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Abstract
On vines of ‘Vidal blanc’, ‘Seyval blanc’ and ‘Pinot Gris’ exposed and shaded clusters were harvested and berry
weight and soluble solids determined on individual berries of a random 30-berry sample from each cluster. De-
laying harvest to optimum maturity of ‘Vidal blanc’ and ‘Seyval blanc’ decreased the variability and shifted the
distribution of berries with higher soluble solids. There was little difference in range of concentration of soluble
solids between early and mature harvests of ‘Pinot Gris’. Berries from exposed clusters of all cultivars had higher
soluble solid concentrations than shaded clusters. The sources in variation in soluble solids of ‘Vidal blanc’
were 31% due to berry to berry, clusters 28% and 41% vines. Soluble solids variation of ‘Seyval blanc’ were as
follows: berries 22%, clusters 69%, and vines 9%. Variation in soluble solids for ‘Pinot Gris’ were as follows:
berries 34%, clusters 18% and vines 48%. Based on these sources of variation, a table of sampling protocols
is provided to insure 95% confidence in soluble solids half width intervals of 0.5, 1.0 or 2.0% for each cultivar.

Introduction

The maturation of grapes is the result of a
complex series of biochemical transforma-
tions which are affected by weather, cultivar
and vineyard cultural practices. Optimum
maturity depends on the style of wine to be
made, as well as the genetic influence im-
parted by the cultivar. As harvest approach-
es, a sample is taken in the vineyard and
analyzed for soluble solids, pH and titratable
acidity. Often a 100- to 200-berry sample is
recommended (1,4,5). Kasimatis and Vilas
(5) reported that 10-cluster samples gave the
same precision as two 50-berry samples for
detecting differences of 1.0°Brix. It is criti-
cal that this sample be a true prediction of
the maturity in the vineyard.

The composition of berries can differ with
their position on the rachis, the location of
the cluster on the vine, location of the vine
in the vineyard, degree of sun exposure, age
of the vine, pruning system etc.(2,6,8,9). In
an oral presentation of the 1996 cool climate

symposium, Zelma Long showed that wine
quality was not only influenced by the mean
value of soluble solids, but also by the varia-
tion with the highest quality wine occurring
when the variation in soluble solids was
small. She showed large differences between
‘Chardonnay’ and ‘Cabernet Sauvignon’ in
the berry sample size required to accurately
predict must composition differences by
cultivar. Carroll et al. (3) showed that when
variation in maturity around the mean value
was large, overripe and unripe flavors are
present in the wine. They demonstrated that
wines made from grapes of optimum ripe-
ness were considered superior to those from
the under-ripe or over-ripe grapes. Since
we had difficulty in correctly predicting
must soluble solids from a standard berry
sample, the present studies were initiated to
determine the primary sources of variation.
Was the variation primarily among vines,
cluster exposure, berry to berry or harvest
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date? “Vidal blanc’, ‘Seyval blanc’ and ‘Pi-
not Gris’ were selected as important white

wine cultivars in the Midwest.
Materials and Methods

The following grape cultivars located in
adjacent vineyards at Horticulture Unit II
in Wooster, Ohio, were used in this study:
“Vidal blanc’ own rooted vines planted in
1981, spaced 3 x 4.5m, trained as a bilat-
eral cordon, pruned leaving 40 buds on 5-
bud canes, thinned at bloom to one cluster
per shoot; ‘Seyval blanc’ own rooted vines
planted in 1981, spaced 2.5 x 3m, trained as
a bilateral cordon, pruned leaving 40 buds
on 5-bud canes, thinned at bloom to one
cluster per shoot; ‘Pinot Gris’ vines on C-
3309 rootstock planted in 1994, spaced 1.25
x 3m, trained as a Geneva Double Curtain,
leaving 25 buds on 5-bud canes and not
hand-thinned.

In the fall of 1995, 20 vines of each cul-
tivar were selected for uniformity and two
exposed clusters and two shaded interior
clusters were tagged on each vine. Harvests
were made at early maturity defined as 1-2%
soluble solids below optimum maturity and
the second sample taken at optimum matu-
rity. The clusters were weighed, all berries
were counted and removed. A 30-berry
sample from each cluster was chosen at
random and weight and juice soluble solids
determined on each berry (Atago digital re-
fractometer, PR101, Misco, Cleveland, OH)

Approximate minimal sample size pro-
tocols were devised for estimating % soluble
solids. The first step in this process was to
compute the components of variance due to
plant, cluster, and berry size by fitting a nest-
ed model to the data. In this model berries
were nested within cluster, clusters within
plant and plants within date. Date was mod-
eled as a fixed effect and this mixed model
analysis was computed using proc Mixed in
SAS. The estimated components were then
used to compute the minimum sample need-
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ed to get estimates of the % soluble solids
concentration that would be within 0.5%,
1% or 2% soluble solids of the true % soluble
solids value a reasonable amount of the time.
Confidence intervals of 95% are used as the
basis for these estimated sample sizes.

With some assumptions about the model
and the computation of estimated compo-
nents of variation, this “reasonable” amount
of time would be 95%. However, the clusters
were chosen to maximize the amount of vari-
ation due to exposure to sunlight. If sunlight
has an effect, this will result in estimates for
cluster variation that are larger on average
than if the assumption of randomness were
true. The result will be sample sizes that are
too large in general, but more so for cluster
than for vines and berries. Hence, the values
in Table 1 will be conservative and might
be expected to provide even better than ex-
pected results in comparable vineyards. The
values in Table 1 were calculated as follows:
let the variance of an estimate due to vines
be o2, the variance due to clusters be o?,
and the variance due to berries be 6,%. If v is
the number of vines, ¢ the number of clusters
and b the number of berries then the vari-
ance of an estimate of vineyard % soluble
solids would be given by

O,

estimate

*=o 2+ (02 +ob)/c.

\%

A 95% confidence interval for this esti-
mate is then given by

y £t 5 *V (02 + (02 +0 /b))

v

The goal is to find values of v, c and b
such that the right hand term, or C.I. half
width, is less than the target value, say 1.0%
soluble solids. If ¢ is chosen large enough
then (0,2 +o ,*/b)/c can be made as small a
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positive number as we might want. There-
fore the half width will be at least

t100s V(o2/v. 0))

The smallest value of v is determined such
that (1) is less than the target value. This
requires an iterative process since when v is
changed, t_, .. changes as well.

Once this minimum number of vines is
determined the minimum value for the num-
ber of clusters such that the half width is still
smaller than the target value is calculated not-
ing that if b, the number of berries, is large
enough the term o,%/b can be made as small
as needed. The final step is to calculate the
smallest value for b given these minimum val-
ues of vand c. Since the values for b might be
quite large, c is increased by 1 several times
which should give smaller values for b. This
is done until nothing more is gained.

The same was then done for vines to de-
crease the number of clusters and berries.
For a given number of vines, such as v + 1,
the new ¢ was calculated and used to cal-
culate the new b. Then several values of ¢
were used to decrease the number of berries
as before.

Results and Discussion

Berry weight of ‘Vidal blanc’ ranged from
0.8g to 3.0 g with most of the berries weigh-
ing between 1.2 and 2.1g (Fig. 1A). Berries
of ‘Seyval blanc’ were larger ranging from
1.0 to 3.2g with the largest concentration be-
tween 1.7 and 2.5g (Fig. 1B). ‘Pinot Gris’
had the smallest berries of these three culti-
vars ranging from 0.5 to 2.5g with most be-
tween 0.8 and 1.5g (Fig. 1C). The distribu-
tion of all cultivars appeared to be a normal
bell-shaped curve. Trought and Tanneck (7)
reported for ‘Pinot noir’ and ‘Cabernet Sau-
vignon’ no effect of position in the cluster on
berry size or soluble solids and did report that
berry size was reduced when berries had no
seeds or only one seed. These small berries
had higher soluble solids, but berries with 2
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Figure 1. Distribution of berry weight in
clusters of ‘Vidal blanc’ (A),
‘Seyval blanc’ (B) and ‘Pinot
Gris’ (C).
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or more seeds did not differ in soluble solids.
Berry size was positively related to pedicel
cross-sectional area and xylem and phloem.
Unfortunately, we did not count seed num-
bers, but most berries were observed to have
multiple seeds. Pearson correlation coeffi-
cients between berry size and % soluble sol-
ids were calculated for the whole data set and
also for all possible subsets (31) produced by
combinations of levels of cultivar, exposure
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and date. The most significant correlation co-
efficient was -0.40 and while most were nega-
tive as expected, all were close to 0. None
were of a magnitude that would suggest that
% soluble solids could be usefully predicted
by berry size.

Box plots are a fairly common way of dis-
playing data, especially when the desire is to
look at a distribution of values or to compare
distributions of values. The box has for its
ends the 25 and the 75 percentiles or 1# and
3 quartiles. An additional line divides the
box at the 50 percentile or median. The plot
also contains lines or “whiskers” that extend
from the box and represent the extent of the
data values. These lines are limited to 1.5
times the length of the box. All data beyond
this limit are given a special character sug-
gesting that they are extreme and may need a
second look. The data for harvest date shows
that for ‘Pinot Gris’ delaying harvest did not
shift the box to higher soluble solids (Fig-
ure 2). However, with both ‘Seyval blanc’
and ‘Vidal blanc’, mature harvest shifted the
box to higher soluble solids and reduced the
range of the data values.

Exposed clusters for all three cultivars
tended to have higher soluble solids than
shaded clusters with the greatest difference
with ‘Seyval blanc’ (Figure 3). The range
of soluble solids was shorter and had fewer
extreme values for ‘Seyval blanc’ than the
other two cultivars which appeared similar.
Wolpert et. al. (8) found with ‘Vidal blanc’
that clusters exposed to sun light had a great-
er effect on soluble solids than training sys-
tems, pruning severity, shoot origin or clus-
ter thinning.

In Table 1, combinations of sampling pro-
tocols are presented to give 95% confidence
that the sample you take will provide the cor-
rect soluble solids at interval half widths of
0.5, 1.0 or 2.0% soluble solids for these three
cultivars. It is very clear that the sample for
all cultivars must be larger, as the interval

JOURNAL OF THE AMERICAN POMOLOGICAL SOCIETY

half width is reduced. In talking to wine-
makers, generally a 1.0% half width would
be acceptable and would not require signifi-
cant changes in winemaking techniques.

The actual estimate of the variance compo-
nents with standard errors (Table 2) show that
although estimates were used the very large
sample size provided adequate results. The
upper 95% confidence limits for the variance
components are not much larger than their
estimates due to the large sample size used.
The 95% C.I. half widths can be recalculated
using these upper 95% confidence limits for
the variance components and the values from
Table 1. When this is done for “Vidal blanc’
and ‘Pinot Gris’ instead of 1% soluble solids
the largest actual half width is 1.22%. Under
this worst case scenario ‘Seyval blanc’ half
widths using suggested sample sizes with
just one vine are quite large. But the sug-
gested sample sizes using 4 to 5 vines result
in half widths from 1.21% to 1.51%.

The difference in sources of variation (Fig.
4) is clearly shown in the sampling protocols.
For example, the uniformity of the vines of
‘Seyval blanc’ in this vineyard indicate that
a single-vine could be used as long as 30-38
clusters on that vine are sampled, since clus-
ter-to-cluster variation was responsible for
69% of the variation. However we suggest
sampling 4 or more vines with fewer clusters
per vine (see Table 1) as vines in other vine-
yards might not be as uniform. With ‘Vidal
blanc’ and ‘Pinot Gris’ it was most important
to increase the number of vines in the sample
since this was the largest source of variation
in soluble solids (41 and 48%, respectively),
followed by number of berries per cluster.

These results clearly show that sampling
schemes should differ among cultivars to in-
sure optimum prediction of must soluble sol-
ids. Wolpert and Howell (8) also found that
sampling techniques should differ between
‘Vidal blanc’ and ‘Concord’ if precise esti-
mates of soluble solids were to be achieved.
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Figure 2. Box plot showing the influence of harvest date on the distribution of individual
berry soluble solids for three cultivars.
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Figure 3. Box plot showing the influence of cluster exposure at the mature harvest on the
distribution of soluble solids for three cultivasr.
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Table 1. Approximate minimal sample size protocols to provide 95% confidence that
the soluble solids in the sample will represent the soluble solids concentration of the must
of three white wine cultivars at three interval half-widths.

Interval half-width

(% soluble solids) Vidal blanc Seyval blanc Pinot Gris
Vines Clusters Vines Clusters Vines Clusters
Berries Berries Berries

0.5 29 59 59 6 40 22 25 10 15
29 61 21 6 42 5 25 11 8
30 14 29 7 15 7 26 S 11
30 16 6 7 17 2 26 7 3
31 8 23 8 9 11 27 3 22
31 10 4 8 11 2 27 5 3
32 6 9 --- --- --- - --- -
32 8 3 --- -—- - - --- -
33 5 5 - - - - - -
33 7 2 --- - --- - - -
33 9 1 - - - - --- -

1.0 10 5 15 1 30 38 8 24 69
10 7 3 1 32 4 8 26 17
11 3 4 1 34 2 9 2 22
11 5 1 1 38 1 9 4 2
12 2 4 4 8 3 10 1 42
12 4 1 4 10 1 10 3 1
13 2 2 5 4 2 - --- -
13 4 1 5 7 1 - --- -

20 5 2 3 1 5 3 4 4 7
6 1 2 1 7 1 4 6 2
7 1 1 1 9 1 5 1 2
8 1 1 1 11 1 5 3 1
8 3 1 1 13 1 6 3 1
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Table 2. Estimates of variance components, standard errors and the upper 95% confidence
limits for the three cultivars.

Pinot Gris Seyval blanc Vidal blanc
Var Std. Con. | Var Std. | Con. | Var Std. Con.
comp. | error | limit | comp error | limit | comp. | error | limit
Vine 1.40 039 1205 |0.19 027 063 | 170 0.54 | 2.59
Cluster | 052 0.13 073 ] 147 033 1201 |114 0.27 158
Berry 0.99 0.03 104 | 048 0.01 050 1129 0.04 135

Figure 4. Distribution of the variation in soluble solids due to vines, clusters and

berries of ‘Vidal blanc’, ‘Seyval blanc’, and ‘Pinot Gris’ grapes.
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