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Objective I.  Determine the effects of shading versus direct sun exposure on the development of
powdery mildew on both fruit and foliage, and investigate possible mechanisms involved.

Various levels of artificial shading were established in a cv. Chancellor vineyard and multiple levels of
natural shading were established in a cv. Chardonnay vineyard.  In the Chancellor vineyard, the three
levels of artificial shading were (i) a double layer of neutral density shade cloth, designed to provide
typical interior-canopy levels of shading to the entire vine without fundamentally altering other climatic
variables; (ii) full sun exposure with minimal UV, provided via a UV-filtering plastic “roof” fixed over
the canopy, which was otherwise open to the natural environment; and (iii) full sun exposure (no shade).

The three youngest leaves on 10 shoots in each treatment were inoculated with U. necator (PM fungus)
conidia at three different times during the growing season and disease was allowed to develop for 14
days; then, disease severity, measured as total leaf area showing symptoms of PM, was recorded.
Additionally, 20 clusters per treatment were inoculated 1 week pre-bloom, and disease severity was
rated two to three times per week throughout the season.  Ambient air temperature, relative humidity,
and solar radiation in the range of 400-1100nm was measured continuously next to inoculated shoots in
each treatment, and recorded at hourly intervals with a Campbell CR10X data logger. In addition, UV
radiation was measured continuously in the range of 300-368 nm wavelength, which includes both the
UV-A and the more biologically destructive UV-B bands, using a portable Ultraviolet Multi-Filter
Rotating Shadowband Radiometer (UV-MFRSR) on loan from the USDA’s UV-B Monitoring and
Research Program in Colorado Springs, CO.

A summary of data from three repeats of the foliar inoculation experiment is provided in Figure 1 below.
Disease severity was essentially twice as great on shaded leaves as on the sun-exposed leaves, whereas
disease severity on exposed leaves protected from UV radiation was intermediate between these two
levels.  These same relative degrees of PM development also occurred on the inoculated clusters, with
final disease severities of 45, 65, and 85% of the cluster area diseased in the exposed, exposed w/filtered
UV, and shaded treatments, respectively (Fig. 2).
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Figure 1. Disease severity on foliage of inoculated Chancellor vines, either well exposed to the sun or subjected to two
different forms of artificial shading.  Values represent the means from three independent repetitions of the experiment, each
consisting of 10 inoculated shoots per treatment.
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Figure 2. Disease severity on clusters of Chancellor vines, inoculated 1 week before bloom.  Vines were either well exposed
to the sun or subjected to two different forms of artificial shading.  Values represent the means from 20 replicate clusters per
treatment, assessed two to three times per week.

Environmental monitoring within each treatment showed no differences in air temperature or relative
humidity among treatments.  Relative to the fully sun-exposed vines, the intensity of solar radiation in
the range of 400-1100nm was reduced by 9% for vines under the UV-filtering plastic, whereas UV
radiation (300-368 nm) was reduced by 95%; these same respective reductions were 80 and 88% for
vines under the shade cloth. Midday leaf temperatures were similar to the ambient air temperature for
shaded leaves, but were as much as 6.3°C (11.3°F) higher on the exposed leaves, with or without UV
filtering (Table 1).  Cumulatively, these results suggest that UV radiation is responsible for part, but not
all, of the reduced disease severity observed on sun-exposed versus shaded leaves, and that elevated leaf
temperatures may be responsible for an additional portion of this effect.

Table 1. Leaf temperatures (°C) on Chancellor vines subjected to three different levels of sunlight exposure
Date –
2006

       Air
Temperature

       Shade
Leaf Temperature

Exposed, No UV
Leaf Temperature

Exposed, w/UV
Leaf Temperature

June 12 18.4 18.8 20.1 19.6
June 19 19.7 20.4 25.2 24.4
June 26 22.4 23.2 24.5 24.3
July 3 30.2 30.7 35.1 34.9
July 10 27.8 28.4 31.9 31.9
July 17 32.8 33.6 39.1 38.4
July 24 28.0 28.9 34.5 33.6
July 31 30.3 32.8 35.8 35.4
Aug. 9 26.7 30.3 31.7 31.2
Aug. 14 27.2 28.1 29.3 28.2
Aug. 23 24.5 25.5 27.1 26.7
Aug. 30 20.3 22.3 23.0 25.4
Leaf temperature values represent the means for 10 different measures per treatment, obtained with a non-contact infrared
thermometer at midday. Air temperature is a single measure at the time that leaves were measured.

In two of the foliar inoculation experiments, eight leaves from each treatment were sampled 3 days after
inoculation, cleared of pigment in the lab, and stained to help visualize the presence of fungal structures
associated with sequential steps in the infection process.  For each sample, 100 U. necator conidia were



viewed under the microscope and classified into one of five progressive developmental categories (i) no
germination; (ii) formation of a germination tube only; (iii) formation of a germination tube terminating in an
appressorium; (iv) development of secondary fungal hyphae; or (v) development of multiple/branching fungal
hyphae.  The results of these observations suggest that the differences in disease severity associated with
variable exposure treatments in the field may begin at the earliest stages of PM development.  For
example, Fig. 3 shows that fewer conidia germinated on leaves in the exposed versus shade treatment,
with the exposed/no UV treatment again showing values intermediate between the two.  Furthermore for
those condia that did germinate, the subsequent steps in disease development progressed more slowly on
exposed versus shaded leaves, as evidenced by the significantly reduced proportion of incipient colonies
with multiple or branching hyphae in the exposed treatment.  However, filtering UV from exposed
leaves did not affect the rate of progression through these initial steps (Fig. 4).

Figure 3. Conidial germination frequencies on leaves of Chancellor vines either well exposed to the sun or
subjected to two different forms of artificial shading.  Values represent the proportion for 100 conidia per
treatment, assessed 3 days after inoculation.

Figure 4. Progression of the initial stages of disease development on leaves of Chancellor vines either well
exposed to the sun or subjected to two different forms of artificial shading.  Values represent the proportion
of each of four different stages of development following condial germination, assessed for 100 conidia per
treatment 3 days after inoculation.
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In the Chardonnay vineyard, the effect of natural shading versus full sun exposure was examined on two
groups of Umbrella-Kniffen-trained vines near Dresden, NY.  One group of vines consisted of a portion
of an edge row of the utilized block, immediately east of a group of 15-m tall pine trees that provided a
transient period of shading in the morning, whereas the second group was located in the same row 50 m
away, well removed from any external source of shade.  Within each group, we inoculated shoots fully
exposed to the sun on the outer edge of the canopy versus others confined within the heavily-shaded
canopy center. Thus, there were four treatments: (i) tree plus canopy shade; (ii) canopy shade; (iii) tree
shade; or (iv) no shade (fully exposed).  Inoculations were performed on four different occasions, as
described above.

Figure 5 shows that as with the imposed artificial shading of the Chancellor vines, natural shading
similarly had a pronounced impact on PM development.  Over the four repeats of the experiment,
disease severity on fully exposed foliage averaged only 2% of the leaf area diseased, and exposed leaves
subjected to transient morning shade averaged 4% disease severity.  In contrast, naturally-shaded foliage
foliage within the canopy averaged 53 and 78% leaf area infected for vines away from the trees or
transiently shaded by the trees, respectively. There were no measurable differences in ambient
temperature or RH adjacent to the foliage within each of the treatments, but leaf temperatures were
elevated on the sun-exposed versus shaded leaves to an extent similar to that for the Chancellor vines,
reported in Table 1 above.

Twenty clusters each were also inoculated on vines adjacent to and away from the shade trees on three
different occasions, viz. 10 days pre-bloom, bloom, and 10 days post-bloom. Disease was monitored
several times per week, but progressed almost identically on both groups, reaching final severity levels
of 90, 70, and 60% for the three respective inoculation dates. The canopy density resulting from the
pruning/training system in this vineyard, in a year with such abundant rainfall, was so great that the
shade within the cluster zone was probably heavy enough that any additional shading from the trees was
inconsequential.  Therefore, this location should provide an ideal opportunity to test the effects of leaf
pulling techniques on PM development this coming season.
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Figure 5. Disease severity on Chardonnay foliage subjected to various levels of natural shading.  Values represent
the means of four independent repeats of the experiment, with 10 inoculated shoots per treatment in each
experiment.



APPENDIX

1. IMPACT STATEMENT:  Powdery mildew is the most ubiquitous disease of grapes in eastern viticultural
regions, and control programs are not always successful, even when multiple fungicide applications are
made.  The results from this research have identified the importance of a partially-controllable environmental
variable (sunlight exposure) on the development of the disease, suggesting the possibility of utilizing cultural
techniques within integrated programs for its management and identifying particularly high pressure
situations that will require increased management in order to obtain commercially acceptable levels of
control.

2.  PUBLICATIONS AND PRESENTATIONS:  Since this was the first year of funding, most publications and
presentations relevant to this funding cycle will occur during its second half (1/1/06 – 6/30/07).  Following
are those that have been produced and those that are pending:

Presentations:
1. Powdery Mildew:  Biology and Control.  Great Lakes EXPO, Grand Rapids, MI.  12/6/06
2. New Research on Powdery Mildew in New York.  Washington Wine Grape Growers Assoc. and

Washington State Univ., Prosser, WA.
3. Grape Disease Control Programs.  North Carolina Grape Growers,  Greensboro, NC.  2/3/07.
4. Powdery Mildew Management.  Viticulture 2007, Rochester, NY.  2/9/07.
5. Powdery Mildew Management.  Virginia Grape Growers Assoc, Charlottesville, VA.  2/10/07
6. Powdery Mildew.  Ontario Fruit and Vegetable Conference, St. Catherines, Ont.  2/21/07
7. Advanced Powdery Mildew Management.  Hudson Valley Grape School, Hudson, NY.  3/2/07

Publications:
1. Powdery Mildew:  Biology and Control.  Proc. Great Lakes EXPO 2006.
2. New Developments in Grape Disease Control.  Wine East: April, 2007.
3. Grape disease Control, 2007.  Annual 20-page newsletter article distributed to growers in NY and

multiple eastern states.  April, 2007.


