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Abstract 

Previous research globally has demonstrated that the performance of grapevine clone and 

rootstock combinations on vine performance and fruit quality are region-specific. Consequently, 

it is imperative for the Ontario wine industry to have locally-relevant information on the 

performance of vine combinations before these selections are purchased and established in 

vineyards. The objective of this research is to identify the influence of clone and rootstock 

combination on vine performance, fruit composition and oenological potential for core Ontario 

varieties: Pinot noir (clones: 113, 114, 115 and 777 on rootstock Riparia Gloire), Chardonnay 

(clones: 548, 96, 95 and 76 on rootstock Selektion Oppenheim 4), and Riesling (clones 9, 12 and 

21 on rootstock SO4; clones 239, 49 and 21 on rootstock SO4; rootstocks 101-14, SO4 and 5C 

on clone 9; and rootstocks 3309C and SO4 on clone 21) over the course of multiple growing 

seasons and vintages, 2017 and 2018. Replicated blocks for each treatment were established in 

one of three commercial vineyards within the Niagara region. Vine performance was measured 

by timing of phenological stages, yield components, vine balance, disease and winter injury. 

Fruit composition was determined by measuring acid and soluble solid content of 100-berry 

samples taken from sentinel vines. Fruit was harvested from select research blocks and 

fermented into wine to evaluate oenological potential through must composition analysis, 

fermentation kinetics and finished wine composition analysis. Results indicate significant 

(p≤0.05) differences in all cultivars in both years, for the effects of clone and rootstock on vine 

performance, fruit composition and oenological potential in Niagara. However, trends were 

generally not consistent across years, indicating further vintages will be required to eliminate the 

weather-related differences between years. This project is limited by its duration of two years. 

Research from additional vintages is required in order to further understand the effects of clone 

and rootstock selection under Niagara vineyard conditions. 
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Chapter 1: Introduction and Literature Review 

1.1. Introduction and Objectives 

The Canadian wine industry is best known worldwide for its Icewines. However, it has 

been producing quality table wines for decades. In the 1970’s, there was a shift towards 

replacing American varieties and hybrids (European x American crosses) with traditional 

European Vitis vinifera species, that gained momentum following the establishment of the 

Vintners Quality Alliance in 1988 and the free-trade agreement with the United States (Bramble 

2014). Since then, V. vinifera table wines have dominated the local market, and spurred an 

increased global interest. As of 2017, 65% of grape plantings in Niagara are V. vinifera cultivars, 

and 35% hybrids (predominately used in Icewine production) (Grape Growers of Ontario 2017). 

Leading grape production in Canada, Ontario produces nearly 85% of the national total (Grape 

Growers of Ontario 2017). The Niagara Peninsula encompasses Ontario’s largest and most 

productive viticultural region in the province, accounting for 93% of its production by tonne 

(Grape Growers of Ontario 2017). The Niagara region depends economically on its wine 

industry for revenues from the sale of grapes and wine, and the industry serves as a reliable 

source of employment year-round and contributes supplemental revenues from wine related 

tourism (Rimmerman 2017). 

Ontario’s grape growing regions, including the Niagara Peninsula, fall on the cool-climate 

margins of commercially viable viticulture (Mosedale et al. 2015, Shaw 2017). Extreme winter 

cold events and untimely frost pose great risks to viticulture throughout the province’s 

viticultural regions. A changing climate is manifesting in Ontario with increased 

unpredictability, including untimely warm events in winter and subsequent late spring frosts 

resulting in losses from cold injury to vines (Shaw 2017). Despite these challenges, viticulture 
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has proven to be a successful source of revenue for the Niagara region and the province, 

generating 35% of annual revenue from fruit-crop production in 2017, and earning 

approximately $4.4 billion in economic impact in 2015 (Grape Growers of Ontario 2017, 

Rimmerman 2017). A greater understanding of vine performance of economically important 

varieties in this region will improve success of the industry and help to offset negative effects of 

the changing climate.  

Among V. vinifera cultivars, those suited to the cool climate of Niagara include Riesling, 

Chardonnay and Pinot noir (Shaw 2005). These cultivars have proven their worth through quality 

wine production in the region over several decades. The selection of superior plant material of 

these cultivars, expressing unique genetic traits, resulting from varying degrees of 

polymorphism, suited to the unique mesoclimates and terroir of Niagara, is of utmost importance 

for growers and researchers in the area. In conjunction with clean-plant propagation programs, 

this identification process will aid in maintaining virus-free stocks of suitable vine material for 

the industry. It is hypothesized that different scion clone and rootstock selections will perform 

differently among sites in the Niagara Peninsula. Evaluation of plant material suited to specific 

climate and soil conditions throughout the region will afford growers and winemakers necessary 

information to improve quality and consistency in resulting wines.  

The objective of this work is to examine the performance of different clone and rootstock 

material for core-Ontario cultivars (Pinot noir, Chardonnay and Riesling) on specific viticultural 

sites with respect to viticultural performance, fruit composition and oenological potential across 

multiple vintages. It is hypothesized that different scion clone x rootstock combinations will 

perform differently under the same environmental conditions, lending insight on superior plant 
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material. The identification of superior vine material, suited to the climate, topography and 

edaphic conditions, is of utmost importance in the development and survival of this industry. 

1.2. Literature Review 

1.2.1. The importance of terroir to viticulture in Ontario 

1.2.1.1. Terroir 

Terroir is a concept relating an agricultural product with its geographical origins (van 

Leeuwen and Seguin 2006). It encompasses many of the environmental factors which ultimately 

influence the composition and quality of the product, such as, soil composition and fertility, 

climate and management practices, in the case of grapevines—from vine to glass. Originating in 

France, the terroir concept was designed to match the appropriate grape cultivar with the existing 

soil type of a given viticultural site. Ultimately, ‘Appellations d'Origine Contrȏlée’ of France 

fixed boundaries based on geological, topographical, morphological and agro-pedological 

criteria (Seguin 1986). Since its origin, this concept has been adopted to varying degrees 

throughout Europe and in the ‘New World’ wine regions. 

Terroir describes ‘a sense of place’ which imparts a distinctive character to a finished 

wine (White 2009). The terroir effect has been interpreted in many ways to describe the 

indescribable effect a place has on the wine it produces, however there is considerable science 

behind it. A pedological approach, such as that of geologist Burns, highlights the role of soil 

physical and chemical properties in his description of terroir as the influence of five factors on a 

finished wine: type of grape, bedrock geology and resulting soils, soil hydrology, climate and 

the physiography of the site (2012). White further examines the role of soil, identifying the key 

properties of an ‘ideal soil’ as: soil depth, soil structure and water, soil strength, soil chemistry 

and nutrient supply and, soil organisms (2009). A study by Bonfante et al. (2017), describes the 
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base-concept of terroir as the “soil-water-atmosphere system,” highlighting the importance of 

water-relations, and consequent nitrogen availability to the vine on the potential quality of a 

finished wine. Seguin (1986) calls it an interaction of “climate-soil-vine,” emphasizing the 

effects of grapevine management, including cultivar (and clone), rootstock and training systems 

alongside soil composition. Though there is no doubt that a soil’s properties affect plant growth, 

direct relationships between soil mineral components and resulting fruit composition (excepting 

salinity) have been difficult to determine (Deloire et al. 2005, Lanyon et al. 2004).  

There are evidently many factors influencing a wine’s ‘typicity’ which are exceedingly 

difficult to separate in a natural environment full of variation. Thus, the terroir effect remains 

somewhat controversial and largely dependent on the way it is being defined. Though the 

explanation of terroir is somewhat muddled, the effect is undeniable to many winemakers, such 

as Geoffrey Grosset, of Clare Valley, South Australia: wines from different places taste different, 

despite cultivation and winemaking practices (quoted by Max Allen 2003:45). Thus, the effect of 

the complex ecosystem surrounding a vine is undeniable in its influence on wine quality.  

1.2.1.2. The terroir of Niagara  

The terroir of Ontario consists of a wide range of mesoclimates and soil types scattered 

throughout the province. The viticultural region of Niagara Peninsula lies, for the most part, 

between Lake Ontario and the Niagara Escarpment, a predominately vertical rockface running 

East to West through the middle of the Niagara Peninsula. Repeated glaciations and the presence 

of early glacial lakes have provided the parent material for the soils of the Niagara region. These 

glaciolacustrine till deposits are clay rich with small rock fragments, overlain with alluvial and 

lacustrine sand deposits of varying depth across the plain adjacent to the lake (Wicklund and 

Matthews 1963). The properties of till-deposit formed soils are variable by nature, and the 
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topographical features of the escarpment and scatterings of ravines across the region lends to 

increased variation in site-specific soil properties, however the presence of clay-rich material is a 

unifying feature of Niagara soils. According to Shaw, in his climatic analysis of Niagara’s 

viticultural area, the greatest effects on the mesoclimates of the region are distance from the lake, 

slope, elevation and air-flow patterns (2005). Major limitations of the Niagara viticultural region 

include the frequency of extreme cold events, late-Spring and early-Autumn frosts, seasonal 

variability, summer rainfall and clay-rich soils with inadequate drainage (Shaw 2005).  

Despite the climatic and pedological challenges of the region, viticulture has proven to be a 

successful source of revenue for Niagara growers supporting a robust and expanding wine 

industry. The selection of suitable plant material according to the mesoclimate and soil properties 

of a particular vineyard site has led to reductions in vine damage caused by extreme cold events 

and untimely frosts (Shaw 2005). Further identification of superior plant material suited to 

typical mesoclimates and other environmental conditions found in the Niagara Peninsula will 

provide invaluable information to growers establishing new sites or replanting due to vine 

damage or poor performance.    

Site specific conditions. The Vintners Quality Alliance of Ontario (VQAO) is a regulatory and 

appellation system governing quality and authenticity of wines produced in Ontario. Unlike in 

France, the appellation system of Ontario does not apply regulations on particular cultivars to 

sites or soil types. In the Niagara region, many of the cultivars grown are planted in each sub-

appellation within a range of mesoclimates, soil types, geological and topographical conditions. 

This practice is in part due to lack of research on the best suited plant material to site-specific 

conditions. Three sub-appellations (Twenty Mile Bench, St. David’s Bench, and the Niagara 

River) are the locations of various elements of this project. 
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Twenty Mile Bench. The VQAO Twenty Mile Bench sub-appellation is located approximately in 

the centre of the Niagara appellation, running east to west from Fifteen Mile Creek to west of 

Cherry Avenue in Lincoln Ontario. It is bisected by Twenty Mile Creek and several other small 

waterways and ravines. It is bordered by the peak of the Niagara Escarpment in the South and 

Lake Iroquois Plain extending to Lake Ontario in the North. Its topography consists of a double 

bench formation and rolling hills and ravines with gentle slopes. These north-facing slopes are 

protected by the escarpment from predominant south-westerly winds and benefit from warm-air 

circulation off Lake Ontario, creating a range of mesoclimates of moderated temperatures year-

round with good air drainage. General characteristics of the sub-appellation include elevations 

ranging from about 105 m above sea level to 180 m; Climactic characterizations of the 2017 

growing season were: 1523 growing-degree-days (GDD), 216 frost-free days (-2°C), and 544 mm 

of precipitation (VQAO TMB 2018). Typical soil characteristics of Twenty Mile Bench include 

deep clay and till-rich soils with moderate to good drainage and water-holding capacities.  

St. David’s Bench. The VQAO St. David’s Bench sub-appellation is located in the south-eastern 

section of the Niagara appellation approximately 10 Km south of Lake Ontario. It extends east to 

west from the Niagara River to Beechwood Road. It is bordered in the north by the Lake Iroquois 

Plain and in the south by the Niagara Escarpment. Similar to Twenty Mile Bench, the 

escarpment offers shelter to the north-facing slopes from the south-westerly winds. Slopes 

descending from the escarpment offer good airflow through the vineyards. Many streams run 

through the area providing avenues for water drainage during the spring thaw. General 

characteristics of the sub-appellation include elevations ranging from about 105 m above sea 

level to 145 m; Climactic characterizations of the 2017 growing season were: 1637 GDD, 210 

frost-free days, and 543 mm of precipitation (VQAO SDB 2018). Typical soil characteristics of 
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St. David’s Bench are deep silty clay and clay loam lacustrine deposits with imperfect to poor 

drainage and high water-holding capacities, overlaying red sandstone bedrock (VQAO SDB 

2018).  

Niagara River. The VQAO Niagara River sub-appellation is located along the eastern border of 

the Niagara appellation, extending north to south along the Niagara River, its eastern border, and 

bordered by St. David’s Bench to the south and Four Mile Creek and Niagara-on-the-Lake sub-

appellations to the west (approximately 1km inland) and north. Its topography consists of gentle 

eastern-facing slopes which are moderated by the convection currents created by the Niagara 

River on the east drawing cool air into the river’s gorge (VQAO NR 2018). Eastern exposure 

providing increased sunlight, combined with the moderating effects of the river provide vines 

with an extended growing season. General characteristics of the sub-appellation include 

elevations ranging from about 75 m above sea level to 100 m; Climactic characterizations of the 

2017 growing season were: 1606 GDD, 199 frost-free days (-2°C), and 543 mm of precipitation 

(VQAO NR 2018). Typical soil characteristics of Niagara River are stratified sand deposits with 

high silt and clay content, overlaying a bedrock of shale (VQAO NR 2018). Figure 1.1., displays 

the VQA Niagara appellation, sub-appellations and site locations therein. 
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Figure 2.1. Niagara viticultural sub-appellations and site map (Adapted from VQAO Appellation Map). 

1.2.2. The benefits of grafting in viticulture 

Historical origins of grafting. The technique of grafting has been commonly practiced in 

viticulture since the latter part of the 19th century. This practice began due mainly to the spread 

of phylloxera, a root-borne grapevine pest, from North America to Europe, causing devastation 

to the common winegrape species, Vitis vinifera L. (Granett et al. 2001). It was discovered that 

North American grapevine species and interspecific crosses are resistant to the pest and could be 

used as rootstocks for V. vinifera scions (Keller 2015). Grafting allows for the high-quality 

winemaking potential of the V. vinifera cultivars to be combined with soil-borne-pest-resistant 

American Vitis spp. Scion material is most often derived from vegetatively propagated 

grapevines. The term clone in viticulture, refers to plant material of a genetically uniform type 

derived from vegetative propagation of the same ‘mother vine’ (Keller 2015). These ‘mother 

vines’ are selected for the purpose of propagating clonal material based on desirable 

phenological traits which have arisen from somatic mutations. Scions of clones are grafted onto 

rootstocks selected for their own traits suited to growing conditions and compatible to the scion 
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clone. Since the onset of grafting in viticulture, clone x rootstock combinations showing superior 

performance in different wine regions have been identified and cultivated at a regional level. 

Regionality of clone and rootstock performance. Many different scion x rootstock combinations 

have been used with varying results throughout viticultural regions of the world. Successful 

grafting unions require callus proliferation and bridge formation, the production of secondary 

xylem and phloem, and the establishment of a functional vascular system across the union 

(Jackson 2000, Reynolds and Wardel 2001, Hunter et al. 2004, Martínez-Ballesta et al., 2010, 

Vršič et al. 2015, Assunção et al. 2016). Distinct growth patterns have developed for specific 

clone x rootstock combinations, expressing phenotypic patterns thought to characterize the whole 

vine (Smart et al. 2006). This is evidence for the transmission of physiological traits across the 

grafting union. Clone and rootstock, as well as clone x rootstock combination research has been 

conducted in viticultural regions throughout the world with the intent of improving 

understanding of regional grapevine performance and resulting wine quality (Wolpertet al. 1994, 

Castagnoli and Candolfi-Vasconcelos 1999, Reynolds and Wardel 2001, Hunter et al. 2004, 

Reynolds et al.  2004, Castagnoli and Vasconcelos 2006, Nicholas 2006, Sweet 2007, 2009, 

Hoskins and Thorpe 2010, Barossa Grape Growers 2014, Reynolds 2015).  

With the variety of climatic and pedological conditions in viticultural regions around the 

world, it is no surprise that different plant material performs at different rates of success 

depending on where it is cultivated. Furthermore, the genetic variation in V. vinifera cultivars 

and their phenological expression is vast, resulting in increased regionality with respect to their 

performance.  It has been demonstrated through research that performance of clone x rootstock 

combinations is uniquely relevant to the region in which studies are conducted (Keller 2015). For 
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example, two different studies assessing vine growth, yield components and fruit composition on 

the same Chardonnay clones in different areas in California (Salinas and Napa Valleys) produced 

similar results (Bettiga 2003, Wolpert et al. 1994), whereas the same selections studied in 

another viticultural region in South Australia demonstrated contrasting results with respect to 

yield and fruit composition (Cirami 1993). Grapevine clones have traditionally been selected for 

performance based on region-compatible, desired traits and rootstock compatibility. The 

potential for clone and rootstock selection to influence vine performance in relation to a unique 

environment is a motivating force behind research in viticultural regions the world over. Results 

can be interpreted to represent the interaction between plant material and its environment.  

1.2.3. Scientific research on grapevine clone and rootstock material  

1.2.3.1. Findings and advancements of clone research 

Grapevine clones represent scion material that has been selected for specific traits in 

relation to the region in which they are being cultivated. Clonal selection has been demonstrated 

to impact many factors such as, timing of phenological stages and maturity, resistance to 

environmental pressures, yield components, vine vigour, fruit composition and resulting 

winemaking potential and sensorial attributes.  

The timing of phenological stages and maturation are important considerations in cool-

climate regions, especially those prone to fewer growing degree-days, untimely frosts or other 

weather events. For example, the major viticultural areas of Oregon, USA are considered cool-

climate regions with limited growing-degree days, and prone to high precipitation in Autumn. 

Early-ripening is a desirable trait for plant material in this region. Through scientific research, 

early-ripening Pinot noir clones have been identified in Oregon. These clones are among the 
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most widely planted and are now considered to be the most desired for new plantings within the 

region (Castagnoli and Vasconcelos 2006, Mercado-Martín et al. 2006).  

Clonal variation in response to environmental pressures has been shown to be significant 

with resistance to Botrytis bunch rot (Becker et al. 1988, Pool et al. 1995), esca disease (Murolo 

and Romanazzi 2014), powdery mildew (Geffroy et al. 2015) and cold-hardiness (Pool et al. 

1995, Hébert-Haché et al. 2018). Pool et al. (1995) conducted an 8-year study on 20 Pinot noir 

clones in the Finger Lakes region of New York, USA. Two clones were found to be superior in 

winter-hardiness and resistance to Botrytis bunch rot, including the ‘Mariafeld’ clone. A similar 

study conducted in Germany found consistent results for the ‘Mariafeld’ clone with regards to 

Botrytis bunch rot resistance (Becker et al. 1988). Castagnoli and Vasconcelos analyzed cluster 

compactness of the ‘Mariafeld’ clone in Oregon, finding looser clusters with fewer berries 

compared with other clones (1999). This trait allows for increased airflow through the cluster, 

reducing susceptibility to Botrytis. The consistency of these results shows phenotypic qualities of 

vine material expressing themselves across different environmental conditions. Despite this 

consistency across regions with regards to Botrytis resistance, ‘Mariafeld’ was found to be 

moderately yielding in the New York trials (Pool et al. 1995), low-yielding in Oregon 

(Castagnoli and Vasconcelos 2006), and high-yielding in Sonoma County (Wolpert 1995) 

displaying the regionality of specific results to clone research.  

Vine vigour, or vine size is measured by the weight of cane prunings in the dormant 

season. It is an indicator of vegetative growth during the previous growing season and a predictor 

of crop potential in the next season. Vigour is related to yield through vine balance (also called 

crop load). The Ravaz index expresses a ratio of yield to vigour indicating vine balance. A 
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grapevine is considered to be in balance when its yield-to-vigour ratio (Kg/Kg) is equal to 5-10, 

depending on cultivar (Ravaz 1903). Vigour influences potential leaf area and potential crop and 

therefore has a large impact on vine balance (Bates 2005). Excessive vigour often leads to lower-

yielding vines, producing poorer quality fruit (Greer and Weston 2010). Furthermore, vegetative 

growth has been linked to cold-hardiness in grapevines, where excess vigour reduces cold 

tolerance (Howell and Shaulis 1980). Clonal selection has been demonstrated to have a 

significant effect on vigour (Becker et al. 1988, Wolpert et al. 1994, Mercado-Martín 2006, Benz 

et al. 2007, Anderson et al. 2008). 

Yield is a primary consideration in viticulture. It represents the productivity of the vine in 

harvestable fruit. Yield components, including fruit per vine weight, cluster weight, berry 

weight, as well as cluster morphology were determined to be different among clones for a 

number of cultivars and regions (Becker et al. 1988, Wolpert et al 1994, Pool et al. 1995, 

Castagnoli and Vasconcelos 1999, 2006, Bettiga 2003, Reynolds et al. 2004, Mercado-Martín 

2006, Alonso et al. 2007, Benz et al. 2007, Anderson et. al. 2008, Barossa Grape Growers 2014). 

High yielding grapevines are desirable to growers interested in higher production and revenue 

per hectare. However, yield is related to vine balance and the consequent reproducibility of yield 

across vintages, as well as fruit composition and associated quality. Grapevine yield 

manipulation through cultural practices such as cluster-thinning and shoot-thinning has been 

demonstrated to affect winegrape quality by parameters such as soluble solid and acidity levels, 

anthocyanin and phenolic content and wine sensory characteristics (Reynolds et al.  1996, Petrie 

and Clingeleffer 2006, Di Profio et al. 2011a,b). Furthermore, grapes for winemaking are often 

priced on the basis of soluble solid content. Higher yielding grapevines tend to take longer to 

bring their fruit to maturity. In a cool climate viticultural region, late-maturing fruit is at risk to 
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weather related damage and disease. Therefore, the relationships between vine yield, vine 

balance and fruit composition are of utmost importance for growers and winemakers alike.  

Fruit composition and quality affects oenological potential, and has been found to vary 

widely among clones in many viticultural regions. Juice soluble solid levels, content of acids, 

nitrogen and anthocyanins are influenced by clone (Becker et al. 1988, Wolpert et al. 1994, Pool 

et al. 1995, Castagnoli and Vasconcelos 1999, 2006, Bettiga 2003, Reynolds et al. 2004, 

Martínez et al. 2007, Anderson et al. 2008, Barossa Grape Growers 2014).  

Similarly, clonal variation in finished wine composition and sensory attributes has also 

been documented (Pool et al. 1995, Reynolds et al. 2004, Geffroy et al. 2015). Geffroy et al. 

(2015) determined a positive correlation between powdery mildew resistance and rotundone 

(responsible for pepper aroma) in finished wines in France. The finished wine is the only stage of 

production observed by most consumers and critics, and therefore, its expression of quality-

associated attributes is critical. 

 

 

1.2.3.2. Findings and advancements of rootstock research 

Despite the importance of rootstock effect on grapevine performance, their genetic 

variance is limited in comparison with scions; currently, 90% of grafted grapevines occur on 

only 10 different rootstocks (Keller 2015). Grapevine rootstock cultivars are mainly derived 

from several Vitis species other than V. vinifera, and their crosses, namely V. berlandieri, V. 
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labrusca, V. longii, V. riparia and V. rupestris (This et al. 2006). Aside from imparting 

resistance to phylloxera and other soil-borne pests, such as nematodes (Berdeja et al. 2014, Nicol 

et al. 1999), the effects of rootstock cultivars on the grapevines include disease-resistance such as 

esca (Murolo and Romanazzi 2014), water relations and resistance to drought (Novello and de 

Palma 1997, Walker 2000, Koundouras et al. 2008, Padget-Johnson et al. 2008 , Harbertson and 

Keller 2012, Kidman et al. 2014, Kidman et al. 2013, Tandonnet et al. 2010), nutrient uptake and 

transport (Fisarakis et al. 2004, Keller et al. 2001, Kodur et al. 2010, Tomasi et al. 2015), 

photosynthesis and leaf gas-exchange (Soar et al. 2006), salinity-tolerance (Zhang et al. 2002, 

Keller 2005, Paranychianakis and Angelakis 2008), vegetative growth (Soar et al. 2006, Stevens 

et al. 2008), ripening-rate (Corso et al. 2016, Shafer et al. 2004, Stevens et al. 2008), yield 

properties and fruit composition (Corso et al. 2016, Cus 2004, Vanden Heuvel et al. 2004, 

Fernandez et al 2006, Fidelibus et al. 2006, Harbertson and Keller 2012, Huang and Ough 1989, 

Kidman et al., 2013, Reynolds and Wardle 2001, Stevens et al. 2010, Treeby et al. 1998).    

Ion transport within a grapevine is facilitated by root uptake and by diffusion and mass 

flow. Increased uptake of both water and mineral nutrients has been demonstrated in grafted 

plants (Martínez-Ballesta et al. 2015). Rootstock cultivar has been found to be integral to the 

success of either of these functions (Rühl 1992). In the case of nitrogen, the scion cultivar has 

also been demonstrated to influence uptake and diffusion (Tomasi et al. 2015). A primary 

nutrient to the grapevine, and a building block for amino acids and proteins, nitrogen has a great 

influence on plant growth and development (Tomasi et al. 2015). Amino acids in grape juice 

provide important nutrition for yeast during alcoholic fermentation and thus influence wine 

quality. Rootstocks exhibiting differences in vigour have been shown to influence amino acid 

content in fruit (Huang and Ough 1989). Vegetative growth (vigour), yield and berry 
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development are strongly influenced by vine nitrogen status (Huang and Ough 1989, van 

Leeuwen and Seguin 2006). Nitrogen uptake by the grapevine has been found to be strongly 

affected by scion-rootstock interactions (Tomasi et al. 2015). Soil-vine water relations impact 

nutrient availability and uptake by a rooting system. Therefore, soil moisture content has an 

indirect affect on wine quality through multiple functions and contributes to the terroir effect 

(Willwerth et al. 2018). These functions may be further influenced by external factors, which 

limit the growth of the root system either by physical barrier or soil properties or water 

availability, all important elements of the terroir effect. It has been demonstrated that both scion 

and rootstocks perform variably in different geographical locations (Keller 2015). This region-

specific performance of grapevine material lends to the benefit of regionally-based study, with 

the aim of identifying the best-suited plant material for any important viticultural region. 

Rootstock influence on vine performance has been extensively studied worldwide, but little 

research has been done to determine the interactive influences of clone and rootstock on vine 

performance in Ontario.  

1.2.4. Clonal selection 

1.2.4.1. Pinot noir clones 

The majority of Pinot noir plantings in Niagara are clones of Côte-d'Or origin. Clones 115, 

667 and 777 are amongst the most commonly planted in the region. Clones 113 and 114 are 

commercially available and represent potentially viable alternatives. Extensive research has been 

conducted in France on cultivars and clonal selections of Pinot noir. The following descriptions 

of ENTAV INRA® registered clones (113, 114, 115 and 777) represent results of this research. 
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Clone 113 is described by ENTAV (2007) as having medium (sometimes irregular) 

fruitfulness and cluster weight; medium (sometimes irregular) yield; and, medium sugar content. 

This clone is recommended for producing balanced wines with not very noticeable tannins. 

Clone 114 is described by ENTAV (2007) as having medium fertility, low to medium cluster 

weight and medium berry size; medium yield; and medium to high sugar content and potential 

colour, and medium acid content and tannin structure. This clone is recommended as a good 

blending component, producing aromatic and fairly tannic wines. Clone 115 is described by 

ENTAV (2007) as having low to medium fertility and cluster weight, and medium berry size; 

medium yield; medium to high sugar content and tannic structure, low to medium acidity and 

medium potential colour. This clone is recommended for its steady production and producing 

distinctive, complex wines with good tannin structure. Clone 777 is described by ENTAV (2007) 

as having medium fertility, low cluster weight and low to medium berry size; low yield; high 

sugar content and low to medium acidity; and, medium to high potential colour and tannic 

structure. This clone is recommended as producing distinctive, powerful and aromatic wines with 

good colour and tannic structure. 

1.2.4.2. Chardonnay clones 

Similar to Pinot noir, the majority of Chardonnay plantings in Niagara are also clones of 

French origin. Clones 95 and 96 are amongst the most commonly planted in the region. Clones 

76 and 548 are commercially available and represent viable alternatives. Extensive research has 

been conducted in France on cultivars and clonal selections of Chardonnay. The following 

descriptions of ENTAV INRA® registered clones (76, 95, 96 and 76) represent results of this 

research. 
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Clone 76, of Saône-et-Loire origin, is described by ENTAV(2007)  as having medium 

fertility and low to medium cluster weight and berry size; medium yield and vigour; medium to 

high sugar content and medium acidity. It is recommended for producing refined, distinctive, 

aromatic and balanced wines (ENTAV 2007). Clone 95, of Côte-d'Or origin, is described by 

ENTAV (2007) as having medium fertility and low to medium cluster weight and berry size; 

medium yield and medium to high vigour; medium to high sugar content and low to medium 

acidity. It is recommended for producing wines of refined aromas, with good structure and 

balance (ENTAV 2007). Clone 96, of Côte-d'Or origin, is described by ENTAV (2007) as 

having medium fertility, high cluster weight and medium berry size; medium to high yield and 

high vigour; medium to high sugar content and acidity. It is recommended for producing crisp 

wines (ENTAV 2007). Clone 548, of Saône-et-Loire origin, is described by ENTAV (2007) as 

having medium fertility, low cluster weight and medium berry size; low yield and medium 

vigour; high sugar content and medium to high acidity. It is recommended for producing 

concentrated, balanced wines with complex aromas (ENTAV 2007). 

1.2.4.3. Riesling clones  

Riesling vineyards in Niagara are predominately planted with clone 21, originating in 

Mosel, Germany. Though many other clones are available, few growers are planting them. 

Additional research on clone performance may contribute useful information to growers to 

improve site-matched clone selection. Foundation Plant Services (FPS) and the University of 

California, Davis have conducted significant research on the origins of Riesling clones available 

in California. The following descriptions of clones (9, 12, 21, 49 and 239) are derived mainly 

from results of this research and research conducted in France and Australia. 
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Clone 9 (FPS 9; 110Gm) is of Geisenheim, Germany origin. In California it has produced 

wines which are extremely fruity with a slight muscat flavour; in warmer sites it is described as 

“not typical of German Rieslings” (Sweet 2009). Clone 12 (FPS 12; N90) is of Neustadt, Pfalz, 

Germany origin. In California it has produced aromatic wines and is known for being cold-

tolerant and disease resistant (Sweet 2009). Clone 21 (FPS 01, 21B Weis 21) known as the 

“Weis Clone,” named after the breeder Hermann Weiss, originated in Mosel, Germany. It is 

known to be a highly productive clone, producing floral and intensely mineral wines (Sweet 

2009). Clone 49 is an ENTAV INRA® registered clone of Alsatian origin. It is described as 

having high fertility and cluster weight, and medium to high berry size; high yield and medium 

vigour; and, low to medium sugar content and medium to high acidity. It is recommended for 

producing wines distinctive of the variety (ENTAV 2007). Clone 239 (FPS 23, 239-25Gm) is of 

Geisenheim origin and declared to be the most widely planted clone in Germany. It is recognized 

as a versatile clone producing wines with a wide range of terpenes and good floral aromas 

(Sweet 2009, Barossa Grape Growers 2014). 

 

1.2.5. Rootstock selection 

The predominant characteristics of grape species reflect adaptations to their native 

environment (Cousins 2005). The outbreak of phylloxera in the 1870’s initiated the widespread 

use of rootstocks with V. vinifera grapevines consequently, phylloxera-resistance is a key 

characteristic for desirable rootstocks. Another key attribute is rooting ability. Of the many North 

American grapevines with phylloxera resistance, few are also easy to root. These few include 

Vitis riparia and V. rupestris. Many rootstocks are hybrids containing V. riparia, V. rupestris 

and/or V. vinifera for this reason (Cousins 2005). V. riparia is native to riverbank environments 
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in eastern United States and Canada. Its native environment receives ample precipitation during 

the growing season; consequently, V. riparia has  a shallow rooting system (Cousins 2005). Its 

native environment extends from Canada to Northern USA, and adaptation led to enhanced cold-

tolerance of this species. Cold tolerance is not known to be conferred directly from rootstock to 

scion, however indirect effects on scion such as vigour and timing of dormancy may impact vine 

cold tolerance and risk of cold injury. Furthermore, cold-hardiness of the rootstock is also 

important in regions prone to extreme cold, where rootstock damage can occur. Some V. riparia 

selections, such as Riparia Gloire, are used directly as rootstocks. Riparia Gloire is known for 

imparting low vigour, short growing cycles, advanced ripening and high yield-to-pruning weight 

ratios. It has a shallow, well-branched rooting system suitable to deep and fertile soils with good 

moisture content (Shafer et al. 2004). Its limitations include poor drought tolerance, tendency to 

overbear and susceptibility to ring nematodes (Shafer et al. 2004).   

Vitis rupestris is a species native to Central United States. It grows in aquatic 

environments, near rivers and streams, in loose soils creating a need for deep roots to anchor the 

plant (Cousins 2005). This deep rooting tendency makes rupestris suitable for environments 

where water is located at a distance from the vine, such as hillsides or drought prone vineyards. 

Due to its ease of rooting, V. rupestris species may also be used directly as rootstocks.  

Vitis berlandieri is native to central Texas. Like V. riparia and V. rupestris, it is resistant to 

phylloxera. Unique to V. berlandieri is its tolerance of calcareous and high pH soils (Cousins 

2005). Vitis vinifera is native to many calcareous-rich soil environments and naturally has the 

same tolerance. Within these environments, rootstocks tolerant to high pH soils are necessary. 

This quality makes V. berlandieri desirable as a rootstock in many viticultural areas around the 
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world. Unlike V. riparia and V. rupestris, V. berlandieri is not easy to root; therefore, it is not 

used directly as a rootstock but as a component of crosses (Cousins 2005).  

Crosses between rootstock species tend to display characteristics of both parents. V. riparia 

and V. rupestris crosses tend to impart low to moderate vigour and early ripening to grafted vines 

(Shafer et al. 2004). 3309 Couderc (3309C) is an example of this cross. It is the most widely 

planted rootstock in Oregon, USA, where it has displayed early fruit-ripening (when cropped at 

higher levels) and high yield-to-pruning ratios (Shafer et al. 2004). It has a deep, well-branched 

rooting system suitable to deep and well-drained soils, however it is not drought-tolerant (Shaffer 

et al. 2004). In California, it has been shown to display no tolerance to nematodes and particular 

sensitivity to viruses (Wolpert 2005). In Oklahoma, 3309C showed later growth initiation in 

Spring compared to self-rooted vines, an example of protection against late frosts (McCraw, 

McGlynn and Striegler 2005). Another example of this cross is 101-14 Millardet et de Grasset 

(101-14). It is Oregon’s second most widely planted rootstock, where it is reported to be less 

vigorous than 3309C and imparts low yield-to-pruning weight ratios (Shafer et al. 2004). Here it 

displays a shallow and well-branched rooting system. Similar to 3309C it induces early ripening 

to grafted vines and is not drought-tolerant, yet it has resistance to ring nematodes (Shafer et al. 

2004). In Australia, it has also been found to induce early ripening (Krstic, Kelly, Hannah & 

Clingeleffer 2005).   

V. berlandieri x V. riparia crosses are important rootstocks for cool climate regions where 

soils are calcareous, or higher in pH. In Germany, these crosses represent the major rootstocks 

used in grafting, and have been found to be suitable to most German viticultural soils (Schmid et 

al. 2005). Selektion Oppenheim 4 (SO4) is reported as a moderate to vigorous rootstock in 

Oregon, displaying no impact on timing of fruit ripening (Shafer et al. 2004). It has a shallow 
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root system and is tolerant of acidic soils, but recommended for light, well-drained soils with low 

fertility. It is reported by Cousins (2005) to be of lower to moderate vigour and well suited to 

moister vineyard sites. Teleki 5C (5C) is reported to be a moderate to vigorous rootstock (more 

vigorous than SO4), conferring a low yield-to-pruning weight ratio, with low drought tolerance 

and susceptibility to ring and dagger nematodes in Oregon (Shafer et al. 2004). It is one of the 

most widely used rootstocks in California, growing well in moist, fertile sites and heavy soils, 

where it can become quite vigorous (Wolpert 2005). Generalized characteristics of common 

rootstocks used in the Niagara Peninsula, and studied in this project, can be found in Table 1.1. 

 

 

 

 

 

Table 1.1. Characteristics of common rootstocks in Ontario (Modified from Cousins 2005, Shafer 2004). 

Rootstock Parentage Ease of 

propagation 

Phylloxera 

protection 

Root-

knot 

nematode 

resistance 

Dagger 

nematode 

resistance 

Calcareous 

soil 

adaptation 

Soil 

Recommendation 

Scion 

vigour 

Riparia 

Gloire 

V. riparia High High Low Medium Low Deep, moist, 

fertile soils 

Low 

3309C V. riparia 

x V. 

rupestris 

High High Low Low Low Deep, well-

drained, moist 

soils 

Low to 

medium 

101-14 V. riparia 

x V. 

rupestris 

High High Medium Medium Low Deep, moist, 

soils 

Medium 

SO4 V. riparia 

x V. 

berlandieri 

High High Medium Medium Medium Light, well-

drained, low 

fertile soils 

Medium 

5C V. riparia 

x V. 

berlandieri 

High High Medium Medium Medium Moist, heavy 

soils 

Medium 

 

1.2.6. Components of winemaking 
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Harvest timing. The timing of harvest is one of the most important decisions made in a year by a 

winemaker or grower (Jackson 2000). This decision is generally based on the following criteria: 

soluble solid levels (°Brix), pH, titratable acid, taste, and upcoming weather events. Harvest 

goals may include optimal ranges for each of these criteria based on cultivar, climate and desired 

wine style. In a region such as Niagara, prone to Autumn precipitation and heat, harvest 

decisions are often forced by weather events and disease pressure in the vineyard. Where 

suboptimal targets are reached due to inclement weather, disease pressure or other dictating 

circumstances, certain winemaking practices can ameliorate must conditions. These practices 

cannot fully offset deficiencies in grape quality, however (Jackson 2000). Therefore, harvest 

timing is a decision of great importance. Furthermore, content of the following attributes in 

grapes at the time of harvest, which are affected by clone and/or rootstock, are key indicators of 

fruit quality and desirable early maturation in cool-climate regions.  

Soluble solids. Soluble solids content of grape must is an indicator of grape maturity and 

potential wine style. More than 90% of soluble solids of grape must are composed of fermentable 

sugars, and therefore indicate potential alcohol of a finished wine (Ough and Amerine 1988). 

The two most common procedures for measuring soluble solids are refractometry and 

hydrometry. Field measurements and initial must measurements are often taken using a 

refractometer, while during fermentation hydrometers are most commonly used to track soluble 

solid levels. Juice soluble solids have been demonstrated to be affected by clone (Becker et al. 

1988, Wolpert et al. 1994, Pool et al. 1995, Castagnoli and Vasconcelos 1999, 2006, Bettiga 

2003, Reynolds et al. 2004, Martínez et al. 2007, Anderson et al. 2008, Barossa Grape Growers 

2014) and rootstock (Berdeja et al. 2014, Corso et al. 2016, Stevens et al. 2015). 
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pH. pH is a measure of the free-hydrogen-ion concentration, indicating level of acidity or 

alkalinity in a solution. pH can be measured by the electrical potential of a solution using a pH 

meter (Jacobson 2006). In wine, pH has major implications on many factors determining quality, 

such as, fermentation kinetics, microbial stability, effectivity of sulphur dioxide as an 

antimicrobial agent and colour stability and phenolic ionization in reds (Jackson and Schuster 

1997, Jackson 2000). Optimal pH levels in must vary based on cultivar and wine style, but 

generally range between 3.1-3.4 for white wines, and 3.3-3.6 for red wines (Jackson 2000). Juice 

pH has been demonstrated to be affected by clone (Becker et al. 1988, Wolpert et al. 1994, Pool 

et al. 1995, Castagnoli and Vasconcelos 1999, 2006, Bettiga 2003, Reynolds et al. 2004, 

Martínez et al. 2007, Anderson et al. 2008, Barossa Grape Growers 2014).  

Titratable acidity. Titratable acidity (TA) is a measure of organic acid content in a solution. It is 

quantified by the titration of a strong base into a solution to an end point of pH 8.2. The amount 

of base used is measured and the corresponding acidity calculated (Jacobson 2006). TA is a best 

estimate of organic acids in a must or wine and represents the solution’s perceived acidity. 

Typical TA values vary greatly depending on the cultivar, wine style, climate and site-specific 

conditions. Juice TA has been demonstrated to be affected by clone (Becker et al. 1988, Wolpert 

et al. 1994, Pool et al. 1995, Castagnoli and Vasconcelos 1999, 2006, Bettiga 2003, Reynolds et 

al. 2004, Martínez et al. 2007, Anderson et al. 2008, Barossa Grape Growers 2014) and rootstock 

(Berdeja et al. 2014, Stevens et al. 2015). 

Yeast assimilable nitrogen. Nitrogen is necessary for yeast growth and nutrition during 

fermentation. Grape must contains many sources of nitrogen including, inorganic forms, such as, 

ammonia and nitrates, and organic forms, including, amines, amides, amino acids, pyrazines, 

proteins and nucleic acids (Jackson 2000). Yeast assimilable nitrogen (YAN) represents the 
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nitrogen-containing compounds naturally available in grapes, which are assimilable by yeast 

during fermentation. These compounds include inorganic ammonia and organic primary-amino 

acids (excluding proline) (Jackson 2000). There are different opinions on must YAN 

requirements. Jackson (2000) reports a minimum requirement of 150mg/L YAN for completion 

of fermentation. Jacobson (2006) summarizes research declaring minimum requirements of 

organic nitrogen to be 25-50mg N/L and inorganic to be 150-200mg N/L. Jiranek et al. (1995) 

suggest 400-500 mg N/L as optimal. Optimal YAN content is an important factor in 

winemaking, as insufficient levels may result in slow or stuck fermentations, liberation of 

undesirable higher alcohols and the production of hydrogen sulfide as a fermentation by-product, 

whereas excess YAN content can lead to unnecessary cell multiplication and reduced conversion 

of sugar to alcohol (Jiranek et al. 1995, Jackson 2000). Where insufficient YAN levels exist in a 

must prior to fermentation, nitrogen may be added in either form to facilitate fermentation. Grape 

and wine YAN levels may be measured by an enzymatic assay for ammonia, and a chemical 

derivatization assay for amino acids (excluding proline) (Jacobson 2006). Grape nitrogen content 

varies with changes in winemaking techniques, cultivar differences and weather (Jacobson 

2006). Nitrogen content in grapes reflect uptake by the vine, which relates to vine vigour. Both 

clone (Becker et al. 1988, Wolpert et al. 1994, Mercado-Martín 2006, Benz et al. 2007, Anderson 

et al. 2008) and rootstock (Berdeja et al. 2014, Bonfante et al. 2017, Soar et al. 2006, Stevens et 

al. 2008) have been shown to impact vine vigour, and consequent nitrogen content.  

1.2.7. Conclusions 

Much research has been done on clone and rootstock performance in viticultural regions 

around the world. An outcome of this research has been improvement in vine performance and 

resulting wine quality through plant material selection and matching to geographical site based 



25 
 

on complimentary characteristics. Results of this type of research have proven to be highly 

region specific demanding relevant research be conducted for each significant viticultural region. 

Investigation into the effect of clone and rootstock on vine performance, fruit composition and 

oenological potential has not yet been conducted in Ontario. The Ontario viticultural industry 

contributes considerably to the province’s economic impact and this information will serve to 

promote its future success. This MSc. project will begin to fill this gap in knowledge and help 

support Canada’s largest viticultural area. 

 

 

 

 

 

 

Chapter 2. Materials and Methods 

2.1. Site Selection 

2.1.1. Overview 

Clone and rootstock combinations were studied at pre-established commercial sites 

throughout the Niagara Peninsula to determine superior vine performance for core Ontario 

varieties. The purpose of using commercially established sites was to provide industry-

representative results for combinations of commercial interest, using mature vines which have 

demonstrated acceptable levels of performance. In April of 2017, three sites were selected, one 

site for each cultivar (Pinot noir, Chardonnay and Riesling). The experiments were set up in the 

vineyard in regions of similar conditions where light-exposure, aspect, slope, soil conditions and 

vine health were consistent across all clone x rootstock combinations.   Six replicated blocks 



26 
 

were arranged as experimental units by random block design for each clone x rootstock 

combination in the study. Each experimental block consisted of at least one 5-vine panel.   Five 

experimental vines were selected within each replicated block, resulting in 30 experimental vines 

per clone x rootstock combination. These vines were flagged and used for all data collection 

following the methods outlined in Willwerth et al., 2015 (Willwerth et al. 2015). 

Parameters measured, as outlined in the subsequent pages, included vine performance, fruit 

composition and wine composition over two growing seasons. Vineyard performance 

measurements included timing of major phenological stages, yield and “vine balance” (via Ravaz 

index), disease severity and cold tolerance/bud survival. Fruit composition determination 

included analysis of soluble solids, pH and TA. Finally, winemaking potential and wine 

composition was measured through must analysis of sugar and acid content, yeast-assimilable 

nitrogen content, fermentation kinetics, and analysis of finished wines for content of acids and 

alcohol.  

2.1.2. Site 1—Pinot noir clone trial 

A Pinot noir clone trial was conducted at Site 1, located in the Twenty Mile Bench sub-

appellation of the greater Niagara Peninsula appellation of VQAO. Four Pinot noir clones of 

French origin (ENTAV 113, 114, 115, 777) planted on rootstock Riparia Gloire (V. riparia L.) 

were observed and measured for differences in vine performance, fruit composition and 

oenological potential. Vines were planted in 2000, except for clone 114 which was planted in 

2008. Row orientation was north-south, spacing was 0.9 x 2.1m and vines were trained vertically 

in a double cordon system with winter cane pruning. Thirty experimental vines per clone were 

chosen using the random block design outlined in section 2.1.1 from six research blocks.  These 
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experimental vines were measured for differences in the field and harvested for yield 

components, berry samples and winemaking. 

2.1.3. Site 2—Chardonnay clone trial 

A Chardonnay clone trial was conducted at Site 2, located in St. David’s Bench sub-

appellation of the VQAO Niagara Peninsula appellation. Four Chardonnay clones of French 

origin (ENTAV 548, 96, 95, 76) planted on rootstock Selektion Oppenheim 4 (SO4; V. riparia x 

V. berlandieri) were observed and measured for differences in vine performance, fruit 

composition and oenological potential. Vines were planted in 1997. Row orientation was north-

south, spacing was 0.9 x 2.5m and vines were trained vertically in a double cordon system with 

winter spur pruning. Thirty experimental vines per clone were chosen using the random block 

design outlined in section 2.1.1 from six research blocks. These experimental vines were 

measured for differences in the field and harvested for yield components, berry samples and 

winemaking. 

2.1.4. Site 3—Riesling clone and rootstock trials 

Two Riesling clone trials and two rootstock trials were conducted at Site 3, located in the 

Niagara River sub-appellation of the VQAO Niagara Peninsula appellation. Five Riesling clones 

(9, 12, 21, 239) grafted onto one or more of 4 rootstocks (3309C, SO4, 101-14, 5C) were 

observed and measured for differences in viticultural performance, fruit composition and 

oenological potential. Eight treatments in total, resulting in four overall trials, were analyzed for 

viticultural performance and fruit composition, while only four treatments, resulting in three 

trials, were assessed for oenological potential (Figures 2.1a, 2.1b). Vines were planted in 2011. 

Row orientation was east-west, spacing was 0.9 x 2.5m and vines were trained vertically in a 

four-cordon system with winter spur pruning. Experimental vines were measured for differences 
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in the field and harvested for yield components, berry samples and winemaking. Thirty 

experimental vines per treatment were chosen using the random block design outlined in section 

2.1.1 from six research blocks. These experimental vines were measured for differences in the 

field and harvested for yield components and berry composition. Vine performance and fruit 

composition was measured on the following clone and rootstock combinations (Figure 2.1a): 

rootstock 3309C trial (clones: 239, 49, 21); rootstock SO4 trial (clones: 9, 12, 21); clone 9 trial 

(rootstocks: 5C, SO4, 101-14); clone 21 trial (rootstocks: SO4, 3309C). Winemaking was 

conducted on four of the eight total treatments (Figure 2.2). Must and finished wine analysis was 

conducted on the following clone and rootstock combinations (Figure 2.3): rootstock 3309C trial 

(clones: 49, 21); rootstock SO4 trial (clones: 9, 21); clone 21 trial (rootstocks: 3309C, SO4) 

(Figure 2.1b). 

 

Figure 2.1a. Riesling trials measured for vine performance and fruit composition. Starred treatments were used for winemaking 

trials. 
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Figure 2.1b. Riesling combinations measured for must and finished wine analysis. 

2.2. Vine performance 

2.2.1. Viticulture data collection and analysis 

Viticulture data was collected yearly on experimental vines to assess differences among 

treatments either by direct measurement or calculations based on direct measurements of vine 

phenology (bud break, flowering, véraison), resistance to environmental pressure (disease 

incidence, winter-injury) yield components (vine yield, cluster number, cluster weight, berry 

weight) and vine balance (vine size and vine health). Vineyard data was analyzed by analysis of 

variance (ANOVA) and Tukey’s post-hoc tests using XLSTAT (version 2018.7, Addinsoft, 

Boston, USA), except for Riesling clone 21 trial, which was analyzed using a Student’s t test due 

to the comparison of only two treatments. 

Vine phenology. Bud break was measured by a visual count of the number of broken buds on 

sentinel vines, determined by the protrusion of leaf tips from the swollen bud, until 

approximately 50% of buds were broken. Bud break is reported as an average per treatment of 

percent buds broken from the total number of buds on the vine on a given date. 

Flowering was measured by visual count of 102 clusters per treatment randomly chosen 

from sentinel vines across all six research blocks, determined by the approximate percentage of 

flowering caps having fallen off by visual assessment, until approximately 50% cap fall. 

Flowering is reported as an average per treatment of percent caps off from 100 on a given date. 
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Véraison was measured by visual count of 102 clusters per treatment randomly chosen 

from sentinel vines across all six research blocks, determined by the approximate percentage of 

berries having undergone colour change using a 5-point scale developed for use with tight-berry 

cluster cultivars, described below (Willwerth and Jasinski 2015), until approximately 50%. 

Véraison is reported as an average per treatment of percent colour change from 100 on a given 

date. 

Resistance to environmental pressures. Winter injury was measured by counting the number of 

dead buds on all sentinel vines (30 per treatment) after all buds had broken. Winter injury is 

reported as an average per treatment of percentage of dead buds from the total number of buds 

on the vine. Winter injury was not collected for 2018 due to the temporal confines of the project. 

Disease incidence was measured by visual count of 102 clusters per treatment randomly 

chosen from sentinel vines across all six research blocks, determined by the approximate 

percentage of berries showing symptoms of disease using a 5-point scale developed by 

Willwerth and Jasinski (2015), where a total of twenty randomized crop samples were 

evaluated on a damage scale from 1 to 5.  The scale was modified for use to assess disease 

incidence.  The scale is outlined in Table 2.1. below: 

Table 2.1. Numerical scale for assessing crop disease and véraison. Derived from a linear regression graph with the equation y 

= 0.0443x + 1 (R2 = 0.9846). 

Disease category Percent damage to crop 

1 0 - 22.6 % 

2 22.6 - 45.1 % 

3 45.1 - 67.7 % 

4 67.7 - 90.3 % 

5 90.3 - 100 % 
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Disease incidence is reported as an average per treatment of percent infection from 100 on the 

date of harvest. 

Harvest. Fruit of experimental vines was hand harvested on a chosen date in cooperation with 

vineyard managers. Vines were harvested separately and weighed in the field. Yield components  

were measured and recorded, and samples of 100 berries were randomly collected from each 

sentinel vine and transferred to a -25°C freezer for storage until analysis. Then fruit from blocks 

1 and 2; 3 and 4; 5 and 6 (representing vines with closest proximity in the field) were combined 

to create three respective field replicates for winemaking.  

Yield components. Vine yield was determined by the weight of fruit per vine and expressed as an 

average per treatment. Measurements were taken in the field at the time of harvest using a New 

Classic MF MS32000L scale (Mettler Toledo, Mississauga, ON, Canada). Cluster weight was 

determined by dividing the weight of fruit per vine by number of clusters for the same vine. 

Cluster weight is expressed as an average per treatment. Average berry weight was determined 

from 100-berry samples.  

Vigour and vine balance. Dormant pruning weights were measured for sentinel vines during 

winter using a hand-held scale (Rapala, Oshawa, ON, Canada). Vigour is expressed as an 

average per treatment of dormant pruning weight per vine. Vine balance was determined by the 

Ravaz Index as a calculated ratio of fruit yield-to-vigour (weight of cane prunings) for sentinel 

vines and expressed as an average per treatment (Ravaz 1903). 

2.3. Fruit composition 

Fruit composition was determined on 100-berry samples taken at harvest. Frozen samples 

were recounted and weighed in the laboratory at Brock University using a New Classic MF 
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MS1602S scale (Mettler Toledo, Mississauga, ON, Canada). Samples were then heated to 80°C 

in a water bath for 60 minutes. Following heating, samples were cooled to room temperature and 

juiced using an Omega 9000 commercial centrifugal juicer (Omega Products Corp., Bohemia, 

NY, USA). Following juicing, samples underwent analysis for soluble solids using a digital 

refractometer (Model PAL-1, Atago, Bellevue, WA, USA), pH using a digital Orion Star A215 

pH/conductivity meter (Thermo Scientific, Waltham, MA, USA), TA by sample titration with a 

strong base (NaOH 0.1N) to an end-point of 8.2, measured by pH meter, and amount of acid 

determined by the following calculation (Jacobson 2006): 

𝑇𝐴(𝑔/𝐿) = 75 ∗ 0.1 ∗ (𝑡𝑖𝑡𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿))/(𝑆𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿)) 

Fruit composition was analyzed by analysis of variance (ANOVA) and for more than two 

treatments Tukey’s post-hoc tests were applied using XLSTAT (version 2018.7, Addinsoft, 

Boston, USA). Riesling clone 21 trial was analyzed using a Student’s t test due to the 

comparison of only two treatments. 

 

 

2.4. Winemaking procedure 

A total of 12 treatments underwent analysis for oenological potential: all four Pinot noir 

treatments (113/RG, 114/RG, 115/RG, 777/RG), all four Chardonnay treatments (548/SO4, 

96/SO4, 95/SO4, 76/SO4), and 4 Riesling treatments (9/SO4, 21/SO4, 21/3309C, 49/3309C). 

Following harvest grapes were transferred to the winery at the Cool Climate Viticulture Institute 

at Brock University (CCOVI) where they were cooled overnight at 4°C before processing. Three 

field replicates, each representing a pair of vineyard research blocks, were processed and vinified 

separately for each treatment. Wine was made by the following procedures.  
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Pinot noir fruit was crushed and destemmed using an electric crusher/destemmer (Model 

Pillan N1, Enoitalia, San Miniato, Italy) into 20L stainless steel containers. Must samples 

(125mL) were removed at this point for analysis. A sulfite addition of 30ppm was made to each 

replicate wine lot to prevent fermentation by indigenous microflora. Replicates were transferred 

to a 26°C room for inoculation and fermentation. Each replicate was inoculated with a 

commercial yeast Saccharomyces cerevisiae strain EC-1118 (Lallemand Inc., Montreal, QC, 

Canada) at a rate of 25g/hL, according to the packaging rehydration procedure, with an addition 

of yeast nutrient Go-Ferm (Lallemand Inc., Montreal, QC, Canada) at a rate of 30g/hL. During 

fermentation, manual punchdowns were applied twice per day and soluble solids were measured 

by hydrometer to track fermentation kinetics. After fermentation, wines were pressed by 

replicate to a maximum 200 kPa using a water bladder basket press (Marchisio Fratelli S.P.A., 

Pieve di Teco, Italy) with an inflatable rubber bladder. Wines were then settled overnight at 

20°C, racked and inoculated with a commercial malolactic bacteria Oenococcus œni strain 

Lactoenos B28 PreAc (Laffort, Bordeaux, France) at a rate of 0.01g/L, according to package 

instruction. At the end of malolactic fermentation, determined by enzyme assay, wines were 

racked, another 30ppm SO2 was added and wines were transferred to 10°C for ageing. After 

three to four months of ageing, free SO2 was adjusted to maintain levels of molecular SO2 at a 

desirable level, around 0.825mg/L. Wines were then coarse filtered using Super Jet Wine Filter, 

and #1 filter pads (Buon Vino, Cambridge, ON, Canada) and bottled into 750mL green Bordeaux 

style bottles. 

Chardonnay fruit was whole bunch pressed  by replicate lot to a maximum 200 kPa using a 

water bladder basket press (Marchisio Fratelli S.P.A., Pieve di Teco, Italy) with an inflatable 

rubber bladder into 20L glass containers. Samples (125mL) were removed at this point for must 
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analysis. SO2 was added at a rate of 50ppm, and a settling enzyme Scottzyme KS (Scott 

Laboratories, Pickering, ON, Canada) was added at a rate of 100mL/1000gal. Replicate lots were 

transferred to 4°C for settling. After settling, they were racked and transferred to 16°C for 

fermentation. Must analyses were used to determine YAN content and each replicate was dosed 

with an organic nitrogen source (Fermoplus, AEB, Brescia, Italy) to reach 250ppm YAN where 

necessary. Nitrogen was added in two stages, at the time of inoculation and 24hrs following. 

Each replicate was inoculated with a commercial yeast Saccharomyces cerevisiae strain 

Zymaflore X16 (Lallemand Inc., Montreal, QC, Canada) at a rate of 25g/hL, according to the 

packaging rehydration procedure, with an addition of yeast nutrient Go-Ferm (Lallemand Inc., 

Montreal, QC, Canada) at a rate of 30g/hL. Fermentation was monitored by hydrometer readings 

daily. At the end of fermentation, wines were racked and transferred to -2°C for cold-

stabilization and storage until bottling. After three to four months of ageing, free SO2 was 

adjusted to maintain levels of molecular SO2 at a desirable level, around 0.825mg/L. Wines were 

then sterile filtered using Super Jet Wine Filter, and #3 filter pads (Buon Vino, Cambridge, ON, 

Canada) and bottled into 750mL green Bordeaux style bottles. 

Riesling wine replicates were vinified according to the same protocol used for the  

Chardonnay replicates except for yeast Saccharomyces cerevisiae strain Zymaflore X5 

(Lallemand Inc., Montreal, QC, Canada) was used, and prior to cold stabilization, they were 

protein stabilized using a high-quality calcium-sodium bentonite granulate (Aktivit, Erbslöh, 

Geisenheim, Germany) at a rate of 1g/L. 

2.5. Oenological potential 

Must composition. Must samples from each replicate underwent analysis for soluble solids using 

a digital refractometer (Model PAL-1, Atago, Bellevue, WA, USA), pH and TA according to 
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methods described above. Yeast assimilable nitrogen (YAN) content was determined by enzyme 

assay kits Primary Amino Acid Nitrogen Assay (NOPA) and Ammonia Assay (Megazyme, 

Bray, Wicklow, Ireland) according to manual assay kit instructions. Must composition for Pinot 

noir and Chardonnay was analyzed by Kruskal-Wallis and Steel-Dwass-Critchlow-Flinger 

pairwise comparison tests using XLSTAT (version 2018.7, Addinsoft, Boston, USA) due to 

sample size. Must composition for Riesling trials was analyzed by the Mann-Whitney U test due 

to the comparison of only two treatments. 

Fermentation kinetics. Fermentation kinetics were determined by monitoring soluble solid 

content over time through the course of primary fermentation. Measurements of soluble solids 

were taken daily with the use of a hydrometer until ferments reached dryness (<1.000 specific 

gravity). 

Wine analysis. Finished wines were analyzed for acid content including pH and TA, using 

methods described above, and acetic acid by enzyme assay Acetic Acid kit (Megazyme, Bray, 

Wicklow, Ireland) according to manual assay kit instructions. Pinot noir was analyzed for malic 

acid content by enzyme assay L-Malic Acid kit (Megazyme, Bray, Wicklow, Ireland) according 

to manual assay kit instructions both at the end of primary fermentation and to determine the end 

of malolactic fermentation. 

Alcohol content was determined on finished wines by gas chromatography with flame 

ionization detection (GC-FID), a method approved by the Association of Official Agricultural 

Chemists, accurate to about +/- 0.2% v/v (Jacobson 2015). Ethyl alcohol %v/v was analyzed 

using an Agilent 6890 GC-FID (Agilent Technologies, Mississauga, ON, Canada) with an 

Agilent 7683B autosampling system.  The method uses a capillary column (Agilent 122-7032 

DB-Wax, 30m x 250 µm diameter, 0.25 µm film thickness) to separate the compounds in the 
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sample before reaching the detector, which burns the eluting gas stream in a mixture of hydrogen 

and air to produce ions proportional to the amount of carbon atoms in the sample.  The ions 

create an electron flow towards a positively charged collector, resulting in voltage change that is 

converted to a digital signal.  The size of the signal is proportional to the amount of carbon in the 

sample, and because each compound elutes separately, the compounds can be quantified based 

on comparison to a standard curve and to an internal standard of known concentration. Ethanol 

(EtOH) standards used (0%; 5%; 10%; 12%; 20% (v/v) EtOH) encompass the range of ethanol in 

the sample. The internal standard was 0.01% butanol. Ethanol concentration of the sample was 

calculated using the following calculation: 

𝐸𝑡ℎ𝑎𝑛𝑜𝑙 %𝑣/𝑣 = ((𝐴𝑟𝑒𝑎 𝑜𝑓 𝑒𝑡ℎ𝑎𝑛𝑜𝑙 𝑝𝑒𝑎𝑘)/(𝑎𝑟𝑒𝑎 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑒𝑎𝑘)

− 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡) ∗ (1/(𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑐𝑢𝑟𝑣𝑒) 

Pinot noir and Chardonnay wine characteristics were statistically analyzed by Kruskal-Wallis 

and Steel-Dwass-Critchlow-Flinger pairwise comparison tests using XLSTAT (version 2018.7, 

Addinsoft, Boston, USA). Riesling wine characteristics were analyzed by the Mann-Whitney U 

test. 

Chapter 3. Results and Discussion—Pinot noir 

3.1. Vine performance 

Phenological stages. Clone had an effect on timing of budbreak and flowering and harvest 

soluble solids (p≤0.05) in 2017 (Table 3.1.). Clones 113 and 115 were furthest advanced, at 54% 

bud break on May 11. Clones 114 and 777 were behind at that time having 41% and 43% bud 

break, respectively. Flowering was further advanced on average for clones 777 and 115 at 77% 

and 78%, respectively, than clones 113 and 114 at 71% and 69%, respectively, on June 13. By 

August 18, véraison for all treatments wasbetween 48% (clone 113) to 50% (cones 115, 777).  
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On the date of harvest, September 19, there was a difference between clones for soluble solid 

content determined by berry analysis. Clone 113 was the further advanced, at 20.4°Brix, than 

clones 777 (19.6°Brix) and 114 (19.4°Brix). Clone 115 was among the other clones, at 

20.0°Brix.  

Table 3.1. Comparison of mean Pinot noir viticulture data, 2017 to 2018. Statistical analysis: ANOVA. Means within columns for 

each vintage with different letters are different (p≤0.05), Tukey’s HSD ± SD. 

  Phenological Stages Yield Components Vine Balance 

Environmental 

Resistance 

  2017 2017 2017 2017 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

11) 

(% June 

13) 

(% August 

18) 

(°Brix 

September 

19)   (g) 

(g/100 

berries) (Kg/vine) (Kg/vine)   

(% at 

harvest) (%) 

113 

54 ± 13.9 

a 

71 ± 12.6 

b 48 ± 23.7 

20.4 ± 0.6 

a 21 ± 5 b 174 ± 27 a 156 ± 17 a 

3.62 ± 

0.95 0.46 ± 0.21 

9.7 ± 

5.3 

29 ± 14.5 

c 24 ± 24 

114 

41 ± 12.8 

b 69 ± 8.9 b 49 ± 20.3 

19.4 ± 1.1 

b 27 ± 9 a 147 ± 23 b 

154 ± 11 

ab 

4.01 ± 

1.52 0.49 ± 0.20 

8.8 ± 

3.3 

43 ± 19.9 

a 16 ± 13 

115 

54 ± 13.8 

a 77 ± 10.6 a 50 ± 23.0 

20.0 ± 1.4 

ab 28 ± 7 a 155 ± 24 b 

153 ± 18 

ab 

4.41 ± 

1.32 0.46 ± 0.18 

10.2 ± 

2.4 

32 ± 15.7 

bc 17 ± 21 

777 

43 ± 10.9 

b 78 ± 11.0 a 50 ± 20.2 

19.6 ± 0.6 

b 30 ± 9 a 146 ± 18 b 149 ± 11 b 

4.34 ± 

1.34 0.44 ± 0.18 

10.9 ± 

4.3 

39 ± 20.2 

ab 18 ± 14 

P 

value <0.0001 <0.0001 0.911 < 0.0001 <0.0001 <0.0001 0.047 0.075 0.777 0.225 <0.0001 0.205 

  2018 2018 2018 2018 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

16) 

(% June 

18) 

(% August 

18) 

(°Brix 

September 

22)   (g) 

(g/100 

berries) (Kg/vine) (Kg/vine)   

(% at 

harvest) (%) 

113 

64 ± 12.1 

b 47 ± 15.8 c 

58 ± 14.8 

b 

23.4 ± 0.8 

a 25 ± 5 114 ± 16 a 139 ± 17 a 

2.85 ± 

0.74 a 0.43 ± 0.16 

7.9 ± 

4.2 15 ± 8.5 c N.D. 

114 

71 ± 16.2 

ab 

53 ± 15.2 

ab 65 ± 12.9 a 

23.2 ± 0.8 

ab 23 ± 6 97 ± 19 b 

129 ± 16 

bc 

2.29 ± 

0.82 b 0.43 ± 0.19 

6.3 ± 

3.1 

31 ± 16.5 

b N.D. 

115 

76 ± 13.2 

a 

51 ± 17.1 

bc 63 ± 14.5 a 

22.8 ± 1.0 

b 24 ± 6 117 ± 19 a 

137 ± 12 

ab 

2.81 ± 

0.93 ab 0.42 ± 0.13 

7.3 ± 

3.0 14 ± 6.7 c N.D. 

777 

70 ± 11.6 

ab 58 ± 17.5 a 64 ± 11.5 a 

23.1 ± 0.8 

ab 24 ± 6 102 ± 15 b 126 ± 10 c 

2.43 ± 

0.71 ab 0.39 ± 0.13 

6.9 ± 

3.1 

43 ± 18.7 

a N.D. 

P 

value 0.006 < 0.0001 0.000 0.003 0.700 < 0.0001 < 0.0001 0.012 0.687 0.319 < 0.0001   

 

In the 2018 growing season, clone had an effect on timing of budbreak, flowering and véraison, 

as well as soluble solid content for Pinot noir treatments (Table 3.1). On May 16, budbreak was 

further advanced in clone 115 (76%) than in clone 113 (64%). Clone 777 was further ahead in 

flowering than clone 113 on June 18 (58% and 47% respectively). By véraison, on August 18, 

clone 114 was furthest advanced at 65% and clone 113 was still the furthest behind at 58%. 
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Clone 113 was the last clone to reach véraison in both growing seasons, and clone 777 was the 

first to reach flowering. On the date of harvest, September 22th, there was a difference between 

clones for soluble solid content determined by berry analysis. Clone 113 was the furthest 

advanced (23.4°Brix) and clone 115 the least (22.8°Brix); these two were the only statistically 

different treatments. Soluble solid levels for clones 114 (23.2°Brix) and 777 (23.1°Brix) were 

between groups.  

Yield components. Yield components for Pinot noir treatments may be found in Table 3.1. In 

2017, clone had an effect on cluster number, cluster weight, and berry weight. Cluster numbers 

were highest on average for clone 777 (30) and lowest for clone 113 (21). Cluster weights 

showed an inverse relationship to cluster number, which was highest for clone 113 (174g) and 

lowest for clone 777 (146g). Clone 113 was different from all other clones. The same trend can 

be seen for berry weights; clone 113 (156g) was higher on average (p=0.047) than clone 777 

(149g).  

In 2018, clone had an effect on cluster weight, berry weight and yield (Table 3.1). Cluster weight 

was higher for clones 113 and 115 than clones 114 and 777. Berry weight ranged between 126g 

(clone 777) and 139g (clone 113). Yield per vine was highest on average for clone 113 (2.85Kg) 

and lowest for clone 114 (2.29Kg). Cluster weight, berry weight and yield per vine were lower 

across treatments in 2018 than 2017. 

Vine balance. Clone had no effect on vine balance or Ravaz Index values in 2017 (Table 3.1.). 

Pruning weights (vine size/vigour) ranged from 0.49Kg/vine (clone 114) to 0.46Kg/vine (clone 

777). There was considerable variation in pruning weights among vines of all treatments, as can 

be observed by the deviation from the mean. Ravaz index (yield:vine size) ranged from 10.9 

(clone 777) to 8.8 (clone 114). These Ravaz index values are bordering the high end of the 
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recommended range (5-10) (Ravaz, 1903). The reverse trend between pruning weight values and 

Ravaz index reflects the inverse relationship between crop load and vigour. 

Again in 2018, clone had no effect on pruning weights (vine size/vigour) or Ravaz Index values 

(Table 3.1.). Though there was a similar trend in pruning weights from 2017 with highest values 

for clones 113 and 114 (0.43Kg/vine) and lowest for clone 777 (0.39Kg/vine). Ravaz index 

values differed from those of 2017, with clone 113 having the highest value (7.9) and clone 114 

the lowest (6.3). Lower Ravax index values are reflective of lower yields in 2018. These data 

suggest that clones 113 and 114 were the most productive clones and clone 777 was the least 

production with respect to yield and vigour. 

Resistance to environmental pressures. In 2017, clone had an effect on disease incidence (Table 

3.1.). Disease percentage at harvest was highest on average for clone 114 (43%) and lowest for 

clone 113 (29%). Clones 114 and 777 (39%) were different from clone 113.  

In 2018, disease incidence was highest on average for clone 777 (43%) and lowest for clone 115 

(14%). Disease incidence for clone 777 was more advanced than all other clones, and clone 114, 

at 31%, was different from clones 113 and 115. Disease incidence was lower in 2018 than it was 

in 2017 for all treatments except for 777. In both years, clones 114 and 777 had the highest 

disease incidence. 

By the end of the dormant season, and at the onset of the growing season in 2018, winter injury, 

assessed by dead primary buds on the vine, was not found to be affected by clone. It ranged from 

14%-24% with high variability within treatments. Winter injury was not assessed for 2018 due to 

the temporal confines of this project. 

3.2. Fruit composition 
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The effect of clone on Pinot noir fruit composition as determined by analysis of 100 berry 

samples in 2017 was significant (p<0.0001) for all parameters measured (Table 3.2). Soluble 

solid content was highest on average for clone 113 (20.4°Brix) and lowest for clone 114 

(19.4°Brix). Average pH was highest for clone 113 (3.31) and lowest for clone 777 (3.24). Mean 

TA ranged from 8.0g/L (clone 113) to 8.7g/L (clones 114, 115), where clone 113 was lower than 

other clones. 

 

 

 

 

 

 

 

Table 3.2. Comparison of mean Pinot noir fruit composition based on 100-berry sample analysis, 2017 to 2018. Statistical 

analysis: ANOVA. Means within columns for each vintage with different letters are different (p≤0.05), Tukey’s HSD, ± SD. 

  Fruit Composition 

  2017 

Clone Soluble Solids (°Brix) pH TA (g/L) 

113 20.4 ± 0.6 a 3.31 ± 0.1 a 8.0 ± 0.4 b 

114 19.4 ± 1.1 b 3.25 ± 0.0 b 8.7 ± 0.5 a 

115 20.0 ± 1.4 ab 3.29 ± 0.1 a 8.7 ± 0.4 a 

777 19.6 ± 0.6 b 3.24 ± 0.0 b 8.6 ± 0.4 a 

P value < 0.0001 < 0.0001 < 0.0001 

  2018 

Clone Soluble Solids (°Brix) pH TA (g/L) 

113  23.4 ± 0.8 a 3.55 ± 0.5 ab  6.1 ± 0.4 ab  

114  23.2 ± 0.8 ab  3.58 ± 0.06 a  6.2 ± 0.3 a 
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115  22.8 ± 1.0 b  3.50 ± 0.06 c  6.3 ± 0.5 a 

777  23.1 ± 0.8 ab  3.53 ± 0.05 ab  5.9 ± 0.2 b 

P value  0.003 < 0.0001 < 0.0001 

 

In 2018, clone affected fruit composition for all parameters (Table 3.2). Soluble solids ranged 

from 22.8°Brix to 23.4°Brix on average, where clone 113 was highest and 115 lowest. Average 

pH ranged from 3.50 (clone 115) to 3.58 (114). Mean TA was highest for clone 115, consistent 

with the lower pH, and lowest for clone 777. TA values ranged between 5.9g/L and 6.3g/L.  

3.3. Winemaking potential 

Must analysis. There were clonal differences in all parameters measured in grape must for 2017 

(Table 3.3). Clone 113 had the highest mean soluble solid content at 20.7°Brix similar to berry 

analysis results, and clone 115 had the lowest 18.2°Brix, unlike berry analysis results (clone 114 

was the lowest). The pH of clone 114 (2.83) was the lowest among clones in 2017, and clone 777 

the highest (2.89), but the clones were not found to be different in must pH according to the 

pairwise comparison testing, which is more conservative than the ANOVA, in this case. Average 

pH in must is considerably lower than that derived from berry analysis. Mean TA was highest for 

clone 777 (10.4g/L), and lowest for clone 113 (9.3g/L). A lower value for TA corresponds to the 

higher soluble solids content found in clone 113, as acids diminish with the rise in sugars during 

grape ripening. Both inorganic and organic nitrogen content of must was highest on average for 

clone 777 (75mg N/L ammonia; 164mg N/L amino acid nitrogen excluding proline) having a 

total YAN content of 238mg N/L. Clone 114 had the lowest average inorganic nitrogen content 

(55mg N/L ammonia), and clone 113 had the lowest average organic nitrogen content (97mg 

N/L amino acid nitrogen excluding proline) and total YAN (154mg/L).  
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Table 3.3. Comparison of mean Pinot noir must components, 2017-2018. Statistical analysis: Kruskal-Wallis. Means within 

columns for each vintage with different letters are different (p≤0.05), Steel-Dwass-Crichlow-Flinger, ± SD. 

  Must Analysis 

  2017 

Clone 

Soluble Solids 

(°Brix) pH TA (g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline 

(mg N/L) 

YAN (mg 

N/L) 

113 20.7 ± 0.3 a 2.87 ± 0.02 9.3 ± 0.3 b 57 ± 11 bc 97 ± 21 b 154 ± 31 b 

114 18.7 ± 0.2 b 2.83 ± 0.03 

10.2 ± 0.5 

ab 55 ± 6 c 107 ± 12 b 163 ± 19 b 

115 18.2 ± 0.6 b 2.86 ± 0.03 

9.9 ± 0.3 

ab 68 ± 4 b 111 ± 10 b 179 ± 11 b 

777 19.0 ± 0.7 b 2.89 ± 0.02 

10.4 ± 0.2 

a 75 ± 2 a 164 ± 33 a 238 ± 33 a 

P 

value 0.001 0.040 0.003 0.001 0.003 0.002 

  2018 

Clone 

Soluble Solids 

(°Brix) pH TA (g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline 

(mg N/L) 

YAN (mg 

N/L) 

113 22.4 ± 0.1 a 

3.16 ± 0.02 

ab 5.9 ± 0.0 c 24 ± 4 b 189 ± 27 ab 212 ± 30 b 

114 21.6 ± 0.4 b 

3.19 ± 0.04 

ab 6.6 ± 0.2 b 24 ± 6 b 200 ± 48 ab 223 ± 50 ab 

115 21.7 ± 0.3 b 

3.15 ± 0.01 

b 6.5 ± 0.3 b 25 ± 5 b 158 ± 22 b 183 ± 21 b 

777 21.8 ± 0.1 b 

3.18 ± 0.01 

a  7.4 ± 0.3 a 40 ± 9 a 240 ± 40 a 280 ± 34 a 

P 

value 0.003 0.019 0.000 0.008 0.016 0.009 

 

Clones differed in must composition again in 2018 (Table 3.3). Clone 113 had a higher mean 

soluble solid content at 22.4°Brix, than all other clones. The pH of clone 115 (3.15) was lower 

than for clone 777 (3.18), but a difference of 0.03 pH should not affect fermentation rate. Similar 

to 2018, mean TA was highest for clone 777 (7.4g/L), and lowest for clone 113 (5.9). Soluble 

solid content was higher overall in 2018, and acid content was lower, indicative of riper fruit at 

harvest. Both inorganic and organic nitrogen content was highest again in 2018 on average for 

clone 777 (40mg N/L ammonia; 240mg N/L amino acid nitrogen excluding proline) having a 

total YAN content of 280mg/L. Clone 114 and 113 had the lowest average inorganic nitrogen 

content (24mg N/L ammonia), with clone 115 at 25mg N/L. Clone 115 had the lowest average 

organic nitrogen content (158mg N/L amino acid nitrogen excluding proline) and total YAN 

(183mg N/L). Nitrogen content was higher overall for treatments in 2018, though the distribution 
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is considerably different, with lower inorganic nitrogen and higher organic nitrogen content. It is 

important to remember that replicates within treatments for must and wine are field replicates; 

therefore, they may show considerable variation within treatments due to differences in field 

conditions among research blocks.   

Fermentation kinetics. Soluble solids over time showed similar trends across vintages. In 2017 

(Figure 3.1), all clones were finished fermentation (s.g.<1.000) by Day 5. Starting sugar levels 

were considerably low in 2017, aiding in a speedy fermentation. There was little variation 

between treatments and replicates overall, and it was greatest on Day 2, where all ferments were 

between 1.041 and 1.064 specific gravity.  

 

Figure 3.1. Pinot noir soluble solids through fermentation, 2017. Error bars are ± standard deviation. 

In 2018, fermentation took a total of 6 days for all replicates (Figure 3.2). Similar to 2017, there 

was little variation between treatments and replicates, the greatest variation occurring on Day 3, 

where all fermentations were between 1.025 and 1.038 specific gravity.  
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Figure 3.02. Pinot noir soluble solids through fermentation, 2018. Error bars are ± standard deviation. 

 

Finished wine analysis. In 2017, clone was found to impact all parameters of finished wine 

chemistry measured except TA (Table 3.4). Average wine pH values were highest for clone 113 

(3.54) and lowest for clone 115 (3.37). Mean pH for clone 113 was higher (p=0.001) than all 

other treatments. Wine pH values are on average 0.58 higher than must pH values across 

treatments. Wine acidity tends to rise due to malolactic fermentation. This can be considered a 

desirable effect of the secondary fermentation. In 2017, with starting pH of all Pinot noir 

treatments being considerably low (below 3), this effect was beneficial, leaving the finished 

wines in a desirable state of acidity. Acetic acid was highest on average for clone 113 (0.48g/L) 

and lowest for clone 115 (0.37g/L). Though significantly different by Kruskal-Wallis analysis, 

the pairwise comparison test did not detect differences between clones for acetic acid due to 

within clone variation. Alcohol content by volume was highest on average for clone 113 

(11.0%), reflecting the higher sugar level for this treatment, and lower for clone 115 (9.4%). 
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These alcohol levels are in the low range for Niagara Pinot noir still wines; they reflect a forced 

early picking date due to extenuating circumstances such as disease pressure, as was experienced 

with this harvest. 

 

 

 

 

 

 

Table 3.4. Comparison of mean Pinot noir wine components, 2017 to 2018. Means within columns for each vintage with different 
letters are different (p≤0.05), ± SD. Starred P values indicate no statistical difference (p≤0.05) found by post-hoc test. Statistical 

analysis: Kruskal-Wallis, Steel-Dwass-Crichlow-Flinger. 

  Wine Analysis 

  2017 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

113 3.54 ± 0.04 a 7.4 ± 0.3 0.48 ± 0.02 11.0 ± 0.2 a 

114 3.41 ± 0.05 b 7.4 ± 0.2 0.46 ± 0.03 10.1 ± 0.2 b 

115 3.37 ± 0.03 b 7.1 ± 0.2 0.38 ± 0.10 9.4 ± 0.3 c 

777 3.44 ± 0.04 b 7.4 ± 0.3 0.43 ± 0.03 10.1 ± 0.6 b 

P value 0.001 0.126 0.009* <0.0001 

  2018 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

113 3.85 ± 0.01 a 6.4 ± 0.4 b 0.69 ± 0.05 b  12.4 ± 0.4 a 

114 3.75 ± 0.04 b 8.3 ± 0.9 a 0.89 ± 0.12 a  11.4 ± 0.4 b 

115 3.79 ± 0.07 ab 7.0 ± 0.5 ab 0.82 ± 0.06 ab  12.1 ± 0.4 a 

777 3.78 ± 0.05 ab 7.8 ± 1.0 ab 0.84 ± 0.03 a  12.1 ± 0.4 b 

P value 0.065 0.005 0.004  <0.0001 
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In 2018, wine pH did not differ among clones, and ranged from 3.75 to 3.85. These values were 

on average 0.65 higher than must pH values for 2018. Similar to 2017 wine pH content, clones 

with the highest and lowest values are not consistent with those of must. Wine TA values were 

higher for clone 114 (8.3g/L) than clone 113 (6.4g/L). Acetic acid content ranged between 

0.69g/L (clone 113) and 0.89g/L (clone 114). Acetic acid was higher overall in 2018 than in 

2017. Alcohol percentage ranged from 11.4% (clone 114) to 12.4% (clone 113), higher for 

clones 113 and 115 than other clones.  

3.4.  Discussion 

The location of the Pinot noir research site is dominated by Chinguacousy and Oneida soil series 

of the Luvisolic order (Kingston and Presant 1989). These soils are imperfectly to well-drained 

clay-loam till deposits. The combination of soil drainage and water-holding capacity of these 

deep soils provide an appropriate supply of water to grapevines through both wet and dry 

conditions, and so the site represents a typical suitable Pinot noir site for the Niagara Peninsula. 

Greater than average levels of precipitation characterized the 2017 growing season, with the 

overall Niagara Peninsula appellation receiving 140% of normal precipitation, based on a 30-

year average of local conditions (Weather INnovations Consulting [WIN] 2017). The western 

portion of the Niagara region, where this site is located, saw 233mm above normal rainfall 

throughout the growing season, with highest levels occurring in April and May at 261% and 

249% of normal, respectively. September was the only month with below normal precipitation 

(WIN 2017). Precipitation and humidity can lead to increased vine vigour and disease pressure in 

the vineyard. Cloud cover may also reduce photosynthesis activity in vines. However, 
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temperatures were generally optimal for growth throughout much of the season, and vines across 

treatments saw typical growth throughout the season (GGO 2017). Growing degree days in 2017, 

at 1535, were considered to be above normal, based on a 30year average, for the area, though 

they were fewer than in the previous two years (WIN 2017).  

It is likely that Pinot noir vine performance was affected by weather conditions in 2017 at this 

site. 2017 pruning weights and Ravaz index values were higher than in 2018, indicating higher 

vigour and crop load, likely due to excess soil moisture combined with optimal temperatures. 

The higher measured yield components in 2017 may have been caused by higher levels of 

precipitation leading up to harvest, resulting in higher levels of water in the fruit (Jackson 2000). 

Harvest timing was not ideal for Pinot noir treatments in 2017. Due to high levels of 

precipitation into August, this site experienced heightened disease pressure approaching fruit 

maturity, and harvest occurred before optimal fruit maturity was reached. Disease incidence was 

relatively high across treatments in 2017 and rapidly advancing, forcing the early harvest. The 

lower disease incidence of clone 113 may be indirectly related to lower cluster numbers on the 

vines which could result in better airflow through the canopy. This is an advantage in the region 

which is prone to high moisture levels throughout the growing season. 

The must composition in 2017 is indicative of an early harvest; with low soluble solid content 

and high acidity, the must does not provide ideal conditions for alcoholic fermentation. Values of 

pH below 3 provide a harsh environment for yeast, and soluble solid contents as low as 18.2 

yield potential wine alcohol lower than optimal for typical wine styles. Differences between 

berry analysis and must analysis for the same parameters, such as soluble solids and acid content, 

can be attributed to fruit collection for wine making purposes requiring additional fruit than 

yielded by experimental vines. Delayed ripening in 2017, compared to 2018, may be due to 
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reduced photosynthesis activity in the months of July and August caused by excess precipitation 

and cloud cover.  

The forced early harvest of 2017 resulted in fruit of less desirable composition from an 

oenological perspective, such as lower soluble solids and higher acidity. Ultimately, this resulted 

in wines of lower alcohol and pH than 2018. Titratable acidity and acetic acid values were within 

desirable ranges in 2017 wines (Jackson 2000). Despite harsh must conditions in 2017, 

fermentation proceeded similarly in both years. The yeast chosen for this trial, EC1118, is a 

strong yeast capable of fermentation under a wide variety of conditions, including adverse 

conditions such as low pH. This is likely the reason for similar trends in fermentation kinetics 

across vintages of variable must conditions. 

The 2018 growing season saw much less precipitation than 2017. Precipitation for the 

appellation averaged at 97% of normal, based on a 30year average (WIN 2018). April and 

October saw the most rain at 177% and 132% of normal in the western Niagara portion of the 

region. This site saw 33mm below normal levels of rainfall overall, based on a 30year average, 

for the season (WIN 2018). Growing degree days were higher at this site than in 2017, at 1662 

(WIN 2018). 

Budbreak and flowering were slightly delayed in 2018 from 2017 results, though by véraison 

vines were further advanced. At harvest on September 22nd (3 days later than 2017 harvest), 

treatments were on average more than 3°Brix higher than 2017 harvest levels. This advanced 

ripening is likely due to increased photosynthesis and heat units in the 2018 growing season. 

Though the Niagara region saw higher disease pressure overall in 2018 than 2017 (WIN 2018), 

this was not the case at this site. Lower levels of disease incidence were recorded for all 
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treatments in 2018 except 777. One explanation of this is, unlike other sites in the region, harvest 

of Pinot noir at this site occurred in advance of untimely weather events and increased autumn 

precipitation. Another contributing factor to this is higher precipitation rates in 2017 prevented 

fungicide spray applications for much of the growing season. Whereas, in 2018 spray 

applications were only potentially hindered, for the most part, by excessive temperatures in July 

and August, and where spray schedules were adhered to, disease incidence was potentially 

controlled. 

Harvest timing in 2018 was not forced due to weather events as it was in 2017 and occurred 

when fruit composition was considered to be optimal (Jackson 2000). Fruit was more mature, 

having higher soluble solids and pH, and lower TA values. As discussed previously, 2018 was a 

warmer season resulting in more advanced fruit ripening than 2017. It may be inferred that 2018 

was a better year than 2017 for Pinot noir in terms of fruit composition at this site. 

Must analysis revealed that treatments had optimal fruit composition for the purpose of 

winemaking. In general, levels of total YAN and primary amino acids excluding proline were 

higher in 2018 than 2017, though ammonia was lower. Clone 777 showed consistently higher 

levels of nitrogen content than other treatments across years.  

Finished wines in 2018 had higher pH, acetic acid and alcohol levels than 2017. The pH levels in 

2018 are undesirably high with respect to wine stability (Jackson 2000). These pH levels rose 

during the process of fermentation, likely due to conversion of acid during malolactic 

fermentation (Jackson 2000). Acetic acid is considered a desirable component in wine at levels 

below 0.3g/L, growing progressively less desirable above this level due to sour taste and 

fragrance alteration (Jackson 2000). Acetic acid content was higher than 0.3g/L for all treatments 

in both years, though notably higher in 2018. Higher acetic acid content in 2018 may reflect the 
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higher pH of the wines, where microbial activities are difficult to supress with metabisulfite. 

Alcohol content in 2018 is more reflective of desired wine style than in 2017, reflecting higher 

sugar content in the starting must. There is an inverse relationship between acetic acid content 

and alcohol content in 2018. It is possible this is reflective of a suppressing effect of alcohol on 

acetic acid producing bacteria strains (Drysdale and Fleet 1988). Wine TA values were 

considerably variable in comparison to those of the staring must. Unlike in 2017, which saw a 

decrease in TA corresponding with an increase in pH, 2018 treatments saw increases in both pH 

and TA values. Though TA generally decreases during fermentation, factors such as increased 

acetic acid and succinic acid concentrations, affected by yeast strain and fermentation conditions, 

may contribute to a rise in TA throughout fermentation (Coulter et al. 2004). 

Results of research in France found clone 113 to have irregular yield and clone 777 to have low 

cluster and berry weight, low yield and high sugar content (ENTAV 2007). These results are 

consistent with the results of our study for clone 113, having the lowest yield in 2017 followed 

by the highest in 2018. They are also consistent for clone 777, except in the case of sugar 

content, which was found to be second lowest among treatments in 2017. 
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Chapter 4. Results and Discussion—Chardonnay  

4.1. Vine performance 

Phenological stages. Clone had an effect on Chardonnay grapevine phenological stages for all 

parameters measured in 2017, except for flowering (Table 4.1). On May 1, clone 548 was the 

furthest advanced for budbreak at 81%, while clones 95 and 76 were behind at 65% and 63%, 

respectively. On June 19, flowering was between 48-50% for all treatments, with no difference. 

On August 18, clones 548 and 95 were further advanced in véraison, at 53% and 51%, 

respectively than clones 96 and 76, at 41% and 39%. At harvest, on October 5, soluble solid 

content was higher for clone 96 (23.0°Brix) than clones 95 (22.3°Brix) and 76 (22°Brix). 

Table 4.1. Comparison of mean Chardonnay viticultural data, 2017 to 2018. Statistical analysis: ANOVA. Means within columns 

for each vintage with different letters are different (p≤0.05), Tukey’s HSD, ± SD. 

  Phenological Stages Yield Components Vine Balance 

Environmental 

Resistance 
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  2017 2017 2017 2017 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

1) 

(% June 

19) 

(% August 

18) 

(°Brix 

October 

5)   (g) 

(g/100 

berries) 

(Kg/vine

) (Kg/vine)   

(% at 

harvest) (%) 

548 81 ± 13 a 48 ± 19 53 ± 24 a 

22.5 ± 

0.8 ab 

37 ± 9.3 

a 

90 ± 10 

c 

172 ± 13 

a 

3.39 ± 

0.79 

0.60 ± 

0.23 

6.2 ± 

1.9 

14 ± 7 

ab 

26 ± 16 

a 

96 

71 ± 14 

ab 48 ± 20 41 ± 19 b 

23.0 ± 

1.0 a 

26 ± 8.7 

b 

140 ± 

20 a 

168 ± 13 

a 

3.65 ± 

1.37 

0.57 ± 

0.26 

6.8 ± 

1.6 17 ± 9 a 

25 ± 16 

ab 

95 65 ± 17 b 52 ± 21 51 ± 20 a 

22.3 ± 

1.3 b 

31 ± 7.5 

b 

130 ± 

20 ab 

155 ± 15 

b 

3.99 ± 

1.20 

0.62 ± 

0.24 

6.7 ± 

1.1 15 ± 8 a 

31 ± 17 

a 

76 63 ± 11 b  48 ± 16 39 ± 18 b 

22.0 ± 

1.0 b 

29 ± 6.9 

b 

120 ± 

20 b 

154 ± 10 

b 

3.41 ± 

0.83 

0.54 ± 

0.13 

6.3 ± 

0.9 12 ± 5 b 

17 ± 13 

b 

P 

value <0.0001 0.188 <0.0001 0.000 <0.0001 <0.0001 <0.0001 <0.109 0.709 0.205 0.001 0.000 

  2018 2018 2018 2018 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

11) 

(% June 

13) 

(% August 

18) 

(°Brix 

Septemb

er 14)   (g) 

(g/100 

berries) 

(Kg/vine

) (Kg/vine)   

(% at 

harvest) (%) 

548 59 ± 18 

49 ± 17.0 

b 56 ± 13 a 

21.7 ± 

0.5 c 

20 ± 6.9 

b 

70 ± 15 

ab 

138 ± 12 

a 

1.38 ± 

0.49 b 

0.73 ± 

0.23 a 

2.0 ± 

0.9 b 

17 ± 12 

b N.D. 

96 55 ± 23 

49 ± 17.2 

b 58 ± 12 a 

21.6 ± 

0.5 c 

21 ± 7.4 

b 

70 ± 17 

ab 

95 ± 53 

b 

1.49 ± 

0.71 b 

0.56 ± 

0.21 b 

2.8 ± 

1.2 b 

22 ± 14 

a N.D. 

95 57 ± 25 

52 ± 15.5 

b 51 ± 12 b 

22.9 ± 

0.9 a 

21 ± 7.1 

b 60 ± 9 b 

123 ± 7 

a 

1.32 ± 

0.48 b 

0.54 ± 

0.21 b 

2.8 ± 

1.4 b 13 ± 5 c N.D. 

76 54 ± 19 60 ± 13.6 a 54 ± 11 ab 

22.4 ± 

1.1 b 

27 ± 8.4 

a 

80 ± 10 

a 

126 ± 10 

a 

2.15 ± 

0.84 a 

0.54 ± 

0.16 b 

4.2 ± 

1.9 a 

16 ± 9 

bc N.D. 

P 

value 0.542 < 0.0001 0.000 <0.0001 

< 

0.0001 0.004 <0.0001 < 0.0001 <0.0001 <0.0001 <0.0001   

 

In 2018, the Chardonnay clones differed in advancement of grapevine phenological stages for all 

parameters measured, except for budbreak (Table 4.1). With considerable variation within clones 

for budbreak, differences are not significant (p≤0.05). On June 13, flowering was between 49% 

and 60% for all treatments, with clone 76 further advanced than other clones. On August 18, 

clone 96 was the furthest advanced for véraison, at 58%, while clone 95 was the least advanced, 

at 51%. Clones 96 and 548 were more advanced than clone 95. At harvest, on September 18, 

soluble solid content was higher for clone 95 (22.9°Brix) than other clones, with clone 96 having 

the lowest soluble solid content (21.6°Brix). This difference in harvest soluble solid levels is 

meaningful from a winemaking perspective as higher fermentable sugar levels will result in 

higher alcohol in finished wine.  
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Yield components. The Chardonnay clones differed in cluster number, cluster weight and berry 

weight for in 2017 (Table 4.1). Mean cluster number ranged between 26 (Clone 96) and 37 

(Clone 548) with clone 548 having fewer cluster numbers than other clones. Mean cluster weight 

ranged between 90g and 140g. Clone 96 had a higher mean weight than did clones 548 and 76. 

Berry weight ranged between 154 and 172g/100 berries, where clones 548 and 96 were higher 

than other clones. Vine yield ranged from 3.39Kg/vine (clone 548) to 3.99Kg/vine (clone 95) 

with considerable variation within clones. Clone 548 had the highest mean cluster number and 

berry weight, and the lowest cluster weight. Clone 96 had the lowest cluster number and highest 

cluster weight. These inverse relationships are indicative of yield compensation in the vine, 

where increased cluster numbers lead to lower sized clusters and/or berries and vice versa.  

In 2018, clones differed in all measured yield parameters for Chardonnay (Table 4.1). Mean 

cluster number ranged between 20 and 27 and was higher for clone 76 than other treatments. 

Mean cluster weight ranged between 60g and 80g, with clone 76 having higher weights than 

clone 95. Berry weight ranged from 95g/100 berries (clone 96) to 138g/100 berries (clone 548), 

with these two treatments showing statistical separation (p<0.0001). Yield ranged from 

1.32Kg/vine (clone 95) to 2.15Kg/vine (clone 76), where clone 76 was higher than other 

treatments.  

Vine balance. In 2017, average pruning weights ranged between 0.62Kg/vine (clone 95) and 

0.54Kg/vine (clone 76), but there were no differences among clones (Table 4.1). Average vine 

balance (Ravaz Index) ranged between 6.8 and 6.2, but there were no differences between 

clones. These measurements for vine balance fall within the recommended range for a healthy 

grapevine (5-10) (Ravaz 1903). 
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In 2018, pruning weight averages ranged from 0.54Kg/vine to 0.73Kg/vine, with clone 548 

having higher weights than other clones. Clone 76 maintained the lowest pruning weights across 

years. Ravaz index values ranged from 2.0 (clone 548) to 4.2 (clone 76), with clone 76 higher 

than other clones. Ravaz index values are considerably low for all treatments in 2018 where they 

fall outside of the recommended range (Ravaz 1903), and they are also considerably lower than 

in 2017. Results across years indicate that clone 548 was consistently a lower production clone 

compared to the others. 

Resistance to environmental pressures. In 2017, average disease incidence at harvest was highest 

for clones 96 (17%) and 95 (15%), and lowest for clone 76 (12%) (Table 4.1). Winter injury was 

more severe for clones 95 (31%) and 548 (26%) than for clone 76 (17%). Winter injury was 

observed to be more severe in research blocks 1 and 2 for all treatments, corresponding to areas 

of higher soil moisture content. 

In 2018, disease incidence at harvest was highest for clone 96 (22%) and lowest for clone 95 

(13%). These results show a similar trend to results from 2017. Winter injury was not measured 

for 2018, due to temporal restrictions of this project. 

4.2. Fruit composition 

There were differences among Chardonnay clones in fruit composition in 2017 (Table 4.2) for all 

components measured. Soluble solids were higher for clone 96 than clones 95 and 76, as 

previously discussed. pH values ranged between 3.40 (clone 95) and 3.47 (clone 96 and 76). 

Clones 548 and 95 had lower pH than other treatments. Clone 548 had the highest TA at 8.8g/L, 

different from other treatments, and 96 the lowest (7.6g/L).  
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Table 4.2. Comparison of mean Chardonnay fruit composition based on 100-berry sample analysis, 2017 to 2018. Statistical 

analysis: ANOVA. Means within columns for each vintage with different letters are different (p≤0.05), Tukey’s HSD, ± SD. 

Chardonnay Fruit Composition 

  2017 

Clone Soluble Solids (°Brix) pH TA (g/L) 

548 22.5 ± 0.8 ab 3.43 ± 0.05 b 8.8 ± 0.6 a 

96 23.0 ± 1.0 a 3.47 ± 0.05 a 7.6 ± 0.9 b 

95 22.3 ± 1.3 b 3.40 ± 0.04 b 8.0 ± 1.1 b 

76 22.0 ± 1.0 b 3.47 ± 0.04 a 7.8 ± 0.7 b 

P value 0.000 < 0.0001 < 0.0001 

  2018 

Clone Soluble Solids (°Brix) pH TA (g/L) 

548 21.7 ± 0.5 c 3.48 ± 0.06 b 7.5 ± 0.5 a 

96 21.6 ± 0.5 c 3.53 ± 0.04 a 6.8 ± 0.6 b 

95 22.9 ± 0.9 a 3.51 ± 0.04 ab 7.2 ± 0.8 a 

76 22.4 ± 1.1 b 3.52 ± 0.05 a 7.4 ± 0.7 a 

P value <0.0001 0.000 <0.0001 

 

Similar to 2017, there were clonal differences in Chardonnay fruit composition in 2018 for all 

components measured (Table 4.2). Soluble solid content was highest for clone 95 and lowest for 

96 at 22.9 and 21.6°Brix, respectively, as previously discussed. pH values ranged between 3.48 

(clone 548) and 3.53 (clone 96). Clones 96 and 76 had higher pH values than clone 76. Similar to 

in 2017, clone 548 had the highest TA at 7.5g/L, and clone 96 had the lowest at 6.8g/L. Clone 96 

had lower TA than other clones. 

4.3. Oenological potential 

Must analysis. Clone had no influence on Chardonnay must composition in 2017 for soluble 

solid content, pH, TA or measured nitrogen content (Table 4.3). Average must soluble solids 

ranged from 22.3°Brix to 21.4°Brix but did not differ among clones. pH ranged from 3.14 to 

3.10 but did not differ among clones. Titratable acidity ranged from 7.7(g/L) to 6.7(g/L) but did 

not differ among clones. Clone 548 had the highest nitrogen (ammonia, amino acid nitrogen 
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excluding proline, and total YAN) content, with a total YAN of 247 (mg N/L), though there was 

no difference between clones. Standard deviations within treatments are high across all clones 

for measured nitrogen content due to great difference between replicates. This may be due to a 

terroir effect. As previously discussed, the 2017 vintage saw high levels of precipitation leading 

to visible soil supersaturation, enhanced in the corresponding vineyard blocks of wine replicate 1 

for all clones. Replicate 1 saw increased nitrogen content in all treatments in 2017. High soil 

water content has been associated with increased plant-nitrogen uptake in grapevines (Bonfante 

et al. 2017). 

 

 

 

Table 4.3. Comparison of mean Chardonnay must components, 2017 to 2018. Statistical analysis: Kruskal-Wallis. Means within 

columns for each vintage with different letters are different (p≤0.05), Steel-Dwass-Crichlow-Flinger, ± SD. 

  Chardonnay Must Analysis 

  2017 

Clone 

Soluble Solids 

(°Brix) pH TA (g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline (mg 

N/L) 

YAN (mg 

N/L) 

548 21.8 ± 0.4 

3.12 ± 

0.02 7.7 ± 0.4 94 ± 25 153 ± 43 247 ± 68 

96 21.5 ± 1.0 

3.14 ± 

0.04 7.2 ± 0.8 44 ± 40 124 ± 91 168 ± 132 

95 21.4 ± 0.8 

3.10 ± 

0.04 7.1 ± 0.7 47 ± 31 104 ± 56 151 ± 87 

76 22.3 ± 1.1 

3.13 ± 

0.03 6.7 ± 0.8 57 ± 33 120 ± 62 176 ± 94 

P value 0.300 0.201 0.389 0.099 0.350 0.336 

  2018 

Clone 

Soluble Solids 

(°Brix) pH TA (g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline (mg 

N/L) 

YAN (mg 

N/L) 

548 21.6 ± 0.2 a 

3.26 ± 

0.02 

8.1 ± 0.3 

a 215 ± 13 a 86 ± 15 301 ± 28 a 

96 21.5 ± 0.2 a 

3.29 ± 

0.02 

7.0 ± 0.2 

b 167 ± 6 b 61 ± 10 228 ± 16 b 

95 22.3 ± 0.2 b 

3.27 ± 

0.01 

6.7 ± 0.0 

c 172 ± 6 b 59 ± 10 232 ± 15 b 

76 22.1 ± 0.2 b 

3.28 ± 

0.01 

7.0 ± 0.1 

b 168 ± 7 b 61 ± 15 229 ± 21 b 

P value 0.000 0.076 0.000 0.002 0.035* 0.005 
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The were effects of clone on Chardonnay must composition in 2018 (Table 4.3) for all 

components measured except for pH. Soluble solids were higher for clones 95 and 76 and lower 

for clones 96 and 548, ranging from 22.3 to 21.5°Brix. Average pH values ranged between 3.29 

and 3.26, though there was no difference between clones. Clone 548 had the higher TA than all 

other clones at 8.1(g/L), and clone 95 had lower TA than other clones (6.7g/L). In general, both 

pH and TA values were higher in 2018 than 2017, while soluble solid content was comparable. 

Nitrogen content was highest (ammonia, amino acid nitrogen excluding proline, and total YAN) 

for clone 548 (YAN=301 mg N/L), and lowest for clone 96 (YAN=228 mg N/L). Clone 548 had 

higher YAN than all other treatments.  

Fermentation kinetics. Soluble solids depletion over time showed different trends between 

vintages. In 2017 (Figure 4.1), clone 548 was the first to finish fermentation (s.g.<1.000), while 

clone 76 was the last, with a difference of 10 days by average between them. There was large 

difference between replicates across all treatments, where replicate 1 fermented faster than 

replicates 2 or 3 for all clones. 
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Figure 4.1. Chardonnay soluble solids through fermentation, 2017. Error bars are ± standard deviation. 

 

Again in 2018, clone 548 was the first to complete fermentation (Figure 4.2), while clone 76 was 

the last, with a difference of 9 days by average between them. There was less difference between 

replicates in 2018 than in 2017, as can be seen by lower standard deviations. The overall time for 

fermentation took longer in 2018 (29 days) than 2017 (22 days). This was due to a five-day delay 

in soluble solid reduction at the onset of fermentation in 2018.  
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Figure 4.20. Chardonnay soluble solids through fermentation, 2018. Error bars are ±SD. Error bars are ± standard deviation. 

 

Finished wine analysis. Analysis of wines for Chardonnay treatments in 2017 showed no clonal 

effects for parameters measured, except for pH (Table 4.4). Average pH was highest for clone 

548, at 3.54, higher than all other treatments, which ranged from 3.37 (clone 95) to 3.44 (clone 

76). These differences are meaningful from a practical winemaking standpoint, as values of 3.5 

and above are considerably high for white wines (Jackson 2000). Average TA ranged from 7.4 

g/L to 7.8g/L, though no differences were detected. Acetic acid content ranged from 

0.23g/100mL to 0.18g/100mL, though no differences were detected all clones are within 

acceptable range for winemaking (Jackson 2000). Mean alcohol concentration by volume ranged 

from 13.5% to 13.1%, though no differences were detected.  
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Table 4.4. Comparison of mean Chardonnay wine components, 2017 to 2018. Statistical analysis: Kruskal-Wallis. Means within 

columns for each vintage with different letters are different (p≤0.05), Steel-Dwass-Crichlow-Flinger, ± SD. 

  Chardonnay Wine Analysis 

  2017 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

548 3.54 ± 0.04 a 7.8 ± 0.5 0.25 ± 0.07 13.2 ± 0.6 

96 3.41 ± 0.05 b 7.4 ± 0.4 0.18 ± 0.07 13.1 ± 0.8 

95 3.37 ± 0.03 b 7.8 ± 0.3 0.20 ± 0.06 13.2 ± 0.8 

76 3.44 ± 0.04 b 7.5 ± 0.3 0.23 ± 0.06 13.5 ± 0.8 

P value 0.001 0.428 0.146 0.191 

  2018 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

548 3.41 ± 0.03 b 7.9 ± 0.2 b 0.38 ± 0.01 a  13.0 ± 0.3 b 

96 3.53 ± 0.06 a 9.5 ± 0.2 a 0.33 ± 0.07 ab  13.0 ± 0.3 b 

95 3.47 ± 0.04 ab 9.4 ± 0.3 a 0.31 ± 0.04 b  13.4 ± 0.3 a 

76 3.48 ± 0.03 a 9.0 ± 0.5 a 0.31 ± 0.05 b  13.3 ± 0.4 ab 

P value 0.005 0.001 0.049  0.009 

 

In 2018, clone had an effect on all parameters measured to assess finished wines (Table 4.4). pH 

was lower for clone 548 (3.41) than clones 96 and 76 (averaging 3.51). These differences in pH 

are practically meaningful, as white wines with pH values above 3.5 may be harder to stabilize 

microbially (Jackson 2000). Titratable acidity was lower for clone 548 (7.9g/L) than other 

treatments, which ranged from 9.0 to 9.5g/L. Acetic acid was generally higher in 2018 than 

2017, with clones ranging in TA from 0.31g/L (clones 76 and 95) to 0.38g/L (clone 548). Clone 

548 had the highest concentration across years. Alcohol content ranged between 13.0% and 

13.4%, corresponding to differences in soluble solid content of starting must. Clone 95 had 

higher alcohol content than other treatments. 

4.4. Discussion 

The location of the Chardonnay research site is dominated by Beverley and Cashel soil series of 

the Luvisolic order. These soils are characterised by moderate to poor drainage and moderate to 



61 
 

high water-holding capacities. Beverley soils at this site have shallow loamy deposits over 

reddish lacustrine silty clays. Cashel soils here have deeper lacustrine silty clay deposits 

overlying clay loam tills (Kingston and Presant 1989). Vines at this site are planted in a flat area 

with poor drainage due to soil characteristics and poor soil structure resulting from cultivation 

practices. The condition of high moisture availability at this site makes it suitable for a white 

cultivar such as Chardonnay. 

It is likely that Chardonnay vine performance was affected by the weather at this site in the 2017 

growing season, as precipitation levels were uncharacteristically high. The most rainfall occurred 

in April and May at 234% and 209% of normal (based on a 30 year average), respectively for the 

eastern portion of the Niagara region. This site received 261mm above normal rainfall 

throughout the season. September was the only month with below normal precipitation (WIN 

2017). Precipitation and humidity can lead to increased vine vigour and disease pressure in the 

vineyard. This effect was heightened by prolonged standing water near the end of rows at this 

site throughout much of the growing season. This standing water is indicative of soil saturation 

which contributes to excess vigour and creates an area of increased humidity underneath the 

vines. Excess vigour creates an imbalance in vines which may result in a reduction in winter 

hardiness and lower yields in the following season (Howell and Shaulis 1980, Greer and Weston 

2010). Both of these phenomena are evident in all clones through considerable bud death over 

the 2017-2018 winter followed by lower yields and unbalanced vines in 2018. Furthermore, 

berry weights were higher across all treatments in 2017, which may be indicative of higher water 

content in fruit related to excess soil moisture. Temperatures were generally optimal for growth 

throughout much of the season, and vines across treatments saw typical growth throughout the 
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season (GGO 2017). Growing degree days in 2017, at 1545, were above normal, based on a 

30year average, for the area (WIN 2017).  

The 2018 growing season saw much less precipitation than 2017. April and October saw the 

most rain at 141% and 128% of normal, respectively in the eastern Niagara region. This site 

received 8mm above normal levels of rainfall overall for the season (WIN 2018). Growing 

degree days were higher at this site than in 2017, at 1703 (WIN 2018). Though budbreak was 

delayed at this site compared to 2017, flowering was further advanced in 2018, as was harvest 

which occurred 3 weeks earlier. Across years, phenological stage trends are only consistent for 

budbreak, with clone 548 furthest advanced and clone 76 least advanced. 2018 saw higher 

disease pressure overall, than 2017 (WIN 2018), which is reflected in higher disease incidence at 

harvest for all clones except clone 95, in which there was a decrease in 2018. Higher disease 

incidence across years for treatment 96 may be indirectly related to vine balance. In 2017 and 

2018, clone 96 had the highest yield and Ravaz index. This combination of factors may have 

contributed to crowding in the fruit zone which restricts airflow, providing conditions conducive 

to the spread of bunch rot. Contrastingly, clone 76 had the lowest yields, and some of the lowest 

pruning weights and Ravaz indices in 2017 along with the lowest disease incidence in both years. 

This combination of factors may have contributed to clone 76 showing less (p<0.0001) reduction 

in yield in 2018 compared to other clones. 

Yield and its components were considerably lower across the board in 2018 than in 2017. Clone 

76 had the highest mean average for cluster number, cluster weight and yield per vine, not 

showing characteristic yield compensation, perhaps due to lower overall yields. The only 

apparent consistency across vintages is clone 548 having the highest mean berry weight and 

lowest vine yield. Lower yields in 2018 combined with relatively static pruning weights indicate 
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vines that are “out of balance.” This imbalance is reflected by low Ravaz index values, in many 

cases less than half the values from 2017. The general lack of consistency in vine performance 

between growing seasons is likely due in part to the drastic difference in weather-related 

conditions, mainly, excess precipitation and soil-moisture saturation in 2017, and a resulting 

decline in vine health leading into the 2018 growing season. 

Results of research in France found clone 76 to have low to medium cluster weights and berry 

size (ENTAV 2007). These results are consistent with our findings, except that in 2018 clone 76 

had the highest cluster weights of all clones. However, cluster weights for all clones were 

considerably lower that year and may not offer a typical comparison. Our results were also 

consistent with the ENTAV (2007) study for clone 95 with regards to cluster weight and berry 

size being low to medium and sugar content being medium to high. Results for clone 96 were 

generally consistent with findings from France with regards to higher cluster weights and yield, 

though not as clearly with their finding of high sugar levels and vigour.  Our results were also 

consistent for clone 548 as having lower cluster weights and yield, though sugar contents were 

found to be high only in 2017 (ENTAV 2007). 

In both years, the Chardonnay fruit had acceptable levels of soluble solids and acidity from a 

practical winemaking standpoint (Jackson 2000). Acidity was generally lower in 2018 than 2017, 

though not by much. Despite the effects of weather on vine performance and vine health, fruit 

composition remained within a fairly consistent range between years, though trends among 

clones were only consistent for TA levels. 

Clonal trends in must composition in 2017 differed from those of fruit composition determined 

through berry analysis for SS, pH and TA. This variation is likely due to excess fruit 

requirements for winemaking, where excess fruit was taken from adjacent vines changing the 
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composition of the of the samples used for winemaking. There was less variation within clones 

for nitrogen content in 2018. The growing season of 2018 was dryer than 2017 and soil was 

subjected to saturation less frequently, reducing the localized effect of soil-moisture saturation 

on plant-nitrogen uptake. Nitrogen content was generally higher in 2018 and despite overall 

differences, trends were visible between treatments across years. 

Fermentation kinetics showed a greater variation within clones in 2017. This trend may be 

related to higher levels of natural nitrogen content in the must for replicate 1 across treatments. 

2018 treatments were characterized by a considerable delay in the onset of fermentation which 

occurred across all replicates. This may be related to vineyard spray residue which was visible on 

the fruit at the time of harvest. For both years clone 548 appears to have fermented more 

efficiently than clone 76. 

Finished wine titratable acidity values were high for all treatments except for clone 548 in 2018. 

The values are higher than the acceptable range for most wine styles (Jackson 2000) and 

considerably higher than in 2017. Considering the rise in TA from must to finished wine in 2018, 

it is possible that acetic acid and succinic acid production contributed to a rise in TA throughout 

fermentation (Coulter, Godden and Pretorius 2004). Higher acetic acid content for all treatments 

in 2018 is evidence of this phenomenon.  
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Chapter 5: Results and Discussion—Riesling  

5.1. Clone trial on rootstock 3309C 

5.1.1. Vine performance 

Timing of phenological stages. Clone 239 was most advanced on average for budbreak, véraison 

and soluble solid content at harvest in 2017 (Table 5.1). Clone 21 was most delayed on average 

for budbreak and harvest soluble solid content, and clone 49 was most delayed for véraison in 

2017. The percentage of broken buds recorded on May 3, 2017 varied between 38% and 56%, 

with clone 239 being more advanced than other clones. Véraison on August 29, 2017 ranged 

from 48% to 51%, though there was no difference between clones. Flowering data was not 

collected for Riesling treatments in 2017, due to an error in estimated timing. Harvest soluble 

solid content on October 18, 2017, ranged from 18.5°Brix to 19.2°Brix. 
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Table 5.1. Comparison of mean Riesling clone viticultural data for rootstock 3309C, 2017 to 2018. Statistical analysis: ANOVA. 

Means within columns for each vintage with different letters are different (p≤0.05), Tukey’s HSD, ± SD. 

Rootstock 3309C 

  Phenological Stages Yield Components Vine Balance 

Environmental 

Resistance 

  2017 2017 2017 2017 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

3)   

(% 

August 

29) 

(°Brix 

October 

18)   (g) 

(g/100 

berries) 

(Kg/vine

) 

(Kg/vine

)   

(% at 

harvest) (%) 

239 56 ± 14 a N.D. 51 ± 21 

19.2 ± 0.4 

a 37 ± 13 b 

99 ± 

26 

173 ± 

11 

3.52 ± 

1.39 b 

0.63 ± 

0.17 b 

6.0 ± 

2.7 12 ± 5 a 34 ± 15 a 

49 39 ± 13 b N.D. 48 ± 16 

19.0 ± 0.6 

a 50 ± 12 a 

95 ± 

23 

165 ± 

16 

4.67 ± 

1.41 a 

0.79 ± 

0.25 a 

6.2 ± 

1.6 11 ± 0 b 21 ± 10 b 

21 38 ± 12 b N.D. 50 ± 13 

18.5 ± 0.5 

b 51 ± 16 a 

88 ± 

14 

167 ± 

11 

4.41 ± 

1.09 a 

0.71 ± 

0.19 ab 

6.4 ± 

1.2 11 ± 0 b 30 ± 12 a 

P 

value 0.000 N.D. 0.316 < 0.0001 0.000 0.146 0.056 0.002 0.016 0.772 0.002 0.001 

  2018 2018 2018 2018 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

14) 

(% June 

14) 

(% 

August 

25) 

(°Brix 

September 

26)   (g) 

(g/100 

berries) 

(Kg/vine

) 

(Kg/vine

)   

(% at 

harvest) (%) 

239 52 ± 22 b 37 ± 18 

50 ± 13 

b 

18.4 ± 1.2 

a 37 ± 16 

154 ± 

36 

146 ± 

12 

5.35 ± 

1.630 

0.69 ± 

0.20 

8.8 ± 

5.4 13 ± 5 b N.D. 

49 

58 ± 19 

ab 42 ± 20 

50 ± 10 

b 

18.0 ± 0.5 

ab 38 ± 12 

138 ± 

34 

146 ± 

10 

5.93 ± 

1.20 

0.76 ± 

0.34 

9.0 ± 

3.9 14 ± 7 b N.D. 

21 65 ± 15 a 41 ± 14 56 ± 11 a 

17.7 ± 0.8 

b 45 ± 14 

151 ± 

46 146 ± 9 

5.25 ± 

0.95 

0.74 ± 

0.20 

7.6 ± 

1.9 23 ± 15 a N.D. 

P 

value 0.024 0.116 0.000 0.006 0.043 0.246 0.925 0.096 0.565 0.351 <0.0001 N.D. 

 

In 2018, clone 239 was the least advanced at budbreak, flowering and véraison (with clone 49), 

but had the highest soluble solid content at harvest. Clone 21 was the furthest advanced at 

budbreak and véraison, with the lowest soluble solid content. Clone 49 was the furthest advanced 

at flowering. The percentage of broken buds as recorded on May 14, 2018 varied between 52% 

and 65%, and clone 239 was behind other clones. The clonal difference here is meaningful from 

a late-frost-protection standpoint as well. Compared to 2017, clones 239 and 21 expressed 

opposite behaviour. Flowering percentage on June 14, 2018 ranged from 37% to 42%, but there 

were no differences among clones. Véraison percentages ranged only from 50%-56% on August 

25, 2018, and clone 21 was more advanced than other clones. Overall, véraison was further 

advanced earlier in 2018 than 2017. On September 26, harvest soluble solid content ranged from 
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17.7°Brix to 18.4°Brix. Clone 239 was higher than clone 21. Soluble solids overall were lower in 

2018 than 2017, reflecting an earlier pick of three weeks. 

Yield components. In 2017, cluster number per vine was highest for clone 21 and lowest for 

clone 239, ranging from 37 to 51 (Table 5.1). Clone 21 had lower cluster numbers than the other 

clones. The reverse trend was true for cluster weight, with clone 239 highest (99g) and clone 21 

lowest (88g), though no difference was found between clones. Berry weight was highest for 

clone 239 (173g) and lowest for clone 49 (165g). These differences were bordering on 

significance (p=0.056). A reverse trend was seen with yield measurements for these clones, with 

clone 49 at 4.67Kg/vine and clone 239 at 3.52Kg/vine. Clone 239 was lower than the other 

clones, and the difference is meaningful from a practical standpoint. 

In 2018, the only effect of clone on yield components measured was cluster number (p=0.043), 

but the post-hoc test failed to find differences between the treatments. The post-hoc test is more 

conservative than the ANOVA, in this case, and rejected the difference due to within clone 

variation. Clone 239 had the lowest cluster numbers (37), similar to in 2017, and clone 21 had 

the highest cluster number (45). Mean cluster ranged from 138g to 154g, and no difference was 

found among clones. Differences were not found due to high variation within treatments, as can 

be observed from the standard deviation. Overall cluster weights were higher in 2018 than 2017. 

Yield per vine ranged from 5.25Kg to 5.93Kg, an no difference was found among clones. 

Overall yield per vine was higher in 2018 than 2017. Berry weight averages were the same for all 

treatments in 2018, and lower than in 2017.  

Vine balance. Average pruning weights per vine were highest for clone 49 (79Kg) and lowest for 

clone 239 (63Kg) (Table 5.1). Ravaz index ranged from 6.0 to 6.4, and did not differ among 

clones. All clones were in recommended range for vine balance (Ravaz 1903). 
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In 2018, pruning weights ranged from 0.69Kg/vine (clone 239) to 0.76Kg/vine (clone 49), 

showing no difference however, due to within treatment variation. Ravaz index values ranged 

from 7.6 to 9.0, and no difference was found among clones. In general, in 2018 there was an 

increase in yield from 2017 without an increase in pruning weights, resulting in higher crop loads 

and Ravaz index values. 

Resistance to environmental pressures. Average disease percentage at harvest was highest for 

clone 239 (12) and lowest for clones 21 and 49 (11) (Table 5.1). The difference is significant to 

p=0.002, but from a practical standpoint the difference is not meaningful. Average winter injury 

percentage was highest for clone 239 at 34%, and lowest for clone 49 at 21%. This difference is 

important from a practical economic perspective as it led to a 13% higher crop loss.  

In 2018, disease incidence was highest on average for clone 21 at 23% and lowest for clone 239 

at 13%. These results differed and were higher overall than in 2017. High disease pressure forced 

an early pick in 2018 which affected fruit composition and oenological potential. Winter injury 

was not measured in 2018 due to timing constraints of the project. 

5.1.2. Fruit composition 

In 2017, clone 239 had the highest soluble solids content (19.2°Brix), highest pH (3.45), and 

lowest TA (7.8g/L) (Table 5.2). This combination of higher sugar levels, lower acidity and 

higher pH reflects advanced maturity in grapes; clone 239 had reached greatest maturation on the 

date of harvest in 2017. Clone 49 had the lowest soluble solid content (18.5°Brix) and was 

different from clone 239. Clone 21 had the highest acidity, with the lowest pH (3.43) and the 

highest TA (8.5g/L). Difference was found between all clones with regards to TA. 
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Table 5.2. Comparison of mean Riesling clone fruit composition for rootstock 3309C, based on 100-berry sample analysis, 2017 
to 2018. Statistical analysis: ANOVA. Means within columns for each vintage with different letters are different (p≤0.05), 

Tukey’s HSD ± SD. 

Riesling Fruit Composition 

Rootstock 3309C 

2017 

Clone Soluble Solids (°Brix) pH TA (g/L) 

239 19.2 ± 0.4 a 3.45 ± 0.04 7.8 ± 0.3 b 

21 19.0 ± 0.6 ab 3.43 ± 0.06 8.5 ± 0.6 a 

49 18.5 ± 0.5 bc 3.45 ± 0.05 8.1 ± 0.7 a 

P value < 0.0001 0.168 < 0.0001 

2018 

Treatment Soluble Solids (°Brix) pH TA (g/L) 

239 18.4 ± 1.2 a 3.49 ± 0.04 a 10.7 ± 0.4 a 

21 18.0 ± 0.5 ab 3.46 ± 0.04 b 9.7 ± 0.3 b 

49 17.7 ± 0.8 b 3.50 ± 0.05 a 9.9 ± 0.4 c 

P value 0.006 0.002 <0.0001 

 

In 2018, clone had an effect on all parameters measured to assess fruit composition (Table 5.2). 

Soluble solids ranged from 17.7°Brix to 18.4°Brix, showing a similar trend to 2017 with clone 

239 most advanced and clone 49 least advanced. pH ranged between 3.46 and 3.50 and followed 

a similar pattern to results from 2017 as well. Clonal differences in pH are marginal. Titratable 

acidity was higher overall in 2018, ranging from 9.7g/L to 10.7g/L. An opposite trend to 2017, 

clone 239 had the highest TA and clone 21 the lowest.  

5.2. Clone trial on rootstock SO4 

5.2.1. Vine performance 

Timing of phenological stages. In 2017, clone 9 was most advanced for budbreak and véraison, 

whilst least advanced for soluble solid content at harvest (Table 5.3). Clone 12 showed reverse 

trends, being least advance at budbreak and véraison, and most advanced for soluble solid 

content at harvest. On May 3, budbreak ranged from 35% to 48%, and differed among clones. 
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This difference is substantial from a practical standpoint due to the risk of vine injury from late 

frosts characteristic of the Niagara region. On July 29, véraison ranged from 51% to 55%; 

though no difference was found among clones. At harvest, on October 18, soluble solid content 

ranged from 18.1°Brix to 19.0°Brix, and did not differ among clones.  

Table 5.3. Comparison of mean Riesling clone viticultural data for rootstock SO4, 2017 to 2018. Statistical analysis: ANOVA. 

Means within columns for each vintage with different letters are different (p≤0.05), Tukey’s HSD, ± SD. 

Rootstock SO4 

  Phenological Stages Yield Components Vine Balance 

Environmental 

Resistance 

  2017 2017 2017 2017 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

3)   

(% August 

29) 

(°Brix 

October 

18)   (g) 

(g/100 

berries) 

(Kg/vine

) (Kg/vine)   

(% at 

harvest) (%) 

9 48 ± 13 a N.D. 55 ± 16 

18.1 ± 

0.5 b 46 ± 16 

116 ± 

26 a 

185 ± 15 

a 

5.21 ± 

1.89 a 

0.78 ± 

0.28 

6.8 ± 

1.2 a 13 ± 5 26 ± 16 

12 35 ± 11 b N.D. 51 ± 14 

19.0 ± 

0.6 a 39 ± 12 

102 ± 

20 b 

165 ± 12 

b 

3.88 ± 

0.97 b 

073 ± 

0.19 

5.8 ± 

1.2 b 13 ± 6 26 ± 12 

21 46 ± 9 a N.D. 54 ± 14 

18.8 ± 

0.6 a 46 ± 14 

94 ± 22 

b 

160 ± 12 

b 

4.28 ± 

1.64 ab 

0.69 ± 

0.26 

5.8 ± 

0.9 b 12 ± 5 29 ± 13 

P 

value 0.004 N.D. 0.078 

< 

0.0001 0.108 0.001 < 0.0001 0.004 0.356 0.001 0.389 0.648 

  2018 2018 2018 2018 

  Budbreak Flowering Véraison 

Harvest 

Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Clone 

(% May 

14) 

(% June 

14) 

(% August 

25) 

(°Brix 

Septemb

er 26)   (g) 

(g/100 

berries) 

(Kg/vine

) (Kg/vine)   

(% at 

harvest) (%) 

9 58 ± 17 39 ± 18 a 67 ± 12 a 

16.7 ± 

1.5 b 

46 ± 

12.0 a 

138 ± 

0.021 b 155 ± 9 a 

6.25 ± 

1.62 

0.67 ± 

0.22 b 

10.3 ± 

4.3 a 14 ± 7 b N.D. 

12 53 ± 18 25 ± 14 b 51 ± 10 b 

17.6 ± 

0.5 a 

34 ± 

12.5 b 

169 ± 

0.040 a 

151 ± 10 

ab 

5.45 ± 

1.25 

0.75 ± 

0.19 ab 

7.6 ± 

2.5 b 15 ± 9 b N.D. 

21 59 ± 19 38 ± 15 a 69 ± 10 a 

18.0 ± 

0.7 a 

42 ± 

11.5 a 

148 ± 

0.034 b 

149 ± 12 

b 

6.02 ± 

1.56 

0.84 ± 

0.34 a 

8.5 ± 

4.4 b 

25 ± 16 

a N.D. 

P 

value 0.449 <0.0001 <0.0001 <0.0001 0.002 0.001 0.053 0.107 0.039 0.027 <0.0001 N.D. 

 

In 2018, Clone 21 was advanced at budbreak and véraison, though clone 9 was not far behind, 

and most advanced at flowering (Table 5.3). Clone 12 was least advanced at each phenological 

stage. On May 14, average budbreak ranged between 53% and 59%, though no difference was 

found among clones. On June 14, average flowering ranged between 25% and 39%, and differed 

among clones. Average véraison on August 25 ranged from 51% to 69%. Both clones 9 and 21 

were more advanced than clone 12 throughout the growing season in both 2017 and 2018. 
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Yield components. In 2017, clone 9 had the highest average cluster numbers (with clone 21), 

cluster weight, berry weight and yield per vine (Table 5.3). Clone 12 had lowest average cluster 

numbers and yield per vine. Clone 21 had the lowest cluster and berry weights. Cluster numbers 

ranged between 39 and 46 on average, though no difference was found among clones. Cluster 

weight averages ranged from 94g to 116g, and differed among clones. Berry weight averages 

ranged from 160g to 185g, and differed among clones. Clone 9 had higher cluster and berry 

weights than other clones. Yield per vine averages ranged from 3.88Kg to 5.22Kg, and differed 

among clones. Clone 9 ranked higher on average than other clones for all yield components 

measured in 2017, it also had the lowest soluble solid content at harvest. High yields may have 

contributed to a delay in maturity for this treatment due to limited plant resources. 

In 2018, clone 9 had the highest average cluster numbers and yield per vine, while clone 12 had 

the lowest. Clone 12 had the highest cluster weight, and clone 9 the lowest. Average cluster 

numbers ranged from 34 to 46, higher for clone 12 than other clones. Cluster weights ranged 

from 138-169g on average, higher for clone 12 than other clones. Mean berry weights ranged 

from 149g to 155g/100 berries. Clones 12 had lower higher berry weights than other clones. 

Average yield per vine ranged from 5.45Kg to 6.25Kg, but did not differ among clones. Similar 

to 2017, clone 9 expressed advancement for most yield components. Overall, cluster weight and 

yield were higher in 2018 than 2017. Berry weights were lower and cluster numbers were 

comparable. 

Vine balance. Average pruning weights in 2017 did not differ among clones, averaging 

0.Kg/vine (Table 5.3). Clone 9 had the highest Ravaz index value, 6.8, clones 12 and 21 had a 

lower Ravaz Index value (5.5), though all were within acceptable range for healthy vines (Ravaz 

1903).  
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In 2018, pruning weights ranged from 0.67Kg/vine to 0.84Kg/vine (Table 5.3). Clone 21 had 

higher pruning weights than clone 9. Ravaz index values ranged from 7.6 to 10.3. Clone 9 had 

higher Ravaz Index values than other treatments. Clone 9 had lower pruning weights in 2018 and 

higher yields resulting in unbalanced vines with Ravaz index values above recommendation on 

average, though standard deviation was considerable within treatments (Ravaz 1903). Clones 12 

and 21 experienced higher yields and higher vigour in 2018 resulting in higher average crop 

load, though still within recommended values (Ravaz 1903). 

Resistance to environmental pressures. Disease incidence at harvest was higher on average for 

clones 9 and 12 (13%) than clone 21 (12%) though no difference was found among clones (Table 

5.3). Winter injury was highest on average for clone 21 (29%) and lowest for other clones (26%), 

also not found to be different among clones. 

In 2018, percentage of disease at harvest ranged from 14% to 25% on average (Table 5.3). Clone 

21 (25%) experienced higher disease incidence than other treatments. Overall, disease incidence 

was higher in 2018 than 2017, especially for clone 21 which also had the highest vigour in 2018, 

which may have contributed to reduced airflow in the canopy resulting in higher mildew 

pressure. Winter injury was not recorded for 2018 due to timing constraints of the project. 

5.2.2. Fruit composition 

In 2017, clone was found to have an effect on all parameters of fruit composition measured 

(Table 5.4). Clone 12 was most advanced on average in soluble solid content (19.0°Brix) and pH 

(with clone 9, 3.39), and had the lowest TA (8.6g/L). Clone 9 had the lowest mean soluble solid 

content (18.1°Brix) and the highest TA (9.1g/L). These trends highlight the inverse relationship 

between rising soluble solids and dropping acid during fruit maturation.  
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Table 5.4. Comparison of mean Riesling clone fruit composition for rootstock SO4, based on 100-berry sample analysis, 2017 to 
2018. Statistical analysis: ANOVA. Means within columns for each vintage with different letters are different (p≤0.05), Tukey’s 

HSD, ± SD. 

Riesling Fruit Composition 

Rootstock SO4 

2017 

Clone Soluble Solids (°Brix) pH TA (g/L) 

9 18.1 ± 0.5 b 3.39 ± 0.04 a 9.1 ± 0.4 a 

12 19.0 ± 0.6 a 3.36 ± 0.05 b 8.6 ± 0.7 b 

21 18.8 ± 0.6 a 3.39 ± 0.04 a 8.8 ± 1.0 ab 

P value < 0.0001 0.003 0.019 

2018 

Clone Soluble Solids (°Brix) pH TA (g/L) 

9 16.7 ± 1.5 b 3.47 ± 0.03 a 10.0 ± 0.4 b 

12 17.6 ± 0.5 a 3.34 ± 0.04 b 9.9 ± 0.4 b 

21 18.0 ± 0.7 a 3.46 ± 0.05 a 10.5 ± 0.4 a 

P value <0.0001 <0.0001 <0.0001 

 

In 2018, clone was found to affect fruit composition for all parameters measured. Similar to in 

2017, clone 21 had the highest level of soluble solids at 18.0°Brix and clone 9 the lowest at 

16.7°Brix on average. Clone 9 had lower soluble solids than other clones. Unlike in 2017, clone 

21 also had the higher TA (10.5) than other clones. Titratable acidity was higher for all clones in 

2018 than in 2017. These high TA values are indicative of an early harvest. pH values ranged 

from 3.34 to 3.47, higher than 2017 except for clone 12, which was lower than other clones.  

Rootstock trial using clone 9 

5.2.3. Vine performance 

Timing of phenological stages. There were no differences in the timing of phenological stages 

among rootstock treatments in 2017 (Table 5.5).  Budbreak, on May 3, ranged from 47% to 52%, 

but no difference was found among rootstocks. There was no data for flowering in 2017. 

Véraison, on August 29, ranged from 51% to 55%, though no differences were detected. Harvest 
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soluble solid content, on October 18, were all between 0.1°Brix, ranging from 18.1-18.2°Brix, 

and no differences were found.  

Table 5.5. Comparison of mean Riesling viticultural data using different rootstocks grafted to Clone 9, 2017 to 2018. Statist ical 

analysis: ANOVA. Means within columns for each vintage with different letters are different (p≤0.05), Tukey’s HSD, ± SD. 

Riesling Clone 9 

  Phenological Stages Yield Components Vine Balance 
Environmental 

Resistance 

  2017 2017 2017 2017 

  Budbreak Flowering Véraison 

Harvest 
Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Rootstock (% May 3)   
(% August 

29) 

(°Brix 

October 
18)   (g) 

(g/100 
berries) (Kg/vine) (Kg/vine)   

(% at 
harvest) (%) 

101-14 52 ± 8 N.D. 51 ± 14 18.2 ± 0.9 51 ± 16 99 ± 21 b 
172 ± 13 

b 
4.98 ± 
1.68 

0.75 ± 
0.31 6.8 ± 1.4 b 14 ± 6.4 28 ± 9 b 

SO4 48 ± 13 N.D. 55 ± 16 18.1 ± 0.7 46 ± 16 
116 ± 26 

a 
192 ± 14 

a 
5.21 ± 
1.89 

0.78 ± 
0.28 6.8 ± 1.2 b 13 ± 4.8 26 ± 16 b 

5C 47 ± 8 N.D. 53 ± 17 18.1 ± 0.5 46 ± 14 

107 ± 21 

ab 

185 ± 15 

a 

4.96 ± 

1.79 

0.62 ± 

0.22 8.0 ± 3.4 a 12 ± 4.5 39 ± 16 a 

P value 0.443 N.D. 0.172 0.671 0.408 0.026 < 0.0001 0.829 0.064 0.005 0.165 0.002 

  2018 2018 2018 2018 

  Budbreak Flowering Véraison 

Harvest 
Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Rootstock (% May 14) (% June 14) 

(% August 

25) 

(°Brix 
September 

26)   (g) 

(g/100 

berries) (Kg/vine) (Kg/vine)   

(% at 

harvest) (%) 

101-14 65 ± 17 a 34 ± 16 56 ± 11 b 
18.0 ± 0.6 

a 42 ± 11 
138 ± 36 

b 159 ± 9 
5.46 ± 
0.89 b 

0.74 ± 
0.32 8.8 ± 4.3 b 15 ± 9 N.D. 

SO4 58 ± 17 ab 39 ± 18 67 ± 12 a 

16.7 ± 

1.54 b 46 ± 12 

138 ± 21 

b 155 ± 9 

6.25 ± 

1.62 ab 

0.67 ± 

0.22 

10.3 ± 4.3 

ab 14 ± 7 N.D. 

5C 48 ± 28 b 37 ± 17 58 ± 13 b 

16.9 ± 0.9 

b 38 ± 15 

185 ± 56 

a 162 ± 14 

6.49 ± 

1.91 a 

0.64 ± 

0.29 

12.2 ± 6.3 

a 14 ± 7 N.D. 

P value 0.015 0.196 < 0.0001 <0.0001 0.082 < 0.0001 0.072 0.028 0.333 0.039 0.651 N.D. 

 

In 2018, budbreak ranged between 48% and 65% on average, showing a similar trend to 2017, 

with rootstock 101-14 more advanced than rootstock 5C. This difference is practically 

meaningful in areas prone to late frosts. Flowering ranged from 34% to 39%, though differences 

were not found among rootstocks. Véraison was more advanced for rootstock SO4 (67%) on 

August 25 than other rootstocks (averaging 57%). Similar to in 2017, harvest soluble solid 

content was highest for rootstock 101-14 (18.0°Brix) and lowest for SO4 (16.7°Brix). Rootstock 

101-14 was found to be more advanced than other rootstocks. 
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Yield components. In 2017, average cluster numbers ranged from 46 to 51 with no differences 

found between rootstocks (Table 5.5). Rootstock 101-14 was highest in number, and rootstocks 

SO4 and 5C lowest. Cluster weights were higher for rootstock SO4, at 116g than for rootstock 

101-14, at 99g. Berry weights were likewise highest on average for rootstock SO4 at 192g, and 

lowest for rootstock 101-14 at 172g, where 101-14 was found to be lower than other rootstocks. 

Yield per vine ranged from 4.96Kg to 5.21Kg, though no differences were found. Rootstock SO4 

had the highest mean values for cluster weight, berry weight and yield per vine. Rootstock 101-

14 had the lowest cluster weights and berry weights and was within 0.02Kg of the lowest yield 

per vine, at 4.98Kg.  

In 2018, clones were found to be different for cluster weight and vine yield. Mean cluster 

numbers ranged from 38 to 46. Rootstock SO4 had the same number of clusters on average as in 

2017, but it was the highest among clones in 2018, though no difference was found. Cluster 

weights were higher for rootstock 5C (185g) than other treatments (both 138g). Yield per vine 

was highest again for 5C (6.49Kg), and lowest for 101-14 (5.25Kg). Yield component values 

were generally higher in 2018 than in 2017, save cluster number and berry weight, so fewer 

heavier clusters with more berries seem to have contributed to higher overall yields.    

Vine balance. In 2017, average pruning weights were ranged from 0.62Kg/vine to 0.74Kg/vine, 

though no differences were found, results are approaching significance at p=0.064 (Table 5.5). 

SO4 is considered to be a rootstock imparting moderate to high vigour (Shafer et al. 2004) which 

seems to be consistent with these results. Ravaz index was highest on average for 5C (8.5) 

compared with all other rootstocks (6.8). With lowest average yield per vine for 2017, it seems 

counter-intuitive that 5C should have the highest Ravaz index, but yields were high enough to 

offset the lower pruning weights.  
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In 2018, pruning weights were lowest again for rootstock 5C (0.64Kg/vine), though no 

differences were found among rootstocks (Table 5.5). Pruning weights were similar between 

years. Ravaz index values were highest for rootstock 5C at 12.2 and lowest for rootstock 101-14 

at 8.8. These two rootstocks are also practically different, with rootstock 5C expressing poor vine 

balance. Ravaz index values are higher overall in 2018 than in 2017 exhibiting heavy crop load, 

due to high average yield/vine. 

Resistance to environmental pressures. In 2017, average disease percentage ranged between 12% 

and 13%, and no differences were found (Table 5.5). Winter injury was greatest on average for 

5C at 39% and lowest for SO4 at 26%. Rootstock 5C had higher winter injury than both other 

rootstocks. 

In 2018, average disease incidence at harvest ranged between 14% and 15%, and no differences 

were found among rootstocks. Disease incidence was generally higher in 2018 than in 2017 due 

to heightened disease pressure (WIN 2018). Winter injury was not measured in 2018 due to 

timing constraints of the project.  

5.2.4. Fruit composition 

In 2017, rootstock 101-14 was furthest advanced on average in soluble solid content (18.2°Brix), 

though no differences were detected between rootstocks (Table 5.6). Rootstock 5C had higher 

pH (3.52) and the lower TA (7.3g/L) than other rootstocks. Rootstock SO4 had higher TA 

(9.1g/L) than other rootstocks.  
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Table 5.6. Comparison of mean Riesling fruit composition for different rootstocks grafted to clone 9, based on 100-berry sample 
analysis, 2017 to 2018. Statistical analysis: ANOVA. Means within columns for each vintage with different letters are different 

(p≤0.05), Tukey’s HSD, ± SD. 

Fruit Composition 

Riesling Clone 9 

2017 

Rootstock Soluble Solids (°Brix) pH TA (g/L) 

101-14 18.2 ± 0.9 3.41 ± 0.04 b 8.2 ± 0.4 b 

SO4 18.1 ± 0.5 3.39 ± 0.04 b 9.1 ± 0.4 a 

5C 18.1 ± 0.7 3.52 ± 0.07 a 7.3 ± 0.8 c 

P value 0.671 < 0.0001 < 0.0001 

2018 

Treatment Soluble Solids (°Brix) pH TA (g/L) 

101-14 18.0 ± 0.6 a 3.34 ± 0.04 c 9.5 ± 0.6 c 

SO4 16.7 ± 1.54 b 3.47 ± 0.03 b 10.0 ± 0.4 b 

5C 16.9 ± 0.9 b 3.44 ± 0.06 a 10.4 ± 0.4 a 

P value <0.0001 <0.0001 <0.0001 

 

In 2018, rootstock had an effect on all fruit composition parameters measured (p<0.0001). 

Soluble solids ranged between 16.7°Brix (rootstock SO4) and 18.0 (rootstock 101-14). This 

difference reflects the earlier-ripening potential associated with rootstock 101-14 (Shafer et al. 

2004). pH ranged from 3.34 (rootstock 101-14) to 3.47 (rootstock SO4), and differed among all 

rootstocks. These results are counter-intuitive as soluble solid content generally increases with 

pH, though here there is an inverse relationship. Titratable acidity was higher overall in 2018, 

ranging from 9.5 (rootstock 101-14) to 10.4 (rootstock 5C), and differed among all rootstocks.  

5.3. Rootstock trial using clone 21 

5.3.1. Vine performance 

Timing of phenological stages. In 2017, rootstock SO4 was more advanced than 3309C for 

budbreak on May 3 (Table 5.7). Flowering data was not collected for 2017. There was no 

difference between rootstocks with at véraison on August 29. Berry soluble solid content at 
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harvest, on October 18, was ranged between 18.8 and 19.0°Brix, with no difference between 

rootstocks. 

Table 5.7. Comparison of mean Riesling viticultural data for different rootstocks grafted to Clone 21, 2017 to 2018. Statistical 

analysis: Student’s t test, ± SD. 

Riesling Clone 21 

  Phenological Stages Yield Components Vine Balance 
Environmental 

Resistance 

  2017 2017 2017 2017 

  Budbreak 

Flowerin

g Véraison 

Harvest 
Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Rootstock (% May 3)   

(% 
August 

29) 

(°Brix 

October 18)   (g) 

(g/100 

berries) (Kg/vine) (Kg/vine)   

(% at 

harvest) (%) 

SO4 47 ± 9 a N.D. 54 ± 14 18.8 ± 0.6 46 ± 14 94 ± 46 160 ± 12 4.28 ± 1.64 0.73 ± 0.26 5.8 ± 0.9 12 ± 5 29 ± 13 

3309C 38 ± 12 b N.D. 50 ± 13 19.0 ± 0.6 51 ± 13 88 ± 34 165 ± 16 4.41 ± 1.09 0.71 ± 0.19 6.4 ± 1.2 11 ± 0 30 ± 12 

P value < 0.0001 N.D. 0.056 0.321 0.157 0.269 0.190 0.725 0.697 0.062 0.01 0.631 

  2018 2018 2018 2018 

  Budbreak 

Flowerin

g Véraison 

Harvest 
Soluble 

Solids 

Cluster 

Number 

Cluster 

Weight 

Berry 

Weight Yield 

Pruning 

Weight 

Ravaz 

Index Disease 

Winter 

Injury 

Rootstock 

(% May 

14) 

(% June 

14) 

(% 
August 

25) 

(°Brix 
September 

26)   (g) 

(g/100 

berries) (Kg/vine) (Kg/vine)   

(% at 

harvest) (%) 

SO4 59 ± 19 a 38 ± 15 69 ± 10 18.0 ± 0.7 42 ± 12 148 ± 34 149 ± 9 6.02 ± 1.56 0.84 ± 0.34 8.5 ± 4.4 25 ± 16 N.D. 

3309C 65 ± 15 a 41 ± 14 56 ± 11 18.0 ± 0.5 38 ± 12 151 ± 46 146 ± 12 5.25 ± 0.95 0.74 ± 0.20 7.6 ± 1.9 23 ± 15 N.D. 

P value 0.150 0.120 < 0.0001 0.692 0.143 0.810 0.234 0.026 0.143 0.336 0.391 N.D. 

  

In 2018, rootstock 3309C budbreak ranged from 59% to 65% on May 14, though differences 

were not found between treatments. No difference was found between rootstock in flowering on 

June 14. By véraison (August 25), rootstock SO4 was more advanced at 69% than rootstock 

3309C at 56%. Berry soluble solid content, at harvest, on September 26 was the same for both 

treatments.  

Yield components. In 2017, no differences were found between rootstocks for all yield 

components measured (Table 5.7). Average cluster numbers ranged from 46-51, cluster weights 

from 88-94g, berry weights from 160-165g/100-berries and yield per vine from 4.28-4.41Kg.  
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In 2018, cluster numbers ranged from 38-42, cluster weights from 148-151g, and yield per vine 

from 5.25-6.02Kg, though no differences were found. Only yield per vine differed among 

rootstocks, with rootstock SO4 having higher yield than rootstock 3309C, though differences 

were not found by the post-hoc test. Cluster numbers were lower overall in 2018 than in 2017, 

but other yield components were higher. 

Vine balance. In 2017, pruning weights ranged from 0.71-0.73Kg/vine on average, with no 

difference found between rootstocks (Table 5.7). Ravaz index values ranged between 5.8-6.4 on 

average, again not found to be different. 3309C had the highest average vine yield and the lowest 

average pruning weights, and consequently the highest Ravaz index number. 

In 2018 trends were reversed, and rootstock had the highest pruning weights (0.84Kg/vine) and 

Ravaz index (8.5) due to higher average yield per vine. There was no difference found between 

rootstocks in 2018 for either pruning weights or Ravaz index. Vines showed increased vigour 

and crop load on average in 2018. 

Resistance to environmental pressures. In 2017, disease incidence was greatest on average for 

SO4 at 12% and least for 3309C at 11%, results are significant (p≤0.05) but the difference is 

marginal (Table 5.7). Winter injury was highest for 3309C at 30% and lowest for SO4 at 29%, 

though no difference was found between rootstocks. 

In 2018, disease incidence at harvest ranged from 32% to 25%, though no difference was found 

among rootstocks. Higher vigour in both years, resulting in reduced airflow in the canopy, along 

with weather-related pressures, may have contributed to increased disease incidence in rootstock 

SO4 treatment. Winter injury was not measured in 2018 due to time constraints of the project.  
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5.3.2. Fruit composition 

In 2017, rootstock 3309C was furthest advanced in maturity on average, with soluble solid 

content of 19.0°Brix, pH of 3.43 and TA of 8.5g/L (Table 5.8). Rootstock SO4 had a soluble 

solid content of 18.8°Brix on average, pH of 3.39 and TA of 8.8g/L. Only pH was found to differ 

between rootstocks. 

Table 5.8. Comparison of mean Riesling fruit composition for different rootstocks grafted to clone 21, based on 100-berry sample 

analysis, 2017 to 2018. Statistical analysis: Student’s t test, ± SD. 

Fruit Composition 

Riesling Clone 21 

2017 

Rootstock Soluble Solids (°Brix) pH TA (g/L) 

SO4 18.8 ± 0.6 3.39 ± 0.04 b 8.8 ± 1.0 

3309C 19.0 ± 0.6 3.43 ± 0.06 a 8.5 ± 0.6 

P value 0.321 0.005 0.200 

2018 

Treatment Soluble Solids (°Brix) pH TA (g/L) 

SO4 18.0 ± 0.7 3.46 ± 0.05 10.5 ± 0.3 

3309C 18.0 ± 0.5 3.46 ± 0.04  9.7 ± 0.3  

P value 0.692  0.788  <0.0001  

 

In 2018, soluble solid content and pH were the same for both treatments (18°Brix and 3.46, 

respectively). Only TA differed between rootstocks, from 9.7g/L (rootstock SO4) to 10.5 

(rootstock 3309C). Lower soluble solid content and higher TA in 2018 is indicative of an earlier 

harvest. Overall, with the exception of TA in 2018, fruit composition was similar between 

treatments across years.  
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5.4. Oenological potential 

5.4.1. Riesling clone trial on rootstock 3309C 

Must analysis.  In 2017, clone had no effect on must composition between clones (Table 5.9). 

Average soluble solid content ranged from 19.0-19.4°Brix at harvest; pH from 2.85-2.87; and, 

TA from 7.9-8.0g/L. Average nitrogen content ranged from 91-96mg N/L ammonia, 93-95mg 

N/L primary amino acid nitrogen, excluding proline, and 187-189mg N/L YAN.  

Table 5.9. Comparison of mean Riesling must components for different clones on rootstock 3309C, 2017 to 2018. Statistical 

analysis: Mann-Whitney U, ± SD. 

Must Analysis 

Rootstock 3309C 

  2017 

Clone 

Soluble 

Solids 

(°Brix) pH 

TA 

(g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline 

(mg N/L) 

YAN (mg 

N/L) 

49 19.0 ± 0.2 

2.85 ± 

0.02 

7.9 ± 

0.1 91 ± 7 95 ± 14 187 ± 21 

21 19.4 ± 0.3 

2.87 ± 

0.03 

8.0 ± 

0.3 96 ± 13 93 ± 8 189 ± 6 

P 
value 0.078 0.455 0.589 0.394 0.394 0.589 

  2018 

Clone 

Soluble 

Solids 

(°Brix) pH 

TA 

(g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline 

(mg N/L) 

YAN (mg 

N/L) 

49 17.4 ± 0.5 
3.14 ± 
0.02 

9.8 ± 
0.4 148 ± 12 87 ± 17 235 ± 29 

21 18.2 ± 0.1 
3.11 ± 
0.02 

9.5 ± 
0.3 152 ± 2 91 ± 12 244 ± 14 

P 

value 0.005 0.058 0.132 0.699 0.818 0.818 

 

In 2018, only mean soluble solid content was different between the two clones (Table 5.9). Clone 

21 was higher in soluble solid content. Mean soluble solid content ranged from 17.4-18.2°Brix at 

harvest; pH from 3.11-3.14; and, TA from 9.5-9.8g/L. Average nitrogen content ranged from 

148-152mg N/L ammonia, 102-103mg N/L primary amino acids, excluding proline, and 205-

206mg N/L YAN, but no difference was found between clones. Except for soluble solids 
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content, differences between clones are marginal in scale. Riesling fruit was harvested earlier in 

2018, resulting in less mature fruit, as can be seen by lower soluble solids and higher TA values. 

The higher pH values in 2018 are inconsistent with this trend, however. Overall, nitrogen content 

was higher in 2018, except for primary amino acids, excluding proline.  

Finished wine analysis. Clone had no impact on finished wine components measured in 2017 

except for acetic acid content (Table 5.10). Average acetic acid content was higher for clone 21 

at 0.24g/L, compared to 0.18g/L for clone 49. pH ranged from 2.94 to 3.00; TA values ranged 

from 9.8g/L to 9.9g/L, though no differences were found, and alcohol content by volume was the 

same for both trials (11.1%).  

Table 5.10. Comparison of mean Riesling wine components for different Riesling clones on rootstock 3309C, 2017 to 2018. 

Statistical analysis: Mann-Whitney U, ± SD. 

Wine Analysis 

Rootstock 3309C 

  2017 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

49 2.94 ± 0.03 9.8 ± 0.3 0.18 ± 0.03 11.1 ± 0.3 

21 3.00 ± 0.02 9.9 ± 0.5 0.24 ± 0.06 11.1 ± 0.2 

P value 0.331 0.937 0.009 0.319 

  2018 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

49 3.08 ± 0.02 9.8 ± 0.2 0.19 ± 0.04 10.0 ± 0.5 

21 3.06 ± 0.02 9.7 ± 0.1 0.35 ± 0.01 10.5 ± 0.3 

P value 0.147 0.699 0.002 0.010 

 

In 2018, both acetic acid content and alcohol content were found to be different among clones. 

Average acetic acid content ranged from 0.19g/L (clone 49) to 0.35g/L (clone 21). Alcohol 

content by volume was 10.0% for clone 49, and 10.5% for clone 21 on average. Mean pH values 



83 
 

ranged from 3.06 to 3.08, with no differences, and reflecting a slight decrease through 

fermentation. Mean TA values ranged from 9.7g/L to 9.8g/L, and no differences were found.  

5.4.2. Riesling clone trial on rootstock SO4 

Must analysis. In 2017, only soluble solid content was found to differ between clones (Table 

5.11). Clone 9 had a berry soluble solid content of 18.5°Brix, higher than clone 21 at 19.1°Brix. 

pH ranged from 2.83 to 2.85, though no differences were detected. TA was 8.2 for both clones. 

Ammonia content ranged from 102-103g N/L, primary amino acids, excluding proline, from 

102-105g N/L, and total YAN from 205-206g N/L, and no differences were found between 

clones.  

Table 5.11. Comparison of mean Riesling must components for different clones on rootstock SO4, 2017 to 2018. Statistical 

analysis: Mann-Whitney U, ± SD. 

Must Analysis 

Rootstock SO4 

  2017 

Clone 

Soluble 

Solids 

(°Brix) pH 

TA 

(g/L) 

Ammonia (mg 

N/L) 

Primary Amino Acids excluding proline 

(mg N/L) 

YAN (mg 

N/L) 

9 18.5 ± 0.1 
2.83 ± 
0.02 8.2 ± 0.1 102 ± 4 105 ± 4 206 ± 4 

21 19.1 ± 0.1 
2.85 ± 
0.03 8.2 ± 0.5 103 ± 13 102 ± 8 205 ± 18 

P 
value 0.004 0.221 0.420 0.937 0.699 0.485 

  2018 

Clone 

Soluble 

Solids 
(°Brix) pH 

TA 
(g/L) 

Ammonia (mg 
N/L) 

Primary Amino Acids excluding proline 
(mg N/L) 

YAN (mg 
N/L) 

9 16.9 ± 0.1 

3.12 ± 

0.02 

10.3 ± 

0.3 158 ± 3 92 ± 4 250 ± 3 

21 17.5 ± 0.4 

3.06 ± 

0.02 

10.5 ± 

0.2 155 ± 4 98 ± 5 253 ± 8 

P 

value 0.013 0.005 0.162 0.093 0.065 0.310 

 

In 2018, both soluble solids and pH were found to differ between clones. Soluble solid content 

ranged between 16.9°Brix (clone 9) and 17.5°Brix (clone 21), showing a similar trend to 2017, 
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with clone 21 being higher by 0.6 °Brix. pH was 3.06 for clone 21 and 3.12 for clone 9, a reverse 

trend from 2017. TA values ranged from 10.3-10.5g/L, though no differences were detected. 

Nitrogen content was higher on average in 2018 for ammonia (155-158mg N/L) and total YAN 

(250-253mg N/L), though lower for primary amino acids, excluding proline, (92-98mg N/L), and 

no differences were found among clones.  

Finished wine analysis. In 2017, pH and acetic acid content were found to differ among clones 

(Table 5.12). pH values ranged from 2.92 (clone 9) to 2.99 (clone 21). Acetic acid content was 

0.27g/L for clone 21 and 0.49g/L for clone 9. TA values were 9.8g/L for both treatments. 

Alcohol ranged from 10.9-11.0%, with no difference among clones.  

Table 5.12. Comparison of mean Riesling wine components for different clones on rootstock SO4, 2017 to 2018. Statistical 

analysis: Mann-Whitney U, ± SD. 

Wine Analysis 

Rootstock SO4 

  2017 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

9 2.92 ± 0.02 9.8 ± 0.4 0.49 ± 0.09 10.9 ± 0.2 

21 2.99 ± 0.03 9.8 ± 0.3 0.27 ± 0.05 11.0 ± 0.3 

P value 0.006 0.699 0.026 0.396 

  2018 

Clone pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

9 3.06 ± 0.02 10.2 ± 0.4 0.16 ± 0.03 9.7 ± 0.2 

21 3.05 ± 0.02 10.4 ± 0.2 0.19 ± 0.01 9.8 ± 0.3 

P value 0.537 0.818 0.240 0.535 

 

In 2018, no components of finished wine analyzed were found to be different among clones. 

Average pH ranged from 3.05-3.06; TA values from 10.2-10.4g/L; acetic acid content from 0.16-

0.19g/L; and, alcohol content from 9.7-9.8, with no differences found. There was a slight 
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decrease in both pH and TA through fermentation. Clone 21 had slightly higher TA, acetic acid 

and alcohol on average.   

5.4.3. Rootstock trial on Riesling clone 21 

Must analysis. In 2017, only mean primary amino acids, excluding proline, was found to differ 

among rootstocks, where rootstock 3309C treatment had 93mg N/L and rootstock SO4 treatment 

102mg N/L (Table 5.13). Average soluble solid content ranged from 19.1-19.4°Brix; pH from 

2.85-2.87; TA from 8.0-8.2g/L; ammonia from 96-103mg N/L; and, YAN from 189-205mg N/L, 

with no differences found between rootstocks. Mean soluble solids and pH were higher for 

rootstock 3309C. Rootstock SO4 had higher values on average for TA and all nitrogen 

components. Overall, differences between treatments in must composition were marginal in 

2017. 

Table 5.13. Comparison of mean Riesling must components for different rootstocks grafted to clone 21, 2017 to 2018. Statistical 

analysis: Mann-Whitney U, ± SD. 

Must Analysis 

Clone 21 

  2017 

Rootstock 

Soluble Solids 

(°Brix) pH TA (g/L) 

Ammonia 

(mg N/L) 

Primary Amino Acids 

excluding proline (mg N/L) 

YAN (mg 

N/L) 

SO4 19.1 ± 0.1 2.85 ± 0.03 8.2 ± 0.5 103 ± 13 102 ± 8 a 205 ± 18 

3309C 19.4 ± 0.3 2.87 ± 0.03 8.0 ± 0.3 96 ± 13 93 ± 8 b 189 ± 6 

P value 0.123 0.558 0.240 0.485 0.026 0.310 

  2018 

Rootstock 

Soluble Solids 

(°Brix) pH TA (g/L) 

Ammonia 

(mg N/L) 

Primary Amino Acids 

excluding proline (mg N/L) 

YAN (mg 

N/L) 

SO4 17.5 ± 0.4 3.06 ± 0.02 10.5 ± 0.2 155 ± 4 98 ± 5 253 ± 8 

3309C 18.2 ± 0.1 3.11 ± 0.02 9.5 ± 0.3 152 ± 2 91 ± 12 244 ± 14 

P value 0.013 0.005 0.005 0.180 0.394 0.240 

 

In 2018, rootstock had an effect on soluble solid content, pH and TA. Mean soluble solid content 

was 17.5 for SO4 and 18.2 for 3309C; pH was 3.06 for SO4 and 3.11 for 3309C; and TA was 9.5 
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for 3309C and 10.5 for SO4. Rootstock 3309C appeared to be slightly more advanced at harvest 

by sugar and acid content. Average ammonia ranged from 152-155mg N/L, primary amino acids, 

excluding proline, from 91-98mg N/L and total YAN 244-253mg N/L, though no differences 

were detected between rootstocks.  

Finished wine analysis. In 2017, there were no differences between rootstocks in wine 

components measured (Table 5.14). Mean pH ranged from 2.99-3.00 and was not found to be 

different. Mean TA ranged from 9.8-9.9g/L; acetic acid content from 0.24-0.27g/L; and alcohol 

content from 11.0-11.1% by volume, with no detected differences among rootstocks. Both pH 

and TA increased on average through fermentation. The rise in TA from must to finished wine 

may reflect production of acetic acid and succinic acid throughout fermentation (Coulter, 

Godden and Pretorius 2004). 

Table 5.14.  Comparison of mean Riesling must components for different rootstocks grafted to clone 21, 2017 to 2018. Statistical 

analysis: Mann-Whitney U, ± SD. 

Wine Analysis 

Clone 21 

  2017 

Rootstock pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

SO4 2.99 ± 0.03 9.8 ± 0.3 0.27 ± 0.05 11.0 ± 0.3 

3309C 3.00 ± 0.02 9.9 ± 0.5 0.24 ± 0.06 11.1 ± 0.2 

P value 0.054 0.937 0.937 0.640 

  2018 

Rootstock pH TA (g/L) Acetic Acid (g/L) Alcohol (%v/v) 

SO4 3.05 ± 0.02 10.4 ± 0.2 0.19 ± 0.01 9.8 ± 0.3 

3309C 3.06 ± 0.02 9.7 ± 0.1 0.35 ± 0.01 10.5 ± 0.3 

P value 0.227 0.002 0.002 0.000 

 

In 2018, rootstock displayed an effect on mean TA, acetic acid and alcohol content. Mean TA 

ranged from 9.7-10.4g/L, acetic acid from 0.19-0.35g/L, and alcohol content from 9.8-10.5% by 
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volume. Mean pH ranged from 3.05-3.06, with no detected differences. Rootstock 3309C had 

higher alcohol and acetic acid, and lower TA corresponding to a greater maturity level at harvest, 

similar to in 2017. There was a marginal change in acidity through fermentation reflecting an 

average decrease, except for 3309C TA values which increased slightly by 0.2g/L.  

5.4.4. Riesling fermentation kinetics 

Soluble solids over time showed similar trends across vintages. In 2017 (Figure 5.1), all 

replicates for all treatments finished fermentation (s.g.<1.000) by Day 10. There was little 

variation between treatments and replicates overall, and it was greatest on Day 6, where all 

ferments were between 1.033 and 1.044 specific gravity.  

 

Figure 5.1. Riesling soluble solids through fermentation, 2017. Error bars are ± standard deviation. 

 

In 2018 (Figure 5.2), fermentation progressed with little variation between treatments and 

replicates overall, greatest on Day 8, where all ferments were between 1.018 and 1.025 specific 

gravity. Fermentation took 13 days for all replicates to reach dryness, though the majority of 
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treatments and replicates were finished on day 12, replicates 1 and 2 of treatment 49x3309C 

finished on day 13. Overall, fermentation took three days longer than in 2017. 

 

Figure 5.3. Riesling soluble solids through fermentation, 2018. Error bars are ± standard deviation. 

 

5.5. Discussion 

The location of the Riesling research site is dominated by Grimsby series soils of the Luvisolic 

order (Kingston and Presant 1989). These soils have reddish fine sandy loam lacustrine deposits 

overlying calcareous bedrocks. They are well drained with low water-holding capacities 

(Kingston and Presant 1989).  

Vine performance at this site may have been affected by the weather in both the 2017 and 2018 

growing seasons. This site is located in the eastern region of Niagara which saw approximately 

119mm above normal (based on a 30year average) rainfall throughout the season in 2017, with 

highest levels occurring in April and May, as previously discussed (WIN 2017). Precipitation 

and humidity can lead to increased vine vigour and disease pressure in the vineyard, as well as 

winter injury. Vigour at this site is partially mitigated by a double fruiting zone training system 
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involving 4 cordons, which may be contributing to normal Ravaz index values despite high vine 

size. However, winter injury was considerably high three of the eight treatments (at and above 

30%), which may be reflective of a negative impact of excess vine vigour in the 2017 growing 

season (Howell and Shaulis 1980).  Temperatures were generally optimal for growth throughout 

much of the season, and vines across treatments saw typical growth (GGO 2017). Growing 

degree days at this site in 2017, at 1451, were above normal (based on a 30year average) for the 

area (WIN 2017).  

The 2018 growing season saw much less precipitation than 2017. Though, April and October 

saw above normal (based on a 30year average) precipitation in the eastern Niagara region (WIN 

2018). This site saw 44mm below normal (based on a 30year average) levels of rainfall overall 

for the season (WIN 2018). Temperatures were optimal for growth throughout the season. 

Growing degree days were higher at this site than in 2017, at 1601 (WIN 2018). The growing 

season of 2018 saw higher disease pressure overall, than 2017 (WIN 2018), which is reflected in 

higher disease incidence at harvest for all treatments. Furthermore, disease pressure forced an 

early harvest resulting in slightly lower than optimal levels of soluble solids at harvest. 

Clone trial on rootstock 3309C. Clones grafted to rootstock 3309C saw a meaningful difference 

(18%) in level of budbreak in 2017, with clone 239 ahead of clone 21. From a viticultural 

perspective in Ontario, this may equate to several days of delay in budbreak which can improve 

survival in a climate prone to late-spring frosts. In 2018, the difference in percentage of buds 

broken was also meaningful (13%) for the same reason, however there was a reverse trend in 

clones. This may be an indication of the effects of the difference in weather on the vines. 

Difference in soluble solids at harvest was meaningful in both years, at 0.7 Brix°, which may 

equate to a difference in alcohol content near 0.5% by volume (Jackson and Schuster 1997). 
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Clone 239 was further advanced than clone 21 in both years. Clone 49 was found to be high-

yielding with medium vigour in France (ENTAV 2007). Results of this research are consistent 

with respect to yield; however, vigour was found to be relatively high for clone 49 in this trial. 

Fruit composition in 2018 was similar to that of 2017. Had harvest not occurred early due to 

disease pressure, it may be assumed that fruit composition would have progressed much as it did 

in 2017. Overall, differences between clones planted on rootstock 3309C were minimal in the 

years studied, further vintages may highlight differences more clearly.  

Clone trial on rootstock SO4. The growing season of 2018 was delayed at budbreak in 

comparison to 2017 and further advanced by véraison. As previously discussed, Riesling grapes 

were harvested earlier in 2018, due to disease pressure in the vineyard, at less optimal sugar 

levels. Differences in the timing of phenological stages in 2018 also reflect the different weather 

conditions experienced throughout the season. Clone 9 expressed the highest yield components 

and vine size in 2017, and had the lowest soluble solid content at harvest, higher pruning weights 

are indicative of vigour, and these results are consistent with other indications of unbalanced 

vines. Clone 21 had higher pruning weights and disease incidence in 2018. Excessive vegetative 

growth can cause crowded fruiting zones, which increase the risk of fungal infection through 

higher humidity and heat. Clone 21 was found to be highly productive in California (Sweet 

2009), whereas clone 9 was found to be more productive in this trial. Clone 12 is known for cold 

tolerance and disease resistance in California (Sweet 2009), however results from this trial do not 

reflect the same findings when compared to the other treatments. Aside from clones 9 and 21 

being further advanced in phenological stages than clone 12, there was little consistent difference 

between treatments across years. Overall, there is not much difference in fruit composition 
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between treatments in either 2017 or 2018, further vintages may highlight differences more 

clearly. 

Rootstock trial using clone 9. Rootstock 101-14 advanced accumulation of soluble solids at 

harvest, more so in 2018, which was a more typical year by weather (WIN 2017, 2018). These 

results are similar to findings in Oregon, where rootstock 101-14 is found to advance ripening 

(Shafer et al. 2004). Early-ripening is a desired trait in cool-climate viticulture and may point to 

rootstock 101-14 having a desirable effect on vine performance. However, rootstock 101-14 also 

had earlier budbreak in both years, which puts the vines in greater risk of injury from late frosts. 

Winter injury was found to be relatively high for clone 5C, and contrary to previous research 

(Howell and Shaulis 1980), this does not appear to be related to vine vigour, as the vine size was 

the lowest recorded of treatments in this trial. This was not likely caused by excess vigour as 

treatment 5C had the lowest recorded pruning weights in 2017. Overall, differences in vine 

performance seen between treatments in 2017 and 2018 are largely inconsistent across years, 

further vintages may highlight differences more clearly. Fruit composition of higher acidity and 

lower soluble solid content in 2018 are indicative of the early harvest. Soluble solid content was 

higher for rootstock 101-14 (though marginally in 2017) similar to findings in Oregon (Shafer et 

al. 2004). Aside from this trend, differences in fruit composition seen between treatments in 

2017 and 2018 were not consistent across years, further vintages may highlight differences more 

clearly. 

Rootstock trial using clone 21. Timing of budbreak had showed differences in both years, though 

trends were reversed for treatments. Rootstock SO4 was further advanced than 3309C at véraison 

in both years, though harvest soluble solid content between treatments was similar. Vine size was 

found to be higher for rootstock SO4 (though marginally in 2017) which is consistent with its 
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reputation as a vigorous rootstock (Shafer et al. 2004). The performance of rootstock 3309 in this 

trial was different from previous research in Oregon (Shaffer et al. 2004), in that it was not 

consistently early-ripening and did not display high yield-to-pruning weight ratios (Ravaz index). 

Nor did it consistently display later budbreak, as it did in Oklahoma (McCraw et al. 2005). 

Overall, differences in vine performance and fruit composition seen between treatments in 2017 

and 2018 are largely not consistent across years, further vintages may highlight differences more 

clearly. 

Oenological potential 

Clone trial on rootstock 3309C. The differences between clones was marginal in all must 

components measured in both years. Only 2018 soluble solids were statistically different, though 

clone 21 had higher levels in both years. Higher nitrogen content in 2018 may be related to the 

earlier harvest having an effect on nitrogen uptake and use by the vine, or weather-related 

conditions due to fall precipitation.  

In finished wine, pH increased slightly from must composition in 2017, which is expected due to 

natural fermentation processes (Jackson 2000). TA values increased through fermentation as well 

(unexpectedly), which may be due to yeast-produced acidic by-products of (Coulter, Godden and 

Pretorius 2004). Clone 21 had higher levels of acetic acid than clone 49 in both years. Overall, 

acetic acid was higher in year 2018. Alcohol content was lower, reflecting an earlier harvest. 

Acid levels of wine were comparable in both years (due to the increase in TA content through 

fermentation in 2017). Both alcohol and acetic acid content were higher for clone 21 across 

years. This reflects higher must soluble solid content for clone 21, and a consistently higher 

propensity for acetic acid formation. Further vintages will help to establish whether these trends 

remain consistent under different environmental conditions. 
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Clone trial on rootstock SO4. Differences in must composition were marginal for clones planted 

on rootstock SO4. Soluble solid content was the only statistically different (p≤0.05) component 

in 2017. Clone 21 had higher soluble solid content than clone 9 in both years (similar to the 

rootstock 3309C trial). In 2018, lower soluble solid content and higher TA values are reflective 

of the early harvest in 2018. Higher nitrogen content in 2018 may be reflective of the early 

harvest through vine uptake and use, and weather-related conditions due to autumn precipitation. 

Finished wine analysis showed few meaningful differences between clones. Acetic acid was 

higher for clone 9 in 2017, though lower in 2018. In 2017, there was a slight increase in pH for 

both treatments from must composition, which is expected to occur through fermentation, but the 

increase in TA is counterintuitive and may be related to acidic by-products of fermentation. In 

2018, there was a slight decrease in pH and increase in TA. 

Rootstock trial using clone 21. In 2017, must composition was similar for both treatments. Only 

primary amino acids, excluding proline were different (p≤0.05) and these differences were 

marginal. Nitrogen content was higher across the board for rootstock SO4 in both years which is 

consistent with it being a vigorous rootstock (Shafer et al. 2004), but differences were marginal 

between treatments. Overall, there were greater differences seen between treatments in 2018, 

than 2017. Vines planted on rootstock 3309C displayed traits of earlier ripening, such as higher 

soluble solids, higher pH and lower TA values in both years though differences were minimal 

(and not different in 2017 (p≤0.05)). This trend is consistent with other findings of rootstock 

3309C as inducing early ripening (Shafer et al. 2004, Krstic et al. 2005). These results differ 

from data collected through berry analysis in 2018 where fruit was more similar in composition 

to that from rootstock SO4 vines. This phenomenon may be caused by excess fruit requirements 

for winemaking resulting in collection from vines adjacent to experimental vines. 
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Finished wine analysis showed marginal difference between treatments in 2017. However, 

rootstock 3309C showed slight indication of advanced ripening through sugar and acid content, 

though not significant (p≤0.05).  The unexpected TA increase in this year could be due to acidic 

fermentation by-products. Overall, 2018 results reflected less mature fruit at harvest through 

higher TA values and lower alcohol levels; this was expected due to the early harvest. Higher pH 

values in 2018 were unexpected however, as pH typically increases during fruit maturation 

(Jackson 2000). In 2018, rootstock 3309C treatment displayed lower TA values and higher 

alcohol, reconfirming the advanced maturity previously discussed. Trends were generally not 

consistent year-to-year, except for higher alcohol content (though slight in 2017) for rootstock 

3309C. Further vintages may highlight the influence of rootstock on clone 21 in Ontario. 

Fermentation kinetics. There was little variation between treatments and replicates overall in 

fermentation kinetics in 2017. The same may be said for treatments in 2018. The fermentations 

overall took slightly longer in 2018; possible reasons for a longer fermentation include higher 

acid content of must and potential spray residue on the berries due to a forced early harvest. 

 

 

 

 

 

 

 

 

Chapter 6. General Conclusions 
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Both clone and rootstock impacted vine performance, fruit composition and oenological potential 

in their respective trials for Pinot noir, Chardonnay and Riesling in years 2017 and 2018. Trends 

were often inconsistent from year to year, reflecting weather-related differences between 

growing seasons. This indicated a need for further research over multiple growing seasons and 

vintages to account for weather-related differences between years before full conclusions can be 

made.  

Pinot noir. Despite the masking effect of the weather-related differences between vintages, the 

effect of clone on vine performance was evident in both years, seeing some consistent trends 

across years, especially in the timing of phenological stages. Clone 115 had advanced budbreak 

across years; clone 777 advanced flowering; and, clone 113 delayed véraison. Advanced 

budbreak is seen as a disadvantage in a region such as Niagara, which is prone to late-spring 

frosts. Delayed véraison could be seen as a less desirable quality in a cool-climate region where 

the growing season is shorter, however, by harvest, clone 113 expressed advanced maturity. 

Disease resistance was also seen to be affected by clone, where treatments 113 and 115 had 

lower disease incidence in both years. This information is of particular interest to growers in 

Ontario which is prone to autumn precipitation, resulting in increased disease pressure. Clones 

114 and 777 may be less suitable to the region for this reason.  

Fruit composition differences were only meaningful for soluble solid content. Clone 113 had 

higher soluble solids in both years and may be more suitable to Ontario where the growing 

season is relatively short and growers struggle to ripen red varieties in some years. 

Oenological potential was also affected by clone in both years seeing recurrent trends in must 

composition, with higher nitrogen content, both organic and inorganic, in clone 777. Though, 

little variation was seen in fermentation kinetics. The relatively wet growing season of 2017 
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strongly impacted the Pinot noir trial by forcing an early harvest. Unlike 2017, 2018 fruit was 

harvested in advance of damaging weather-related conditions and is therefore more 

representative of optimal Pinot noir production for the region, as can be seen by higher soluble 

solids and lower disease incidence at harvest. 

Chardonnay. The effect of clone on Chardonnay vine performance was evident in both years, 

though trends across years of varying weather-related conditions were relatively inconsistent. 

The wet growing season of 2017 likely had a strong impact on the Chardonnay trial by causing 

wet spots in the vineyard where increased soil moisture content affected fruit nitrogen uptake, 

vigour, yield and winter injury. These terroir effects can be seen in must and wine analysis 

through strong variation between field replicates. Despite these conditions, some trends were 

observed across years such as, Clone 96 having the highest disease incidence across years. Other 

trends include advanced budbreak for clone 548 and delayed budbreak for clone 76. In a climate 

such as that of Ontario’s Niagara Peninsula which is prone to late-spring frosts, delayed 

budbreak can be seen as an advantage in vine performance. Clone 548 was not only 

disadvantaged by breaking bud early, but it was a lower producing clone in both years. 

Therefore, this clone may be less suitable to the regional conditions of the Niagara Peninsula. In 

contrast, clone 76 was less vigorous, less susceptible to disease, and in 2017, showed lower 

winter injury than other treatments. Furthermore, it was less affected by reduced yields in 2018. 

In this way, clone 76 outperformed other treatments in vine balance and resistance to 

environmental stressors.  

Differences in fruit composition were not consistent for soluble solid content across years. Clone 

showed a stronger effect on fruit acidity, with clones 548 and 95 having higher acidity than other 
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treatments. This higher acidity is considered desirable for typical wine styles of the region 

(Jackson 2000).  

The clonal effect on oenological potential was more apparent in 2018, where there was minimal 

variation between field replicates, compared with 2017. Greater consistency between field 

replicates resulted in differences between treatments, most notably the higher nitrogen content 

found in clone 548. This nitrogen content is reflected in the higher vigour of clone 548, a 

characteristic which is undesirable in Ontario due to increased disease pressure and potential 

winter injury. However, clone 548 showed the most efficiency for fermentation under the 

particular conditions of this trial, outperforming clone 76.  

For different reasons, both clones 548 and 76 show advantages and disadvantages in their 

performance within this trial. Either clone may prove a beneficial choice, depending on the 

particular environmental conditions of a viticultural site and the desired wine style intended for 

the fruit. Further vintages may help to highlight these differences. 

Riesling. Both clone and rootstock had an effect (p≤0.05) on vine performance, fruit composition 

and oenological potential within their respective trials in both years studied. In general, the 

growing season of 2017 produced optimal fruit for winemaking, whereas 2018 saw increased 

disease pressure due to moisture and heat, consequently an early harvest was forced. Due to the 

early harvest, sub-optimal fruit composition was reached. Due to the differing conditions 

experienced in the growing seasons involved in this trial, further research may help to clarify the 

significance of the trends, but the following are the conclusions to date. 

The clone effect on vine performance of trials on rootstock 3309C showed meaningful 

differences and consistency in regards to harvest soluble solids, yield components and vigour. 
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Clone 239 had higher soluble solids, lower cluster numbers and lower pruning weights in both 

years. The reverse was true for clone 21. In this way, treatment 239x3309 outperformed other 

treatments for vine performance. Between treatments used in the winemaking trials, soluble solid 

content and acetic acid content was higher for clone 21. Acetic acid content for clone 21 

remained within acceptable parameters however, and the higher soluble solid content outweighs 

this disadvantage. Therefore, treatment 21x3309 has shown better performance in this trial for 

oenological potential. Other parameters measured to assess fruit composition and oenological 

potential for these two trials showed little meaningful difference.  

The clone effect on vine performance of trials on rootstock SO4 was most pronounced for clone 

9, showing lower soluble solids, higher yield and higher Ravaz index values across years. Clone 

21 had consistently higher soluble solids on the other hand. Aside from soluble solid content, 

differences in fruit composition for this trial were inconsistent and marginal. The same is true for 

must and wine analysis between treatments used in the winemaking trial. Due to soluble solid 

content alone, treatment 21xSO4 has shown better performance consistently than other 

treatments, however further research is needed to help clarify the significance of trends in this 

trial. 

The rootstock effect on vine performance of the clone 9 trial was most visible through rootstock 

101-14, where it expressed earlier budbreak and higher soluble solid content at harvest in both 

years. Though early budbreak can be considered a disadvantage in Ontario, the Riesling cultivar 

tends to break bud after the risk of frost is gone. Therefore, the benefit of higher soluble solid 

content at harvest outweighs the risk of spring-frost damage. For this reason, 9x101-14 is the 

best performing treatment in this trial. Fruit composition was inconsistent across years for this 

trial, except for soluble solid content. Winemaking was not conducted with this trial. Conducting 
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winemaking trials on these treatments could improve our understanding of the performance of 

these rootstocks from an oenological perspective.  

The rootstock effect on the clone 21 trial was marginal and largely inconsistent across years for 

vine performance and fruit composition, except for rootstock SO4 having higher vigour across 

years. Results of must and wine composition or this trial were more consistent across years, with 

rootstock SO4 having lower soluble solid content and higher TA and nitrogen content. These 

results are consistent with rootstock SO4 imparting increased vigour to the vines. Consequently, 

the performance of treatment 21x3309 is better under the particular conditions of this trial. 
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