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In Morocco Penicillium rots are  the most prevalent   
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Survey  17 packinghouses 
2003

Biological  Control of Penicillium rots of Citrus Fruits



- Public growing concern for the humain health
(Toxic  residues).
- The development of fungicide-resistant strains

Research for safer alternatives

Synhthetic fungicides are the primary means to 
control theses diseases : Imazalil; TBZ.



« Biological control »
« Biocontrol »

Use of naturally found microorganisms to antagonize 
the postharvest pathogens

Biological control fits with the concept of sustainable
Agriculture (Exploits natural cycles with reduced environmental impact)



ESC-11: Bio-Save TM 

• Registration:  USA ( Pommes, peras and Citrus)

• Penicillium, Mucor, Botrytis
• Antagonist: (Pseudomonas syringae) 

• EcoScience

I-182: ASPIRE TM (ECOGEN)

Registartion: USA (Citrus and Pommes)

Penicillium, Mucor, Botrytis
Antagonist:  candida oleophilla 

Shemer *

Citrus, strawberry, grapes

Penicillium, Aspergilus Rhizopus, Botrytis

Antagonist: (Metschnikowia fructicola) 
*: Mordechai et al. (2006)



Objective

• Develop a bioproduct against Postharvest 
diseases 



Isolation of the antagonist

SelectionMass Production

Formulation

Mechanisms of action & Ecology Pilot trial

Toxicology

Registration

Commercialisation

Packing line trials

Development of BCA

Monitoring



Step 1) Isolation and Sélection of 
antagonists 

Approche: Epiphytic antagonists, already present on fruit surface.

Method: Washings from fruits surface were  placed in fresh Citrus wounds  wich  
were   challenged with P. italicum  (Wilson et al. , 1993)



O. Vernia
100-80

Pomelo
100-82

C. Eureka
100-25

Maltaise
100-93 Tarocco 78 %

Ortanique 64 %

Step 2) Sélection for antagonistic activity  
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High and reliable protective activity  against 
Penicillium digitatum and P. italicum
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Identification DSMZ



Biocontrol mechanisms

• Antibiosis
• Competition for nutrients and space
• Induced resistance in the host tissues
• Parasitism  (Implication of enzymes)

Step 4) Mechanisms of action of Z1 and Zh 2
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diamètre de la colonie de Pit en 
dirèction de l 'antagoniste 

B.subtilis( ZH2) dans le milieu 
PCA à différentes distances à 

25°C
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Antibiosis
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Conclusion : Mode of action

The experiments were repeated with bacterial strain ZH2 but didn’t  underline any 
competition symptom.

- A growth inhibition of the pathogen was observed after co-inoculation with ZH2 

- No antibiosis symptom was detected for strain Z1 against P. italicum.

The possible implication of competition for 
nutrients in the biocontrol activity of Z1. 



• To Develop specific method able to quantify the population of the Biocontrol Agent 
and to distinguish it from the indigenious microflora.

Why ?

• Evaluation the ecological fitness of strain Z1 after treatment on citrus fruits is 
critical for the interpretation and the prediction of its biocontrol efficacy in relation to 
sevral parameters (Methods of application, conditions of storage rooms etc.).

Methods
- Conventional method: Plating technique

- Molecular technique 

Step 5) Monitoring system for Z1 and ZH2



Evaluation of différent doses of the actif ingredients

fungicides Antibiotiques

% inhibition = (Nc (témoin)-Nc (traité par les matières actives))

Nc (témoin)

% d’inhibition less then 
10%

From the control 

Concentration en ppm

Concentra
tion en ppm

x 100

Monitoring  Classical Techniques

Semi Selectif medium for Z1



Selectif medium
Slectif mediumPDA

Oranges 
untreated

Oranges
traited with  Z1

Epiphitic 
Microflora



Sidi Aissa Cadoux

Population density of  on Cadoux and sidi Aissa

Ecology / Preharvest application



Step 7)  Pilot tests
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Treated



% Protection activity of the first Z1 
formulation On Clemntine NULES

Pilot Tests

% Protection activity of the first Z1 
formulation  On  Valencia late Orange



Future Prospects

Industrial  partners

Large scale feasibility tests

Patenting of the strains 

Biological control as components of IDM



Thank you


