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June Update

Canopy and disease management continue to be the main concerns
for this time of year.  Shoot thinning (and cluster thinning where
needed) was covered in the last issue of Grape Notes.  This issue provides excellent information

on leaf removal. 

• Dr. Wayne Wilcox has released his annual Grape Disease Control for 2017.  This is the most thorough
discussion of all the issues related to disease management for grapes that is available for our region.   You can
download your copy at here.

• The 2017-18 New England Small Fruit Management Guide is available online at http://ag.umass.edu/fruit
/ne-small-fruit-management-guide and in print for $16 by going to https://www.umassextensionbookstore.com
/products/108. 

• Finally, the University of Vermont is offering a Cold Climate Viticulture Course.  This viticulture course is an
opportunity for new and aspiring growers to receive a comprehensive knowledge base for establishing or
maintaining a vineyard for anyone who is seriously considering winegrape production in Vermont or
surrounding regions. The course is guaranteed to run based on present enrollment, but won't be offered again
until 2019.

Tuesdays and Thursdays, 9:00 am - 3:45 PM
June 20 - July 13, 2017
University of Vermont Horticulture Research & Education Center
South Burlington, VT
Information and registration<http://www.uvm.edu/~summer/course/201706/61819/summer-
2017/plant-soil-science/cold-climate-viticulture/>
For more information contact Terence.Bradshaw@uvm.edu<mailto:Terence.Bradshaw@uvm.edu>

Early season grapevine canopy management, Part II: Early leaf
removal (ELR)

By:  Maria Smith and Dr. Michela Centinari, Dept. of Plant Science

In the previous post, we discussed shoot thinning as a method to achieve vine balance and improve the canopy
microclimate (Part I: Shoot Thinning). In this post, we will discuss the use early leaf removal (ELR), a canopy
management practice implemented around bloom.  ELR primarily serves to reduce the severity of Botrytis bunch
rot infection in susceptible varieties (Wines and Vines:  Benefits and Costs of Early Leaf Removal), but may also be
an effective practice for reducing crop yield.

ELR is currently considered an experimental canopy management practice for vineyards.  While it shows great
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promise within the research and Extension literature (1, 2, Cornell Cooperative Extension 2016), Penn State
Extension does not currently recommend implementing ELR as a replacement for traditional methods (i.e., cluster
thinning, fungicide sprays) for yield and rot control. However, growers curious about the effects of ELR may find
it useful as a supplementary canopy management practice, especially for disease management and crop
reduction.

Throughout this post, we will discuss the effects of ELR on:

Crop level in highly-fruitful varieties that produce a high number of clusters (3-4 per shoot) or large clusters
such as vinifera cvs. Grüner Veltliner, Sangiovese, and Barbera.
Botrytis bunch rot infection.
Fruit and wine composition.

What is Early Leaf Removal (ELR) and how does it work?

ELR is the removal of basal leaves of the main shoots and, optionally, lateral shoots developed from the basal
nodes (http://gph.is/2r3ZLc0; Figure 1).

ELR is typically performed shortly before (pre-bloom) or at the beginning of bloom (trace-bloom; Figure 2A). In
some cases, however, it has been performed later during full-bloom or at the onset of fruit-set (Figure 2B).
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Before and during bloom, the oldest basal leaves have a major role in providing carbohydrates (e.g., sugars) to
support the growing shoot and inflorescence (i.e., flower clusters). In contrast, young leaves on the middle and
top part of the shoot are still developing and not very photosynthetically ‘active’ at this time (3).  Literature
suggests the removal of basal leaves at bloom may starve the inflorescence for a carbohydrates food source (4). 
The lack of carbohydrate resources reduces fruit-set (i.e., the percentage of flowers that will develop into berries),
which likely reduces the number of berries per cluster at harvest (5). When ELR is performed later, at the onset of
fruit-set, removing basal leaves may induce a reduction in berry size and an increase in berry abscission due to
carbohydrate limitation at the onset of fruit development (6). Therefore, yield reduction achieved with ELR is
the result of reduced cluster weight (reduced number of berries per cluster and/or reduced berry weight). In
contrast, yield reduction achieved by cluster thinning is the result of a reduced number of clusters per vine.

Why are ELR practices currently under research investigation?

An increased number of studies is investigating the use of ELR as a potential alternative to cluster thinning
techniques used for crop yield control in highly-fruitful wine grape varieties (5, 6, 7). As opposed to traditional
cluster thinning, ELR can be more easily mechanized. (Author’s note:  for more information on mechanization, see
Additional Resources at the bottom of the post.) ELR may additionally confer benefits such as:

Reduced severity of Botrytis rot infection1. 

Cluster compactness, or the tightness of berries on the cluster, has been positively related to the severity of Botrytis
bunch rot infections (8). It is suggested that more compact clusters experience more rot. ELR decreases cluster
compactness by reducing the number of berries per cluster and/or the berry size. Decreased cluster compactness
through implementing ELR has reduced Botrytis rot infections in several tight-cluster varieties such as Pinot Noir,
Riesling, Chardonnay, and Vignoles (1, 9, 10, 14). As an additional benefit, the removal of basal leaves increases
sunlight penetration and air movement in the fruiting zone, which is important for improving spray penetration
within the canopy (2016 Post Bloom Disease Management Review).

Improved fruit and wine composition2. 

ELR has consistently been reported to alter fruit composition, particularly for red Vitis vinifera varieties in
Mediterranean climates (Tempranillo, Sangiovese, Barbera, etc.; 2, 5, 6, 12). In several instances, fruit harvested
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from ELR vines had higher levels of total soluble solids (TSS, °Brix), phenolic compounds (e.g., flavonols), and
total anthocyanins compared to un-defoliated vines (2, 11, 12). ELR can also reduce methoxypyrazines,
‘herbaceous’ aromas found in higher concentrations among immature grapes at harvest, and may contribute to
improved wine color intensity (13).  ELR may alter three important parameters associated with berry
development and ripening (2):

Decreased berry size – Smaller berries tend to have greater skin-to-pulp ratio and higher concentrations of
desirable phenolic and aroma compounds which are mainly present in the skin.
Increased leaf area-to-yield ratio on a per shoot basis – A greater leaf area-to-yield ratio may translate into
higher sugar produced per shoot. More sugar availability could contribute to better fruit ripening.
Improved canopy microclimate – ELR, like traditional leaf removal, improves the microclimate of the
fruiting zone through decreased leaf density and increased sunlight penetration to the fruit. Higher
temperatures coupled with increased sunlight exposure in the fruiting zone can be especially important
under cool or cloudy ripening conditions, as they may accelerate berry ripening, resulting in higher TSS,
decreased malic acid, increased anthocyanin concentration, and degradation of green volatile aroma
compounds such as methoxypyrazines that may mask fruity or floral aromas. Higher ultraviolet (UV)
radiation in the fruiting zone in response to increased sunlight penetration may increase production of
flavonols, as flavonols biologically act to protect berries from UV exposure (3, 11). Flavonol compounds
along with anthocyanin influence red wine color and are used as determinants of quality in fruit (11).

It is important to keep in mind that yield reduction is not desirable in all grape varieties. The use of ELR with
varieties that do not typically over-crop may result in under-cropped situations with potential negative effects on
fruit quality and vine health, in addition to unnecessary yield reductions and thus revenue loss.

How many leaves should be removed to induce yield reduction?

Unfortunately, there is no “one size fits all” number of leaves to remove when implementing ELR as a vineyard
management practice.  The required number of leaves removed to significantly reduce yield through reduced
fruit-set depends on several factors, including shoot length and the shoot leaf area at the time of removal. For
example, by pulling 5 basal leaves on a shoot with only 8 leaves at trace-bloom, we would remove about 63% of
the total number of leaves.  The percentage of leaf area removed would be even higher as the remaining leaves at
the top of the shoot are much smaller than those removed from the bottom of the shoot. In contrast, a longer shoot
with 15 leaves total will only lose 33% of the leaf area when 5 basal leaves are pulled. Thus, removing 5 leaves
from a short shoot would have a more severe effect of depriving the inflorescence of sugar resources than
removing the same number of leaves on long shoots (Figure 3).
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Sometimes the degree of ELR is severe in order to induce a yield reduction commensurate with the more
traditional cluster thinning technique. For example, Pinot Noir grown in southwestern Michigan showed a
reduction in yield from 6.1 tons per acre in non-defoliated vines to 3.6 tons per acre when about half (8 out of 15)
of the leaves on the shoots were removed (1). This was a 40% reduction in yield. Comparatively, when 4 or 6
leaves were removed from the Pinot Noir, no significant effect was found in crop yield (1).

With the high potential for crop yield reduction, Dr. Michela Centinari’s lab has been experimenting with ELR for
the past two years. We have been examining the effects of ELR at trace-bloom on Grüner Veltliner (V. vinifera)
grown in Central Pennsylvania. Grüner Veltliner is highly fruitful, typically producing 2-3 large clusters per
shoot. In our experimental practices, we removed 5 basal leaves at trace-bloom. Our objective was to compare the
use of ELR to cluster thinning for crop yield reduction. Our first year of data found that the implementation of
ELR decreased yields by only about 15% (10.7 tons per acre in the non-defoliated control to 9.3 tons per acre in
defoliated vines). In comparison, vines thinned to 1 cluster per shoot had a 45-50% reduction in yield compared to
the un-thinned control (10.7 tons per acre to 6.5 tons per acre).

This suggests that a greater leaf removal intensity may be needed for this variety to produce yield reduction
comparable to cluster thinning, and we are currently testing different intensity levels of trace-bloom ELR to
evaluate if the amount of leaf area removed correlates with reduction of fruit-set and yield at harvest.

Again, ELR is still considered an experimental canopy management technique. For those growers growing high
yielding varieties and looking to reduce crop level, cluster thinning is still the recommended practice. For more
information on how to implement appropriate CT techniques, please see Cornell Cooperative Extension Fruit
thinning in wine grapes and Crop thinning: cluster thinning or cluster removal.

Considerations regarding ELR

Other factors to consider if you are interested in applying ELR:

Fruit-set percentage – One of the factors facing the unpredictability of ELR is the weather conditions
between bloom and fruit set. Since weather can have a large effect on the percentage of fruit-set (Fruit set in
grapes 101), ELR may potentially exacerbate ‘poor’ fruit-set if extended periods of wet, cool (< 59°F),
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overcast, or very hot (> 90°F) weather conditions occur following leaf removal.  Additionally, berry sunburn
may be a potential concern with ELR when performed under chronic high light and temperature intensity.
Bud Fruitfulness – While it is generally acknowledged that increased sunlight exposure is positive for bud
development, a potential reduction in bud fruitfulness (number of clusters per shoot) may occur in the
following season as a result of bud damage from ELR (14). Although still uncertain, bud damage may be the
result of physical damage during leaf removal and/or reduction of carbohydrate supply during bud
development.
Carbohydrate Storage in Cool Climate Grown Vines – Carbohydrates are the main energy source for
grapevine growth, stress defense, and fruit ripening. Post-harvest carbohydrate storage in perennial tissues
is a determinant of vine overwinter survival and is fundamental for shoot development in the following
season. Removing leaves during ELR may alter the amount of carbohydrates produced by the leaves over
the season and how carbohydrates are distributed among the vine organs. Currently, limited information is
available on how ELR affects carbohydrates storage in perennial tissues and how this relates to dormant
tissue (buds and canes) cold hardiness. This is a point of current interest to Centinari’s lab at Penn State,
with current research being conducted in vinifera and hybrid wine grape varieties.
Crop Estimation – Yield predictions based on ELR use is currently not available. In this regard cluster
thinning is a more conservative approach. Unlike ELR, which is performed very early in the season, cluster
thinning severity can be decided upon estimation of final yield. 

Summary

ELR holds potential as a way to reduce yield and Botrytis rot infection for some grape varieties grown in the
Mid-Atlantic and other cool-climate regions. However, more research is needed to better understand the
consistency of ELR practices on vine physiology, yield reductions, and fruit quality. Current efforts are on-going
by the Centinari lab and Bryan Hed at the Lake Erie Grape Regional Extension Center (LEGREC) to evaluate the
use of manual and mechanized ELR in hybrid and V. vinifera varieties across Pennsylvania.

Additional Resources

PSU Wines and Grapes blogs:  An Overview of Cluster-Zone Leaf Removal Strategies for Cool Climate Vineyards
and 2016 Post Bloom Disease Management Review

Intrieri C, Filippetti I, Allegro G, et al. 2008.  Early defoliation (hand vs mechanical) for improved crop control and
grape composition in Sangiovese (Vitis vinifera L.).  Aus. J. Grape Wine Res. doi: 10.1111/j.755-0238.2008.00004.x
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