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Summary 

 
This study examines the impact of the date of cluster thinning on juice and wine chemistry.  The goal was 

to attempt to dilute the impact of potassium uptake during veraison by cluster thinning at later dates, in order to 

keep the pH lower.  A block of Cabernet Franc was cluster thinned either pre-veraison (around Mid-August), halfway 

through veraison (around the end of August), and post-veraison (first or second week of September).  Every third 

row received one of these treatments, so that treatments were evenly dispersed throughout the block to minimize 

variation.  All grapes were harvested on the same day, and all other treatments between each juice and wine lot 

were identical.  The later the clusters were dropped, the higher the average berry and cluster weight.  The later the 

clusters were dropped, the lower the Brix and phenolic compounds.  YAN was slightly higher in later cluster thinning 

sweeps.  In general, wine made from later cluster dropping had slightly less ethanol, and slightly higher TA and 

tartaric acid.  Color intensity was decreased with later cluster thinning, as were most phenolic compounds.  Thus, 

earlier cluster thinning tended to enhance grape “ripeness” characteristics.  For the descriptive analysis, there was 

a strong tendency for the 50% veraison treatment to have higher Herbaceous/Green character (LSD=0.43).  There 

was a slight tendency for this wine to also have higher Bitterness.  Pre-veraison cluster thinning may have had 

higher Fruit Intensity.  Post-veraison cluster thinning may have had slightly lower Overall Aromatic Intensity and 

Astringency.  In general, the wines which were cluster thinned at 50% veraison were most preferred.  These results 

suggest that the beneficial impacts of cluster thinning prior to veraison on chemistry may not be beneficial towards 

flavor profiles.  However, this study should be repeated over multiple vintages, at different sites, and with different 

grape varieties to better understand how this timing of cluster thinning affects a Virginia appellation. 

Introduction 

Cluster thinning is thought to be a useful crop management technique in that it increases the leaf area to 

fruit yield ratio (Bubola et al. 2017), potentially allowing for more photosynthetic energy to be supplied to the fruit.  

This is an example of the source-sink relationship, with leaves being the photosynthetic source of carbohydrates 

and fruit being the sink.  The true relationship, however, is more complex.  The effects of cluster thinning are often 

very mixed.  Many studies have found that cluster thinning improves grape and wine quality (Fisher et al. 1977; 

Kasimatis 1977; Kliewer et al. 1983; Bravdo et al. 1984; McCarthy et al. 1987; Dokoozlian and Hirschfeldt 1995; 

Guidoni et al. 2002; Ferree et al. 2003; Dami et al. 2006; Bubola et al. 2011; Pastore et al. 2011; Kok 2011; Gatti 

et al. 2012; Avizcuri-Inac et al. 2013; Gil et al. 2013) but many others have found that cluster thinning has very little 

to no effect (Ough and Nagaoka 1984; Keller et al. 2005, Nuzzo and Matthews 2006).   

Cluster thinning can result in an increase in juice soluble solids, higher pH, and lower acids (Winkler et al. 

1974; Sinton et al. 1978; Looney 1981; Morris and Cawthon 1981; Galet 1983; Champagnol 1984; McCarthy et al. 

1987; Reynolds 1989; Jackson and Lombard 1993; Ferree et al. 2003; Gil et al. 2013).  Because the lower cluster 

on the shoot is generally more further advanced in terms of ripening than the upper cluster, cluster thinning should 

remove the upper cluster (Wolpert et al. 1983; Jackson and Lombard 1993). 

Cluster thinning does not always result in an increase in sugar accumulation, but in these cases secondary 

metabolites can still be affected (Naor et al. 2002; Pastore et al. 2011; Kok 2011; Šuklje et al. 2013; Herrera et al. 

2015).  The quality changes in cluster thinning usually involve an increase in anthocyanin and phenolic content with 

variable degrees of efficacy (Kliewer and Weaver 1971; Jackson and Lombard 1993; Dokoozlian and Hirschfeldt 

1995; Reynolds et al. 1995; Mazza et al. 1999; Guidoni et al. 2002; Bubola et al. 2011; Pastore et al. 2011; Gatti et 

al. 2012; Avizcuri-Inac et al. 2013; Gil et  al. 2013), but other studies show very little impact of these practices on 

these qualities (Ough and Nagaoka 1984; Keller et al. 2005, Nuzzo and Matthews 2006; Bubola et al. 2017).  In 

one study of Sauvignon blanc, cluster thinning did not affect fruit chemistry (except for pH) but had a significant 

impact on terpenes that was timing-dependent (Kok 2011).  Some studies have shown that crop-thinned vines 



 

 

 

 
produce wines with higher sensory scores even with little to no chemical differences between them (Bravdo et al. 

1984; Ough and Nagaoka 1984; Naor et al. 2002), suggesting that other flavor compounds may be impacted in 

ways that are difficult to measure (Jackson and Lombard 1993).  However, these sensory differences are often very 

slight (Ough and Nagaoka 1984). 

The timing of cluster thinning may also have an effect on its impact.  Generally, it is thought that cluster 

thinning should be performed before veraison (Jackson and Lombard 1993).  As one delays cluster thinning to be 

closer and closer to veraison, cluster weight and juice pH tends to increase (Dokoozlian and Hirschfeldt 1995; 

Ferree et al. 2003).  However, soluble solids (although often increased by cluster thinning), are not as affected by 

the timing of cluster thinning (Ferree et al. 2003; Kok 2011).  Secondary metabolites may be affected by the timing 

of cluster thinning.  Sauvignon blanc cluster thinned for multiple delays past bloom showed increasing and then 

decreasing amounts of terpenes, with the highest concentration occurring at cluster thinning 8 weeks after bloom 

(Kok 2011).  Vines that are thinned before bloom or 4 weeks after bloom can have higher color than unthinned 

vines and vines thinned 6 weeks after bloom (Dokoozlian and Hirschfeldt 1995).   

However, the vine can compensate the source sink relationship when either one or the other is affected.  If 

clusters are removed at bloom or just after, the vine might compensate by lowering leaf photosynthetic activity 

(since less sink is available which requires it) (Hofäcker 1978, Edson et al. 1995a, Naor et al. 1997).  The reduced 

fruit sink may cause the vine to reduce the vegetative sink requirements and reduce vegetative growth (Eibach and 

Alleweldt 1985, Edson et al. 1995b), since growing more leaves would result in an excess supply of photosynthate 

for a low demand (Hofäcker 1978).  This could result in no difference in ripening kinetics.  Because of this difficulty, 

some have suggested that cluster thinning should be delayed until shoot growth has slowed down, which may be 

a time when the vine is already “primed” to divert resources to fruit (Keller et al. 2005).  Others have found that the 

vegetative growth of the vine can increase as well from cluster thinning (Dami et al. 2006).  The vine compensates 

as much as possible for losses, and the compensation can take various forms depending on the timing of these 

losses.  This also carries over into cluster and berry size from cluster thinning.  When crop is removed, the overall 

yield is not proportional to the percentage of clusters dropped, since the remaining clusters tend to weigh more and 

have larger berries (Ough and Nagaoka 1984; Guidoni et al. 2002; Dami et al. 2006).  In general, if 2/3 of clusters 

are removed after bloom it will only result in a 1/3 decrease in yield (Ough and Nagaoka 1984). 

The discrepancy among results suggest that cluster thinning is only truly of value in cases of overcropping 

(Keller et al. 2005, Nuzzo and Matthews 2006; Bubola et al. 2017), which generally delays ripening and reduces 

acidity, color, quality, vine size, and wood maturity (Weaver et al. 1957; Balasubrahmanyam et al. 1979; Winkler et 

al. 1974; Jackson and Lombard 1993).  Diminishing returns are seen as more and more crop is thinned (Kasimatis 

1977; Kliewer et al. 1983; Bravdo et al. 1984) further suggesting that there is an optimal yield level for fruit ripening.  

The impact of cluster thinning is also related to grape variety and growing region (Jackson and Lombard 1993; 

Bubola et al. 2017).  Indeed, most studies which suggest relationships between yield and quality are either 

performed in cool climates with ripening difficulties (Reynolds 1989; Keller et al. 2005) or from very high-yield 

vineyards (Sinton et al. 1978; Bravdo et al. 1984).  Alpha climatic zones cause grapes to ripen more slowly and 

thus overcropping is a large issue, whereas Beta zones generally do not have much ripening difficulties.  

Additionally, irrigated vines tend to benefit more from cluster thinning than unirrigated vines (McCarthy et al. 1987), 

further suggesting that growing and climatic conditions affect the efficacy of cluster thinning.  Much of the research 

on leaf area to yield balance does not take adequate account of climactic conditions, which may account for the 

discrepancies in results (Jackson and Lombard 1993).  In spite of this, many (if not most) winemakers cluster thin 

even with adequate leaf area to yield ratio (Kliewer and Dokoozlian 2005) or with adequate climatic conditions, with 

either little benefit or resulting in overripeness (Herrera et al. 2015).  Undercropping is often the result, which can 

produce grapes with increased acidity, salts, nitrogen, and overall less balance (Sinton et al. 1978).  A summary of 

the impact of different management practices on grape chemistry is given in Table 2 below (Jackson and Lombard 

1993). 



 

 

 

 

 

Adapted from Jackson and Lombard 1993 

Generally, 0.8 to 1.2 m2 leaf area/kg fruit yield is considered to be an adequate leaf area to yield ratio to 

ripen most grape varieties (Kliewer and Dokoozlian 2001).  A decline in ripening can often be seen when the ratio 

is reduced to 0.7-1.0 m2/kg (May et al. 1969; Kliewer and Antcliff 1970; Kliewer and Weaver 1971; Smart 1985; 

Kaps and Cahoon 1986; Kaps and Cahoon 1992).  Increasing above 1.0 m2/kg sometimes decreases acidity and 

increases pH (Jackson 1986), but not always (Kaps and Cahoon 1992).  Increasing above 1.0 m2/kg generally does 



 

 

 

 
not impact sugar accumulation.  Vegetative growth is often increased by continually increasing this ratio.  These 

considerations have resulted in the aforementioned optimal range. 

Because of the impact of cluster thinning on yield, and the labor costs involved in cluster thinning, other 

techniques should be sought which have similar effects as cluster thinning without the impact on yield.  In high vigor 

varieties, it may be the case that early leaf removal may be more beneficial for fruit quality than cluster thinning.  

Not only does early leaf thinning result in similar increases in quality as cluster thinning, but it also alters the 

microclimate of the fruiting zone in beneficial ways not usually gained through cluster thinning (Bubola et al. 2017).  

Berry thinning may have similar effects as cluster thinning without impacting yield as much (Gil et al. 2013).  More 

research should be performed on alternatives to cluster thinning. 

This study examines the impact of the timing of cluster thinning on Cabernet Franc grapes.  Clusters were 

thinned either prior to veraison, 50% of the way through veraison, or after veraison. 

Results and Discussion 

The later the clusters were dropped, the higher the average berry and cluster weight.  The later the clusters 

were dropped, the lower the Brix and phenolic compounds.  YAN was slightly higher in later cluster thinning sweeps.  

In general, wine made from later cluster dropping had slightly less ethanol, and slightly higher TA and tartaric acid.  

Color intensity was decreased with later cluster thinning, as were most phenolic compounds.  Thus, earlier cluster 

thinning tended to enhance grape “ripeness” characteristics. 

Grape Physiology 
 Average Berry Weight (g/berry) Average Cluster Weight (g/cluster) Yield (tons/acre) 

Thinned Prior to Veraison 1.429 151 1.78 

Thinned at 50% Veraison 1.450 164 1.98 

Thinned Post-Veraison 1.495 169 1.89 

% Change 50% Veraison 1% 9% 11% 

% Change Post-Veraison 5% 12% 6% 
 

Grape Chemistry 

 Brix 
Glucose + 
Fructose 

(g/L) 
pH 

TA 
(g/L) 

Tartaric 
Acid 
(g/L) 

Malic 
Acid 
(g/L) 

Potassium 
(mg/L) 

IBMP 
(ng/L) 

Ammonia 
(mg/L) 

NOPA 
(mg 
N/L) 

YAN 
(mg 
N/L) 

Thinned Prior to Veraison 24.1 242 3.68 5.8 7.3 1.46 3080 <1.0 <10 70 74 

Thinned at 50% Veraison 23.5 237 3.65 5.8 7.5 1.50 2960 <1.0 13 78 89 

Thinned Post-Veraison 23.2 234 3.62 5.7 7.7 1.23 3000 <1.0 17 93 107 

% Change 50% Veraison -2% -2% -1% 0% 3% 3% -4%   11% 20% 

% Change Post-Veraison -4% -3% -2% -2% 5% -16% -3%   33% 45% 

Results from ETS in Late November 
 

Grape Phenolics 

 Catechin 
(mg/L) 

Catechin/ 
Tannin 
Index 

Polymeric 
Anthocyanins 

(mg/L) 

Polymeric 
Anthocyanins/ 
Tannin Index 

Tannin 
(mg/L) 

Quercetin 
Glycosides 

(mg/L) 

Total 
Anthocyanins 

(mg/L) 

Thinned Prior to Veraison 21 0.031 22 0.033 673 141 737 

Thinned at 50% Veraison 13 0.022 19 0.033 581 127 679 

Thinned Post-Veraison 14 0.028 17 0.034 502 126 582 

% Change 50% Veraison -38% -29% -14% 0% -14% -10% -8% 

% Change Post-Veraison -33% -10% -23% 3% -25% -11% -21% 

Results from ETS in Late November 
 

Wine Chemistry 

 Ethanol 
(%vol/vol) 

Residual 
Sugar 
(g/L) 

pH 
TA 

(g/L) 

Volatile 
Acidity 
(g/L) 

Tartaric 
Acid 
(g/L) 

Malic 
Acid 
(g/L) 

Lactic 
Acid 
(g/L) 

Potassium 
(mg/L) 

IBMP 
(ng/L) 

Total 
SO2 

(ppm) 

Free 
SO2 

(ppm) 

Molecular 
SO2 (ppm) 

Thinned Prior to Veraison 14.69 <1 3.70 5.22 0.660 1.6 <0.15 0.93 1200 1.6 57 25 0.51 

Thinned at 50% Veraison 14.34 <1 3.69 5.39 0.792 1.8 <0.15 0.91 1100 1.4 40 23 0.47 

Thinned Post-Veraison 14.14 <1 3.59 5.33 0.630 1.9 <0.15 0.88 1050 1.4 51 22 0.55 

% Change 50% Veraison -2%  0% 3% 20% 13%  -2% -8% -13% -30% -8% -8% 

% Change Post-Veraison -4%  -3% 2% -5% 19%  -5% -13% -13% -11% -12% 8% 

Results from ICV in Mid February, Except IBMP which is from ETS and VA which is In House 

 



 

 

 

 
Color Profile 

 A420 A520 A620 Hue (420/520) Intensity (420 + 520 + 620) 

Thinned Prior to Veraison 0.210 0.247 0.056 0.850 0.513 

Thinned at 50% Veraison 0.204 0.236 0.058 0.864 0.498 

Thinned Post-Veraison 0.169 0.203 0.043 0.833 0.415 

% Change 50% Veraison -3% -4% 4% 2% -3% 

% Change Post-Veraison -20% -18% -23% -2% -19% 

Results from ICV in Mid February 
 

Wine Phenolic Profile 

 
Caffeic 

Acid 
(mg/L) 

Caftaric 
Acid (mg/L) 

Catechin 
(mg/L) 

Epicatechin 
(mg/L) 

Catechin: 
Epicatechin 

Ratio 

Catechin: 
Tannin Ratio 

Gallic 
Acid 

(mg/L) 

Thinned Prior to Veraison 7 13 26 16 1.63 0.06 46 

Thinned at 50% Veraison 7 14 21 12 1.75 0.05 43 

Thinned Post-Veraison 7 15 22 10 2.20 0.06 41 

% Change 50% Veraison 0% 8% -19% -25% 7% -17% -7% 

% Change Post-Veraison 0% 15% -15% -38% 35% 0% -11% 

Results from ETS in Mid February 
 

Wine Phenolic Profile 

 
Malvidin 
glucoside 

(mg/L) 

Monomeric 
Anthocyanins 

(mg/L) 

Polymeric 
Anthocyanins 

(mg/L) 

Quercetin 
(mg/L) 

Quercetin 
Glycosides 

(mg/L) 

Tannin 
(mg/L) 

Total 
Anthocyanins 

(mg/L) 

Resveratrol 
(cis and trans) 

(mg/L) 

Thinned Prior to Veraison 113 176 19 1 14 441 195 0.2 

Thinned at 50% Veraison 88 130 19 1 12 429 149 0.2 

Thinned Post-Veraison 98 150 15 1 9 364 165 0.3 

% Change 50% Veraison -22% -26% 0% 0% -14% -3% -24% 0% 

% Change Post-Veraison -13% -15% -21% 0% -36% -17% -15% 50% 

Results from ETS in Mid February 

 

For the March 14 tasting, Astringency and Bitterness seemed to be higher for cluster thinning before and 

after veraison.  Fruit Intensity seemed to be higher than 50% and post-veraison cluster thinning.  There was a 

preference for the 50% cluster thinning wine.  However, this tasting had very low attendance, and thus these results 

are very weak. 

 



 

 

 

 
For the descriptive analysis on the May 16 tasting, there was a strong tendency for the 50% veraison 

treatment to have higher Herbaceous/Green character (LSD=0.43).  There was a slight tendency for this wine to 

also have higher Bitterness.  Pre-veraison cluster thinning may have had higher Fruit Intensity.  Post-veraison 

cluster thinning may have had slightly lower Overall Aromatic Intensity and Astringency.  In general, the wines which 

were cluster thinned at 50% veraison were most preferred.  These results suggest that the beneficial impacts of 

cluster thinning prior to veraison on chemistry may not be beneficial towards flavor profiles.  However, this study 

should be repeated over multiple vintages, at different sites, and with different grape varieties to better understand 

how this timing of cluster thinning affects a Virginia appellation. 

 

 Pre-Veraison 50% Veraison Post-Veraison Total Votes 

Most Preferred 24% 62% 14% 21 

Second Most Preferred 33% 17% 50% 18 

Least Preferred 39% 28% 33% 18 

 

Methods 

This project was performed on a 2.19 acre block of Cabernet Franc first planted in 1989.  This block was 

on silt loam and limestone with a moderate south facing slope (14 rows).  Three different cluster thinning timings 

were performed on this block so that the entire block was thinned to 1 cluster per shoot in the end.  The first 1/3 

was thinned prior to veraison (around mid-August) and the bottom cluster was left (unless it was underperforming), 

the second 1/3 was thinned at 50% veraison (around late August) and the selection was made based on the cluster 

that was furthest advanced, and the last 1/3 was thinned post veraison (around the first-second week of September), 

leaving the bottom cluster unless it was underperforming.  All other tasks in the block were done identically so the 

only difference was the cluster removal process.  It was done alternating rows (every third row had the same 

treatment) to ensure uniformity.   

Grapes were harvested on October 7, 2017 and chilled overnight.  The following day they were destemmed 

into 1 ton T Bins, and each lot received 2g/L tartaric acid.  All lots received a 10 day cold soak, and were then 



 

 

 

 
inoculated with CSM and Go Ferm.  YAN was corrected to 225ppm using 25g/hL Fermaid and the remainder DAP 

over three days.  Punchdowns were three times per day starting at the beginning of fermentation.  Post-fermentation 

punchdowns were once per day until the cap fell.  The wines were pressed on November 13 (36 days total 

maceration), and only the free run was used.  The wines were pressed directly to barrel.  All wines were inoculated 

with O-Mega malo-culture in barrel.  Each wine was barreled into a second use Sansaud French Xtra Medium Plus 

barrel. 

These wines were tasted on March 14 and May 16.  In order to balance the data set to perform statistical 

analysis for descriptive analysis on the May 16 tasting, any judge who had not fully completed the descriptive 

analysis ratings were removed.  In order to then make the number of judges between groups equivalent, one judge 

from group 3 was transferred to group 1.  This resulted in a final data set of 3 groups, each with 6 judges (considered 

as replications within groups, and groups were considered as assessors).  Data was analyzed using Panel Check 

V1.4.2.  Because this is not a truly statistical set-up, any results which are found to be statistically significant (p<0.05) 

will be denoted as a “strong trend” or a “strong tendency,” as opposed to general trends or tendencies.  The 

statistical significance here will ignore any other significant effects or interactions which may confound the results 

(such as a statistically significant interaction of Judge x Wine confounding a significant result from Wine alone).  The 

descriptors used in this study were Fruit Intensity, Herbaceous/Green, Overall Aromatic Intensity, Bitterness, 

Astringency, and Body. 

Due to the very small number of judges (3) at the March 14 tasting, only slight trends will be discussed for 

the sensory information.  Its results will not be incorporated into the overall conclusions. 
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