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The Ontario, Canada, grape and wine industry has ex-
panded rapidly in recent years. Total output from ~6870 ha 
of vineyards averaged about 53,000 tonnes annually between 
2004 and 2008. About 40% of the wine sales in Ontario be-
tween 2004 and 2008 originated chiefly from the Niagara 
region and smaller amounts from the wine-producing regions 
of Pelee Island, Lake Erie North Shore, and Prince Edward 
County. In the 2008 vintage, Ontario growers produced a crop 
of 60,780 tonnes, generating a farm gate value of $77.1 mil-
lion ($79.5 million CD) (Grape Growers of Ontario 2009).

The Ontario Vintners Quality Alliance (VQA) was estab-
lished in 1988 to set standards for producing premium wines 
in Ontario. Initially, VQA recognized three viticultural areas 
or appellations—Lake Erie North Shore, Pelee Island, and 
Niagara Peninsula—that were considered to have the po-
tential to produce wines of different quality due to various 
soil and climatic conditions. Prince Edward County became 
Ontario’s most recent Designated Viticultural Area in 2006. 

The Niagara Peninsula, with its relatively mild winter cli-
mate, favors a wide range of grape cultivars. The position 
of Niagara Peninsula between Lake Ontario and Lake Erie 
exposes the region to lake breezes that moderate high sum-
mer and cold winter temperatures (Shaw 2002).

Climatic factors, such as distance from the lake, slope, 
elevation, and airf low patterns, as well as soil type and 
parent material create a wide range of mesoclimates with 
various potential for producing quality winegrapes. The 
soils in the region range in texture from poorly drained 
heavy clays, clay loam tills, imperfectly drained silty clay, 
to moderately well-drained sandy loams, with a wide range 
of water-holding capacities. Consequently, the Niagara 
Peninsula has been further divided into subappellations. 
Climatological differences have been identified among the 
Lakeshore, Lakeshore Plain, and Escarpment Bench regions 
of Niagara, using infrared and aerial photography (Wiebe 
and Anderson 1977). Geographical and geological data have 
also highlighted regional differences (Sayed 1992). Most 
recently, Ontario VQA established 10 subappellations in 
the Niagara Peninsula based on a combination of climate, 
elevation, and soil characteristics (Figure 1).

Previous sensory studies on commercial Riesling and 
Chardonnay wines showed differences among the Lake-
shore, Lakeshore Plain, and Escarpment Bench regions of 
the Niagara Peninsula (Douglas et al. 2001, Schlosser et al. 
2005). Bordeaux red wine cultivars in the Niagara Peninsu-
la also showed significant regional differences based on red 
fruit, dried fruit, fresh vegetable, canned vegetable, spice, 
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Abstract: Chemical and descriptive sensory analysis was conducted on nine (2005) and eight (2006) experi-
mental Niagara Peninsula Cabernet franc wines to illustrate differences that might support the subappellation 
system in Niagara. Twelve trained judges evaluated six aroma and f lavor (red fruit, black cherry, black currant, 
black pepper, bell pepper, and green bean) and three mouthfeel (astringency, bitterness, and acidity) sensory 
attributes plus color intensity. Data were analyzed using analysis of variance (ANOVA), principal component 
analysis (PCA), and discriminant analysis. ANOVA of sensory data showed regional differences for all sensory 
attributes. In 2005, wines from Château des Charmes (CDC), Henry of Pelham (HOP), and Hernder sites showed 
highest red fruit aroma and f lavor. Wines from Lakeshore and Niagara River sites (Harbour, Reif, George, and 
Buis) showed higher bell pepper and green bean aroma and f lavor due to the cool growing conditions in proxim-
ity to the large bodies of water. In 2006, all sensory attributes except black pepper aroma were different. PCA 
revealed that wines from HOP and CDC sites were higher in red fruit, black currant, and black cherry aroma and 
f lavor, and black pepper f lavor, while wines from Hernder, Morrison, and George sites were high in green bean 
aroma and f lavor. Buis wines were high in bell pepper aroma and f lavor and acidity due to cooler conditions 
within the proximity of Lake Ontario. ANOVA of chemical data in 2005 indicated that hue, color intensity, and 
titratable acidity were different across the sites, while in 2006, hue, color intensity, and ethanol were different. 
These data indicate that there is the likelihood of substantial chemical and sensory differences between clusters 
of subappellations within the Niagara Peninsula.
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and oak sensory attributes among the Lakeshore, Lakeshore 
Plain, and Bench regions (Kontkanen et al. 2005). Sensory 
descriptive analysis found that Ontario icewines had the 
higher fruity and f loral aromas and a golden copper color, 
while British Columbia icewines had higher sweetness, 
body, and intensity of aftertaste (Cliff et al. 2002).

Thus far, the 10 subappellations established by the VQA 
have not been validated. The purpose of this study was to 
develop sensory and analytical methodologies for charac-
terization of Cabernet franc wines from typical vineyards 
within these 10 subappellations within the Niagara Penin-
sula to determine the degree and nature of any differences. 
Over 5900 tons of Cabernet franc were harvested in On-
tario in 2008, making it the most widely planted red wine 
cultivar in the province (Grape Growers of Ontario 2009).

Materials and Methods
Site selection.  Ten commercial vineyard blocks of Cab-

ernet franc were selected in spring 2005. Each vineyard 

block was located in one of 10 subappellations of the Ni-
agara Peninsula recently approved by the Ontario VQA: 
Niagara Lakeshore, St. David’s Bench, Creek Shores, Four 
Mile Creek, Niagara River, Lincoln Lakeshore, Beamsville 
Bench, Short Hills Bench, Vinemount Ridge, and Twenty 
Mile Bench (Figure 1, Table 1 [see abbreviations]). An 8 m 
x 8 m grid pattern of 75 to 80 sentinel vines was used in 
each vineyard block for all data collection. Sentinel vines 
were geolocated using a Raven Invicta 115 global position-
ing system (Raven Industries, Sioux Falls, SD).

Vine water status.  Midday leaf water potential (ψ) was 
determined between 1100 hr and 1600 hr for fully exposed, 
mature leaves of similar physiological stage that showed no 
visible sign of damage and had been in full sunlight. Each 
leaf sample was covered in a plastic bag and sealed imme-
diately after excision at the petiole to suppress transpira-
tion. The leaf petiole was cut with a sharp razor blade and 
then inserted into a pressure chamber (model 3005, Plant 
Water Status Console; Soil Moisture Equipment, Santa Bar-
bara, CA) with the cut edge of the petiole facing the outside 
surface. After sealing the chamber, pressure was increased 
slowly by opening the compressed nitrogen valve. As soon 
as sap emerged at the cut end of the petiole, gas f low was 
stopped and the corresponding pressure was recorded from 
the gauge, which was in negative bar units (10 bars = 1 
MPa). A total of 15 to 20 leaves per vineyard block were 
used to estimate leaf ψ for each sampling date. Overall, 
there were five sampling dates during the growing season, 
occurring biweekly between late June and early September 
for each site.

Soil water status.  Soil moisture data were taken bi-
weekly with a soil moisture probe (Fieldscout TDR-300; 
Spectrum Technologies, East Plainfield, IL) between late 
June and early September in the 2005 and 2006 growing 
seasons for a total of f ive sampling dates each season. 
Readings (% water by volume) were taken at each experi-
mental vine in each block. A total of 72 to 80 vines per 
site were measured between 0800 hr and 1800 hr. Measure-
ments were taken in the row ~10 cm from the base of each 
vine trunk over a 20 cm depth. The mean soil moisture at 

Table 1  The origin of each Cabernet franc wine and its related subappellation, Niagara Peninsula, Ontario, 2005 and 2006.

Vineyard block (abbreviation) Subappellation (abbreviation)
Growing degree days (GDD)a

2005 2006
Buis Niagara Lakeshore 1490 1417
Château des Charmes (CDC) St. David’s Bench (St. David’s) 1583 1466
Harbour Estate (Harbour)b Creek Shores 1672 1457
Hernder Four Mile Creek (Four Mile) 1505 1471
Reif Niagara River 1604 1449
George Lincoln Lakeshore (Lincoln) 1559 1401
Cave Spring (Cave) Beamsville Bench (Beamsville) 1620 1415
Henry of Pelham (HOP) Short Hills Bench (Short Hills) 1552 1412
Vieni Estate (Vieni)b Vinemount Ridge (Vinemount) 1565 1354
Morrisonb Twenty Mile Bench (Twenty Mile) 1667 1457

aGDD calculated from budburst until harvest time at each specific site.
bNo wine was produced from Morrison (2005), Vieni (2006), and Harbour (2006) blocks because of lack of fruit due to the previous year’s winter 
injury in 2005 and severe powdery mildew infection in 2006.

Figure 1  Niagara subappellations map (courtesy Ontario VQA). Ten 
vineyard sites and their corresponding subappellations: 1, Buis (Niagara 
Lakeshore); 2, Château des Charmes (St. David’s Bench); 3, Harbour 
Estate (Creek Shores); 4, Hernder (Four Mile Creek); 5, Reif (Niagara 
River); 6, George (Lincoln Lakeshore); 7, Cave Spring (Beamsville Bench); 
8, Henry of Pelham (Short Hills Bench); 9, Vieni Estate (Vinemount Ridge); 
10, Morrison (Twenty Mile Bench).
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each sentinel vine was calculated from the five separate 
readings.

Soil sampling.  Soil samples were collected from every 
fourth sentinel vine with an auger from within the row, 
40 to 50 cm from the trunk. Soil was taken from a 0 to 75 
cm depth, with a total ~350 g of a homogenized sample. 
Based on the area of each vineyard block, 15 to 20 soil 
samples were taken. Soil samples were analyzed for pH, or-
ganic matter, P, K, Mg, Ca, texture, cation exchange capac-
ity, and base saturation using standard procedures (CSSS 
1993). Soil samples were air-dried, pulverized, and sieved 
to remove particles >2 mm in diameter. Subsamples were 
retained for elemental analysis (P, K, Ca, Mg) using induc-
tively coupled plasma emission spectroscopy (ICP) (Optima 
3000; Perkin-Elmer, Waltham, MA). Organic matter (OM) 
analysis was performed using standard colorimetric meth-
ods (CSSS 1993). Cation exchange capacity and base satu-
ration were measured using standard methods (CSSS 1993). 
All soil analyses were carried out at Agri-Food Laborato-
ries, Guelph, ON.

Yield components and vine size.  Prior to the harvest of 
each block in September/October, 100-berry samples were 
collected from random clusters in each experimental vine 
and stored at -25°C until analysis. All berry samples and 
fruit were collected one day before the commercial harvest. 
These samples were eventually used to determine berry 
weights, soluble solids (Brix), pH, titratable acidity, color 
intensity (A420 + A520), hue (A420/A520), total anthocyanins, 
and total phenols. All sentinel vines were hand-harvested 
and yield and cluster numbers were determined for each 
vine. Vines were pruned during the dormant season in ac-
cordance to the corresponding training system, and weights 
of cane prunings were collected from each vine to deter-
mine vine size in kg.

Berry and wine composition.  The frozen berry samples 
were thawed, weighed, and placed in 250 mL beakers and 
then heated to 80°C in a water bath and held for one hour 
to dissolve any precipitated tartrates. Samples were cooled 
to the room temperature and juiced in an Omega 500 fruit 
juicer. The resulting juice was centrifuged at 4500 rpm 
for 10 min in a centrifuge (IEC Centra CL2; International 
Equipment, Needham Heights, MA) to remove debris. The 
supernatant was retained for analysis of pH via a pH meter 
(Accumet model 25; Denver Instrument Company, Denver, 
CO), titratable acidity (TA) with an autotitrator (PC-Titrate; 
Man-Tech Associates, Guelph, ON) by titration with 0.1 N 
NaOH to an end point of pH 8.2, and Brix using an Abbé 
refractometer (model 10450; American Optical, Buffalo, 
NY). The remaining juice was centrifuged at 12000 g for 
10 min and stored at -25°C for further analysis for phenolic 
analytes. Wine samples were analyzed for TA and pH using 
the above method.

Ethanol was determined using a gas chromatograph 
(6890 series; Agilent, Wilmington, DE) equipped with an 
Omegawax 250 fused silica column (30.0 m x 250.00 µm 
x 0.25 µm). Other conditions of operation included: carrier 
gas helium, split ratio of 100.183:1, oven initial temperature 

60°C, injection temperature 230°C, and detector tempera-
ture 225°C. Wine samples or standards were diluted 1:10 
with 2% 1-butanol as an internal standard. A 1.0 µL wine 
sample or standard was injected by an automatic injector 
with a run time of 5.07 min.

After thawing to room temperature for several hours, col-
or, anthocyanins, and total phenols were determined on juice 
and wine samples. Total phenols were estimated using stan-
dard methods (Slinkard and Singleton 1977). Anthocyanin 
measurements were performed on wine samples using the 
pH shift method by measuring the differential absorbance 
at 520 nm between wines at pH 1.0 and pH 4.5 (Mazza et 
al. 1999). Color intensity was determined according to a 
modified method (Mazza et al. 1999). Color intensity and 
hue were calculated from absorbance values measured at 
420 nm and 520 nm on a spectrophotometer (Ultrospec 2100 
Pro UV/VIS; Biochrom Ltd., Cambridge, UK).

Origin of wines.  Four fermentation replicates each of 
nine (2005) and eight (2006) experimental Cabernet franc 
wines from the Niagara Peninsula, ON, were compared. 
Within each vineyard block, the four winemaking replicates 
were taken from one large homogeneous lot of grapes that 
was divided into four lots. In 2005, four wines were from 
east of St. Catharines in the Niagara-on-the-Lake area and 
the other five were from west of St. Catharines in the Jor-
dan, Vineland, and Beamsville areas. In 2006, only four 
wines were from west of St. Catharines because of a severe 
powdery mildew problem in one of the subject vineyards. 
Each wine originated from zones of moderate water status (≈ 
mean ψ for the season) within each vineyard block, based on 
maps created using MapInfo and VerticalMapper geographi-
cal information system software (Northwood GeoScience, 
Ottawa, ON). The inverse-distance weighting algorithm was 
used for creation of the grid files and maps.

All wines were produced by one winemaker according 
to standard procedures from the 2005 and 2006 vintages 
at the Brock University winery facilities. Each of the 20 L 
fermentation replicates from each site was based on a sub-
section of the vineyard block. Grapes from each vineyard 
block were destemmed, crushed, and treated with potas-
sium metabisulfite at 25 mg/L, and then inoculated with 
Lalvin Selection ICV 254 (Saccharomyces cerevisiae) yeast 
(Lallemand, Montreal, QB). The fermentation took place 
at 23°C in 30 L food-grade plastic pails for 10 days until 
capfall with three daily punchdowns, during which the cap 
was also completely submerged. Wines were then pressed 
at 2 bars pressure and were maintained at -2°C for cold sta-
bilization for 10 days; they were then racked and inoculated 
with malolactic bacteria (Lalvin VP41, St. Simon, France). 
Upon completion of malolactic fermentation, all wines were 
racked again, stored at -2°C for 7 days, sulfited with an 
additional 50 mg/L, filtered through a 1.0 µ pad filter and 
0.45 µ cartridge filter, and bottled under cork.

Sensory evaluation.  The initial group of 20 judges 
composed of Brock University faculty, staff, and students 
were selected for the panel based on their availability and 
motivation. Six judges were experienced tasters and the 
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others were students with limited wine-tasting experience. 
Eight judges either withdrew or were dropped from the 
panel by the end of the training sessions. The final panel 
consisted of five females and seven males, ranging from 
22 to 54 years.

Nine (2005) and eight (2006) wines were evaluated by 12 
judges (t = 9/8, k = 8, r = 4, b = 12), where t, k, r, and b are 
the number of treatments (wines), number of samples/ses-
sion, number of replicates, and sample sets in each session 
(or number of panelists), respectively. At the initial point 
of training, wine samples were presented to the panel to 
evaluate and identify relevant aroma, f lavor, and mouthfeel 
attributes. The six experienced tasters individually evalu-
ated these wines and wrote relevant attributes on evalua-
tion sheets. Eight training sessions were thereafter held for 
all judges. Reference standards were available to define 
descriptors. In each training session, judges were asked to 
independently rate the intensity of the descriptive terms in 
the wine samples as well as standards themselves and to 
add terms if necessary. There were also three mouthfeel 
standards (astringency, bitterness, and acidity) for evaluat-
ing sample wines (Table 2). In each training session, three 
sample wines were served with random codes to all judges 
to train them to evaluate all wine samples as accurately and 
consistently as possible. After each training session, data 
were analyzed to evaluate the performance of each judge. 
Each attribute was also examined by analysis of variance to 
determine if that attribute varied across the wine samples 
and if the judges were consistent and reproducible.

In each tasting session, each judge evaluated eight wines 
in two f lights of four. Judges were given 30 mL wine 
samples to evaluate at room temperature (~22°C) for the 
sensory (aroma, f lavor, and mouthfeel) attributes. Samples 
were in 210 mL ISO-approved wineglasses covered with 
petri dishes to prevent volatile loss. Glasses were labeled 
with three-digit random numbers and presented to judges in 
random order according to the design. All evaluations were 
conducted using Compusense five (release 4.8, Compusense 
Inc., Guelph, ON) in isolated booths under red light to mask 
the color differences among wine samples. For color inten-
sity evaluation, 10 mL samples were also presented in 5 

cm diameter petri dishes against a white background under 
natural light, with the same random numbers.

The judges evaluated aroma and f lavor in the first four 
wines, took a short break, evaluated color intensity for the 
same wines, and finished the session by evaluating the sec-
ond f light of four wines. The magnitude of each attribute 
was evaluated on a 15 cm unstructured line scale, where 0 
and 15 were anchored with the labels “absent” and “high,” 
respectively. Sensory scores were determined by measur-
ing the judges’ scored marks from the origin in cm. Judges 
rinsed with water and thereafter with a water and pectin 
solution between f lavor evaluations to prevent a carryover 
effect. Evaluations were started in the morning at 1100 hr 
and continued until late afternoon to accommodate judge 
schedules. All evaluations were done at Brock University’s 
sensory evaluation facility. All wine samples were poured 
from the same bottles (750 mL) to avoid bottle-to-bottle 
variation. Aroma standards developed during the training 
sessions were available to judges before each session as a 
reference (Table 2).

Statistical analysis.  Data were analyzed using the SAS 
statistical package (SAS Institute, Cary, NC). A correlation 
matrix was created on the sensory attributes to illustrate 
the relationship among variables. Using GLM, analysis of 
variance was performed on chemical and sensory attributes. 
Three-way ANOVA (site, judge, and replicate) was also 
performed on sensory attributes to ascertain main effects 
as well as interactions. Duncan’s multiple range test was 
used to separate the means for both sensory and chemical 
data. Principal component analysis (PCA) and discriminant 
analysis were performed using XLSTAT 2008 on the mean 
sensory scores for the aroma, f lavor, and mouthfeel attri-
butes. Partial least squares (PLS) was performed on the 
field, berry composition, and sensory data.

Results and Discussion
Sensory analysis. 2005.  Results from the ANOVA show 

the sources of variation for each of the sensory attributes for 
the main effects: wine (W), judge (J), and replication (R), 
and the interactions (WXJ), (JXR), and (WXR). Judges were 
a significant source of variation for all attributes because of 

Table 2  Standards used for sensory evaluation of Cabernet franc wine evaluation, 2005 and 2006.

Product Brand Preparation (added to 50 mL base wine)
Strawberry E.D. Smith strawberry jam 18.6 g jam
Raspberry Fresh raspberry juice (President’s Choice juice box) 4 mL juice
Red fruit Mixture of E.D. Smith strawberry jam and fresh  

raspberry juice (juice box)
10 mL strawberry std + 10 mL raspberry std

Black cherry Stewart’s black cherry juice 75 mL juice 
Black currant Ribena concentrate (Chateau Thierry) 25 mL concentrate
Black pepper Black pepper 0.5 mL stock
Bell pepper Fresh green pepper 1 mL puree
Green bean Del Monte cut whole green beans 20 mL puree
Acidity Tartaric acid 1.5 g tartaric acid/L water
Astringency Aluminum sulfate (Sigma) 0.9 g aluminum sulfate in 450 mL water
Bitterness Quinine sulfate 0.1 g quinine sulfate/L water
Pectin (for rinsing) Pectin from apple (Sigma) 1.25 g pectin in 250 mL water
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the use of different parts of the line scale by judges (Poste et 
al. 1991). All attributes were significantly different, illustrat-
ing that the chosen terms were useful in characterizing dif-
ferences among Cabernet franc wines in the Niagara region 
(Table 3). The reproducibility of the panel was shown by a 
nonsignificant effect of replication (data not shown). Like-
wise, the J X R and W X R (except one case) interactions 
were not significant, indicating similarity of wine bottles 
and good reproducibility of judges (data not shown). How-
ever, there were significant regional differences as indicated 
by comparing mean scores (Table 3). For instance, wines 
from Escarpment Bench (St. David’s, Short Hills, Twenty 
Mile, and Beamsville subappellations) and Lake Plain sites 
(e.g., Four Mile subappellation) were higher in red fruit aro-
ma and flavor, while Lakeshore (e.g., Niagara Lakeshore and 
Lincoln) or Niagara River sites were lower, suggesting that 

the sites closer to Lake Ontario or the Niagara River were 
generally low in red fruit character. Wines from Cave, Reif, 
and Harbour sites were highest in black cherry aroma, while 
CDC, Cave, Reif, HOP, and Hernder wines were highest in 
black cherry flavor (Table 3).

Highest black currant aroma was detected in Cave, Reif, 
and HOP, and there was also more black currant f lavor in 
CDC, Cave, Reif, and Hernder wines. Black pepper aroma 
was highest in CDC, Cave, George, Reif, and Vieni, while 
Buis, Cave, George, Reif, and Hernder wines were most in-
tense in black pepper flavor. Wines from Lakeshore and Ni-
agara River sites had highest green bean aroma and f lavor. 
More intense bell pepper aroma and flavor were detected in 
Cave, George, Reif, and Harbour wines. CDC, Buis, Cave, 
and Hernder wines were more astringent, while bitterness 
was highest in CDC, Buis, and George wines. Wines from 

Table 3  Comparison of mean sensory scores among Cabernet franc sites in the Niagara Peninsula, Ontario, 2005-2006.

CDC Buis Cave George Reif Vieni Hernder HOP Harbour Morrison Pr > F

2005
Aroma
Red fruit 6.0 aa 5.5 bc 6.1 a 5.2 c 5.0 c 6.0 ab 5.8 ab 6.2 a 5.1 c — b 0.0001
Black cherry 5.1 b 4.8 bc 6.3 a 4.6 c 5.8 a 5.1 b 5.1 b 5.1 b 5.2 b 0.0001
Black currant 5.6 bc 5.3 c 6.1 a 5.4 c 6.0 a 5.1 c 5.6 bc 5.9 ab 5.3 c 0.0001
Black pepper 4.2 a 3.6 cd 4.3 a 3.9 ab 4.1 a 3.9 ab 3.7 bc 3.7 bc 3.3 d 0.0001
Green bean 3.6 c 4.3 a 3.4 c 4.1 b 3.8 bc 2.8 d 3.7 bc 3.3 c 4.6 a 0.0001
Bell pepper 2.6 f 2.9 ef 3.7 a 3.6 a 3.9 a 3.3 bc 3.3 bc 3.1 de 3.5 ab 0.0001

Flavor/mouthfeel
Red fruit 5.7 a 5.1 c 5.9 a 5.1c 5.1 c 5.3 bc 5.5 ab 5.7 a 4.1 d 0.0001
Black cherry 4.9 b 4.3 d 5.5 a 4.3 d 5.3 a 3.9 e 4.9 b 5.0 b 4.7 cd 0.0001
Black currant 5.4 bc 5.1 cd 6.0 a 5.0 de 5.7 a 4.9 e 5.4 bc 4.9 e 5.2 cd 0.0001
Black pepper 3.3 cd 3.5 c 4.1 b 4.2 b 4.7 a 3.4 c 3.4 c 3.2 d 3.5 c 0.0001
Green bean 3.1 e 4.1 b 3.5 cd 4.1 b 3.9 b 3.3 de 3.8 bc 3.4 d 4.4 a 0.0001
Bell pepper 2.6 f 3.0 e 4.0 b 3.6 bc 4.3 a 3.2 d 3.4 cd 3.1 de 3.7 b 0.0001
Astringency 6.7 a 6.9 a 6.3 b 5.9 c 4.7 e 4.3 f 6.3 b 5.0 e 5.4 d 0.0001
Bitterness 2.9 a 2.9 a 2.5b c 2.7 a 2.3 c 1.9 d 2.5 b 1.8 d 1.8 d 0.0001
Acidity 5.7 b 5.8 b 6.5 a 6.3 a 5.9 b 5.7 b 5.7 b 5.8 b 5.8 b 0.0001
Color 10.8 a 5.2 e 8.5 c 9.8 b 6.4 d 5.2 e 5.8 de 6.1 d 8.9 c 0.0001

2006
Aroma
Red fruit 6.3 a 5.8 a 6.3 a 5.0 b 6.1 a — b 4.7 b 6.2 a — b 5.7 a 0.0001
Black cherry 5.6 ab 5.3 bc 5.3 b 4.5 d 5.5 ab 4.2 d 6.0 a 4.7 cd 0.0001
Black currant 6.1 ab 6.2 ab 5.8 b 5.6 b 5.7 b 4.9 c 6.5 a 5.7 b 0.0001
Black pepper 4.0 a 4.2 a 3.8 a 4.1 a 4.1 a 4.2 a 3.7 a 4.4 a 0.546
Green bean 3.4 d 4.2 b 4.0b c 5.4 a 3.4 d 5.2 a 3.6 cd 4.1 bc 0.0001
Bell pepper 3.9 b 4.5 a 3.0 c 3.9 ab 2.9 c 4.1 ab 3.9 ab 3.7 b 0.0001

Flavor/mouthfeel
Red fruit 6.0 a 5.1 bc 5.7 a 5.0 cd 5.5 ab 4.8 d 5.6 a 5.3 b 0.001
Black cherry 5.5 a 5.1 ab 5.1 ab 4.3 c 5.3 a 4.5 c 5.3 a 4.7 bc 0.0001
Black currant 5.8 ab 5.4 bc 5.1 de 5.2 cde 5.4 bc 4.9 e 6.2 a 5.7 b 0.0001
Black pepper 4.5 a 3.9 b 3.8 bc 3.9 b 4.1 ab 3.6 c 3.8 bc 3.6 c 0.013
Green bean 3.4 de 4.0 bc 3.6 cd 4.7 a 3.1 e 4.5 a 3.4 de 3.7 cd 0.0001
Bell pepper 4.0 a 4.0 a 3.2 b 3.8 a 3.0 b 4.0 a 4.1 a 3.9 a 0.0001
Astringency 5.5 cd 6.7 a 6.4 ab 6.6 a 6.0 cd 6.3 ab 6.0 bc 5.4 d 0.0001
Bitterness 5.1 a 4.3 b 4.4 b 4.4 b 4.0 b 3.9 b 4.1 b 4.3 b 0.0001
Acidity 6.1 bc 7.5 a 6.4 b 7.3 a 5.7 cd 6.1 bc 6.4 b 5.6 d 0.0001
Color 7.3 bc 6.6 d 9.3 a 7.9 b 7.1 cd 9.2 a 7.3 bc 4.2 e 0.0001

aMeans within rows with different letters are significantly different, Duncan’s multiple range test.
bNo wine produced because of lack of fruit due to the previous year’s winter injury in 2005 and severe powdery mildew infection in 2006.
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Cave Spring and George were more acidic. High color in-
tensity was observed in CDC, Cave, George, and Harbour 
wines (Table 3).

For the relationships between aroma and f lavor attri-
butes, the PCA explained 52.1% of the variability in the 
data in the first two dimensions (Figure 2). PC1 accounted 
for 29.7% of the variability and was most heavily loaded 
in the positive direction with red fruit, black cherry, and 
black currant aroma and f lavor and black pepper aroma 
and acidity. PC2 explained 22.4% of the variation in the 
data set and was positively loaded with green bean and 
bell pepper aroma and f lavor and black pepper f lavor. The 
third PC explained another 13.5% of the variation (data not 

shown); however, there was substantial unexplained vari-
ability in the data that could not be attributed to the first 
three vectors.

The distribution of wines on the PCA illustrates that 
CDC wines were located in the right and lower part of the 
plot, dominated by red fruit aroma and f lavor and black 
pepper aroma. HOP and Hernder wines were grouped in the 
lower right quadrant and were explained by red fruit aroma 
and f lavor; HOP was more intense in the above characters 
because it was farther away from the center. Astringency 
and bitterness appeared to explain a very small percent-
age of variability because of the shorter vector length. The 
Cave wines were located in the upper right of the plane and 
were characterized by high black cherry aroma and f lavor, 
black currant f lavor, and high color and acidity. The rela-
tively short length of the color intensity eigenvector showed 
that the wines evaluated were not high in color intensity. 
Harbour, George, and Reif wines (all either from adjacent 
to Lake Ontario or from the Niagara River) were grouped in 
the upper left of the plane, lacking in fruity characters but 
associated with green bean aroma and f lavor, bell pepper 
aroma and f lavor, and black pepper f lavor (Figure 2). Rep-
licate 1 of Buis wines (also from adjacent to Lake Ontario) 
was also explained by green bean aroma and f lavor, while 
Buis replicates 2 and 3 and Vieni wines (from south of 
the Niagara Escarpment) were grouped in the lower left of 
the plane and were low in black pepper f lavor and acidity. 
Buis wines were grouped in the upper left of the plane in 
PC2 and were explained by green bean aroma and f lavor. 
Vieni wines were grouped in the lower left of the plane 
and were characterized by low color intensity, astringency, 
and bitterness.

Discriminant analysis of sensory data (F1 and F2 = 
81.4% of the variability) showed that wines from Harbour 
and George sites (both situated on the Lake Ontario shore-
line) were clearly grouped and separated from other wines, 
characterized by bell pepper aroma and flavor, black pepper 
and green bean flavor, and acidity. CDC and Buis wines 
were also clearly separated from other groups, characterized 
by astringency and bitterness. The Vieni and Hernder sites 
were grouped together and separated from the other sites, 
with high red fruit aroma/flavor and black pepper aroma. 
Cave, Reif, and HOP were also grouped together and clearly 
separated from other groups, characterized by black cherry 
and black currant aroma and flavor (Figure 3).

A compelling feature of the 2005 data was the tendency 
for sites near Lake Ontario to produce wines with pro-
nounced green bean and bell pepper aromas and f lavors. 
Proximity to large bodies of water plays a significant role 
in climatic patterns worldwide. Cabernet Sauvignon wines 
from cool areas south of San Francisco Bay were charac-
terized by intense vegetative notes (Heymann and Noble 
1989). The cool air of the sea breeze in the Western Cape in 
South Africa prevents high day temperatures (Bonnardot et 
al. 2002); the cooling effect of the breeze decreased rapidly 
with distance from the sea, resulting in higher tempera-
ture variability in the inland sites. A related study reported 

Figure 2  Principal component analysis (F1 and F2) of mean sensory 
data for nine Cabernet franc wines from Niagara Peninsula, ON, 2005. 
Aroma attributes represented in lowercase and flavor attributes repre-
sented in uppercase.
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higher tropical fruit aroma character in Sauvignon blanc 
wines from warmer inland locations (Conradie et al. 2002). 
In our study in 2005, wines from Lakeshore and Niagara 
River sites (Harbour, Reif, George, and Buis) exhibited 
green bean aroma and flavor characters and a lack of fruity 
aroma and f lavor. These sites were in close proximity to 
either Lake Ontario or the Niagara River and were charac-
terized by lower growing season temperatures and heat unit 
accumulation (growing degree-days; GDD). Wines from 
CDC (St. David’s Bench subappellation), HOP (Short Hills), 
Hernder (Four Mile), and Cave (Beamsville Bench) were 
located far from large water bodies, and showed the high-
est fruity character and less green bean aroma and f lavor. 
These sites received a greater number of GDD than the 
sites close to the lake or river early in the season (Grape 
Growers of Ontario 2009). The more rapid GDD accumula-

tion typically results in early budburst and bloom as well as 
earlier harvest, compared to the sites where temperatures 
are moderated by Lake Ontario or are south of the Niagara 
escarpment (Vieni).

2006.  Analysis of variance showed significant differ-
ences among sites in all attributes except black pepper 
aroma (Table 3). There was no significant replication ef-
fect, indicating that judges were consistent from one ses-
sion to the next (data not shown). Despite holding eight 
training sessions for judges to score attributes of different 
intensities in a similar manner, there were significant judge 
effects for all attributes (data not shown), indicating that 
the judges used different parts of the intensity scale. As a 
result there were significant differences among the means 
for each judge. This difference among judges is typical in 
many studies. Except for one case, J X R interactions were 
not significant; W X R interactions were also not signifi-
cant except in four cases (data not shown).

Red fruit aroma was highest at Buis, HOP, CDC, Reif, 
Morrison, and Cave, while red fruit f lavor was most in-
tense at HOP, CDC, Reif, and Cave sites. Highest black 
cherry aroma was observed at HOP, CDC, and Reif sites; 
Buis, HOP, CDC, Reif, and Cave sites had most intense 
black cherry f lavor. Black currant aroma was highest at 
Buis, HOP, and CDC sites, while HOP, CDC, and Morri-
son sites were high in black currant f lavor. The CDC and 
Reif sites were highest in the intensity of black pepper f la-
vor. Green bean aroma and f lavor were most intense at 
George and Hernder sites. Buis, HOP, George, CDC, and 
Hernder sites were high in bell pepper aroma and f lavor, 
while Morrison was high in bell pepper f lavor only. Wines 
from Buis, George, Hernder, and Cave were more astrin-
gent. CDC wines were highest in bitterness, and Buis and 
George wines were most acidic. Highest color intensity 
was observed at the George, CDC, Hernder, and Cave sites 
(Table 3).

The first two factors of the PCA mean sensory scores 
explained 52.5% of the variability in the data set (Figure 
4). The PC3 explained another 11.9% of the variability in 
the data set (data not shown), so there was a substantial 
amount of unexplained variability in the data that could 
not be attributed to the first three factors. CDC and HOP 
wines were located in the upper left of the plane and were 
associated with red fruit aroma/flavor, black cherry aroma/
flavor, black currant aroma/flavor, and black pepper f lavor. 
All Cave and Reif wines were in the lower left quadrant 
and were low in bell pepper aroma/f lavor, green bean aro-
ma/f lavor, astringency, and acidity. Hernder, George, and 
Morrison wines were in both the upper and lower right of 
the plane and were explained by green bean aroma/f lavor 
and color intensity; however, Morrison wines were closer 
to the center and were lower in the intensities of the above 
attributes. Buis wines were in the upper right quadrant and 
were associated with bell pepper aroma/f lavor, black pep-
per aroma, acidity, and astringency (Figure 4).

Discriminant analysis on 2006 sensory data (F1 and F2 
explained 62.2% of the variability) showed that the Buis, 

Figure 3  Discriminant analysis (F1 and F2) of mean sensory data for 
nine Cabernet franc wines from Niagara Peninsula, ON, 2005. Aroma 
attributes represented in lowercase and flavor attributes represented in 
uppercase.
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George, and Hernder sites were grouped together and sepa-
rated from other sites. These sites were characterized by 
acidity, astringency, green bean aroma and f lavor, and 
bell pepper aroma. Buis and George were located adjacent 
to Lake Ontario, while Hernder was likely overcropped. 
Morrison was separated from other sites and characterized 
by bell pepper f lavor and black pepper aromas. Cave was 
separated from the other sites and characterized as high in 
color, bitterness, and black pepper f lavor. HOP, CDC, and 
Reif were grouped together and characterized by red fruit 
and by black cherry and black currant aroma and f lavor 
(Figure 5).

In cool climates, particularly in less-than-optimal vin-
tages such as 2006 in Niagara, warm mesoclimates have a 
positive effect on grape and wine quality. This relationship 
between accumulated heat units and wine characteristics is 

worldwide. With Pinot gris grown in containers in warm 
and cool sites, some of the revealed quality differences 
were attributed to aroma and f lavor compounds (Becker 
1985). In a comparison of cool and warm vineyard sites in 
South Australia, volatile terpenes increased more slowly in 
cool sites but finally attained higher concentrations (Ewart 
1987). Wine scores were also higher from grapes grown on 
the cool sites. Nonetheless, some compounds such as meth-
oxypyrazines that give green bean and bell pepper aromas 
and f lavors to cultivars such as Cabernet franc may be at 
high concentrations in cooler climates, particularly under 
shaded situations (Lacey et al. 1991). In our study, high 
bell pepper and green bean aromas and f lavors at Harbour, 
George, Reif, and Buis sites in 2005 and at George and Buis 
sites in 2006 were attributable to proximity of these sites to 
Lake Ontario and the Niagara River, resulting in less GDD 

Figure 5  Discriminant analysis (F1 and F2) of mean sensory data for 
eight Cabernet franc wines from Niagara Peninsula, ON, 2006. Aroma 
attributes represented in lowercase and flavor attributes represented in 
uppercase.

Figure 4  Principal component analysis (F1 and F2) of mean sensory 
data for eight Cabernet franc wines from Niagara Peninsula, ON, 2006. 
Aroma attributes represented in lowercase and flavor attributes are 
represented in uppercase.
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accumulation and, consequently, unripe fruit, characterized 
by vegetal aroma and f lavor. The HOP and CDC sites both 
had more heat units, which enabled them to ripen their 
fruit by the end of growing season; hence, the most intense 
fruity aroma and f lavor were found in these wines.

The 2006 growing season in Niagara was characterized 
by several substantial precipitation events, including many 
during the harvest period. Excess rainfall or irrigation may 
result in delayed fruit ripening, and as a consequence may 
prevent grapes reaching full maturity, therefore reducing 
wine quality. Rain, especially before harvest, plus humid-
ity also increases the chance of Botrytis and other fungal 
diseases, which decrease the quality of grapes and wine. 
Rain or the threat of rainfall may sometimes force growers 
to harvest unripe fruit with high vegetal character. Jackson 
and Cherry (1988), using climatic indices for predicting 
site suitability for viticulture, found that areas with high 
rainfall had lower ripening capacity. In our study, Buis, 
George, Morrison, and Hernder wines in 2006 were high 
in bell pepper and green bean aromas and f lavors. Higher 
available water and less heat unit accumulation may both 
explain the pronounced vegetal characteristics in Buis and 
George wines; in Hernder and Morrison wines, high veg-
etal characteristics could have possibly been due to early 
harvest and unripe fruit.

Chemical analysis. 2005. ANOVA for chemical attri-
butes showed that except hue, color intensity, and TA, all 
other attributes were not different across the sites (Table 4). 
Reif, Hernder, and Harbour sites were highest in hue while 
CDC, Cave, and Buis sites were highest in color intensity 
and TA.

PCA on the chemical variables explained 71.2% of the 
variance in the data in the first two dimensions (Figure 6). 
The first PCA explained 52.5% of the variance among the 
wines while PC2 accounted for 18.7% with an additional 
15.3% explained by PC3 (data not shown). Color, anthocya-

nins, TA, and ethanol had positive loadings on PC1, while 
it was highly negatively loaded with hue and pH. Color and 
TA were negatively correlated with pH. Color was posi-
tively correlated with TA, anthocyanins, and ethanol. CDC 
and Cave wines were in the upper right quadrant and as-
sociated with high color intensity, anthocyanins, phenols, 
and ethanol. Buis wines were located in the lower right 
quadrant and were explained by high TA. Reif and Harbour 
wines were in the lower left quadrant and were associated 
with high hue, high pH, and low ethanol and anthocyanins. 
Vieni, Hernder, George, and HOP wines were located in the 
upper left of the plane and were associated with high pH 
and low color intensity and TA.

Discriminant analysis, with F1 and F2 explaining 83.1% 
of the variability, showed that the Cave and Hernder sites 
were separated from other groups and explained by low 
color, anthocyanins, phenols, TA, and ethanol. George and 
Reif (both adjacent to Lake Ontario or the Niagara River) 
were associated with high hue and pH. CDC, Vieni, and 
HOP were explained by low hue and pH. Buis and Harbour 
(both adjacent to Lake Ontario) were characterized by high 
TA, anthocyanins, and color (Figure 7).

2006. Analysis of variance for chemical attributes re-
vealed that, except for hue, color intensity, and ethanol, 
all attributes were not different among sites (Table 4). The 
Morrison site had the lowest color intensity and the highest 
hue. Color intensity was highest at the Cave, George, and 
Reif sites. Highest ethanol was observed at the Cave, Reif, 
and CDC sites.

The PCA plot indicated that PC1 and PC2 accounted 
for 61.3% and 22.3% of the variability in the data set, re-
spectively (Figure 8), with an additional 10.0% explained 
by PC3 (data not shown). Color intensity, anthocyanins, 
and TA were highly positively loaded on PC1, while high-
ly negatively loaded with hue and pH. Total phenols and 
ethanol both were highly positively loaded on PC2. Again, 

Table 4  Comparison of mean chemical attributes among Cabernet franc sites in the Niagara Peninsula, Ontario, 2005-2006.

CDC Buis Cave George Reif Vieni HOP Hernder Harbour Morrison Pr > F
2005
Hue 0.74 ba 0.63 d 0.60 d 0.62 d 0.85 a 0.73 bc 0.65 cd 0.77 a 0.78 a — b 0.047
Color intensity 7.4 a 7.5 a 7.7 a 6.1 bc 4.3 e 4.3 e 6.1 bc 4.9d e 5.1 cd 0.045
Anthocyanin (mg/L) 229 a 195 a 314 a 265 a 291 a 255 a 264 a 286 a 278 a 0.116
Phenols (mg/L) 1931 a 2050 a 1221 a 1422 a 1478 a 1217 a 847 a 1416 a 996 a 0.344
pH 3.68 a 3.35 a 2.33 a 3.49 a 3.63 a 3.52 a 3.57 a 3.57 a 3.73 a 0.106
TA (g/L) 7.2 a 8.1 a 6.4b c 5.7 d 5.9 cd 5.7 d 5.8 cd 5.9 cd 5.7 d 0.045
Ethanol (% v/v) 12.5 a 11.5 a 12.5 a 10.8 a 11.2 a 10.3 a 10.8 a 11.0 a 10.4 a 0.55

2006
Hue 0.77 b 0.55 cd 0.54 de 0.43 e 0.73 b — b 0.67 bc 0.54 de — b 0.98 a 0.037
Color intensity 6.0 c 5.8 cd 11.2 a 7.9 b 6.6 b 5.5 d 5.8 cd 4.6 d 0.045
Anthocyanins (mg/L) 134 a 164 a 254 a 245 a 166 a 174 a 163 a 96 a 0.437
Phenols (mg/L) 1014 a 825 a 1228 a 1078 a 997 a 905 a 986 a 1253 a 0.71
pH 3.67 a 3.44 a 3.30 a 3.32 a 3.63 a 3.44 a 3.50 a 3.75 a 0.109
TA (g/L) 6.0 a 6.4 a 7.1 a 6.7 a 5.7 a 6.5 a 5.9 a 5.3 a 0.204
Ethanol (% v/v) 10.9 a 9.9 b 11.9 a 9.8 bc 11.0 a 8.8 d 9.5 c 9.4 c 0.025

aMeans within rows with different letters are significantly different, Duncan’s multiple range test.
bNo wine produced because of lack of fruit due to the previous year’s winter injury in 2005 and severe powdery mildew infection in 2006.
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George and Buis wines were together in the lower right 
quadrant and associated with high TA and low hue and pH. 
The Cave wines were associated with high color intensity, 
anthocyanins, and ethanol. The Morrison, CDC, and Reif 
sites were in the upper left quadrant; CDC and Reif wines 
were explained by high phenols and Morrison wines were 
explained by high hue and pH. The Hernder and HOP sites 
were not readily explained; however, these sites were lower 
in ethanol, color intensity, and phenols.

Discriminant analysis, with F1 and F2 explaining 89.2% 
of the variability, indicated that Morrison, CDC, and Reif 
were grouped together and characterized by high hue, phe-
nol, and anthocyanins. Cave separated as a single group, 
with high TA, color, and anthocyanins. Buis, Hernder, 
George, and HOP were grouped, with low phenols and etha-
nol (Figure 9).

In many grapegrowing areas, the choice of grape cultivar 
is such that the maturity of the berries occurs just before the 

mean monthly temperature drops to 10°C (Jackson 1991). In 
cool climates, warm seasons and warm mesoclimates are 
an advantage. Generally, cool climates encourage low sugar 
levels and higher TA in grapes, while hot climates have 
opposite effects (Alleweldt et al. 1984). Berry maturation 
is typically associated with a rise in juice pH and lowering 
of TA, with the rate of malic acid decline typically related 
to temperatures in growth stage III (Alleweldt et al. 1984). 
In Australia, wines made in warmer viticultural regions 
were reported to have higher pH levels than wines made in 
cooler regions (Rankine et al. 1971). Likewise, pH and total 
volatile esters in Okanagan Riesling wines were higher in 
those from a warmer site (Reynolds et al. 1995). Herrick 
and Nagel (1985) found that the mean phenol concentration 

Figure 6  Principal component analysis of mean chemical data for nine 
Cabernet franc wines from Niagara Peninsula, ON, 2005.

Figure 7  Discriminant analysis (F1 and F2) of mean chemical data for 
nine Cabernet franc wines from Niagara Peninsula, ON, 2005.
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of Riesling wines from Alsace was very low (13 mg/L), 
while that from eastern Washington State and California 
was 123 mg/L. These patterns are consistent with our re-
sults, which showed high TA at a cooler site (Buis in 2005 
and 2006) and low TA (HOP, Vieni, and Hernder in 2005), 
high ethanol (Cave in 2005 and 2006), and high pH (Mor-
rison in 2006) at warmer sites, possibly because the warmer 
temperatures led to metabolism of malic acid. Also, there 
were higher anthocyanins and phenols at Vieni, HOP, and 
Hernder in 2005 and Cave and CDC in 2006, perhaps be-
cause of greater heat unit accumulations at these warmer 
mesoclimates.

Partial least squares analysis (PLS). PLS was per-
formed on the entire 2005 and 2006 data sets to show re-
lationships among yield components, berry composition, 
vine size, soil attributes, and sensory data. PLS explained 
84.3% of the variability in the 2005 data sets (Figure 10). 

The absolute value of leaf ψ was positively correlated with 
red fruit aroma/flavor, berry pH, berry color intensity, wine 
color intensity, total phenols, and Brix, while negatively 
correlated with soil moisture, green bean aroma/flavor, and 
bell pepper aroma/flavor. This suggests that sites with low-
er vine water status were also those with the most intense 
color and ripe fruit characteristics. Vine size was positively 
correlated with bell pepper f lavor, green been aroma, and 
acidity. Soil moisture was positively correlated with acid-
ity, bitterness, vine size, bell pepper aroma/f lavor, green 
bean aroma/flavor, and black cherry aroma/flavor. Clay was 
positively correlated with black currant and black pepper 
flavor (Figure 10). PLS analysis in 2006 explained 53.9% of 

Figure 8  Principal component analysis of mean chemical data for eight 
Cabernet franc wines from Niagara Peninsula, ON, 2006.

Figure 9  Discriminant analysis (F1 and F2) of mean chemical data for 
eight Cabernet franc wines from Niagara Peninsula, ON, 2005.
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the variation in the data sets and indicated that soil mois-
ture was positively correlated with green bean aroma/f la-
vor, bell pepper aroma, yield, and total phenols. Clay also 
was positively correlated with red fruit aroma and f lavor, 
black currant aroma, and black cherry f lavor (Figure 11).

Chemical and sensory differences in the wines were be-
lieved to be due to climatic conditions, which in turn are 
related to the topography of the region. East- and south-
facing slopes in cool-climate wine regions of the northern 
hemisphere receive more sunlight because of their early 
exposure during the growing season; as a consequence 
north-facing slopes of the Niagara Escarpment receive less 
sunlight late in the summer (Shaw 2005). In subappellations 
located closer to Lake Ontario or the Niagara River (Fig-
ure 1), temperatures remain cool in April, budburst begins 
late in the season, and GDD are sometimes not sufficient 
to ripen Cabernet franc. Subappellations far from the lake 
experience early warming in the spring, and therefore GDD 
are sufficient for ripening Cabernet franc (Table 1) (Shaw 
2005). However, although climate appears to be the most 

important driving force affecting grape and wine compo-
sition, the role of other factors such as vine water status 
(leaf ψ), vine size, and soil texture cannot be discounted, 
as suggested elsewhere (Chapman et al. 2005).

Vine water status influences almost every aspect of plant 
metabolism (Bradford and Hsiao 1982) and as a result it 
affects most aspects of fruit composition. Low vine water 
status may be associated with reduced vegetal character-
istics and increased fruity aroma and f lavor in red wines. 
In one study, limited water availability increased the main 
aromatic compounds of grapes and the resultant wines were 
preferred in tasting trials (Koundouras et al. 2006). This 
finding is consistent with our 2005 results, which indicate 
that absolute value of leaf ψ (low water status) was posi-
tively correlated with fruity characters and negatively cor-
related with vegetal characters (Figure 10); however, it was 
not entirely consistent with 2006 results, perhaps because 
of excess precipitation that season (Figure 11).

High vine size due to high vegetative growth is frequent-
ly correlated with vegetal characteristics of wines induced 
by methoxypyrazines. Hashizume and Samuta (1997) in-
dicated that methoxypyrazines were present at high con-
centrations in grape berries and these compounds might 
contribute to the vegetal f lavor of wines. They also proved 
the effect of photodecomposition on methoxypyrazines in 
several grape cultivars, including Cabernet Sauvignon, 
Merlot, Pinot noir, Muscat Bailey, Semillon, Sauvignon 
blanc, Chardonnay, and Riesling (Hashizume and Samuta 
(1999). In 2005, high vine size was correlated with bell 
pepper f lavor and green bean aroma and black cherry and 
black pepper f lavor (Figure 10). High vine size (hence high 
vegetative growth) creates more within-canopy shade that 
often leads to excessive vegetal characteristics in wines. 
In 2006, vine size correlated with bell pepper aroma and 
f lavor, green bean f lavor, and some fruity characteristics 
(Figure 11). Vegetative growth is stimulated by high soil 
water availability in the postveraison period, which can 
delay sugar accumulation in grapes (Smart and Coombe 
1983). In addition, excessive vegetative growth can create 
canopy shading, which has negative effects on red wine 
quality (Smart 1982).

The importance of soil type on wine quality has long 
been a subject of speculation. Gladstones (1992) suggested 
that wines from sandy soils often lack strength and color 
but are rich in aroma and that rocky, stony, or chalky soils 
gave the best wines. Wines from limestone soils allegedly 
have high alcoholic strength, while clay soils produce acidic 
grapes, high in tannins that lead to rich red wines. Seguin 
(1986), on the other hand, reported that clay may have an 
inf luence on sensory character and the type of wine, but it 
is also possible to produce high-quality wines on stony soils 
with low pebble content. Likewise, a study in the Franken 
region of Germany that investigated the impact of soil type 
on wine composition and sensory quality of Silvaner by 
moving seven different soil types to the same vineyard 
site in lysimeters found no significant impact of soil type 
on wine f lavor (Wahl 1988). These findings are consistent 

Figure 10  Partial least squares analysis of field and sensory data for 
nine Cabernet franc wines from Niagara Peninsula, ON, 2005. Aroma 
attributes represented in lowercase and flavor attributes represented in 
uppercase.

Figure 11  Partial least squares analysis of field and sensory data for 
eight Cabernet franc wines from Niagara Peninsula, ON, 2006. Aroma 
attributes represented in lowercase and flavor attributes represented in 
uppercase.
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with our results in 2005, showing that clay was only cor-
related with black currant f lavor and sand was only corre-
lated with black pepper aroma (Figure 10); however, these 
relationships were somewhat different in 2006 because of 
higher precipitation and lower temperatures, whereby sand 
was correlated with acidity and bitterness while clay was 
correlated with some red and black fruit aroma and f lavor 
descriptors (Figure 11).

The data presented here strongly suggest that vineyards 
are a rather stable terroir, and each wine estate has devel-
oped a method of grapegrowing that yields wines of similar 
and consistent sensory profiles across vintages, assuming 
the same winemaker and vinification processes. Thus, for 
consumers who seek specific sensory properties from a 
wine, vineyard designation is a meaningful label for the 
wines.

Conclusions
The sensory and chemical methodologies that were de-

veloped for this study separated clusters of subappellations 
for Niagara Peninsula Cabernet franc wines. The PCA and 
discriminant analysis plots of sensory and chemical anal-
ysis showed that the attributes were useful in describing 
differences among the wines. In 2005, sites from the Es-
carpment Bench and Lake Plain subappellations were asso-
ciated with red fruit aroma and f lavor. All these sites were 
warm with low water status. Sites located in Lakeshore and 
Niagara River subappellations were associated with green 
bean and bell pepper aroma and flavor, which may indicate 
insufficient heat to ripen the fruit. Harbour Estate and all 
Niagara-on-the-Lake sites showed highest pH, TA, phenols, 
and hue, while sites west of St. Catharines were associated 
with high color, anthocyanins, and ethanol. Despite two 
different vintages, including a hot and dry year (2005) and 
a cool and wet year (2006), similar trends were observed. 
Except for black pepper aroma, all other attributes were 
substantially different among the sites in 2006. Most nota-
bly, wines from Buis (Niagara Lakeshore subappellation), 
Morrison (Twenty Mile Bench), Hernder (Four Mile Creek), 
and George (Lincoln Lakeshore) were high in bell pepper 
and green bean aroma and f lavor, astringency, and acidity. 
Similarly, wines from CDC (St. David’s Bench) and HOP 
(Short Hills Bench) were associated with red fruit aroma 
and f lavor, black currant aroma and f lavor, black cherry 
aroma and f lavor, black pepper f lavor, and bitterness.

The location of wines on the PCA plots indicates their 
sensory and chemical profiles and allows regional differ-
ences to be identified. Although it was not possible to assign 
each site into a unique subappellation that produces a specif-
ic lexicon of wine characteristics, it was possible to separate 
sites in terms of clusters of subappellations based on domi-
nant sensory attributes. Also, this study provided evidence 
for proper site selection for Cabernet franc in the Niagara 
region, since certain areas produced wines that were clearly 
dominant in herbaceous notes. This study was ideal for as-
sessing chemical and sensory differences among subappel-
lations in Niagara by producing Cabernet franc wines with 

minimal enological intervention, a single winemaker, and 
single vintage comparisons. However, more investigation is 
required to further determine the basis of terroir effects in 
Niagara for other important winegrape cultivars.
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