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Abstract
Apple postharvest diseases are usually caused by a wide range of pathogenic fungi.
Postharvest rot of this crop is one of the most important economic diseases and also one
of the main factors in reducing the lifespan of this crop. In contrast, our current
knowledge of the occurrence and latent contamination during storage and its
epidemiology is limited. The pathogenic fungi Botrytis cinerea and Penicillium
expansum causing gray mold and blue mold, respectively, are the most common
pathogens in the cultivation areas, which are usually inhibited by the use of synthetic
fungicides. However, due to the growing concern over the use of synthetic fungicides,
alternative control measures such as using physical treatments, natural compounds, and
biocontrol agents are highly desired. Although no method has been approved as a
definitive method of postharvest diseases management, the effectiveness of yeasts such
as Candida saitoana, bacteria such as Rahnella aquatilis, and fungal species such as
Trichoderma harzianum has been suggested.
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Table 1. Some biocontrol agents to manage apple postharvest pathogens.

Pathogen

Antagonistic agents

References

Penicillium expansum

Pichia membranifaciens
Torulaspora delbrueckii
Trichoderma reesei
Trichoderma atroviride
Bacillus amyloliquefaciens
Pseudomonas fluorescens

Chan et al. 2007
Ebrahimi et al. 2012a, b
Gonzalez-Estrada et al. 2018

Carmona-Hernandez et al. 2019

Botrytis cinerea

Candida oleophila
Sporobolomyces roseus

Filobasidium floriforme
Rhodosporidium toruloides
Cryptococcus humicola
Cryptococcus laurentii
Metschnikowia fructicola
Debaryomyces hansenii
Rhodotorula mucilaginosa
Hanseniaspora opuntiae
Pichia guilliermondii
Candida sake
Citeromyces matritensis
Cryptococcus flavescens
Aureobasidium pullulans
Clonostachys rosea
Erwinia sp.

Mercier and Wilson 1994

Filonow et al. 1996

Yu et al. 2008
Pelliccia et al. 2011

Lietal. 2011
Ruiz-Moyano et al. 2016
Lietal. 2016

Avrrarte et al. 2017
Kheireddine et al. 2018

Mercier and Wilson 1994
Reeh 2012
Kampp 1990

P. expansum and
B. cinerea

Candida guilliermondii

Kloeckera apiculata
Candida saitoana
Cryptococcus albidus

Metschnikowia pulcherrima

Rhodotorula glutinis
Saccharomyces cerevisiae
Candida membranifaciens
Leucosporidium scottii
Candida membranifaciens
Pichia guilliermondii
Saccharomyces cerevisiae
Trichoderma harzianum
Burkholderia cepacia
Pseudomonas syringae
Rahnella aquatilis
Bacillus subtilis

McLaughlin et al. 1990

McLaughlin et al. 1992
El-Ghaouth et al. 1998

Fan and Tian 2001

Spadaro et al. 2002, Ebrahimi et al.
2013a, b, Ruiz-Moyano et al. 2016

Zhang et al. 2009
Gholamnejad et al. 2009
Gholamnejad et al. 2010
Vero et al. 2013
Aminian et al. 2019a, b

Batta 2003, 2004
Janisiewicz and Roitman 1988
Zhou et al. 2001
Calvo et al. 2007
Wang et al. 2010
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Figure 1. Biocontrol of apple blue mold disease using, respectively from left:

Penicillium expansum, Metschnikowia pulcherrima, pathogen+yeast+methyl jasmonate,
untreated control.
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