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INTRODUCTION  

Pinot noir and Chardonnay are the two main winegrape varieties in Oregon. In 1998, they comprised 
approximately 59% of the Oregon winegrape acreage, and 57% of the total production for a value of 
$10,803,000 (62% of total) (1). Internationally, clonal selection of Pinot noir and Chardonnay have 
made available, for each variety, an array of clones with wide ranging levels of productivity and fruit 
quality. In the Champagne region, clones were selected for increased yields; in Burgundy, the main 
criterion was high fruit quality; and in Switzerland, the Pinot noir clone Mariafeld was selected for 
disease resistance. In the U. S., clones selected here and elsewhere continue to be evaluated for their 
suitability to local growing conditions. The Pinot noir clones included in the trial at Woodhall III 
Vineyard (Table 1) include representatives of diverse types loosely classified into four groups: 1) Pinot 
fin, typically characterized by having small clusters and prostrate growth habit; 2) Mariafeld, most noted 
for having loose clusters; 3) Upright, known for their erect growth habit; and 4) Fertile, typically having 
large clusters and prostrate growth habit (2). The Chardonnay clones at Woodhall III Vineyard (Table 
2), although not as numerous as clones in the Pinot noir trial, also represent a range of types with 
different levels of productivity and fruit quality. 
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Vines in the Woodhall III Vineyard Pinot noir and Chardonnay clonal trials were in the tenth leaf in the 
1998 season. Both trials consist of own rooted vines, planted on a 1.8m x 2.7m (6 ft x 9 ft) spacing, and 
trained to an upright vertical trellis. At harvest in 1998, yield components and juice composition were 
measured in both trials. Additionally in the Pinot noir clones, fruit set, vegetative growth parameters, 
cluster architecture, and skin anthocyanins were measured. During budbreak, bloom, and veraison, the 
Pinot noir clones were rated for their stage of development, and starting at veraison, a ripening survey 
was conducted with sampling at twoweek intervals until harvest.  

Demonstration wine lots are being made from the 1998 harvest by Barney Watson, OSU Department of 
Food Science and Technology, with the following Pinot noir clones: ESP 236, FPMS 2A, 4, 10, 29, 17, 
23, and 32, and DJN 113, 114, and 115. Wine making results will be reported at a later date.  

MATERIALS AND METHODS  

Pinot noir clones 
Canopy development and vine vigor - The Pinot noir clonal trial was pruned in February 1998. Pruning 
weights were measured, and 30 buds per kilogram of one-year-old wood were left. Shoot length, 
diameter, and leaf number were measured on three shoots per replicate on 7 July, prior to hedging.  

Bud burst, bloom, and veraison phenology - Prior to budbreak, five canes per replicate were selected for 
estimating bud burst, bloom, and veraison phenology. During budbreak, the five uppermost buds of each 
cane were scored three times per week using the scale proposed by Johnson and Howell (3). At bloom, 
25 clusters per replicate were rated three times per week for percentage of fallen caps. During veraison, 
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the same clusters were scored three times per week for percentage of dark colored berries.  

Fruit set and cluster architecture - Prior to bloom, three clusters per replicate were enclosed in mesh 
bags to retain all shed flowers. The bags were removed approximately four weeks after full bloom and 
all abscised flowers and fruitlets were counted. The previously bagged clusters were picked separately at 
harvest. The number of flowers was calculated as the sum of shed flowers and berries. Percent fruit set 
was calculated as the quotient of berries at harvest and total number of flowers per inflorescence. Cluster 
length, and volume were measured and the clusters were frozen for later determination of berry number. 

Ripening survey - On August 24, at the onset of veraison, and at two-week intervals until harvest, a 
three- cluster sample was collected per replicate. Cluster weight was measured, and berry weights were 
measured on a 100-berry subsample randomly selected from the three clusters. The remaining berries 
were crushed for determination of soluble solids, pH, and titratable acidity.  

Yield and fruit quality - The Pinot noir clonal trial was harvested on September 25. A sample of 10 
clusters per replicate was crushed for determination of soluble solids, pH, and titratable acidity. A 
sample of five clusters per replicate was used to estimate number of berries per cluster. Cluster weight 
was calculated by averaging the pooled 15-cluster sample weight. Berry and skin weights were 
measured on a 100-berry subsample randomly selected from the five clusters. Skins were extracted in 
acidulated methanol. Anthocyanins were determined by absorbance at 530 nm and concentration was 
calculated using an extinction coefficient of E 1%=380 (4,5). Sugar per vine was calculated by 
multiplying must sugar concentration (°Brix/100) by total yield per vine.  

Chardonnay clones 
Pruning - The Chardonnay clonal trial was pruned in February 1998. Pruning weights were measured, 
and 30 buds per kilogram of one-year-old wood were left.  

Yield and fruit quality - The Chardonnay clonal trial was harvested on October 16. A sample of 25 
clusters per replicate was crushed for determination of soluble solids, pH, and titratable acidity. Berry 
weights were measured on a 100-berry subsample randomly selected from a fivecluster sample from 
each replicate. Cluster weight was calculated by averaging the pooled 30-cluster sample weight. Sugar 
per vine was calculated by multiplying must sugar concentration (°Brix/100) by total yield per vine.  

RESULTS AND DISCUSSION  

Pinot noir clones - 1998 season 
Yield and yield components - Yield of the Pinot noir clones ranged from a high of 1.55 t/ac (DJN 10/18) 
to a low of 0.73 t/ac (FPMS 29) (Table 3). FPMS clones 2A, 4, and 10, all Pinot fin clones, had 
relatively high yields. Additionally, there were relatively high yielding Upright (DJN 60 and FPMS 22) 
and Fertile clones (DJN 375, FPMS 31, and 32). The overall average yield for the Pinot noir clones in 
1998 was 1.15 t/ac. This represents a 50% reduction compared to that of 1997 (2.30 t/ac).  
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Berry weights ranged from 0.91 g (FPMS 17 and 32) to 1.07 g (FPMS 22) (Table 3). These differences 
were, however, not statistically significant. Cluster weights ranged from 57.8 g (FPMS 29) to 94.8 g 
(FPMS 31). In addition to FPMS 29, several other Pinot fin clones (DJN 113, 114, and 115) had 
relatively low cluster weights. Other clones with relatively high cluster weights included FPMS 22 and 
ESP 374 (Upright clones), and FPMS 32, ESP 236, and DJN 10/18 (Fertile type clones). Cluster weight 
was significantly correlated to yield (R2=0.374). In 1998, all clones, with the exception of ESP 374 and 
FPMS 17 and 23, had lower cluster weights than in 1997. This can be attributed to lower berry weights 
and fewer berries per cluster in 1998 compared to those in 1997.  

Fruit composition - Juice soluble solids at harvest ranged from 22.0 °Brix (FPMS 22) to 23.7 °Brix 
(FPMS 2A) (Table 4). The Pinot fin clones tended to have higher soluble solids than those of the other 
groups. The three Upright clones had the lowest soluble solids. The Pinot fin clones, with the exception 
of FPMS 2A, tended to have relatively high juice pH and correspondingly low titratable acidity levels 
compared to those of the other clones. Juice pH and titratable acidity at harvest were inversely correlated 
(R2 = 0.827). Neither pH nor titratable acidity, however, was closely correlated to Brix.  
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FPMS clones 2A, 4, and 10, Pinot fin type clones, had above average juice soluble solids, as well as 
above average yields (Figure 1A). Two Fertile type clones, DJN 375 and FPMS 31, also had above 
average juice soluble solids and above average yields. Clones DJN 113, 114, and 115, and FPMS 29, 
also Pinot fin type clones, had above average soluble solids but below average yields. DJN 60 and 
FPMS 22 (Upright clones) and DJN 10/18 and FPMS 32 (Fertile type clones) had above average yields 
but below average soluble solids. The Mariafeld clones FPMS 17 and FPMS 23 had below average 
yields and, in contrast to 1997, had below average juice soluble solids. In 1998, all twenty clones had 
higher soluble solids but lower yields than in 1997. 
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FPMS 23 and FPMS 17, both Mariafeld clones, had the two highest skin anthocyanin concentrations 
(2.05 mg/g berry and 1.94 mg/g berry, respectively). These two clones have consistently had the highest 
skin anthocyanin concentrations. There was a relatively narrow range in anthocyanin concentration 
among the other clones, from 1.23 mg/g berry (COL 538) to 1.74 mg/g berry (FPMS 32). The values 
reported here are generally comparable to those reported by Price and Watson (2) for wines produced in 
1994 from the Pinot noir clones at Woodhall.  

The relationship between skin anthocyanin concentration and yield is shown in Figure 1B. Although 
DJN 10/18, FPMS 2A, and FPMS 32 had above average anthocyanins and above average yields, none of 
the clones had both high anthocyanins and high yield. The clones with the two highest anthocyanin 
content, FPMS 23 and FPMS 17, both had below average yields.  

Fruit set and cluster architecture - Fruit set was generally even among the clones with the exception of 
FPMS 2A which had relatively high fruit set, and FPMS 17 and 23 (both Mariafeld clones), which had 
relatively low fruit set (Table 5). The overall average for flowers per inflorescence was lower in 1998 
than in 1997 (290 and 394, respectively). Fruit set was 29% in both seasons. 
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Cluster volume was correlated to cluster weight (R2 = 0.381). Those clones noted above as having lower 
weight clusters had low volume clusters (Tables 3 and 5). The two Mariafeld clones, FPMS 17 and 23, 
had relatively low weight, low volume clusters. And, characteristically, they had relatively long clusters 
with few berries, resulting in low cluster compactness (loose clusters). In general, clusters were shorter, 
had lower volume, and were less compact in 1998 than in 1997. In contrast to the other clones, the 
Mariafeld clones had clusters in 1997 and 1998 that were roughly equal in length and volume, but in 
1998 were slightly more compact.  

Vine vigor - Pruning weights are an index of vine vigor and may help to explain some of the differences 
in yield. In 1998, pruning weights ranged from 0.32 kg/vine (FPMS 17) to 0.59 kg/vine (FPMS 2A), but 
these differences were not statistically significant (Table 6). Yield was, however, correlated to pruning 
weight (R2 = 0.298). And, clones noted earlier as having higher yields, tended to have higher pruning 
weights.  
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Phenology and ripening - Bud burst of the different clones took place during the three day period from 
Julian day 114 to 116 (April 24 to April 26) (Table 7). Most clones, including representatives from all 
types, had bud burst on Julian day 114. Col 538 was last to reach bud burst on Julian day 116. Full 
bloom occurred during the four day period from Julian day 179 (June 28) to Julian day 182 (July 1). The 
time elapsed between bud burst and full bloom ranged from 65 to 67 days, averaging 66 days. Bud burst 
was 3 days earlier but full bloom was 15 days later in 1998 than in 1997. 
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Veraison took place from Julian day 240 to 242 (August 28 and 30, respectively). Most Pinot fin type 
clones reached veraison on Julian day 240. Most other clones with the exception of FPMS 17 and 23 
(Mariafeld clones), ESP 374 and FPMS 22 (Upright clones), and FPMS 32 (Fertile type) reached 
veraison on Julian day 241. These clones reached veraison last, on Julian day 242. The time elapsed 
between bloom and veraison ranged from 58 to 61 days, averaging 60 days. 124 to 128 days were 
required from bud burst to veraison, with an average across all clones of 126 days. Veraison was five 
days later in 1998 than in 1997.  

On August 24, at the beginning of veraison, soluble solids ranged from 5.6 to 7.7 °Brix (FPMS 22 and 4, 
respectively) (Table 8). pH ranged from 2.69 to 2.81 (FPMS 2A and 10, respectively). Titratable acidity 
ranged from 43.91 to 55.03 g/L (DJN 115 and FPMS 17, respectively). In the two week period from 24 
August to 8 September, the twenty clone average for juice soluble solids increased 12.7 Brix, and 
titratable acidity decreased 37.2 g/L. Differences in rates of sugar accumulation and acid reduction 
among selected clones that appeared to be present in 1997 were absent in 1998 (Figures 2 & 3). FPMS 
22 (Gamay Beaujolais) lagged behind the other clones throughout the ripening period.  
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Pinot noir clones - multi-season averages 
Multi-season averages of yield, berry weight, cluster weight, juice soluble solids, pH, titratable acidity, 
and skin anthocyanin concentration are listed in Tables 9, 10, 11, and 12. For each parameter measured, 
the clones are listed in descending order in groups of five clones. The values for the multi-season 
averages are followed by the rank of the particular clone relative to the other clones in a given season. 
These tables allow one to judge the average performance of the clones over several seasons and gain 
some perspective of how consistent their performance is relative to the other clones from year to year. 
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Yield - There is a wide range in the four-year averages for yield. COL 538 and DJN 10/18 had the two 
highest four-year average yields. Additionally, these two clones were in the first yield group in three of 
the four seasons, indicating that they have been consistently high yielding in relation to the other clones. 
FPMS 4, 2A, and 22 had the next three highest average yields. FPMS 2A has been in the first yield 
group in three of the four seasons and FPMS 4 and 22 have been in the first yield group in two of the 
four seasons. These last two clones, therefore, have been less regularly high yielding in relation to the 
other clones. The five clones in the first yield group include two Fertile clones, two Pinot fin clones and 
an Upright clone. Several other clones have ranked in the first yield group in one season, but no others 
have done so in two or more seasons. Consistently low yielding clones include DJN 114 and 115, and 
FPMS 23, 29, and 17. There are representatives of each clone type, except Mariafeld, in the first, 
second, and third yield groups. The last yield group includes only Pinot fin and Mariafeld clones. 
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Berry weight - There is a relatively small range in the four-year averages for berry weight. Clones 
ranking consistently in the low berry weight group include FPMS 10 and 29. Other clones with low 
berry weight ranks in two or more seasons but moderate weight ranks in other seasons are DJN 114 and 
115, and FPMS 17. Several other clones have ranked in the low berry weight group in one season but 
ranked in the moderate or higher berry weight groups in the other seasons. Clones consistently ranking 
in the high berry weight group include FPMS 22, 2A, and 32. As indicated by the statistical summary, 
season to season variation plays a greater role in the overall variation in berry weight than does clonal 
variation.  

Cluster weight - There is a wide range in the four-year averages for cluster weight. Clones ranking 
consistently in the low cluster weight group include FPMS 29 and 17, and DJN 115, 114, and 113, all of 
which are Pinot fin clones, except for FPMS 17. As noted in the introduction, Pinot fin clones have been 
characterized as having small clusters. Cluster weight is an index of cluster size. All of the Pinot fin 
clones, including FPMS 4, which ranked eighth in the four year averages for cluster weight, ranked in 
one of the two lower cluster weight groups in at least two of the four seasons. When the four-year 
averages are considered, Pinot fin clones are the predominant type represented in the lowest cluster 
weight group. Clones consistently ranking in the high cluster weight group include DJN 10/18, ESP 236, 
and FPMS 22. When the four-year averages are considered, Fertile and Upright clones are the only types 
represented in the highest cluster weight groups. The Fertile clones have been characterized as having 
large clusters. All of the Fertile clones ranked in one of the two higher cluster weight groups in at least 
two of the four seasons.  

Juice soluble solids - There appears to be a relatively narrow range in the four-year averages for soluble 
solids. FPMS 2A and 10, and DJN 113 ranked in the high Brix group in at least three of the four 
seasons. Additionally, Pinot fin clones are the only type in the highest Brix group. With the exception of 
ESP 236, all Fertile and Upright clones had four-year averages for soluble solids in one of the two 
lowest groups. Clones that ranked in the low Brix group in at least three of the four seasons include ESP 
374, DJN 60, COL 538, and FPMS 22.  

Juice pH - As was the case with soluble solids, there is a relatively narrow range in the four-year 
averages for juice pH. Furthermore, Pinot fin clones are the only type in the highest pH group. DJN 115 
and 113, and FPMS 29 and 4 ranked in the high pH group in at least three of the four seasons. One Pinot 
fin clone, FPMS 2A, however, along with FPMS 22 and 17, and DJN 10/ 18, ranked in the low pH 
group in at least three of the four seasons.  

Juice titratable acidity - The four year averages for juice titratable acidity largely reflect what would be 
expected from those of soluble solids and pH. Clones ranking in the higher Brix and pH group generally 
ranked in the lower TA groups. FPMS 10 and 4 ranked in the lowest TA group in all four seasons. DJN 
115 and 114 ranked in the lowest group in three of four seasons. FPMS 29 and DJN 113 ranked in the 
lowest group in two of four seasons. Conversely, FPMS 22 and 3 1, and DJN 10/18 ranked in the 
highest TA group in all four seasons. FPMS 2A ranked in the highest TA group in three of four seasons. 

Skin anthocyanins - There is a wide range in the four-year averages for skin anthocyanins. If the two 
highest ranking clones (FPMS 23 and 17) and the two lowest ranking clones (COL 538 and FPMS 4) are 
excluded, however, this range would be narrowed considerably. These four clones ranked first or second 
and nineteenth or twentieth, respectively, in at least two of three seasons. Among the remaining clones, 
FPMS 29 and 32 ranked in the highest anthocyanin group in two of three seasons. DJN 60 and 113 
ranked in the lowest anthocyanin group in two of three seasons.  

The relationship between Juice soluble solids and yield - The relationship between juice soluble solids 
and yield is shown graphically using the multi-year averages (Figure 4). The figure is divided into four 
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quadrants: clones having above average yield and juice soluble solids are distributed in quadrant 1 
(upper right); clones having below average yield but above average juice soluble solids are distributed in 
quadrant 2 (upper left); clones having above average yield but below average juice soluble solids are 
distributed in quadrant 3 (lower right); and finally, clones having below average yield and juice soluble 
solids are distributed in quadrant 4 (lower left). The clones are listed by quadrant in Table 13.  
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Clones having four-year averages in quadrant 1 are FPMS 10, 2A, 32, and 4. Of these four clones, only 
the three Pinot fin clones were positioned in this quadrant in at least three of the four seasons. Clones 
having four-year averages in quadrant 2 are more numerous. Pinot fin clones are, however, the only type 
positioned there in at least three of the four seasons. The two Mariafeld clones (FPMS 17 and 23) and 
the Fertile clone (ESP 236) with four year averages in quadrant 2 were positioned in this quadrant in 
only two of the four seasons. Fertile and Upright clones are the only types with four-year averages in 
quadrant 3. COL 538, DJN l0/l8 and 60, and FPMS 22 were positioned in quadrant 3 in at least three of 
the four seasons. DJN 375 and FPMS 31 were positioned there in two seasons but were in quadrants 1 or 
2 in the other two seasons. ESP 374, the only clone with a four-year average in quadrant 4, was located 
there in three of the four seasons.  
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Chardonnay clones 
Yield and yield and components - Yields of the Chardonnay clones ranged from a high of 3.29 t/ac (ESP 
352) to a low of 0.28 t/ac (FPMS 15) (Table 14). All of the Chardonnay clones had lower yield in 1998 
than in 1997. The overall average yield in 1998 was 1.94 t/ac, which was down 31% from that of 1997 
(2.82 t/ac). Berry weights were also wide ranging, although most clones had berry weights near the 
overall average of 1.21 g. Cluster weights ranged from 45.1 g (FPMS 15) to 145.2 g (FPMS 4) and were 
highly correlated to the number of berries per cluster (R2 = 0.894). Shoots per vine and pruning weights 
are both indexes of vine size. Yield was correlated to both shoots per vine and pruning weight (R2 = 
0.772 and R2 = 0.773, respectively), indicating that vine size is an important factor in yield differences 
among the clones.  
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Fruit composition - FPMS 15 had the highest juice soluble solids (23.4 °Brix), and FPMS 4 had the 
lowest (21.9 °Brix). Other clones with relatively high soluble solids were DJN 76 and 95 (23.0 and 22.8 
°Brix, respectively). In 1998, all clones had soluble solids that were higher than their corresponding 
values from 1997. Furthermore, in 1998, all clones had soluble solids that were higher than the overall 
average in 1997. Juice pH ranged from 3.07 (FPMS 5) to 3.22 (FPMS 15). pH was moderately 
correlated to soluble solids (R2 = 0.309). Those clones with relatively high pH also tended to have 
higher soluble solids. Titratable acidity, however, was not significantly correlated to soluble solids.  

The relationship between Juice soluble solids and yield - Juice soluble solids vs. yield of the 
Chardonnay clones for the 1998 and 1997 harvests is shown in Figures 5A and B, respectively. As was 
noted earlier, the overall yield for Chardonnay was lower in 1998 than in 1997. The overall average for 
soluble solids was higher in 1998. The relative position of the Chardonnay clones in 1998 and 1997 are, 
with some exceptions, generally similar. In 1998, FPMS 5, although still near the average for yield, 
moved from the lowest rank for soluble solids to within half of a degree Brix from the average. DJN 96 
moved from slightly above average soluble solids and slightly lower than average yield in 1997 to below 
average soluble solids and average yield in 1998. DJN 75, 76, and 78 each had above average soluble 
solids and yield, and DJN 95 had above average soluble solids but below average yield in both seasons. 
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