dominant microbial populations with counts of up to 7.0 log CFU g-1. 
The growth of these microorganisms was visible on the surface of irradiated truffles from day 21 
onwards, affecting the flavour and the general acceptability of the ascocarps. Moreover, a 
watery exudate was detected in the treated truffles from the third week onwards, so the 
application of irradiation treatments in doses equal to or above 1.5 kGy did not preserve the 
quality characteristics of T. melanosporum truffles. 
 
Rivera, C.S.; Blanco, D.; Salvador, M.L.; Venturini, M.E. 2010. Shelf life extension of fresh Tuber aestivum 
and Tuber melanosporum truffles by modified atmosphere packaging with microperforated film. Journal of 
Food Science, 45: 225-233. 
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The Brazil ranks first in world production of citrus and is located in Sao Paulo the largest park of 
citrus country. Most of the Brazilian citrus production is geared to meet the market production of 
juice, and fruit production table is small compared with the juice. However, in recent years 
highlights the growing demand for the production of fruits for fresh consumption, both to serve 
the internal market and for export. The post-harvest citrus fruit is prevented mainly by the onset 
of physiological changes and the incidence of pathogens, which depreciate the commercial 
value of products and are the major causes of economic loss. Aiming to maintain the 
postharvest quality of citrus, this study sought to verify the effectiveness of using gamma 
irradiation (Co60) alone and combined with heat treatment to control the development of fungal 
diseases on postharvest citrus as a methodology to systems maintenance of fruit quality and 
environmental preservation, and compare the results with those of conventional fungicide 
application. We studied the cultivar Pera subject to the following irradiation doses: 0.25, 0.50, 
0.75, 1.0 and 1.5 kGy, and isolation associated with thermal heating for two minutes at 52 ºC. 
As a control we used fruits without any treatment. The fruits, after treatments of irradiation and 
heat plus radiation, were kept in cold storage at 10 ºC and 90 % U.R. To evaluate the efficiency 
in controlling pathological and compare with the results of treatments with radiation separately 
and/or with heating, chemical treatments have also been made using imazalil and 
orthophenylphenol for the control of Penicillium digitatum, Geotrichum candidum, Phomopsis 
citri and Guignardia citricarpa. Evaluations were also performed physicochemical: amount of 
juice, soluble solids, acidity, °Brix, ratio, fructose, sucrose, glucose, pectin, texture, weight loss, 
skin colour and taste test. The experimental model used was randomized blocks in factorial 
design. The results showed that the thermal treatment associated with low doses irradiation 
promotes good control of pathogens without interfering with the physical and chemical 
characteristics of fruits. 
 
This research was conducted with financial support from the National Council for Scientific and 
Technological Development (CNPq). 
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Brown rot caused by the fungi Monilinia laxa, M. fructigena and M. fructicola is economically the 
most important pathology of peaches, apricots and nectarines. In Aragon, M. laxa is the 
responsible for the brown rot of apricots. The infection occurs preharvest and lead to significant 
postharvest losses to increase as the fruit ripens. The impossibility of application of postharvest 
fungicides in stone fruits makes necessary the development of alternative methods for 
traditional control practices. Thus, the aim of this work were to evaluate the effectiveness of 
using ultraviolet C-light and radiant catalytic ionizing (RCITM) treatments to mitigate fungal 
infection during postharvest storage of apricots. ‘Moniqui’ and ‘Fantasme’ apricots were placed 
in a single layer fruit boxes, wounded (2 mm wide and 2 mm long) twice per fruit, inoculated by 
pipetting a conidia suspension of M. laxa (15 µL of 108 CFU mL-1) and placed inside a biosafety 
cabinet at ambient temperature for 60 min. One batch of fruits (50 units) were subjected to the 
ultraviolet- C radiation (254 nm) treatment for 10 min (5.88 Kj m-2) in a closed container 
equipped with two banks each with unfiltered germicidal emitting lamps (Osram Sylvania, 
Westfield, IN). Then, fruits were incubated at 20 ºC and 90 % RH for five days. Another batch of 
inoculated fruits (50 units) was placed into a chamber equipped with a RCITM air purifier system 
and incubated at 20 ºC and 90 % RH for five days. After incubation, the number of infected 
wounds was recorded and expressed as the incidence of brown rot control (percentage). Our 
results indicate that UV-C radiation efficacy to control brown rot caused by M. laxa was lower as 
the percentage of infected wounds was of 50 % and 41 % for ‘Moniqui’ and ‘Fantasme’ apricots, 
respectively. However, the incidence of brown rot in RCITM treated fruits was very low with only 
6 % and 7 % of the wounds infected. These results subjected that the RCITM system could be an 
interesting technology to reduce the development of brown rot during the postharvest storage of 
apricots.  



 
 

Disease Control 

  155 

PC27 
 
Effects of calcium chloride on Botrytis cinerea isolates obtained from 
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Botrytis cinerea invades injured plant tissues causing Botrytis blight in most ornamental plants 
and is commonly found in harvested fruits, vegetables and flowers causing grey mould (Botrytis 
rot). Relatively little postharvest handling research has been done on flowering potted plants 
and the problem of Botrytis infection is aggravated by latent infections that are symptomless at 
harvest, but become apparent during storage and transport. Calcium applications are used for 
enhancing the natural resistance of fruits and vegetables to pathogens because of they 
increase the calcium content of the various plant organs and their effects protecting plant 
tissues against B. cinerea have been proved. Moreover, CaCl2 applications to this fungus 
reduce germ-tube length, conidial germination and can have some effects on mycelial growth, 
depending on the isolate. 
In the present work, several B. cinerea isolates from flowering potted plants (Pelargonium x 
hortorum, Lantana camara, Lonicera japonica, Hydrangea macrophylla, and Cyclamen 
persicum) affected by Botrytis blight in Southeast Spain were studied under CaCl2 in vitro 
applications. The isolates showed phenotypic differences between them, as previously reported 
by the authors (Martínez et al., 2008). Mycelial growth curves and growth rates assessed from 
difference in colony areas during the linear phase, conidiation (measured as number of conidia 
per dish and time of appearance), mass of both aerial and submerged mycelium, and sclerotia 
production (number/dish) were evaluated in the isolates, which were grown at 26 ºC on Petri 
dishes containing PDA for up to 36 days. CaCl2 increased mycelial growth of isolate from H. 
macrophylla, from 15 cm2 day-1 (0 g L-1) to 18 cm2 day-1 (16 g L-1) and delayed it in isolates from 
L. camara and L. japonica. 16 g L-1 of CaCl2 increased the aerial mycelium in P. x hortorum and 
the mass of submerged mycelium in H. macrophylla, but not in L. japonica. Conidiation was 
delayed with CaCl2, especially in isolates from C. persicum (4-fold lower than control). Finally, 
calcium reduced sclerotia production in isolate from H. macrophylla. This variability should be 
considered in order to use calcium to prevent postharvest attacks during transport of potted 
plants. 
 
This research was supported by Consejería de Agricultura y Agua de la Región de Murcia, program 
(UPCT-CEBAS-IMIDA 2008).  
 
Martínez, J.A.; Valdés, R.; Vicente, M.J.; Bañón, S. 2008. Phenotypical differences among B. cinerea 
isolates from ornamental plants. Communications in Agricultural and Applied Biological Sciences, 
73(2):121-129. 
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Fusarium proliferatum has been recently reported on garlic in Spain, causing water-soaked tan 
lesions on cloves of stored bulbs (Palmero et al., 2010). Two different fungicides commonly 
used as pre-treatments were evaluated in a field trial to determine its effectiveness in controlling 
the disease: Prochloraz (Prelude) and Pyraclostrobin + Boscalid (Signum) sowed in 3 lines plots 
(with 50 plants each and 2 rep.). Soil and plant samples were conducted in two stages of the 
garlic production cycle. 
Subsequently, samples of 50 harvest bulbs of each of the studied plots were labeled and stored 
until two months after harvest (early September). The presence of the pathogen and the 
symptomatic cloves percentage were evaluated. Subsamples of 25 bulbs of each were 
individually covered with aluminum foil and stored in a climatic chamber at 20 ºC. The progress 
of the rot was evaluated after one and two months. 
Pathogenicity greenhouse tests were also conducted for two different garlic varieties with 2 
different isolates. Garlic cloves, previously treated with Prelude according to the manufacturer, 
were soaked in the conidial suspensions of each F. proliferatum isolate for 24 h and then 
planted in flats containing soil previously inoculated with the same isolate. Plants were 
maintained in a temperature and light-controlled greenhouse (12 h/12 h light/dark; 25/21 ºC) for 
three weeks and a disease severity index (DSI) was calculated. 
Soil analysis showed the low presence of the fungus in the soil during the cultivation period, 
however, plant analysis conducted in May and June have established that the fungus is present 
in plants throughout the growing season. Previous studies have concluded that the application 
of fungicides (fludioxonil, benomyl and thiophanate methyl) do not control F. proliferatum 
(Dugan et al., 2007), especially under high disease levels conditions. Experimental results show 
that the fight against this disease does not concern exclusively the use of fungicide treatments 
on pre-planting. In vitro studies are currently underway in our lab to evaluate the effectiveness 
of 8 different fungicides. 
 
Palmero, D.; De Cara, M.; Iglesias, C.; Moreno, M.M.; González, N.; Tello, J.C. 2010. First Report of 
Fusarium proliferatum Causing Rot of Garlic Bulbs in Spain. Plant Disease, 94: 277. 
Dugan, F.M.; Hellier, B.C.; Lupien, S.L. 2007. Pathogenic fungi in garlic seed cloves from the United 
States and China, and efficacy of fungicides against pathogens in garlic germplasm in Washigton State. 
Journal Phytopathology, 155: 437-445. 
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Borage (Borago officinalis) is a very popular vegetable in the Ebro Valley (Spain) due to its 
gastronomic and nutritional qualities. The loss of turgor and the microbial growth are factors that 
cause the rapid loss of its organoleptic properties. Currently, borage is commercially available 
slightly processed: cut and packaged in expanded polystyrene trays covered with stretch PVC 
films and stored at refrigeration temperature. In this situation, the application of a 
decontamination treatment followed by packaging in modified atmospheres (MAP) can be 
advantageous to extend the shelf life and to improve the quality of the product. This work 
studied the effects of a decontamination treatment and modified atmosphere packaging on the 
shelf life of borage stems. Borage stems were washed with a solution of sodium hypochlorite 
(100 ppm free chlorine) for 5 min. Treated stems were then subjected to microbiological 
analysis to determine the logarithmic reductions achieved by the decontamination procedure. 
Then, stems were packaged in three active MAP conditions with initial gas compositions of 5 % 
O2 5 % CO2 90 % N2 (MAP 1), 5 % O2 0 % CO2 90 % N2 (MAP 2), 1 % O2 10 % CO2 89 % N2 
(MAP 3) and in a passive MAP (air as initial gas composition). Control samples consisted in: a) 
decontaminated borage packaged in expanded polystyrene trays covered with stretch PVC 
films and b) unpackaged and non-decontaminated stems. All batches were stored at 4 ºC. 
Physicochemical (pH, titratable acidity and weight loss), microbiological (mesophilic aerobic 
microorganisms and Pseudomonas genus) and sensorial analyses were carried out on day 0 
and subsequently every three days until the end of the shelf life. The decontamination step 
reduced the initial pseudomonad populations (6.0 log CFU g-1) by 1.5 logarithmic units. Shelf life 
of unwashed and unpackaged control samples ended at day 5 due to the weight loss (20 %) 
that results in a low turgor and to the microbial growth (up to 7 log CFU g-1) that affect the 
aroma and the visual quality. Control washed samples also experimented a high percentage of 
weight loss (10 %) that made the stems unmarketable on day 9. Samples in active MAP (1 and 
2) maintained their quality until day 12, but total mesophilic aerobic microorganism counts were 
slightly higher than 6 logarithmic units. Only the atmosphere conditions of MAP 3, where the 
percentage of CO2 achieved 10 %, decreased the pseudomonad and mesophilic aerobic growth 
rates and preserved the quality and microbiological parameters until day 15. 
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The mechanism of postharvest heat treatments for control of decay is being considered as 
direct pathogen inhibition and induced host resistance. The efficiency of hot water dips at 50 ºC 
for 10 min on control of blue mould of apples (cv. Fuji) was compared by measuring lesion 
diameter of fruits pre- and post-inoculated with Penicillium expansum. The results showed that 
the treatment significantly reduced lesion diameter of fruits pre-inoculated for 4 h. The spores 
germination and hypha growth were markedly inhibited in vitro. However, the lesion diameter 
was slightly decreased in treated fruit post-inoculation for 24 h. The treatment enhanced activity 
of polyphenoloxidase, peroxidise and phenylalanine ammonia-lyase in fruit, and resulted in an 
accumulation of total phenolic, flavanoid and lignin. It is suggested that heat treatments resulted 
a more effective in inhibiting directly pathogen than induced resistance for control blue mould of 
apples. 
 
Schirra, M.; D'hallewin, G.; Ben-Yehoshua, S.; Fallik, E. 2000. Host–pathogen interactions modulated by 
heat treatment. Postharvest Biology and Technology, 21: 71-85. 
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The contamination of food commodities by mycotoxins (aflatoxins, ochratoxin A, Fusarium 
toxins) health hazardous and carcinogenic secondary metabolites produced by different fungi 
(Aspergillus flavus, A. carbonarius, Fusarium verticillioides), has to be closely controlled to 
safeguard human and animal health. The strategies applied to achieve this aim often induce 
environmental pollution and are toxic for the end users. Some basidiomycetes are known for 
their healthy effects on animals and human (Hobbs, 2000). The semi-purified exo-
polysaccharides and secreted glycoproteins from this mushrooms demonstrated the ability to 
inhibit, at the same time, the biosynthesis of different mycotoxins (aflatoxins, ochratoxin A, 
Fusarium toxins). Here we present the studies regarding the mechanism of action by which 
these natural compounds inhibit the toxin synthesis (Slaven et al., 2007). The exo-
polysaccharidic component secreted Trametes versicolor was analysed by chromatographic 
separation techniques (Sephacryl S-300), 1H- and 13C-NMR analysis, two-dimensional HSQC 
and COSY analysis showing the presence of highly complexed α-glucans, with a MW of 
~50KDa. It can be hypothesised that these fungal polysaccharides can act as non-self signals 
which are able to modulate secondary metabolism in mycotoxigenic fungi. The results obtained 
are promising in view to apply a more environmental friendly strategy in order to achieve an 
improved control of different toxins which often are present at the same time in foods and feeds. 
 
This work has been sponsored by the EC through the large consortium FP7 project “Mycored”. 
 
Hobbs, C. 2000 Medicinal mushrooms, an exploration of tradition, healing and culture. M. Miovic (ed.) 
Interweave press inc. Loveland. pp 251. 
Zjalic, S.; Reverberi, M.; Ricelli, A.; Granito, V.M.; Fanelli, C.; Fabbri, A.A. 2005. Trametes versicolor: a 
possible tool for aflatoxin control. International Journal of Food Microbiology, 107: 243-249. 
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Aspergillus flavus is a ubiquitous, opportunistic fungus that produces aflatoxins known as potent 
carcinogenic natural compounds. This fungus infects a number of important crop plants including 
peanuts, corn, cotton, tree nuts, etc. Aflatoxins belong to a polyketide group of fungal metabolites. 
Trichothecenes are a group of highly toxic metabolites of terpenoid structure, which are produced by 
some fungi, mainly by Fusaria. These mycotoxins are related to worldwide problems caused by the 
contamination of agricultural crops, animal feeds and human foods by the producer fungi. 
Contamination of cereal or other crops with mycotoxins can increase during postharvest period if 
they are storing under wet conditions. Both aflatoxins and trichothecenes are chemically stable 
compounds. One of the possible ways of detoxification of contaminated crops that is treatment with a 
high pressure and high temperatures has obvious limitations. 
Since commercial fungicides used against toxin-producing fungi are not always effective, we 
investigate alternative possibilities of pre- and post-harvest mycotoxin contaminations, in particular, 
specific inhibition of toxin production by analogues of natural amino acids. It was previously shown in 
our publication that 1-aminoethylphosphinic acid specifically inhibited biosynthesis of polyketide 
phytotoxin pyriculol in Magnaporthe grisea (Khomutov et al., 1987). Similar inhibitory activity was 
found in phosphinic analogues of aspartic acid and β-substituted alanine. The present work was 
focused on studying the influence of phosphinic analogues of amino acids on production of terpenoid 
and polyketide mycotoxins synthesized by Fusarium sporotrichiella as well as A. flavus and F. 
graminearum, respectively. Toxin-producing strains of the fungi were grown on autoclaved rice grain. 
Phosphinic analogues of three amino acids were synthesized according to methods described in our 
publication previously (Zhukov et al., 2004). The analogues of alanine -CH3CH(NH2)P(O)(OH)H, 
aspartic acid -HOC(O)CH2CH(NH2)P(O)(OH)H and leucine -(CH3)2CHCH2CH(NH2)P(O)(OH)H at a 
concentration 0.1 % suppressed generation of polyketide mycotoxins, zearalenone and aflatoxin B1, 
in F. graminearum and A. flavus, respectively. These analogues slightly affected the terpenoid T2 
toxin biosynthesis in F. sporotrichiella. At the same time, the alanine analogue doubled 
desoxynivalenol production in F. sporotrichiella as compared to control. Exposure of the fungus to 
the aspartic acid and leucine analogues resulted in 5-fold increase of desoxynivalenol production. It 
is the first report about stimulatory action of aminoalkylphosphinates on the biosynthesis of 
trichothecene mycotoxins in Fusarium fungi. In addition, obtained results showed that compounds, 
which were effective inhibitors of polyketide mycotoxin biosynthesis, could significantly stimulate 
trichothecene mycotoxin production. 
 
Khomutov, R.; Khurs, E.; Dzhavakhiya, V.; Voinova, T.; Ermolinski, B. 1987. 1-Aminoethylphosphonic acid – a 
new inhibitor of poliketid biosynthesis pathway of natural compounds. Bioorganicheskaya khimiya. (Russian), 13: 
1422-1424. 
Zhukov, Yu.; Vavilova, N.; Osipova, T.; Voinova, T.; Khurs, E.; Dzhavakhiya, V.; Khomutov, R. 2004. 
Aminoalkilphosphinates – new effective inhibitors of melaninogenesis and fungicides. Doklady Akademii Nauk. 
(Russian), 398: 696-698. 
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Fusarium graminearum, the causal agent of fusarium head blight disease (wheat scab), can 
cause substantial losses in yield and grain quality, particularly through mycotoxin contamination. 
The most frequent mycotoxins produced by F. graminearum in cereals are the trichothecenes 
deoxinivalenol (DON), nivalenol (NIV), diacetoxyscirpenol (DAS), T-2 and HT-2 toxins, and the 
mycotoxin zearalenone (ZEA), which can cause severe toxicities in humans and livestock. The 
prevention of mycotoxin contamination of cereals is one of the top priorities in human and 
animal safety. While several pre- or post-harvest techniques have been evaluated for the 
control of mycotoxigenic fungal species, chemical control remains the main measure to reduce 
the incidence of mycotoxin contamination in most crops. The main objectives of the present 
study were to evaluate the effectiveness of sterol biosynthesis inhibiting fungicides on growth 
and mycotoxins production of F. graminearum, and further to assess the impact of resistance to 
sterol biosynthesis inhibitors on fungal mycotoxigenic ability and ecological fitness 
characteristics. Laboratory mutant strains of F. graminearum resistant to prochloraz (Rf: 10-30, 
based on EC50 values) were isolated at a high mutation frequency after UV-mutagenesis and 
selection on fungicide-amended medium. Cross resistance studies with other fungicides 
showed that the mutation(s) for resistance to prochloraz also reduced the sensitivity of mutant 
strains to other C-14 demethylase inhibiting fungicides (DMIs), such as the triazoles flusilazole, 
difenoconazole and epoxiconazole and to the imidazole imazalil, but not to fungicides affecting 
other steps of the sterol biosynthesis (e.g. morpholines and hydroxyanilidines) or other cellular 
pathways. Study of fitness determining parameters showed that the mutation(s) for resistance to 
prochloraz did not affect the mycelial growth rate, but may or may not affect the sporulation, 
conidial germination and pathogenicity on wheat and maize seeds. Analysis of mycotoxins 
production (DON, ZEA) by the wild-type and mutant strains showed that most highly resistant 
strains produced deoxynivalenol and zearalenone at concentrations markedly higher that the 
wild-type parent strain. A considerable reduction in the mycotoxin production was observed in 
the remaining mutant strains. A correlation between mycotoxins production and 
phytopathogenic fitness parameters was found in in vivo tests with artificially inoculated wheat 
and maize seeds. The data of the present study indicate, for the first time, the potential risk of 
increased mycotoxins contamination of cereals after intensive use of DMI fungicides. 
 
Markoglou, A.N.; Vitoratos, A.G.; Doukas, E.G.; Ziogas, B.N. 2009. Phytopathogenic and mycotoxigenic 
characterization of laboratory mutant strains of Fusarium verticillioides resistant to demethylation inhibiting 
fungicides. DPG-BCPC 3rd International Symposium-Plant Protection and Plant Health in Europe, Berlin, 
Germany. 
Markoglou, A.N.; Doukas, E.G.; Ziogas, B.N. 2008. Phenylpyrrole-resistance and aflatoxin production in 
Aspergillus parasiticus Speare. International Journal of Food Microbiology, 127: 268-275. 
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Ozone is a strong naturally-occurring oxidizing and sterilizing agent. Its ability to kill micro-
organisms by oxidation of cell membranes makes it an ideal post-harvest treatment option. 
Ozone was declared to be generally recognized as safe for food contact applications (Graham 
et al., 1997). Trials were carried out to assess whether ozone can reduce table grape decay. 
Table grapes cv. Italia and Red Globe were packaged in plastic boxes covered or not with 
plastic bags, in the presence or not of sulfur dioxide generating pads. Table grapes were stored 
in chambers at 1 ºC and submitted to ozone exposure for a proper duration; the same 
packages, not exposed to ozone, were used as control. The number of colony forming units 
(cfus) of fungi, yeasts and bacteria on the berries surface was evaluated by using a selective 
medium, and the incidence of natural decay was assessed by applying McKinney index after 3 
days storage. The results show a significant rot reduction in grapes treated with ozone and 
stored without plastic bags and without sulfur dioxide generating pads. Ozone treatment was 
more effective in cv. Red Globe than in cv. Italia. The application of the appropriate dose for a 
sufficient period of time can effectively reduce post-harvest losses and allow a longer shelf-life 
and storage duration. 
 
Graham, D.M.; Pariza, M.; Glaze, W.H.; Newell, G.M.; Erdman, J.W.; Borzellecea, J.F. 1997. Use of ozone 
for food preservation. Food Technology, 51: 72-76. 
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The extensive and repeated use of imazalil (IZ) in Uruguayan citrus packinghouses caused an 
increase in P. digitatum IZ resistant strains. With the aim of developing new alternatives for 
postharvest management of the pathogen, the baseline sensitivity and efficiency on pathogen 
control was evaluated for fludioxonil (FLU) and pyrimethanil (PYR). Baseline sensitivity was 
tested in 50 isolates representative for field and packinghouses Uruguayan pathogen 
population. Baseline sensitivity study was done by LD50, with serial fungicides dilutions in PDA 
growing medium (Holmes and Eckert, 1999). LD50 was calculated using probit test. For control 
assessment, tangor Ellendale fruits were inoculated with P. digitatum, previously characterized 
as IZ sensitive (R-22) and resistant (R-20) isolates, using Eckert and Brown (1986) 
methodology. Treatments were applied at label recommended dose (500 mg L-1) by 15 s 
immersion treatment, leaving fruit for 15 days at 20 ± 2 ºC and 90 % RH, when incidence was 
evaluated. IZ treatment (as commercial control) was applied in the same conditions at 500 mg L-

1. Baseline values for FLU sensitivity were 0.013 mg L-1 with minimum and maximum values of 
0.011 mg L-1 and 0.017 mg L-1, respectively. However, for PYR, average was 0.167 mg L-1, with 
extremes of 0.116 mg L-1 and 0.206 mg L-1. Pathogen control (R20 and R-22) obtained with 500 
mg L-1 PYR and FLU 15 s immersion treatments achieved an important reduction on both 
sensitive and resistant isolates incidence (Tukey p≤0.05), reaching reductions of 83 % to PYR 
and 74 % to FLU against the control. However, for sensitive isolate, IZ reached the highest 
pathogen control (0 % incidence), being followed by PYR and afterwards by FLU (Tukey p≤ 
0.05). For resistant isolate IZ treatment was not effective (56 % of incidence), although it was 
effectively controlled by even FLU or PYR at the label dose tested, without any difference 
between them (Tukey p≤ 0.05). Based on results we can conclude that it is possible to develop 
an alternative postharvest management for P. digitatum resistant and sensitive isolates present 
on Uruguayan packinghouses, based on the combination of FLU and PYR applied at label 
recommended dose. 
 
Eckert, J.W. 1986. Evaluation of postharvest fungicide treatments for citrus fruits. In Methods for 
evaluating pesticides for control of plant pathogens. Kenneth and Mickey Eds. APS Press St. Paul. Pp 92-
96. 
Holmes, G.J.; Eckert, J.W. 1999. Sensitivity of Penicillium digitatum and P. italicum to postharvest citrus 
fungicides in California. Phytopathology, 89: 716-721. 
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Moldy core and core rot are very common diseases in Red Delicious apples. Alternaria spp. is 
the main pathogen involved, colonizing different flower and fruit organs of Red Delicious apples 
very early in the season. In young fruits, the core region presents high percentages of Alternaria 
spp. contamination. Once inside the fruit, the fungus is protected against contact fungicides and 
the conditions for the pathogen growth are excellent. The present work was carried out in the 
Río Negro Valley of Northern Patagonia in Argentina. Apple production is the main economic 
activity and Red Delicious variety represent the 60 % of the regional apple production. Different 
experiments were conducted in order to achieve field control with fungicides, but at the moment 
the results were not satisfactory. The objective of this research was to evaluate several 
strategies of Alternaria control in the field. The effect of Lime Sulphur, Trifloxystrobin and 
Tebuconazol were evaluated as moldy core or core rot control in Red Delicious apples. 
Treatments were: 1. Three applications of lime sulphur (one at leaf fall in autumn -5 % v/v-, one 
at B stage of Fleckinger scale -5 % v/v- and one at D stage of Fleckinger scale -3 % v/v-); 2. 
Three applications of lime sulphur (same stage as treatment 1) plus two applications of 
trifloxystrobin (15 g 100 L-1) at pink bud and petal fall; 3. Three applications of lime sulphur 
(same stage as treatment 1) plus two applications of a formulated combination of trifloxystrobin 
+ tebuconazol (20 g 100 L-1) at pink bud and petal-fall; 4. Control (no fungicide applications). 
Alternaria field inocula and disease symptoms at harvest time were evaluated. The highest level 
of contamination with Alternaria spp. was observed in control treatment (33 conidia g-1). Lime 
sulphur + trifloxystrobin; Lime sulphur + trifloxystrobin + tebuconazol or lime sulphur alone had a 
reduction of about 40 %, of 55 %, and of 45 % respectively. The fungicide treatments reduced 
the conidias present in the field around 50 % and increase the proportion of healthy fruits at 
harvest by 21 % compared to the control. Significant differences were detected only between 
control and fungicide treatments, but no differences were found among them. We could 
conclude that the main control of the studies strategies was consequence of lime sulphur 
treatment. Trifloxystrobin and tebuconazol do not improve the conidia reduction or healthy fruit 
presence at harvest. 
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Blue mould (Penicillium expansum) and grey mould (Botrytis cinerea) are the main postharvest 
diseases of apples in Chile. Thiabendazole has been utilized for many years in the control of 
these diseases; nevertheless resistant strains of both pathogens have been found. Strains of 
P. expansum and B. cinerea isolated from apples were tested in vitro for sensitivity to the 
natural fungicides BC-1000®, Biorend® SC and Lonlife Plus® SC, and to the fungicides 
fludioxonil (Scholar® 50 WP) and thiabendazol (Tecto® 500 SC). Additionally, Fuji apples were 
drenched with the commercial dose of each fungicide and wound inoculated before or after 
fungicide treatment, with both pathogens in separated trials. The fruit was cold stored at 0 ºC for 
40 days and evaluated for rot development. Some B. cinerea strains were resistant to 
thiabendazole, while most of the P. expansum strains were resistant to the fungicide. 
Fludioxonil, Biorend® SC and Lonlife Plus® SC gave the best in vitro control of thiabendazole 
sensitive and resistant isolates, of both pathogens. Nevertheless, fludioxonil and Lonlife Plus® 
SC were the best fungicides reducing both diseases in Fuji apples. Thiabendazole was effective 
only on sensitive strains of P. expansum and B. cinerea. 
 
Cyted Project (06PI0302) 
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Blueberries are relatively new crop for Latvia, but the area of blueberry plantings continually 
increases. The diseases have been observed in plantations, but no determination of the causal 
agents has been performed so far. The objective of this study was to determine the most 
widespread berry rot causal agents during storage and the effect of fungicide treatment on 
disease intensity. The research is based on the field study, conducted in Jelgava district, Latvia 
in 2010. Four treatments with four replications (untreated; treated with Champion once (Cu 
hydroxide 77 %) 3.0 kg ha-1 at the beginning of blooming; with Signum twice (boscalid 26.7 %, 
pyraclostrobin 6.7 %) 2 × 1.0 kg ha-1 in early terms, at first flowers and full flowering; treated 
with Signum twice – 2 × 1.0 kg ha-1 in late terms, at full flowering, and at the end of flowering) 
were made in blueberry plantation, in wetland. Berries were harvested twice during the harvest 
period with an interval of 10 days, 3200 berries in total. The collected berries were stored at 9 
ºC for 20 days, and were controlled for a rot after 3, 7, 10, 15 and 20 days. From the visually 
damaged berries fungi were isolated directly on the isolation plates and identified by comparing 
morphological characteristics from descriptions in the literature. 
In the first harvest the main causal agent of a berry rot was grey mold caused by Botrytis 
cinerea De Bary, it appeared on the seventh day of storage. Alternaria spp. and some 
secondary fungus were observed on berries as well. Some berries were infected with 
phomopsis rot, causal agent Phomopsis vaccini Shear. The incidence of grey mold on berries 
from untreated plots was 1.1 %, in treatments with Signum in early terms and Signum in late 
terms was accordingly 0.7 % and 0.4 %, but the treatment with Champion was without signs of 
damage. After 20 days of storage the incidence of grey mold in untreated plots, treated with 
Champion, Signum in early terms, Signum in late terms were accordingly 32 %, 25.4 %, 17.7 % 
and 15.5 %. After the end of the first storage the total amount of unmarketable berries: 53 % – 
from untreated plots, 33 % from plots treated with Signum in early terms, 32 % – Signum in late 
terms, and 39 % treated with Champion. At second harvest storage the results from the 
samples treated with Champion and Signum in early terms were similar to the results from 
untreated plots – at the end of storage 87 % of berries were not marketable. The effect of the 
treatment with Signum in late terms was still significant, as only 70 % of berries were damaged. 
Using of fungicides for prolonging a storage time of berries was more effective in the late terms, 
at the flowering and at the end of flowering. At the second storage of berries, the mycoflora on 
berries was more variable. 
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Monilia laxa, the causal agent of brown rot, is one of the main diseases in stone fruit and occurs 
both in field and after harvest. Fenhexamid is one of the recently introduced botryticides with 
high preventive activity against several plant pathogens. However, due to its site-specific mode 
of action this fungicide threatened by resistance development. Reduced performance of 
fenhexamid has been reported for Botrytis cinerea in numerous crops on various countries. The 
main objective of the present study was to evaluate the potential risk of resistance to 
fenhexamid in M. laxa. Mutant strains of M. laxa with moderate and high resistance to 
fenhexamid were isolated at a high mutation frequency after UV mutagenesis and selection on 
medium containing fenhexamid. Resistance factors, based on EC50 values, were 10-30 and 40-
80, respectively. Cross resistance studies with other fungicides showed that the resistance 
mutation(s) did not affect the sensitivity of the highly fenhexamid-resistant strains to fungicides 
affecting other steps in sterol biosynthesis, such as the DMIs (flusilazole, prochloraz), the 
morpholines (fenpropimorph, tridemorph) and the spiroketalamine spiroxamine, indicating that a 
target site modification is probably the biochemical mechanism for the high level of resistance to 
fenhexamid. On the contrary, a reduction in the sensitivity to fenpropimorph, tridemorph and 
spiroxamine, which inhibit the Δ14-reduction and/or the Δ8,7-isomerization of the sterol 
biosynthesis, was observed in moderately fenhexamid-resistant mutants, indicating the 
existence of a different resistance mechanism. No cross-resistance relationships were found 
between fenhexamid and carbendazim, cyprodinil, fludioxonil, iprodione and pyraclostrobin. 
Study of fitness parameters showed that the mutation(s) for resistance to fenhexamid had no 
apparent effect on mycelial growth, but did affect one or more of some other fitness parameters, 
such as sporulation, conidial germination and pathogenicity on apple fruit. Monitoring studies, 
through bioassays with M. laxa field isolates from decayed stone fruit, showed several 
phenotypes with reduced sensitivity to fenhexamid compared to the most sensitive ones. The 
broad, hundred-fold, range of sensitivity to fenhexamid probably indicates a gradual, unimodal 
shift in sensitivity of M. laxa population. The risk of fenhexamid resistance development in M. 
laxa field populations is discussed under the light of these results. 
 
Ziogas, B.N.; Markoglou, A.N.; Malandrakis, A.A. 2003. Studies on the inherent resistance risk to 
fenhexamid in Botrytis cinerea. European Journal of Plant Pathology, 109: 311-317. 
Markoglou, A.N.; Ziogas, B.N. 2002. SBI-fungicides: fungicidal effectiveness and resistance in Botrytis 
cinerea. Phytopathologia Mediterranea, 41: 120-130. 
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Postharvest treatments could offer a reliable alternative to the PPP (Plant Protection Products) 
reduction program in the orchard, as only fruits destined for long storage can be selected for a 
fungicide treatment. A postharvest treatment is generally considered as a sustainable 
application technology based on several advantages compared to a preharvest spraying 
schedule shortly before harvest. Next to postharvest dipping/drenching with Philabuster 
(imazalil & pyrimethanil) also a fungicide treatment in the cold storage room with Xedathane-A 
(pyrimethanil) is recently registered in Belgium. For this ‘thermonebulisation’ treatment no 
supplementary logistic infrastructures are requested as the treatment will be executed in the 
cold storage room. Compared to postharvest dipping/drenching a small, rather inexpensive 
application device is used, no rest product will be left and there is no contamination danger from 
fungal inoculum on bins to healthy fruits. To generate a good droplet spectrum for cold storage 
application a specific product formulation and application device are requested. In concrete, fine 
fungicide particles (0.1-10 micrometer diameter) are produced by an aerosol electrical generator 
at ±190 ºC and distributed by a forced airflow in the storage room. Facing residue limitations on 
the fruit surface a homogeneous distribution of the fungicide droplets is aimed. The outcome is 
highly affected by the air flow distribution inside the storage room. The mycology department of 
pcfruit and the University of Leuven (department BIOSYST-MeBioS) are developing a three-
dimensional computational fluid dynamics (CFD) model to predict the distribution of the 
fungicide droplets inside the cold storage room (IWT-project 060720). Variable parameters like 
dimensions of the storage room, plastic/wooden bins, apple/pear, location of the ventilation unit, 
will also be taken into account. Facing the biological efficacy a clear reduction in decay is 
obtained. The obtained results prove that a thermonebulisation treatment with pyrimethanil 
combined with a limited fungicide spraying scheme in the orchard is as efficient as a 
postharvest dipping with Philabuster. 
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Seed play a vital role for the healthy production of any crop. Paddy is a season bound crop that has 
to be stored for longer periods after harvest and is invariably attacked by microbes during storage 
resulting in heavy losses and estimated to be 10 to 15 percent of total production. Storage fungi may 
produce toxic metabolites which render health hazards to consumers. More than 30 species of 
pathogens are reported to occur within paddy seeds. Among the diseases of paddy, grain 
discoloration results in heavy loss in yield and quality of paddy thereby result in deterioration of 
nutritional value of seed due to physical, physiological and biochemical changes in the seeds. Such 
grains have poor market value also. Most commonly encountered fungi associated with rice grain 
discoloration include Curuvularia lunata, Sarocladium oryzae, Pyricularia oryzae, Drechslera oryzae, 
Fusarium moniliforme, Rhizopus sp., Mucor sp., Pencillium spp. and Aspergillus spp. Use of 
synthetic pesticides caused several ecological problems. During ancient times, plant diseases were 
controlled by conventional methods which include the use of cow’s materials such as urine, dung, 
ghee and milk for seed soaking and for storage (Nene, 2003). Therfore, with an aim to exploit the full 
potential of plant products and animal excreta, the present study was undertaken for the 
management of seed-borne pathogens in paddy. Among the natural products tested, aqueous 
extract of ginger and neem oil at 20 %, cow urine and poultry litter extract at 60 % completely 
inhibited the mycelial growth of Aspergillus flavus, A. niger and Curvularia lunata isolated from paddy 
variety ADT. 38 and were on par with thiram at 0.1 percent concentration. The inhibited mycelial disc 
when reinoculated in fresh agar medium did not grow again even after one month of incubation 
thereby the nature of toxicity was found be fungicidal. All the natural products recorded complete 
inhibition of bigger size mycelial disc (21 mm) of test fungi and also conidial germination and 
sporulation of the test pathogens. Ginger extract recorded the maximum inhibition zone on the 
growth of test pathogens followed by cow urine and poultry litter extract. They did not lose their 
toxicity by autoclaving and higher temperature upto 100 ºC. Cow urine and poultry litter extract 
retained their toxicity for 60 days of storage when they were kept in sealed containers, In ginger 
extract there was loss of toxicity even from 10th day onwards, whereas neem oil retained its toxicity 
for a month. All the natural products significantly reduced the hydrolytic enzyme production by test 
pathogens. Poultry litter extract recorded maximum vigour index of paddy seedlings followed by cow 
urine and ginger extract. Ginger extract and neem oil at 200 mL per kg of seeds, cow urine and 
poultry litter extract at 600 mL Kg-1 of seeds gave complete inhibition of inoculated spores of test 
pathogens up to six months of storage under different storage structures when compared to standard 
seed treatment fungicide thiram. The volatile oil from ginger and ammonia from the livestock excreta 
may be responsible for the toxicity. India is blessed with the largest livestock population (1000 million 
including poultry) and one of the eight mega biodiversity countries in the world. Hence, using such 
natural products in plant protection will be of great advantage to the farmers as well as the 
consumers (Vadivel, 2010). 
 
Kurucheve, V.; Rajadurai, K.A.; Thangavel, P. 2010. A breakthrough in the field of agriculture.Phytopathology: 
Vol. 100, No. 6 (Supp.): S129. 
Nene, Y.L. 2003. Crop disease management practices in ancient, medieval and premodern India.l Asian Agri-
History, 7:185-201.  
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Seed, a living embryo, is a vital and basic input for attaining sustained growth in agricultural 
production. Of all the agricultural inputs, seeds hold a key position since 90 percent of all food 
crops are propagated by seeds. The seeds are attacked by various pathogens and remain there 
either internally or externally and cause diseases on crops. The use of synthetic chemicals 
forms one of the major components for protection of stored food commodities / seeds from 
infestation of fungi but the scope of their regular use is limited due to several factors. In search 
of better alternatives, natural products are considered to be environmentally safer. Hence, garlic 
bulb extract, prosopis leaf extract (Gerard Ezhilan et al., 1994) and livestock excrements 
(Sundarraj et al., 1998) were tested for the fungitoxicity if any, against the storage fungi 
Aspergillus parasiticus and Pencillium sp. isolated from rice seeds and reported. Initial in vitro 
screening revealed that aqueous extract of garlic bulb (40 %), prosopis (100 %) urines of cow, 
buffalo, goat (40 %) and cow dung, pig dung (100 %) and poultry litter (80 %) totally inhibited 
the growth of both fungi in solid medium. For Pencillium sp. inhibition, even lesser concentration 
of garlic (20 %) and poultry litter (60 %) was sufficient. Among the eight sources garlic, buffalo 
urine and poultry litter alone were further studied. They totally inhibited the mycelial growth of 
both the fungi in solid, liquid media and inverted Petri plate method and on par with thiram (0.2 
%). All the treatments affected the heavy inoculum of the pathogens at respective 
concentrations. Conidial germination and sporulation of the pathogens were also inhibited and 
fungicidal nature of toxicity was observed in them. Higher the strength of natural products more 
the rate of inhibitory zone of the fungi in both the paper disc and in well methods and the garlic 
at 100 % was found to be significantly superior over thiram (0.2 %). Physical factors 
(autoclaving, temperature and storage) did not alter the toxicity of urine and combinations of 
excrements by together showed synergistic effect and no loss of fungitoxicity. In certain studies 
like autoclaving and storage buffalo urine was found to be better than garlic whereas poultry 
litter influenced the seed germination and vigour index more than garlic and urine. The 
cellulolytic, pectinolytic enzymes and toxin production were also inhibited significantly by all the 
treatments. The paddy seeds treated with garlic (100 %) and garlic plus urine treatment (60 %) 
remained free from inoculated fungi for upto one month of storage. Among the all the storage 
structures plastic bin was found to be the best one. Sulphur in garlic and ammonia in livestock 
excreta would have been responsible for the toxic effect. Hence, such a control measure would 
be of more practical value, economical and safer to the environment due to biodegradable 
nature of natural products.  
 
Gerard Ezhilan, J.; Chandrasekar, V.; Kurucheve, V. 1994. Effect of six selected plant products and 
oilcakes on the sclerotial production and germination of Rhizoctonia solani. Indian Phytopathology, 47:183-
185.  
Sundarraj, T.; Kurucheve, V.; Jayaraj, J. 1998. Fungitoxicity of plant products and animal faeces on 
mycelial growth and sclerotial production of Rhizoctonia solani. Plant Disease Research, 13(1):70-72. 



 
 

Disease Control 

  171 

PC43 
 
Effect of post harvest seed treatment on seed quality of wheat 
 
Banu, S.P. 

 
Research Wing, Bangladesh Agricultural Research Institute, Gazipur-1701, Bangladesh, 
e-mail: salinapbanu@yahoo.com 
 
Quality seed of improved varieties is considered as the basic critical input for sustainable 
production. Wheat is the second most important cereal crop in Bangladesh and playing an 
important role in food security. Survey results have shown that 64 % of Bangladeshi farmers 
use their own wheat seed year after year, or 26 % purchase from other farmers in local markets. 
Only 10 % of the seed is purchased from governments’ seed suppliers. As a result, poor seed 
quality is a significant factor affecting wheat productivity in Bangladesh. Seed-borne diseases 
are one of the causes of low seed viability. Nineteen released varieties of wheat from Wheat 
Research Center, Bangladesh Agricultural Research Institute were quantified for seed quality 
after post harvest seed treatment with fungicide Vitavax-200 @ 3gm per kilogram. Seed 
germination and pathogen status was compared between the standard blotter test and a soil 
assay on farmers’ representative soil. Results indicated that post harvest seed treatment is a 
good way to increase dormancy of wheat seed as well as to decrease seed-borne disease 
infection. After harvest in April, best quality seed (>90 %) germination by blotter test was in only 
1 variety with treatment and in 3 varieties without-treatment, which successively increased in 
the month of May, June July, August, September, and in all 19 varieties before sowing in 
November for both treatment and without treatment. Same trend was observed by soil assay, 
but in 18 varieties with treatment and in 5 varieties without treatment before sowing in 
November. Infection of Bipolaris sorokiniana was found on stored seed of 3 varieties in May 
without treatment, which further increased to 16 varieties in November and indicates the seed-
borne nature of this polycyclic pathogen. The other seed-borne fungi along with B. sorokiniana 
demands for post harvest seed treatment to increase wheat production in Bangladesh. A simple 
test of seed germination and emergence on soil can provide more realistic guide of seed 
viability under soil conditions than the blotter test. This is inexpensive, rapid, uncomplicated, 
and close to actual field performance.  
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The current status of postharvest pathology is presented based on our experience of teaching, 
research and visiting to other related institutions in China. The contents include historical 
background, administration of research and teaching, research activities, training substance at 
university level and the research journals. We hope the report will be useful to both groups of 
postharvest pathologists by fostering an understanding of the background of students and 
scholars trained in China, the establishment of further collaborative projects, and an interest in 
the Chinese research journals. 
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The benefit of good harvest can only be utilized fully if the gap between quantity actually 
harvested and quantity effectively consumed is minimized. Post harvest losses of cereals and 
oilseeds vary from 10 to 20 per cent while that of horticultural crops vary from 15 to 50 per cent 
in developing countries. India losses about 30-40 per cent of the produce due to improper post 
harvest management of fruits and vegetables. The total loss in monetary terms is more than Rs. 
80 thousand crores due to inadequate post harvest operations. These enormous losses are due 
to various biotic and abiotic factors. Biological causes during storage include high respiration 
rate, high ethylene production rate, rapid compositional changes like in colour, flavour, texture 
and nutritive value, mechanical injuries, water stress, sprouting and rooting, physiological and 
pathological disorders. Environmental causes like rise in temperature, unfavourble relative 
humidity, high air velocity, atmospheric composition and sanitation procedure are also 
responsible for high losses besides poor infrastructures, inadequate transport, processing and 
marketing facilities. Losses can be reduced following improved post harvest practices 
appropriate for various types of the produce. Rapid removal of field heat by pre-cooling 
following room cooling, forced air cooling, water cooling, vacuum cooling and package icing are 
effective in quality preservation of fruits and vegetables. Chlorination, ozonisation and hydrogen 
peroxide treatment sanitize the produce and reduce food borne microorganisms like E. coli, 
Salmonella, Chryptosporidium, Hepatitis and Cyclospera. Grading, waxing and packaging of 
fruits and vegetables promote sophisticated market system. Precision in transport system like 
use of refrigeration in developing cold chain for fresh produce and fixing radiation shields is 
highly desirable for reducing losses during transport. For prevention of losses during storage, 
low cost storages like zero energy cool chambers are suitable for small farmers whereas 
refrigerated storage is appropriate at industry level. Modified atmospheric storage and 
controlled atmospheric storage systems for long term storage of perishables and food grains will 
be discussed. Improved processing and value addition particularly of fruits and vegetables is 
highly desirable to check the huge wastage as well. 
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Synthetic chemicals fungicides that are presently used to control postharvest pathogens, has 
many constraints and obstacles that make difficult to implement their use as a practical control 
strategy. Finding an alternative treatment that does not leave toxic residues on fruits is a major 
challenge for producers in the next years. The objective of this research was to evaluate the in 
vitro fungicidal effect of chitosan on the development of Colletotrichum gloeosporioides, and 
after inoculation, on ‘Kent’ mangoes. To estimate mycelia growth (3 mm diameter) disks of 
mycelium were transferred to the centre of PDA Petri dish containers with chitosan (0; 0.25; 0.5; 
1.0; 1.5; 2.0 %) added. Concentration of 1.5 % chitosan inhibited 76.4 % of the mycelia growth 
and was used in the in vivo studies. Kent mangoes at the commercial maturation green state 
were dipped for 2 min in chitosan 1.5 %, after C. gloeosporioides inoculation. The control of 
anthracnose disease was obtained with 1.5 % chitosan applied. Chitosan applications did not 
influence the content of total solid solubles or titratable acidity during the storage of mangoes. 
However, the firmness, the color development and the carotenoids contents remained constant 
after 21 days in fruit treated with chitosan.  
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