Ecological fitness of Pichia anomala strain K and Candida oleophila strain O to control postharvest diseases of apples
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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 yeast’s 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/m2 (equivalent to 0.69 h of natural sunlight) and 1.45 Kj/m2 whereas in vivo lethal value were respectively 5.76 Kj/m2 (equivalent to 2.46 h of natural sunlight) and 5.50 Kj/m2. 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 °C), and initial applied concentration (104–108 CFU/ml) 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 °C, 98%), strain K and strain O should reach a density of 104 CFU/cm2 when applied initially at 107 CFU/ml. 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.
