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Berries of Vitis vinifera  reportedly are susceptible to infection by Uncinula necator until soluble solids reach 8%, and established colonies reportedly sporulate until soluble solid levels reach 15%.    However, our analysis of disease progress on fruit of selected V. vinifera cultivars indicated that severity became asymptotic several weeks earlier in fruit development.  When mildew-free fruit clusters of V. vinifera 'Chardonnay', 'Riesling', Gewürztraminer', and 'Pinot noir' were inoculated at stages ranging from prebloom to 6-wk postbloom, only fruit inoculated within 3 weeks of bloom developed severe powdery mildew.  Substantial ontogenic resistance to infection was expressed in fruit nearly 6 weeks before fruit soluble solids reached 8%, and over 2 months before they reached 15%.


Rachises of Chardonnay and Riesling fruit clusters developed severe powdery mildew when inoculated at bloom, and disease increased steadily over the next 60 days.  The rachis of fruit clusters inoculated 31 days after bloom developed only trace levels of powdery mildew.  Berry weight of all four cultivars  at harvest was reduced when fruit clusters were inoculated at bloom or 16 days postbloom, primarily by splitting, rotting, and dehydration of mildewed berries; in contrast, the weight of later-inoculated berries was not reduced.  Inoculation of berries just as ontogenic resistance increased markedly, approximately 3 wk postbloom, resulted in the development of inconspicuous, diffuse, non-sporulating mildew colonies on berries, sometimes associated with a network of necrotic epidermal cells.
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Vitis labruscana ‘Concord’ is sporadically, but sometimes severely damaged by powdery mildew.  Although the foliage is often reported to be moderately resistant, severe fruit infection occurs in some years.  We observed the seasonal development of powdery mildew on leaves, rachises, and berries of unsprayed Concord grapevines.  Inoculations of flower and fruit clusters revealed an even shorter period of berry susceptibility than was observed in V. vinifera, and a protracted period of rachis susceptibility.  The rachis remained highly susceptible to infection, and the severity of rachis infection increased throughout the growing season until the rachis formed a periderm shortly before harvest.  In contrast, berries were nearly immune to infection within 2 weeks after fruit set.  Rachis and berry infections were detected before the disease was observed on foliage, and the incidence of rachis and berry infection often exceeded disease incidence observed on foliage until after fruit acquired substantial ontogenic resistance.  Excellent control of fruit infection, and adequate control of leaf infection was achieved by 2 fungicide applications targeted at the peak period of fruit susceptibility.  Although Concord foliage is moderately resistant to powdery mildew, the rachis is highly susceptible, and may be the avenue by which prebloom infections make their way onto the developing fruit.  Late-season infection of the rachis neither spread to the fruit, nor did it cause fruit to drop prematurely, and may be of little economic consequence on fruit destined for processing.  Concord fruit become nearly immune to infection nearly 6 weeks before berry soluble solids reach 8%.  Because powdery mildew does not become conspicuous on foliage until late summer, it is generally regarded as a late-season problem on Concord grapes, and previous management programs have reflected this belief.  However, the greatest contribution to control of fruit infection is due to fungicides applied during the peak period of fruit susceptibility, from bloom until shortly after fruit set, long before the disease is observed on foliage.


Ontogenic resistance did not reduce attachment, germination, or appressorium formation by U. necator. on 3- to 4-week-old Chardonnay berries, or on 3-wk-old Concord berries.   The pathogen was halted at the cuticle, prior to formation of a visible penetration pore.  As berries aged, the rate of elongation of hyphae was reduced and colonies increased in diameter more slowly; until finally no secondary hyphae formed on fully-resistant berries.  More appressoria were formed per unit of hyphal length as berries aged, indicating that the failure to penetrate older berries was accompanied by an increase in attempts to do so. Additionally, an increasing percentage of hyphae within the colonies began to die as berries aged.  Finally, the number of degree-hours between germination and sporulation of the colony (latent period) increased and sporophore density within the colony decreased with berry age at time of inoculation.
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In Chardonnay, we found that cuticle thickness, but not cell wall thickness, increased with berry age between one and four weeks after bloom.  However, ingress of the pathogen was stopped before formation of a microscopically-visible penetration pore on fully-resistant berries.  Papillae formed in highly-susceptible (1-wk-old) and nearly-resistant berries (2.5-wk-old), but were not found in fully-resistant berries. Expression of a pathogenesis-related protein (PR-1) was greater in susceptible berries than in resistant berries 48h after inoculation with powdery mildew.  Autofluorescent phenolic compounds accumulated beneath appressoria within 12-24 h on highly-susceptible and nearly-resistant berries, but were not observed beneath appressoria on fully-resistant berries. Once produced, the phenolics were rapidly oxidized and produced an amber-brown discoloration in the epidermal cells beneath and surrounding appressoria, which increased in diameter over time.
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Fig. 1.  Predicted relative susceptbility to powdery mildew (line) vs

observed relative disease severity (data points).  Predicted

susceptibility was generated by a regression equation fit to a

distribution developed from pooled disease severity observed when

grapes were inoculated at various stages of development during

1996-98.  Relative severity was set equal to 100% at times before

13 days postbloom, and subsequent severity was scaled such that

the maximum of the distribution of each cultivar/year combination

was 100%.
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Fig. 4.

  Degree disease suppression afforded by two fungicide

sprays applied during a critical period of fruit susceptibility

(bloom to 20 days postbloom) compared to a full-season

program of eight fungicide applications in 2000 and 2001.  The

leaves of a shoot were inoculated with a spore suspension of 

U.

necator

 approximately 10 days before bloom.  Fruit clusters

were not inoculated, and were hand sprayed with fungicides with

an atomizer, while foliage was protected during fungicide

applications by bagging 

to create and maintain sporulating

mildew colonies on unsprayed leaves adjacent to developing fruit

clusters subjected to different periods of fungicidal protection.

The control was inoculated but not sprayed with fungicides.


Berries apparently respond to infection at the molecular and cytological level within hours after inoculation. Highly-susceptible and nearly-resistant berries react by accumulating phenolic compounds which are later oxidized, and by forming papillae, none of which seems to effectively halt infection.  Early differential induction of the germin-like-protein in fully-resistant berries, and the halting of the pathogen after appressorium formation, but prior to cuticular penetration, suggests that the mechanism of ontogenic resistance involves rapid induced biochemical changes at the cuticle surface.



Ontogenic resistance affected disease development at many levels: establishment was progressively reduced by the failure of an inceasing percentage of conidia to successfully infect older berries.  Among the reduced number of propagules that survived, subsequent growth was retarded and colonies expanded more slowly.  Reduced colony expansion as berries aged was accompanied by increased frequency of formation of appressoria. Eventually, the colonies die as ontogenic resistance is fully expressed.  The effect of ontogenic resistance extends to secondary infections and spread of disease through it's impact upon latent period and sporophore density.  Thus ontogenic resistance both slows, and eventually halts disease development on infected units, and reduces the likelihood of spread by reducing absolute supply of conidia and delaying their formation.


Ontogenic resistance had a consistent, stable, and predictable impact on grape powdery mildew.  It operated in a similar fashion and to a similar degree in both V. labruscana and V. vinifera, albeit at a slightly earlier phenological stage in V. labruscana.


Rather than a protracted and relatively static period of berry susceptibility lasting 3 months, fruit of V. vinifera appear to acquire ontogenic resistance dynamically and rapidly after fruit set.  Focusing disease management upon this critical period of high fruit susceptibility should improve the apparent efficacy of fungicide programs directed against powdery mildew.


Fig. 2.  Diffuse non-sporulating colony on 6-wk-old Chardonnay berry showing hyphae and epidermal necrosis.
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Fig. 3. Percent penetration pores beneath appressoria on 5- or 31-day-old Char-donnay berries.
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