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Abstract

The effect of viticultural and oenological treatments on fruit and wine

composition of Chardonnay musque

Study I: Effect ofveraison leafremoval and cluster thinning

A one-year study was performed analysing die effects of leaf removal,

cluster thinning, yeast strain selection, and enzyme usage on the chemical

composition and sensory properties of Chardonnay musque wine. A number of

substantial differences were found between treatments in °Brix, TA, pH, and in

free and potentially volatile terpene concentrations. Greatest variations in sensory

attributes were created however through use of different viticultural practices.

Study II: Effect ofcluster thinning timing

A two year study was conducted investigating the effect of cluster

thinning timing, yeast strain selection, and enzyme usage on the chemical

composition and sensory attributes of Chardonnay musque wine. Time of

thinning was found to impact °BrLx, titratable acidit}% pH, and free and potentially

volatile terpene concentrations, as well as, a number of yield parameters. Yeast

strain selection and enzyme usage also impacted wine composition, and was

found to exhibit a greater effect on sensory properties than application of cluster

thinning. .
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Introduction

The success of any grapevine or higher plant for that matter is rooted in its ability to

build and maintain structure. How well this is accomplished, is dependant on the ability to

assimilate inorganic CO, to organic carbon in the form of sugars. Both the carbon and the

energy contained within these sugars may be utilized for the construction and maintenance of

vine structure (Hopkins, 1995). As stated by Kriedmann (1977), a vines ability to assimilate

CO2 is dictated by genetics and thus so to is its vegetative and reproductive success. According

to Ho (1988) however, full genetic potential may only be realized when supply is sufficiendy

met by demand and environmental conditions are optimal for metaboHc activity. It is on this

foundation that viticulture is based; theories and practices contained within site selection, soil

and canopy management, all being geared towards providing optimal conditions to meet a

vines utmost potential in terms of vegetative and reproductive success. The ideal simation

being attained only when vegetative success results in a canopy capable of producing

consistendy high yields, with microclimatic conditions that encourage the production of

sufficiendy matured fruit of substantial quality. Vines portraying such characteristics are

described as being in balance (Howell, 2001), the comer stone to profitable agriculture.

Under conditions where vines are deemed to be out of balance, favouring either

reproductive or vegetative growth, the viticultural practices of cluster thinning and leaf

removal are commonly used as corrective measures to improve fruit quality. Previous work has

emphasized that through use of these viticultural practices grape and/or must composition can

be altered, especially in common mamrity indices such as °Brix, pH, and titratable acidity

(Kingston and Van Epenhuijsen, 1989; lacono et al, 1995; Reynolds et al., 1996a; Staff et al,

1997; Ollat and Gaudillere, 1998; Petrie et al, 2000b; Vasconcelos and Castagnoli, 2000).

14





Monoterpenes, a chemical class of compounds present in a number of Vitis vinifera varieties,

and believed to impart distinctive aromas and flavours to those varieties belonging to the

Muscat family, have also in a number of simations been observed to be responsive to both leaf

removal and cluster thinning (Macaulay and Morris, 1993; Reynolds et al., 1995b; Belancic et

al, 1997; Zoecklein et al, 1998a; Zoecklein et al., 1998b). Existing in the berry in free and

glycosidicaUy bound forms, it is the free monoterpenes that contribute directiy to wine aroma

and flavour while the bound forms are rendered odourless. Upon hydrolysis however,

thorough either chemical or enzymatic means, glycosidicaUy bound terpenes can be released

from their sugar moiety and as such represent a pool of potential aroma and flavour. In a

number of situations changes brought about in the terpene concentration of wines through

either leaf removal or cluster thinning, have been passed on to the human palate where they

were perceived as different in one or more flavour and/or aroma attributes (Reynolds et al,

1995a; Reynolds and Wardle, 1997).

From a financial standpoint the application of viticultural practices can be expensive,

this being especially true in regards to those that are repeated on an annual basis. For a winery

any financial losses that may occur with application of cluster thinning and leaf removal may

be recouped through an associated increase in wine quality. Considering that grapes in Ontario

are priced on a sliding scale of °Brix, increases brought about in this maturity' parameter may

also provide the grape grower with some financial reimbursement. On a price point

comparison however, it would be far more fiinancially viable for wine quality to be increased in

the winery through less expensive practices such as yeast strain selection and or enzyme usage.

Yeast strain and enzyme manufacturers often lay claim tiiat varietal t)^icity of certain wine

varieties may be improved through use of specific yeast strains and/or enzymes. Often specific

mention is made towards an observed p-glucosidase activit}^ that has the ability to hydrolyse
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glycosidically bound terpenes to their free forms. The contribution of different yeast strains

towards individual properties of wine has been documented (Antonelli et al., 1999; Dulau and

Anderson, 1999; Reynolds et al., 2001), as have a number of commercial enzyme preparations

that are also marketed as having the ability to increase volatile characteristics of wine through

P-glycosidase side activity (Grobmann and Rapp, 1988; Canal-Llauberes, 1994, Hesford et al.,

1996; Francis etal., 1996).

In this study two separate trials were conducted. The first examined the effect of

veraison leaf removal and cluster thinning on the yield, vine performance, and berry, must, and

wine composition of Chardonnay musque. Although other studies have examined leaf removal

and cluster thinning at varying degrees of severity, and in the case of the former, timing, this

study is unique in its subsequent factorial combination of these viticultural techniques with

yeast strain selection and enzyme usage.

Given a lack of research pertaining to the effect of cluster thinning timing on

grapevine reproductive and vegetative growth, as well as, berr}^ composition. The second trial

examined the effect of cluster thinning applied to Chardonnay musque at five different

phenological stages in regards to its impact on yield, vine performance, and berry, must, and

wine composition. Similar to trial one a number of different yeast strains and enzymes were

also included in this trial. The overall objective of this study being to determine whether the

composition of Chardonnay musque may be altered through viticultural and/or enological

means to the extent whereby distinctiveness in wine aroma and flavour maybe achieved.
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The hypothesis

The sensory attributes of Chardonnay musque wine are based on chemical

composition, which can be altered through yeast strain selection, enzyme usage, cluster

thinning, and basal leaf removal, resulting in wines distinctive in sensory attributes.

Literature Review

Chapter 1: Impact of leaf removal and cluster thimiing on yield and vine performance

1.0 Characteristics ofa non balanced vine

Under conditions where water and nutrient supply are not a constraining factor,

arguably vine vigour is one of the most prominent problems observed in cool climate

viticulture (Wolf, 1990). Typically over vigorous conditions result in high vine sizes and an

increased number of canopy leaf layers, which ultimately results an increased number of

shaded leaves and clusters. From a viticultural point of \aew vines exhibiting such

characteristics are said to be out of balance, where the success of vegetative growth threatens

conditions necessary for successful reproductive growth and quality fruit production. Under

such conditions yield and vine performance has also been reported to be effected through an

observed reduction in berry weight, cluster initiation, and decreased fruit set (Percival, 1994).

Grape quality has additionally been suggested to suffer for the express purpose of wine

production due to associated decreases in °Brix and increases in pH and TA (Wolf, 1990;

Percival, 1994; Bledsoe, 1998).

In the reverse situation, economic pressures in agriculture can frequendy result in the

occurrence of product overproduction, to the point whereby increased reproductive growth

may detrimentally influence vegetative growth. Over cropped vines have been suggested to

suffer in subsequent years from reductions in vine size, berry weight, flowering, and yields
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(Looney, 1981; Kingston and Van Epenhuijsent, 1989; Lombard, 1992). Berry composition

too is said to suffer in quality due to insufficient maturity (Edson et al., 1995) prevalent in low

soluble solid accumulation and lack ofTA reduction (Kingston and Van Epenhuijsen, 1989).

/./ Effect ofleafremoval on vine reproductive growth

A major physical difference between defoliated and non-defoliated vines is the

adjustment to canopy microclimate. Typically non-defoliated vines especially those that are

over-vigorous exhibit increased leaf layers, a higher degree of interior shading, and a reduced

penetration of photosynthetically active light (400 to VOOnm). According to Smart (1992) the

amount of photosynthetically active light can vary from 2000 //E m"s^ immediately at the

surface of the canopy to as low as 1 3-30 //E m "s at the centre of a dense canopy.

Through leaf removal the percentage of interior leaves and clusters has been reduced,

while Hght intensity, temperature, and the penetration of photosynthetically active light has

been increased (Bledsoe, 1986; Staff et al, 1997). Such changes in light intensity and

temperature can exhibit an effect on grapevine yield parameters (Kobayashi et al., 1965;

Kobayashi et al., 1967; Reynolds et al., 1986; Reynolds and Wardle, 1989b; Bergquist et al.,

2001). Bergqvist et al. (2001) for instance observ^ed Grenache berr)^ mass to gradually decline

with sun exposure due possibly to an effect on berr}^ cell division and/or elongation as well as

berry transpiration and dehydration. Reynolds et al. (1986) similarly observ^ed partially exposed

Seyval blanc berries to exhibit higher weights than those completely shaded or fiiUy exposed to

sunlight. Based on the research of Kobayashi et al. (1965) where Delaware berries were

observed to exhibit variation in growth with temperature, Reynolds et al. (1986) suggested that

partially shaded fruit experienced more optimal temperatures than either shaded or fully

exposed fruit, ultimately increasing berry growth and possibly limiting transpiration.
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The import of assimilates from the leaf to the berry increases as the berry begins to

undergo cell division and elongation thus indicating a dependence of berry growth on leaf

assimilate supply (Koblet and Perret, 1979; Hunter and Visser, 1988c). Both sunlight exposure

and temperature cause a drastic change in leaf physiology. Typically shaded leaves exhibit low

photosynthetic rates, limited transpiration, and high stomatal restriction (Hunter and Visser,

1988c; Candolfi-Vasconcelos and Koblet, 1991). Regardless of age Utde assimilates are

translocated from shaded leaves, and according to Quinlan and Weaver (1969), leaves under

such microclimatic conditions may actually import assimilates if not in competition with a

stronger sink. The degree of leaf interception of sunlight for the production of photosynthates

will therefore have an affect on berry weight as indicated by the study of Rojas-Lara and

Morrison (1989), which observed that canopies with shaded foliage produced smaller berries

compared to those canopies with limited shading.

Leaves remaining on the vine subsequent to defoliation have exhibited increased

photosynthetic activity due to a corresponding increase in light penetration, and/or a decrease

in source capacit}^ resulting in a more efficient production of assimilates to meet increased

demands on a per leaf area basis (Hunter and Visser, 1988b). Such increase in the efficiency of

single leaf photosynthesis with reduction in leaf area was found by Vasconcelos and Koblet

(1991) to be the result of increased stomatal and mesophyU conductance, chlorophyll content,

and water use efficiency. As pointed out by lacono et al. (1995) however, an increase in single

leaf photosynthetic activity does not necessarily translate into increased photosynthate supply

on a whole vine basis. This stemming from the fact that intensive removal of leaves has the

ability to limit leaf area to such a degree, that any potential benefit accrued through

augmentation to canopy microclimate and/or leaf photosynthetic activit)- is lessened by lack of
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sufficient leaf surface area. The study of Hunter and Visser (1990b) on Cabernet Sauvignon

seems to be indicative of this, where vines with 66% of the leaf area removed exhibited lower

berry weights and generally lower bud fertility than vines with 33% of the leaves removed.

Similar reduction in berry weight, along with reductions in percent fmit set and the number of

berries per cluster in Sauvignon blanc grapevines, was also reported by Caspari et al. (1998)

with an increasing number of leaves removed per shoot. Other studies have observed similar

results in terms of the impact of leaf removal on at least one of these yield components

(Kingston and Van Epenhuijsen, 1989; Candolfi-Vasconcelos, 1990; Hunter and Visser,

1990b; Percival et al., 1994; Staff et al, 1996; Caspari et al, 1998; OUat and Gaudillere, 1998).

Although Bledsoe et al. (1988) failed to observe any effect of defoliation timing on

Sauvignon blanc yield, other studies have observed results to the contrary (Candolfi-

Vasconcelos and Koblet 1990; Hunter and Visser, 1990b; Hunter et al., 1995). Hunter and

Visser (1 990b) for example found weight of Cabernet Sauvignon berries to be decreased more

profoundly when leaf removal was applied at bud break and berry set than when applied at

veraison. Compared to vines defoliated later in the season, a similar reduction in berry weight

was also observed by Candolfi-Vasconcelos and Koblet (1990) along with a reduction in the

number of berries/cluster in Pinot noir vines defoliated at bloom and two weeks after bloom.

According to Ollat and Gaudillere (1998) the success of periods where the berry undergoes

both cell division and elongation are highly dependant on assimilate supply due to increased

demand for structural and metabolic machiner)^, therefore removal of leaf surface area and

concurrent loss in assimilate production at these periods in time, may irreversibly effect the

relative and absolute growth rates of the berry.
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1.2 Effect ofleafremoval on vine vegetative growth

Through defoliation Staff et al. (1997) substantially reduced vine vigour of both

Cabernet fcanc and Optima grapevines. Similar reductions in vigour parameters with leaf

removal have also been reported on Sauvignon blanc by Caspari et al. (1998), on

Gewurztraminer by Reynolds and Wardle (1989), and on Pinot noir by Petrie et al. (2000a,b).

Through its application leaf removal is believed to reduce vine vegetative growth due to an

associated reduction in carbohydrate supply to the shoot tip and lateral shoots with reduction

in functional leaf surface area (Reynolds and Wardle, 1989; Staff et al, 1997; Caspari et al.,

1998). Given evidence that middle leaves contribute assimilates in the acropetal direction

during active shoot growth supports the validity of such a speculation (Hunter and Visser,

1988a). Augmentation to the quality and quantity of light reaching the canopy interior has

additionally been suggested to impact on grapevine vegetative growth. Hunter and Visser

(1990) mentioned for instance that shortened intemodes observed in defoliated vines of

Cabernet Sauvignon to be the result of an increase in the red: far red ratio of radiant energy,

while Petrie et al. (2000a) explained a similar reduction in intemode length with defoliation to

be the result of a reduction in gibbereUins and nutrients with the removal of leaf surface area.

Despite the number of reported cases where defoliation decreased grapevine growth,

results are controversial with Httie change being reported by Hunter et al. (1995), Percival et al.

(1994a) and Bledsoe et al. (1988) on Cabernet Sauvignon, Riesling, and Sauvignon blanc

grapevines respectively, and increases been reported by Hunter and Visser (1 990) on Cabernet

Sauvignon. Previous studies have indicated both severit)^ and timing of defoliation to be

possible sources for the observed variation in reported results. Kaps and Cahoon (1992) for

example observed leaf, stem, and root dry weights to decrease with a decreasing number of

leaves retained per Seyval blanc grapevine. A similar relationship between severity of leaf
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removal and grapevine growth was also reported by Caspari et al. (1998), where the fate of

shoot growth of Sauvignon blanc decreased linearly with increased severity of defoliation.

Leaf si2e and intemode length on portions of the shoot that developed subsequent to the

application of leaf removal were also decreased by increasing amounts with the removal of a

greater number of leaves in this study.

Pratt and Coombe (1978) explained seasonal variation in shoot growth through a

categorization into four morphological stages; 1) formation of nodes on buds which become

dormant at the end of the first growing season, 2) the development of new nodes and

elongation of intemodes from bud burst to anthesis in the subsequent season, 3) continued

shoot growth in the form of elongation of young intemodes from flowering to midsummer,

and 4) subsidence of growth as the shoot matures into a cane from midsummer to leaf

abscission. Influences of temporal application of leaf removal, due to variation in vegetative

growth throughout the growing season, have been reported. Hunter et al. (1995) reported cane

mass per vine to be more substantially reduced by defoliation at berr\^ pea size than when

applied at veraison for example. Hunter and Visser (1990) additionally observed that

maintenance of leaf areas in defoliated vines from budbreak, berry set, berry' pea size, and

veraison stages of development until ripeness, to exhibit variation in a number of growth

parameters. Treatments defoliated from budbreak, berry set, and berry pea size stages for

example were observed to exhibit increased lateral shoot production and growth compared to

vines defoliated from veraison, thus creating greater shoot length in these former treatments at

berry ripeness. Similar variation in lateral shoot production depending on the timing of leaf

removal has also been reported by Percival et al. (1994b).
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1.3 Effect ofcluster thinning on vine reproductive growth

The manual removal of grape clusters will obviously result in a reduction in crop level

thus negatively affecting grapevine yield. It has been observed that in some situations however

that cluster thinning can eHcit a yield compensation response whereby the action of cluster

thinning increases berry weight (BCliewer and Weaver, 1971; Bravdo et al., 1985; Reynolds,

1989; Reynolds et al, 1994c), cluster weight (Miller et al., 1996; Reynolds et al., 1994c), and/or

the number of berries per cluster (Edson et al., 1995b; Reynolds et al., 1994c) in comparison to

vines carrying a higher crop level.

In a number of situations the severity of crop reduction appears to affect the degree of

yield compensation response. Reynolds (1989) for example observed that increases in Riesling

berry weight were generally linearly correlated with decreasing crop level. With various levels

of crop reduction applied to Seyval grapevines Edson et al. (1995b) noticed no noteworthy

change in berry weight but the number of berries per cluster showed an increasing trend with

increased reduction in the number of clusters per vine. With removal of clusters, grapevine

sink:source ratios are increased, the increment of which is dependant on the severity of

application. Variation in berry weight and other yield components as a response to difference

in leaf surface area have been reported (Kliewer and Weaver, 1971; Edson et al., 1995a).

Kliewer and Weaver (1971) for instance observed berry weight of Tokay grapes to increase

from 5.58g to 6.5g with an increase in the leaf area: fruit weight ratio from 5.0 to 1 1 cm"/g

through cluster thinning. Such increases are deemed to be the result of decreased competition

between sinks- both vegetative and reproductive- for assimilates (Edson et al, 1995b). Increase

in leaf surface area to fruit weight ratios does not necessarily result in a corresponding increase

in one or more yield components however (Kliewer and Weaver, 1971; Kaps and Gaboon,

1992). Kaps and Gaboon (1992) for instance reported berry weight of Se\^^al blanc grapevines
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to be hyperbolically related to leaf surface area, thus indicating that berry weight reached a

maximum at a certain leaf area after which litde weight was gained regardless of additional

increases in leaf surface area. Such results support the speculation of Petire et al. (2000a) that

assimilate supply may only be improved under conditions where vines are source limiting, due

to sink limitations causing a negative feedback response on photosynthetic rates as a result of a

lack of carbohydrate utilization.

Given that reproductive sinks exhibit variation in demand for assimilates throughout

the growing season, timing of crop level reduction has been speculated as a source of variation

in its effect on yield compensation. Winkler et al. (1962) for instance suggested that the

probability of berry set and growth being improved by yield reduction would be highest when

thinning was applied at flowering, provided that assimilate demand of clusters increases with

encroachment on the set stage of development. The results of Weaver and Pool (1973)

support this suggestion given that Thompson Seedless vines thinned at two, four, and six

weeks after set all exhibited lower berry weights in comparison to vines thinned at and prior to

berry set. Contrary results pertaining to the temporal impact of cluster thinning on berry

weight exist however, as Dokoozlain and Hirschfelt (1995) observed that Thompson Seedless

vines thinned up to four weeks after set aU displayed higher berry weights than unthinned

vines, thus indicating that the effect of crop reduction may influence yield components when

applied beyond the berry stage of set. Smithyman et al. (1998) moreover reported that weights

of Seyval blanc berries were higher in post-set cluster thinning treatments compared to that of

flower cluster thinning treatments. It should be mentioned however, that in trials where

thinning has been performed prior to set, that associated increases in the percentage of the
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number of berries set can cause a reduction in die weights of individual berries given the

increased number of sinks.

1.4 Effect ofcluster thinning on vine vegetative growth

During periods of active growth, vine vegetative and reproductive structures appear to

compete for assimilates. Using pot grown Chambourcin grapevines with and without retention

of crop Miller et al. (1997) demonstrated this competitive nature, as vines bearing crop were

found to have lower root, shoot, leaf dry weights, shoot elongation, and leaf size than vines

absent in crop. A similar reduction in vine vigour in the presence of crop was similarly

observed by Petrie et al. (2000a) using Pinot noir cuttings. Decreased shoot lengths in the

treatment where crop was retained became evident two weeks after the berry pea size stage;

moreover towards the end of the season duration of active shoot growth was also observed to

be decreased in crop bearing vines. Presence of crop was additionally observed to be

associated with lighter canes, fewer and shorter intemodes, reduced leaf number and a

reduction in leaf area. Shoot, root, and storage tissue weights were also reduced in vines

retaining crop.

Despite decreased vegetative growth amongst vines carrj^ing crop, in both the studies

of Miller et al. (1997) and Petrie et al. (2000a) both crop bearing and non-crop bearing vines

displayed similar total vine dry weights. Such results indicate that even though evidence exists

that grapevine photosynthetic rate increases with increased crop level (Petrie et al, 2000c),

crop bearing plants on a whole vine basis did not increase assimilate production as a response

to fruit production. Carbohydrate supply available for vegetative growth therefore appears to

be reduced due to a diversion towards fruit production as is evident in the reduced dvf weights

of vine vegetative structures. The diversion of assimilate supply away from vegetative tissue

25





appears to be dependant on the degree of crop retained on the vine. Edson et al. (1995b) for

instance observed that by mid season partitioning of assimilates in leaves and shoots were

reduced with increasing crop level resulting in overall lower leaf areas. At harvest an inverse

correlation between both shoot growth and intemode length with the amount of crop retained

was evident as vines carrying one and six clusters were found to exhibit shoot lengths 20 and

60% shorter than vines absent in crop.

In disagreement with the results of Edson (1995), Petrie et al. (2000b), and Miller et al.

(1997), other studies have indicated that varying crop levels have a litde effect on vine vigour

(Howell et al., 1987; Reynolds, 1989). Over three years Reynolds (1989) for instance observed

no difference in vine vigour amongst Riesling grapevines carrying three different crop levels.

As expressed by Reynolds (1989) differences in varietal abilit}' to tolerate crop stress may be a

contributing factor to the variation in results pertaining to the effect of crop level on grapevine

vegetative growth, as also may be the number of years at which a specific crop level is

maintained. Reynolds et al. (1994a) for instance didn't observe any decrease in vine vigour with

increasing crop level until the third and fourth years of a four year study on Riesling grapevines

with three different crop levels imposed. Further variation in reported results may be created

due to use of either pot grown (Miller et al., 1997; Petrie et al, 2000a, 2000b) or field grown

vines (Howell et al., 1987; Reynolds, 1989) as experimental subjects. As Petrie et al. (2000a)

pointed out, field grown vines may not be under as severe of carbohydrate stress due to greater

reserves and therefore the effects of crop stress may be less pronounced under field

conditions.
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Chapter 2: Impact of leaf removal and cluster thinning on berry and must composition

2.0 Berry composition and ripening

Although difficult to delineate, for ease of communication berry development is

typically divided into defined stages characterized by morphological and physiological changes

occurring within the berry. The onset of berry development occurs subsequent to floral

anthesis, followed by poUination and fertilization, resulting in berry set. Subsequent berry cell

division followed by cell elongation results in the first period of berry growth, generally termed

as stage I (Farmahan and Pandey, 1976). During this time the berry is green and hard, cell

volume increases in a sigmoid fashion, and malic and tartaric acids are the main solutes that are

biosynthesized (Winkler et al, 1962; Lakso and Kliewer, 1975; Coombe and McCarthy, 2000).

Synthesis of both acids is found in the berry and leaves of the grapevine, tartaric acid synthesis

originating from sugar, and malic from the carboxylation of pyruvic or phosphoenolpyruvic

acids (Winkler et al, 1962). Following stage I, the berry enters lag phase a period where berry

volume remains constant (Farmahan and Pandey, 1976). Transition from lag phase to veraison

is characterized by; the softening of the berry, the initiation of sugar accumulation, citric and

malic acid accumulation reaching a maximum, initiation of increased berry volumes due to cell

elongation, and the development of colour in coloured varieties (Farmahan and Pandey, 1976;

Ruffner and Hawker, 1977). The occurrence of veraison is generally fairly rapid and is regarded

as the onset of berry ripening. During the period between veraison and harvest, the berry

continues to accumulate sugar that is transported from the leaves in the form of sucrose.

Mainly glucose and fructose is present in the berry as a result of sucrose hydrolysis by

invertase, however other sugars such as arabinose, rhamnose, ribose, x}4ose, maltose,

mannose, meHbiose, raffinose, and sucrose are also found in lesser amounts. Concurrent to

sugar accumulation, acid concentration is generally observ^ed to decrease. Of the main organic

acids in the grape berry, namely, tartaric, malic, citric, and to a lesser extent succinic, maUc acid
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concentration is found to decrease most profoundly during ripening due to the action of the

malic acid enzyme. Salt formation with potassium, and gluconeogenesis however may also

sHghdy lower maUc acid concentration. Decreases in tartaric acid and citric acid may also be

observed during this penod although to a lesser extent. The reduction in these latter acids is

most commonly believed to be the result of dilution due to the increased berry volume as a

result of berry cell elongation (Ruffner and Hawker, 1977), however in the case of tartaric acid

salt formation may also be a contributing factor (Winkler et al, 1962).

Although pH, soluble solids, and titratable acidity, are the most commonly used

parameters through which fruit maturity is judged, the suggestion has been made that

monoterpenes may act as a further maturity index for aromatic white varieties (Reynolds and

Wardle, 1993). According to Wilson et al. (1984) the presence of both free and bound

monoterpenes in Muscat of Alexandria were observed as early as berry set, with geraniol in its

free and glycosidic forms occurring in the most pronounced concentrations. From berry set to

veraison all terpenes were found to decrease in concentration, however upon ripening a

number of glycosidic terpenes were found to increase in concentration, which is in agreement

with results found by Dimitriadis and WiUiams (1984) for the same variety, and Reynolds et al.

(1993) for a number of white aromatic varieties.

2.1 Biosynthesis ofmonoterpenes

Belonging to the isoprene family, it was previously believed that monoterpenes arose

from isopentenyl diphosphate produced solely via the mevalonic acid pathway. Recent

labelling experiments however has indicated that in higher plants their exists two isoprene

pathways, the mevalonic acid pathway which produces sterols, sesquiterpenes, and

triterpenoids, and a previously unknown pathway the l-deoxy-D-xylulose-5-phosphate
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pathway (DOXP), which is responsible for plastid produced isoprenoids such as carotenoids,

phytol, platoquinone-9, and the mono- and diterpenes (Trapp and Croteau, 2001). The former

pathway is located within the cytoplasm while the latter is compartmentalized within the

plastid, and although separation exists, some evidence seems to indicate that IPP may be

exchanged between the two pathways. Production of IPP via the mevalonic acid pathway

begins with the substrate acetate, while in the DOXP pathway glyceraldehyde-3-phosphate and

pyruvate are the starting substrates. IPP represents a major branch point in the production of

the different isoprenoid compounds. Condensation of IPP and dimethylaUyl diphosphate

(DMAPP), which is produced through the action of IPP isomerase, produces geranyl

diphosphate (GPP) that leads to the production of monoterpenes and indole alkaloids. A

further condensation of GPP with another IPP unit wiU produce famesyl diphosphate (FPP),

which itself upon condensation with another IPP wiU produce geranylgeranyl diphosphate

(GGPP). FPP is the starting point for the production of sesquiterpenes, ubiquinone,

platoquinone, and prenylated proteins, while GGPP on the other hand produces diterpenes,

gibbereUins, chlorophyll, and carotenoids (Boylmann et al., 1998).

Through labelling experiments using [5,5-"H2]-mevalonic acid lactone and [5,5- HJ-l-

deoxy-D-xylulose Luan and Wust (2002) only observ^ed the incorporation of the latter

compound in (3S)-lLnalool and geraniol in mesocarp and exocarp tissues of ripening grape

berries. As such, the authors of this study concluded the DOXP pathway to be the dominant

monoterpene biosynthetic route in grapes. Interestingly, incorporation of labelled 1-deoxy-D-

xylulose into geraniol and (3S)-linalool varied according to tissue; geraniol being produced only

in the exocarp while (3S)-linalool was produced in both exocarp and mesocarp tissues.

According to Luan and Wust (2002) such variation within tissues in the production of
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monoterpenes signifies monoterpene metabolism to be compartmentalized and as such

precludes the possibility of monoterpenes being imported from other sources outside the

berry. This conclusion is also supported by the study of Gholami et al. (1995) where Muscat

Gordo Blanco grapes grafted to both Shiraz and Sultana shoots were observed to maintain the

distinctive monoterpene signature of ungrafted clusters. Variation between different parts of

the berry in monoterpene concentrations has also been reported by other authors (Wilson et

al., 1986), and according to Luan and Wust (2002) is the result of tissue specific variation in

terms of monoterpene synthase (cyclase) activity.

2.2 Effect ofleafremoval on herry and must composition

With increasing severity of defoliation of Pinot noir grapevines, Petrie et al. (2000b)

observed a reduction in total sugar and soluble solids accumulation at harvest and over 40 days

prior to harvest. AU treatments passed through veraison, however in the most severe

defoliation treatments the onset of veraison was delayed due to an extended lag phase. Similar

reductions in soluble solid concentrations (lacono et al., 1995; Reynolds et al, 1996a;

Vasconcelos and CastagnoH, 2000), and a delay in the occurrence of veraison (Kingston and

Van Epenhuijsen, 1989; Ollat and Gaudillere, 1998), with a reduction in leaf area have been

reported by other studies. Such negative impact on sugar accumulation within the berry has

been speculated to be the result of leaf surface area loss and an associated reduction in

photosynthate production during the ripening period (lancono et al., 1995; Ollat and

Gaudillere, 1998; Vasconcelos and CastagnoH, 2000).

Stemming from the observ-ation that Optima sugar concentration was reduced by

defoliation while littie difference was apparent in Cabernet Franc, Staff et al. (1997) indicated

that the effect of leaf removal on berry composition may be dependant on variety. Specific
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mention was made pertaining to the microclimatic conditions of each variety between veraison

and harvest and the degree of impact that leaf removal had in altering the berry climatic

conditions during this period. Being an earlier maturing variety than Cabernet Franc, Staff et al.

(1997) indicated that Optima might have benefited more from increased temperatures as a

result of defoliation during the ripening period. Like Staff et al. (1997) in the case of Cabernet

Franc, other studies have similarly observed little change in berry soluble solids with the

application of leaf removal (Percival et al., 1994; Hunter et al., 1995; Reynolds et al, 1995a;

Reynolds et al., 1995b). The results of Bledsoe et al. (1988) however is one of few documented

cases whereby leaf removal treatments at three different severities were all found to increase

soluble soHds concentration compared to a non-defoHated treatment. Increased leaf

photosynthetic rates, increased berry temperatures, and a change in assimilate translocation

patterns as a result of defoliation were provided by Bledsoe et al. (1988) as possible

explanations for the observed increase. Vasconcelos and Castagnoli (2000) have further stated,

that differences in the duration of vine growth may be a further variable impacting the effect

of defoliation on berry composition, due to contrasting vine abiHt)' amongst smdies to

compensate for losses in leaf area. In a smdy investigating the effect of leaf removal timing on

the composition of Pinot noir grape berries, Candolfi-Vasconcelos and Koblet (1990) shared

this opinion, explaining increases in soluble solids with early defoliation treatments, and no

change with later leaf removal application, as being due to variable ability amongst the

defoliation treatments in terms of increasing lateral shoot production.

Berry titratable acidit}^ has been observ^ed to increase (Kingston and van Epenhuijsen,

1989; Hunter et al, 1995), decrease (Bledsoe et al., 1988; Candolfi-Vasconcelos and Koblet,

1990; Ollat and Gaudillere 1998), or remain unchanged (Percival et al., 1994; Reynolds et al.
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1995a) as a result of leaf removal. An observed increase in the number of young leaves with

the appearance of lateral shoots as a result of defoliation has been suggested as a possible

avenue through which acid concentration of grape berries may be increased (Hunter and

Visser, 1990a). The results of Candolfi-Vasconcelos and Koblet (1990) tend to support this

suggestion as vines with lateral shoots removed tended to exhibit lower titratable acidity than

vines with lateral shoots retained in each season of a three year study on Pinot noir grapevines.

Observing substantial increases in titratable acidity amongst defoliated vines of Italia, Kingston

and van Epenhuijsen (1989) explained such increases differently however, suggesting the lack

of leaf area in defoliated vines as been responsible for slowing berry maturity and therefore the

natural decline in grape acid concentration. In contrast to these previous studies, the majority

of research tends to imply that grape berry titratable acidity is reduced through the application

of leaf removal (Bledsoe et al., 1988; Candolfi-Vasconcelos and Koblet, 1990; Reynolds et al.,

1995b; Ollat and Gaudillere, 1998). Candolfi-Vasconcelos and Koblet (1990) for instance

observed that leaf removal applied at full bloom, and two and four weeks after bloom, all

resulted in reduced acidity; little effect was observed six weeks after bloom. According to OUat

and Gaudillere (1998) the reduction in berry titratable acidity during early berry development

as a result of defoliation may be due to decreased availability of carbohydrates needed in malic

acid synthesis. Other smdies however point to increased berry temperatures increasing the

activity of the malic acid enzyme as being the primary reason for reduced berr\^ acidity

(Reynolds et al., 1986; Reynolds and Wardle, 1989b; Reynolds et al, 1995b; Reynolds et al.,

1996a).

In a number of occurrences defoliation has exhibited litde impact on berry pH

(Reynolds and Wardle, 1989a; Percival et al, 1994; Reynolds et al, 1995b; Reynolds et al..
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1996a; Staff et al, 1997; Ollat and Gaudillere, 1998; Vasconcelos and Castagnoli, 2000), while

in odiers a substantial decrease has been obtained (Bledsoe et al, 1988; Hunter et al., 1995;

Reynolds et al, 1995). According to Hale, (1977), Bledsoe et al. (1988), and Rojas-Lara and

Morrison (1989), berry pH is positively linked with malate and potassium concentrations. Since

sunlight exposure has a decreasing effect on both malate and potassium, pH is therefore

believed to decrease as a result of defoliation (Reynolds and Wardle, 1989b).

Monoterpenes both in the free and potentially volatile forms have on a number of

occasions exhibited a response to the application of defoliation (Macaulay and Morris, 1993;

Belancic et al, 1997; Zoecklein et al., 1998a; Zoecklein et al., 1998b). After removing the basal

leaves of Okanagan Riesling grapevines Reynolds et al. (1995b) increased both free and

potentially volatile terpenes over a number of sampling dates pnor to harvest. At harvest

however, leaf removal tended to exhibit a greater impact on potentially volatile terpenes than

that of free volatile terpenes where littie difference was observed between defoliated and non-

defoliated vines. Similar increases in potentially volatile terpenes after the defoliation of

Golden Muscat (Macaulay and Morris 1993), Riesling (Zoecklein et al., 1998a,; Zoecklein et al.,

1998b), and Chardonnay (Zoecklein et al, 1998b) varieties has also been reported. Results

pertaining to the impact of defoliation on free volatile terpene concentrations are inconclusive,

where increases (Reynolds et al, 1995a), litde to no effect (Reynolds et al, 1995b), and

decreases (Macaulay and Morris, 1 993) in concentration have all been reported.

Increased light penetration and temperatures associated with leaf removal have been

speculated as possible contributing factors for the observed changes in terpene concentration

of defoliated grapevines (Reynolds and Wardle, 1989b; Belancic et al, 1997; Bureau et al.,

2000a). Reynolds and Wardle (1989b) for instance observ-ed tiiat potentially volatile terpene

33





concentrations were increased in partially shaded and exposed clusters over shaded clusters.

Interestingly, amongst the treatments partially shaded fruit exhibited the greatest tendency

towards potentially volatile terpene accumulation, which Reynolds and Wardle (1989b)

speculated to be the result of the berry microclimate of partially shaded fruit increasing terpene

biosynthesis and reducing terpene volitization compared to fully shaded and fully exposed fruit

respectively. Similar changes in terpene concentrations with variation in environmental factors

have also been observed in a number of other plant and tree species (Yatagai et al, 1995;

Llusia and Penuelas, 1998, Llusia and Penuelas, 2000). Yatagai et al. (1995) for instance

observed terpene emission from Chamaecyparis otusa trees to increase in response to both

increasing temperature and increasing light intensity. Similar responsiveness in terpene

emission of a number of woody Mediterranean plants as also observed by Llusia and Penuelas

(2000). Emission of individual terpenes was observed to be dependant on volatility, with the

most volatile terpenes being responsive primarily to changes in temperature, and lesser volatile

terpenes being more responsive to changes in light intensity and photosynthetic rates.

2.3 Effect ofcluster thinning on herry and must composition

In cluster thinning of Seyval grapevines to one, two, four, or six clusters/vine Edson et

al. (1995) observed °Brix to decrease in a linear fashion with increasing crop load. A similar

relationship of °Brix with increasing crop load was also observ^ed by Reynolds (1989), and

Reynolds et al. (1994) with Riesling grapevines carr\'ing three different crop loads. Howell et al.

(1987) also observ^ed decreased soluble solids with increased crop level within Vidal blanc

grapevines, as did Bureau et al. (2002) in Muscat of Frontignan. According to Winkler et al.

(1962) both vine and fruit nutrition is improved through thinning due to an increase in the

ratio of leaves to crop. In agreement with this supposition a number of different authors have

indicated a variety of different leaf area: fruit ratios needed to produce mature grapes. KHewer
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and Weaver (1971) for instance observed diat non-pruned and pruned Tokay grapes with leaf

area: fmit ratios of 3.8 and 5.0 cm^/g fruit respectively, failed to reach sufficient soluble solids

necessary for commercial maturity. Pruned Tokay grapevines cluster thinned at bloom to 18

clusters on the other hand with a leaf area: fruit ratio of 12.6 cm"/g fruit reached sufficient

maturity (20 °Brix), and as such the authors concluded that a leaf area: fruit ratio of 11-12

cm /g fruit was sufficient for the Tokay variety. Given evidence that crop load has limited

capacity to increase vine photosynthate production (HoweU, 2001), it appears entirely

reasonable, as Winker et al. (1962) suggests, that accumulation of assimilates within fruit wiU

decrease with increasing crop load and an associated reduction in the leaf area: crop load ratio.

According to DokoozHan and Hirschfelt (1995) however any effect of crop load reduction on

berry soluble solids may not be evident until after veraison, where the berry becomes a strong

assimilate importer and therefore a greater constraint is placed on leaf photosynthate

production.

For the most part titratable acidity appears to be impacted very little by variation in

crop level (Reynolds et al., 1994a; Edson 1995). In a three-year study investigating the impact

of crop level on Riesling grapevines however, Reynolds (1989) did observe a linear decreasing

trend with decreasing crop level in one year. Such a decrease was believed to be as a result of

increased berry maturity with decreasing crop level as has been observed in a number of

studies where leaf area: crop load ratios have been increased (Kingston and Van Epenhuijsen,

1989; Ollat and Gaudillere, 1998). Observed increased pH with a reduction in crop load

(Reynolds, 1989; Reynolds et al., 1994a; Bureau et al., 2000b) also seems to indicate an

advancement in berry maturity, however increased potassium accumulation within a lesser
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number of sinks, or a increased production of malic acid in comparison to tartaric acid may

also be contributing factors.

Reduction of crop level to Riesling grapevines by Reynolds et al. (1994) exhibited Httie

effect on free volatile terpene concentration while an increasing quadratic trend in potentially

volatile terpene concentration was observed. Similar increases in bound terpenols with a

reduction in crop level were also obtained by Bureau et al. (2000b) in Muscat of Frontignan

grapes. Such increases in terpene concentation in regards to crop level reduction have been

deemed to be the result of advanced berry maturity (Bureau et al., 2000b). Such a speculation

seems to have a basis given that Reynolds et al. (1993) observed both free and potentially

volatile terpene concentrations to vary depending on harv^est date. In all varieties however,

especially in terms of free volatile terpenes, concentrations were not always enhanced with a

prolonged date until harvest. Given that grape varieties differ qualitatively in terpene content

(Wilson et al, 1986), such a result may be due to individual terpene response to berry maturity,

and/or environmental conditions. Callo et al. (1991) for instance observed Hnalool and OC-

terpineol to be highest in concentration when Chardonnay fruit was unripe while nerol and

citronellol exhibited increased concentrations with the progression of berry maturity.

Optimum concentration of individual free terpenes therefore may not follow a pattern similar

to °Brix, thus indicating the use of sugar as a predictor of wine quality to exhibit an inherent

weakness.
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Chapter 3: Impact ofyeast strain selection and enzyme usage on wine composition

3.0 Effect ofyeast strain selection and commercial en^me addition on terpene

concentration

Since monoterpenes are deemed to be responsible for the varietal expression of a

number of aromatic white varieties, the influence of wine yeasts and enzymes on this class of

chemical compounds is of great interest. Yeast strains have exhibited the potential to alter

terpene content, and thus wine aromatics through; 1) biosynthesis of terpenes, 2)

biotransformation of free terpenes, and/or 3) hydrolysis of terpene glycosides.

3.1 Terpene biosynthesis byyeast strains

A number of yeast strains have exhibited the ability under different conditions to

produce monoterpenes. Saccharomycesfermentati for instance a wine yeast used in the production

of fino sherry, was shown to produce trace amounts of Unalool, cis-neroldiol, trans-neroldiol,

and trans, trans-famesol when growing as surface film on a simulated wine medium. The close

relatedness of this yeast species to that of S. ceremiae, caused the authors of this study to

speculate that S. ceremiae may too have such an ability (Fagan et. al. 1981). Support for this

assumption was later found by Zea et al. (1995), when geraniol, linalool, a-terpineol„ (E)-

neroldiol, and (Z)-neroldiol were found to accumulate within the yeast cell during fermentation

with a S. ceremiae var. ceremiae yeast species, and two fikn forming yeast species from S. ceremiae

var. bayanus, and S. ceremiae var. capensis .It was suggested that the lack of oxygen present in the

later phases of fermentation may stunt the production of sterols and as a result intermediates

in the pathway such as geranyl pyrophosphate, famesyl pyrophosphate, and per-squalene

pyrophosphate may accumulate. Subsequent isomerization, enzymatic conversions, and

cyclizations may then result in varying concentrations of linalool, geraniol, tt-terpineol, nerol,

and neroldiols, which may subsequentiy be excreted from the yeast strain into the surrounding

wine medium.
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3.2 Terpene biotransformation byyeast strains

The biotransformations of monoterpenes, or their substrates, as speculated by Zea et

al. (1995) has been observed in a number of bacterial, fungal, and yeast species (van der Werf

et al., 1999; Aleu and Collado, 2001; Demytenaere and Kimpe, 2001). Strains oi Botrytis cinerea

for example, a common pathogen of grapes, has exhibited the ability to biotransform linalool,

terpinen-4-ol, citronellol, nerol, and geraniol when present in grape must. (Aleu and Collado,

2001). The products formed through these biotransformations appear to be dependent on the

substrate used. When linalool was used as a substrate for instance, 90% was converted into

(E)-2,6-dimethylocta-2,7-diene-l,6-diol, while 10% resulted in the corresponding (Z)-isomer,

2-vinyl-2-methyltetrahydrofuran-5-one, (E) and (Z) linalool oxides in the fiiranoid and

pyranoid forms, (E) and (Z) acetates of pyranoid linalool oxides, and 3,9-expoxy-p-menth-l-

ene. When citral is used however, complete metabolism occurs without the production of any

volatile products. This is assumed to be the result of its complete incorporation into the fungal

species biomass or its degradation into CO, and H^O (Aleu and Collado, 2001). Among yeast

genera, Torulaspora delbrueckii, Kluyveromjces lactis^ and S. cerevisiae have exhibited a similar ability

to convert monoterpenes (King and Dickinson, 2000). With regards to S. cerevisiae, the ability to

convert linalool, nerol, and geraniol in synthetic medium has been noted (King and Dickinson,

2000). Both linalool and nerol were converted into tt-terpineol. Biotransformation of geraniol

resulted in the production of linalool, citronellol, and a-terpineol, the latter of which deemed

most likely to be formed via linalool. Citronellol supplemented medium showed no

biotransformation products. Given that specific monoterpenes posses different nuances and

aroma thresholds, such changes brought about through the metabolism of different yeast and

fungal organisms would certainly have the potential to impact on the aromatic properties of

wine. Such an assumption appears to be entirely reasonable given that Fichan et al. (1999)
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observed that with the functionalization of terpenes water solubility was increased while

activity coefficients and volatility was reduced, and additionally that Abraham et al. (1998)

through use of equations used to correlate chemical and biochemical phenomena predicted

that terpene nasal pungency threshold values would be highest amongst terpene hydrocarbons,

followed by aldehydes and ketones, and finally alcohols.

3.3 ^-glucosidase activity inyeast and commercialen^mepreparations

A number of different yeast strains have displayed p-glycosidase activity. McMahon et

al. (1999) for instance observed various degrees of p-glucosidase activity in Candida parapsilosis,

Hansenula anomala, Kloeckera apiculata, Metschnikoma pulcherrima, and Vichia gmllermondii species. (3-

glucosidase, along with arabinofuransodiase, and rhamnopyranosidase activities was also

observed in yiureobasidium pullulans, and P-glucosidase and rhamnopyranodsidae activities in

Candida guillermondii. A number of these yeasts are found within the natural flora located on the

grape berry skin or has been implicated as wine spoilage yeasts. Past studies indicate that

strains from the Saccharomyces genus exhibit Httie to no P-D-glucosidase activity (Rosi et. al.,

1994; Ubeda Iranzo et al, 1998). Ubeda Iranzo et al. (1998) for instance screened 74 wine

strains of Saccharomyces^ and although esterase, protease, and pectinase enzymes were found, no

P-glucosidase activity was observed amongst any of the strains. Contrary results exist however,

as McMahon et al. (1990) observed limited P-glycosidase activity in the S. cerevisiae VLl

commercial yeast strain. Similarly Delcroix et. al. (1994), observed a-arabinosidase, tt-

rhamnosidase, and P-glucosidase activity in three Saccharomyces strains, the activit}' of which was

most evident during the exponential growth phase of fermentation. Mateo and Di Stefano

(1997) found varying degrees of activity amongst six strains from the Saccharomyces gcmis. From

this study it was evident that little of the p-glucosidase activity was present in exocellular or
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periplasmic fractions, the majority being found in the soluble fraction of the yeast cell. With

this, Mateo and Di Stefano (1997) speculated that P-glucosidase was not secreted by the yeast

cell, but instead, the enzyme was found in association with the yeast cell wall directed towards

the periplasmic space. Localization of ^-glucosidase activity, however, appears to be species

specific, as Kloeckera apkulata, Metchnikoma pulcherrimma, and Debaryomyces hansenii have all been

observed to exhibit extracellular (3-glucosidase activity (Rosi et al., 1994; McMahon et al. 1999).

Variation amongst past research in regards to (i-glucosidase activity may therefore be

dependant on the method of detection used. For instance, direct plating of yeast cells onto a (3-

glycoside substrate, such as the screening method used by Rosi et al. (1994), may be Hmited to

the detection of yeast strains that excrete P-glucosidases not those that contain them

intraceUularly.

Although Grossmann and Rapp (1988) observ^ed commercial yeast strain P-glucosidase

activity that was maintained at 90% of its optimal activity three weeks prior to fermentation,

the majority of research pertaining to the usefulness of yeast P-glucosidase for the purpose of

wine aroma enhancement points to limitation in activities brought about at pH ranges, ethanol

concentrations, and temperatures most commonly present during the production of wine

(DelcroLx et al., 1994; Rosi et al, 1996; Mateo and Di Stefano, 1997). DelcroLx et al. (1994) for

example observed 95% loss in P-glucosidase activity from s optimum pH of 6.0 when exposed

to pH 2.8 for 90 minutes. An 85-90% loss of activit)^ was similarly observed at temperatures

commonly used in white wine production (18-20°C) compared to that obtained at the

enzyme's optimal activity of 50°C. Litde inhibition as a result of ethanol concenttation was

found by DelcroLx et al. (1994), however other studies such as that performed by Mateo and
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Di Stefano (1997) have observed a sharp decrease in enzyme activity at ethanol concentrations

commonly found in wine.

Chapter 4: Impact of leaf removal, cluster thimiing, yeast strain selection, and enzyme
usage on the sensory properties ofwine

4.1 Variation in wine sensoty properties through application ofleafremoval

Although reports exist to the contrary (Reynolds and Wardle, 1989a; Reynolds et al.,

1995b), leaf removal has been observed to enhance wine aromatics and/or flavours in a

number of varieties (Reynolds et al., 1995a; Staff et. al., 1997). Staff et al. (1997) for instance

found aroma and palatability to be improved in leaf removal treatments in both Optima and

Cabernet Franc varieties. In a number of instances increases in aroma and flavour tend to be

associated with increases in terpene concentration. For example in an investigation on the

effects of leaf removal on the berry composition of the early muscat varieties Bacchus, Pearl of

Csaba, Schonburger, and Siegerrebe, through leaf removal Reynolds et al (1995a) obtained

higher free volatile terpene concentrations in Pearl of Csaba and Schonburger, and higher

potentially volatile terpenes in aU four varieties smdied. Upon tasting, judge responses

indicated a higher muscat aroma, a higher muscat flavour, and greater muscat and floral

flavours in the leaf removal treatments of Pearl of Csaba, Bacchus, and Siergerrebe

respectively. A similar distinctiveness in wine aroma of sun exposed clusters of Golden Muscat

which were higher in PVT concentration, was also reported by Macaulay and Morris (1993).

4.2 Variation in wine sensory properties through application ofduster thinning

Although research pertaining to the effect of crop level reduction on wine sensory

attributes is limited some smdies do indicate an effect (Reynolds, 1989; Reynolds et al, 1996b).

Amongst Pinot noir grapevines thinned to half crop for example Reynolds et al. (1996b)

observed a number of different attributes to be distinctive in comparison to vines carrying full
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crop levels. Across the three years of the study, vegetative and chocolate aromas appeared to

be the most consistendy affected with half cropped vines exhibiting the lowest intensities.

Neither wine aroma or quality was affected by the application of crop level reduction to

Riesling grapevines, however in regards to taster response in terms of the perceptions of

acidity and astringency respective linear and quadratic relationship was found in respect to

decreasing crop level by Reynolds (1989).

4.3 Variation in wine sensory properties through application ofyeast strain selection

The sensory profile of wine is dependent on aroma and flavour compounds produced

in the grape, during fermentation, and through ageing (Rapp and Mandery, 1986; Ebeler,

2001). Ethanol, higher alcohols, and acetate esters and ethyl esters of fatty acids are among

some of the most common compounds, or groups of compounds, listed as being fermentation

derived compounds that contribute to the aroma of wine (Rapp and Mandery, 1986; Dumont

and Dulau, 1996; Ebeler, 2001). Formation of these compounds has been reported to be

highly dependent on the yeast strain used during the fermentation process. AntoneUi et al.,

(1 999) for instance reported that strains belonging to the species S. bayanus typically produced a

substantially higher volatile content than those from S. ceremiae mostiy due to higher

concentrations of the higher alcohol phenylethanol and the fatty acid ester ethyl lactate. Similar

variation as a result of yeast strain in higher alcohol production was reported by Aragon et al.

(1998) where the S. ceremiae yeast strain KIM was observ^ed to produce higher amounts of

isobutanol and isoamy alcohols and lower amounts of propanol when compared to the S.

ceremiae yeast strain D47 in the fermentation of Malvasia and Muscatel musts. Lactic acid and

acetic acid two organic acids typically known to be volatile enough to contribute to wine aroma

were also reported by Reynolds et al. (2001) to differ amongst ten different strains of S.
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cerevisiae in the fermentation of Chenin blanc musts. Ethanol production was also found to

exhibit some dependence on yeast strain used in this study.

As with volatile compounds yeast strain selection has exhibited an effect on a number

of compounds known to effect wine flavour or mouthfeel properties. Ethanol, glycerol,

organic acids, sugars, and polyphenols are some typical examples of such compounds or

groups of compounds (Ebeler, 2001). Utilization of fructose, and production of glycerol,

ethanol, citric acid, and succinic acid for example were found to differ among ten strains of S.

cerevisiae by Reynolds et al. (2001). Similar differences were also reported in concentrations of

citric, succinic, and maHc acids in fermentation carried out by the S. cerevisiae strains D47 and

KIM by Aragon et al. (1998).

Given such variation in wine chemical composition with yeast strain selection, along

with evidence that specific compounds can contribute to the aroma and flavour of wine (Rapp

and Mandery, 1986; Pickering et al, 1997; Thomgate, 1997; Ebeler, 2001), die reports of

authors indicating an influential effect of yeast strain selection on wine sensory profiles is not

surprising. (Dumont and Dulau, 1996; Iranzo et al, 2000; Delfini et al, 2001; Reynolds et al,

2001).

4.4 Variation in wines sensory attributes through application ofen^tne usage

Despite the physiological constrains placed on P-glucosidases by the wine medium,

evidence exists that wine chemical and sensory properties may stiU be adjusted through use of

different commercial enzymes (Grossmann and Rapp, 1988; Binder, 1998; Canal-Llauberes,

1994). Through addition of Novoferm 12, an Aspergillus //^^^r pectinase preparation containing

a-rhamnosidase, a-arabinosidase, and p-glucosidase activity, Canal-Llauberes (1994) observed
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increased free terpene content in both Gewurztraminer and Muscatel wines. Similar

adjustment to the free terpene content in Morio-Muscat wines with addition of commercial

enzymes was also reported by Grossmann and Rapp (1988). The enzyme treated wines in this

study were additionally found to exhibit sensory profiles higher varietal typicity and received

higher hedonic values compared to non enzyme treated wines. Impact of enzyme addition on

wine chemical composition and sensory attributes appears inconsistent however. For instance,

through the addition of Novoferm 12 Hesford et al. (1995) failed to find similar increases in

free terpene content of Riesling x Sylvaner wines as those reported by Canal-Llauberes (1994).

While Francis et al. (1996), found that Semillon wines produced with and without the use of

the commercial pectolytic enzyme preparation Rohapect C, exhibited only subde sensorial

differences, despite a reduction in glycosyl-glucose content from the juice to the wine.
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Materials & Methods

Vineyard site q!^^ experimental design

Study I: The effect ofveraison leafremoval and cluster thinnino^

In 1999, six rows of Chardonnay musque, each consisting of 72 vines, were designated

as the vineyard site for this study by Power (2000). In each of these rows three 24 vine subsets

were randomLy assigned to receive either a cluster thinning or leaf removal treatment during

the berry phenological stage of veraison, or alternatively to act as a control where no

viticultural treatment was applied (fig. 1). Rows, spaced 2.4m apart, were oriented in the north-

south direction, with a vine spacing of less than 1.0m.

Materials, methods, and results described from herein will pertain only to those relating

to the 2001 growing season. An exception being sensory results pertaining to the 1999 wines

that were made according to the procedure outlined by Power (2000).

Study II: The effect ofcluster thinning timing

The study began in the year 1999 by Sorokowsky (2000) on a block of four-year old

Chardonnay musque vines located at Cave Spring Vineyards in BeamsviUe, Ontario. Vines

were grafted on S04 rootstock and trained to a modified Guyot training system. Rows were

orientated in a north-south fashion 2.2m apart with a vine separation of 1.2m. Six centrally

located rows were designated for use in this trial. In each row a cluster thinning treatment was

performed on a randomLy assigned ten vine subset at the berry developmental stages of either

set, early stage I, late stage I, lag phase, and veraison (fig 2). Occurrence of developmental

stage was determined according to the berry diameters of 2, 5, 7, 10, and 12mm respectively

combined with observation of cluster phenological characteristics. Within each row a subset of

ten vines were also randomLy assigned to represent a control treatment, where no cluster

thinning operation was performed.
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Figure 1 . Vineyard experimental design, and processing of Chardonnay Musque, Cave Spring Vineyard,

BeamsviUe,ON,2001.
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Figure 2. Vineyard experimental design, and processing of Chardonnay Musque, Cave Spring Vineyard,

BeamsviUe, ON, 200L
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Fruit located at the end of the rows, and within skipped blocks within the rows were

designated during this time to represent fruit later to be used in a series of yeast strain and

enzyme usage treatments (fig. 2).

Materials, methods, and results described from herein will pertain only to those relating

to the 2000 and 2001 growing season. An exception being sensory results pertaining to the

wines of the 1999 vintage that were made according to the procedure outlined by Sorokowsky

(2000).

Cluster thinning and leafremoval treatments

Study I: The effect ofleafremoval and duster thinning

Cluster thinning and leaf removal were performed on August 1 3*, 2000. The cluster

thinning treatment operation involved the removal of aU distal clusters on those shoots that

produced more than one cluster. Therefore, at harvest no vine contained more than one

cluster/shoot. Those vines designated as belonging to the leaf removal treatment, had a

section of leaves removed around the fruiting zone approximately 1 ft. in width, on the west

side of the canopy.

Study II: The effect ofcluster thinning timing

Cluster thinning for the set, early stage I, late stage I , lag phase and veraison

treatments were performed on the respective dates of June 30''\ July 14^
, July 2T , August 9'

,

and August 25* in 2000, and on June 27'', July 9*, July 15*, August 7*, and August 22"' in

2001. In each case the cluster thinning operation involved removing the distal cluster(s) on

those shoots that produced more than one cluster/shoot, thus leaving a maximum of one

cluster/shoot.
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Berry sampling and harvest

Study I: The effect ofveraison leafremoval and cluster thinning

A 300-berry sample was collected on August 28*, September 4*, and September 11*,

2001 from each of the three treatments contained in rows 6, 8, and 10. These samples were

used to monitor changes in °Bnx, TA, pH, FVT, and PVT parameters for the three weeks

prior to harvest. At harvest, on September 20*, 2001, two additional 300-berry samples, and

two 100-berry samples were collected from each of the treatments in all six rows. These 300-

berry samples were used for the analysis of FVT and PVT content, while the 100-berry

samples were used firsdy to determine berry weight and berry diameter, and secondly, to

determine berry °Brix, TA, and pH. All berry samples were stored at -24°C prior to analysis.

During harvest cluster number/vine was recorded along with yield/vine using a

Metder Toledo SB23000 top loading scale (Columbus, OH). Harvested fruit from rows 5 and

6, 7 and 8, and 9 and 10 of the same treatments were combined at this time (figure 1). Fruit

was stored at 2°C until crushing and winemaking was performed.

Study II: The effect ofcluster thinning timing

Replicate 100 berry samples were collected in 2000 and 2001 on October 2" and

September 17* respectively. These samples were later used for the determination of berry

°Brix, TA, and pH, as well as, average berry weight and berry diameter. An additional 250

berry sample was also collected on October 3''' 2000 and September 17* 2001 for the later

determination of berry FVT and PVT content. All berry samples were stored at -24°C until

assigned compositional measurements were taken.

In addition to the berry samples mentioned above, in the 2001 season additional 300

berry samples were taken to monitor changes in °Brix, TA, pH, FV^T and PVT diree weeks

prior to harvest. These samples were collected from each treatment in rows 24, 26, and 28, on
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the dates of August 27*, September 3"^, and September, 10*, 2001. Like all other berry samples

these berries were stored at -24°C until appropriate compositional analysis was performed.

At harvest cluster number/vine was recorded, as well as, yield/vine using a Metder

Toledo SB23000 top loading balance (Columbus, OH). Fruit from rows 24 and 25, 26 and 27,

and 28 and 29 originating from the same treatments were subsequendy combined and stored

at 2C until crushing and pressing.

Winemaking

Study I: The effect ofleafremoval and cluster thinning

Pressing was preformed in a idropress basket/bladder press (Endoagricola Rossi,

Calzolaro, Italy) at a pressure of 2.0psi. Immediately after pressing two 250 mL must samples

were taken from each of the three treatment types from each of the three different blocks

(fig.l). These samples were used later for the must analysis of °Brix, pH, TA, FVT, and PVT

content. Each treatment, from each block, was subsequendy divided into three equal aHquots.

To each of these aliquots inoculation with ECU 18 or VLl was performed. Yeast strain

inoculation was performed according to manufacturers recommendations. All fermentations

were carried out in glass carboys at 16°C. All fermentations were allowed to proceed until

clinitest tablets (Bayer, Etobicoke, ON) indicated that residual sugar levels were between 2.5

and 5.0 g/L at which time aU fermentations were stopped by addition of 75ppm free sulfur

dioxide and a decrease in temperature to -2°C. Wines designated as EC1118+AR2000 were

warmed to 10°C after which, the enzyme preparation AR2000 (DSM-Gist-Brocades, Servian,

France) was added according to manufacturers directions (3 g/hL for five weeks). After five

weeks of activation time for the AR2000 enzyme preparation, bentonite was applied to all

fermentations at a rate of 5g/hL, all the wines were cold stabilized and subsequendy racked.
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Filtration of wines was carried out using 0.5 micron pad filters (Scott Laboratories, Pickering,

ON) in series with a 0.22 micron hydrophilic cartridge filter (Millipore, Bedford, MA), and

immediately bottied. All wines were stored at 1 5°C until sensory analysis was conducted.

Study II: The effect ofcluster thinning timing

Crushing, skin contact time, and pressing was identical to that of study I. At the

beginning of skin contact time 60 L of enological must was separated and Cinn-Free applied

according to manufacturers recommendations. Subsequent to pressing two 250 mL samples

were taken from each of the cluster thinning treatments, from each of the three blocks. Must

from the enological treatments were separated in such a fashion so each enological treatment

consisted of two replications. Each enological and viticultural treatment were subsequendy

inoculated with the designated yeast strain according to manufacturers directions (fig. 2) and

fermented at 16°C. In 2000, all fermentations were allowed to proceed to dryness, while in

2001 all fermentations were allowed to proceed to 2.5-5.0 g/L of residual sugar, as determined

by Clinitest tablets. Fermentations were stopped in the same manner as indicated in study I.

Addition of AR2000, fining, filtering and bottling were also conducted in the same fashion as

discussed in study I.

Berry and must °Bnx, pH, and TA compositional analysis

Study I: The effect ofveraison leafremoval and cluster thinning

Berries and/or must samples were removed from -24°C and placed in a 4°C cooler

overnight to allow for thawing. Berries/must were heated in a Fisher Scientific Isotemp 228

water bath (Toronto, Ont) set at 80°C for a period of one hour, and subsequendy allowed to

cool to room temperature. Berry samples were converted to juice using an Omega model 500

fruit and vegetable juicer, and allowed to settie. Any solids were subsequendy removed from
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these samples through vacuum aspiration. Must samples were not juiced nor vacuum aspirated

after the one hour heating period and subsequent cooling.

°Brix was obtained using an American Optical Abbe model 10450 benchtop

refractometer set to the temperature-corrected setting. Berry/must pH was obtained using an

Accumet model 25 pH/ion meter (Denver Instruments, CO). A PC Titrate (Man-tech

Associates and Hinterland Software Ltd., Guelph, ON) auto-titrator was used to obtain

berry/must TA utilizing O.IN NaOH and a 25mL berry/must sample.

Study II: The effect ofduster thinning timing

°Brix, TA, and pH berry/must analysis was performed as indicated in study I, with the

exception of TA analysis for the berry/must samples in 2000. In this year a 5 mL sample was

diluted in 200 mL distilled water and then titrated with O.IN NaOH to an pH endpoint of 8.2,

as outlined by Zoecldein et. al. (1995).

Berty and mustFVT and PVT* compositional analysis

Monoterpene analysis was performed based on the original method devised by

Dimitriadis and Williams (1984) and the modifications made by Reynolds and Wardle (1989a,

1989b). Berry/must samples were removed from -24°C and allowed to thaw overnight at 4°C.

Berry samples were homogenized in a Waring commercial laboratory blender (Hartford, CT)

for 20 sec (this step was not necessary for must samples). A 100 g berry/must aliquot was

weighed in a 250mL beaker on a Metder Toledo B1320 top loading balance (Columbus, OH),

and subsequendy the pH adjusted to 6.6-6.7 using 20% NaOH. Samples were subsequendy

steam distilled into two different fractions, the first containing the must/berry free volatile

terpenes and the second containing the potentially volatile terpenes. The FVT fraction was

collected in 10-15 minutes in a 25mL volumetric flask, the sample was pH adjusted to
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approximately 2.0 using lOmL of 50% phosphoric acid, and die PVT fraction collected in a

50mL volumetric flask in 15-20 minutes. A lOmL aliquot of each FVT and PVT distillent was

transferred to a test tube and reacted with 5mL of a 2% vanillin in concentrated sulphuric acid

solution. This reaction is colorimetric producing a grey-blue colour. The test tubes were

placed in a 60°C water bath for 20 minutes, and subsequendy allowed to cool at room

temperature for 5 minutes. The absorbance of each sample was measured at 608nm. The

terpene concentration of each sample was determined from a calibration curve consisting of

linalool standards that had undergone the same colorimetric reaction.

Wine FVT andPVT compositional analysis

Given the interference of ethanol on free volatile terpene measurements (fig. 52), the

entire 25mL free volatile terpene distillate was first diluted with 50 mL of distilled water and

passed through a CH,^ column at no more than 5.0psi. The column was subsequendy washed

with 5mL distilled water, and the free volatile terpenes then eluted of the column with 100%

methanol. The elutant was subsequendy brought up to 25mL in a volumetric flask with

distilled water, and a lOmL aliquot taken for analysis with the 2% vanillin concentrated

sulphuric acid solution as described above. The calibration curve used for wine FVT analysis

included 20% (vol/vol) 100% methanol as to discount any interference cause by this

compound.

Free SO, has an interference on potentially volatile terpene measurements due to a

bleaching effect on the colorimetric reaction (fig. 53). This negative interference however is

consistent when free SO, concentrations are within a range of 200 to 800 ppm (fig. 53).

Provided that all distillents from wine samples produced in this study, would have been within

this SO2 concentration range after distillation with 50% phosphoric acid, such interference was
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deemed to be of little consequence in the comparison of PVT concentrations between

treatments given that each would be equally affected. As such, wine PVT concentrations were

determined in the same manner as that used for the determination of berry and must PVT

concentration, which was previously discussed above.

Flavour Profiling

Prior to formal sensory analysis, judge training was conducted which began with a

subset of wines from each study being presented to judges for the generation of descriptive

terms. Flavour and aroma standards for each of these descriptors were presented to the judges

in subsequent training sessions, and modified until a general consensus amongst the judges

was obtained in regards to the likeness and intensity of the standard to the descriptive term

obtained from the wine samples. Tables 1 through 4 contain each of the descriptors generated

for the respective studies, and where pertinent the corresponding standard prepared is also

included in the table.

A randomized incomplete block design was used for each of the formal sessions. Each

session consisted of two replications of four wines presented in random order. Wines were

rated for the intensity of each aroma and flavour attribute on a 10 cm unstructured scale

labelled with 'low' and 'high' at the beginning and end to line respectively. All wines were

present at room temperature in three digit coded ISO glasses. A 30 mL sample of each wine

was presented to each judge covered by a petri dish to prevent loss of volatile compounds and

to the limit the aromatics within the room. Evaluation by judges during each session was

performed within separate cubicles illuminated with red light in the attempt to mask

differences amongst treatments in regards to colour. In 1999 aU judge scoring was done so on
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paper sheets, while in 2000 and 2001 Compusense Five software was used (Compusense,

Guelph, ON). Standards created during the training sessions were available to the judges prior

to each formal session. The colour attribute was rated in a separate room under incandescent

Hght on a 10 cm unstructured scale anchored with the terms 'pale yellow' and 'gold' at the

beginning and end of the scale respectively. A 20 mL aliquot of each sample was presented in a

60x15mL petri dish, on a white surface, and coded with a three digit number.

Judges participating in this study were primarily professors and students from the Cool

Climate Oenology and Viticulture Institute located at Brock University, St. Catharines,

Ontario, Canada. All exhibited a keen interest in wine and as such volunteered their services

without monetary compensation. The flavour profiling panel for the evaluation of the 1999

and 2001 wines from study I consisted of 14 and 10 judges respectively. While 12, 13, and 10

judges were present on the 1999, 2000, and 2001 panels respectively, for the evaluation of

wines from study II.

Statistical analyses

Statistical analyses of the data were made using SAS (SAS Instimte, Inc., Cary, NC).

General linear models procedures were used to determine viticultural and enological treatment

effects on yield, and berry, must, and wine sensory and chemical composition. Single

polynomial contrasts with one degree of freedom were used to determine linear and quadratic

contrasts. Principal component analysis was performed on the correlation matrix without

rotation in order to explain patterns associated with enological and viticulmral treatments.
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Table 1. Descriptors and standards used in study I and study II for flavour profiling of

Chardonnay musque wine, Cave Spring Vineyards, Beamsville, ON, 1999.

Descriptors Standard

Floral

Lychee

Aroma Dried fruit

Citrus

Spicy

Grassv/herbaceous

1 drop linalool/100 mL base wine

2.5 mL of lychee juice/80 mL base wine

1 pureed fig/ 100 mL base wine

5.5 mL lemon juice/95 mL base wine

3 black pepper corns/ 100 mL base wine

0.90 g fresh cut grass/ 100 mL base wine

Horal

Lychee

Havour Dried fruit

Citrus

Spicy

Grassy/herbaceous

No standard used

No standard used

No standard used

No standard used

No standard used

No standard used

Mouthfeel
Astringency

Body

Finish

2.5 g aluminum sulfate cr)stals/ 450 mL base wine

No standard used

No standard used

Colour No standard used
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Table 2. Descriptors and standards used in study I for flavour profiling of Chardonnay musque
wine, Cave Spring Vineyards, Beamsville, ON, 2001. _^^^=_____

Descriptors Standard

Horal

Lychee/muscat

Citrus

Aroma Apple/pear

Tropical fruit

Mineral

Herbaceous/grassy

1 drop linalool/100 mL base wine

5.0 mL of lychee juice/ 100 mL base wine

10 mL lemon juice + 2.5 ml^ Ume juice/ 100 mL base wine

10 mL apple juice +10 mL pear juice/ 100 mL base wine

5 mL pineapple juice + 15 mL mango juice + 5 mL
canteloupe puree/ lOOmL base wine

Wet piece of shale rock

1.0 g of cut grass + 1 piece of watercress herb/ 100 mL base

wine

Lyhee/muscat

Flavour Citrus

Apple/pear

Tropical fruit

No standard used

No standard used

No standard used

No standard used

Mouthfeel
Sweetness

Acidity

^\lcohol

1.2 g sucrose/ 100 mL base wine

0.75 g tartaric acid/ 500 mL base wine

No standard used

Colour No standard used
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Table 3. Descriptors and standards

musque wine, Cave Spring Vineyards,

used in study II for flavour profiling of Chardonnay

Beamsville, ON, 2000.

Descriptors Standard

Muscat

Citrus

Tree fruit

Aroma Tropical fruit

Floral

Honey

Dried fruit

Grassy

5.0 mL of lychee juice/ 100 mL base wine

5 mL grapefruit juice + 15 mL lemon juice/ 100 mL base

5 mL pear juice + 5 mL apple juice + 5 mL peach juice/ 100

mL base wine

5 mL pineapple juice + 2 mL banana pop + 10 mL mango

juice/ 100 mL base wine

1 drop linalool/ 125 mL base wine

20 mL honey/ 80mL base wine

2 mL prune juice + 5 raisins/ 100 mL base wine

1 .0 g of cut grass/ 1 00 mL base wine

Flavour

Muscat

Citrus

Tree fruit

Tropical fruit

No standard used

No standard used

No standard used

No standard used

Sweetness

Mouthfeel Acidity

Astringency

FuUness

1.5 g sucrose/ 100 mL base wine

1 g tartaric acid/ 500 mL base wine

0.6 g tannic acid/ 500 mL base wine

No standard used

Colour No standard used
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Table 4. Descriptors and standards

musque wine, Cave Spring Vineyards,

used in study II for flavour profiling of Chardonnay

Beamsville, ON, 2001.

Descriptors Standard

Aroma

Floral

Muscat

Citnis

Apple/pear

Peach

Mineral

Herbaceous/grassy

\^egetal

1 drop hnalool/ 100 mL base wine

5 crushed Muscat grapes

10 mL lemon juice + 5.0 mL grapefruit juice/ 100 mL base

10 mL apple juice + 10 pear juice/ 100 mL base wine

25 mL peach juice/ 100 mL base wine

Wet piece of shale rock

1.0 g of cut grass + 1 piece of watercress herb/ 100 mL base

wine

6 mL green bean brine + 10 mL asparagus brine/ 100 mL
base wine

Muscat

Citrus

Ravour Apple/pear

Peach

Herbaceous/grassy

\ egetal

No standard used

No standard used

No standard used

No standard used

No standard used

No standard used

Mouthfeel
Sweetness

Acidity

Fullness

1.2 g sucrose/ 100 mL base wine

0.75 g tartaric acid/ 500 mL base wine

No standard used

Colour No standard used
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Results

Chapter 1: Impact on yield and vine performance

Study I: Effect ofveraison leafremoval and cluster thinning

Cluster thinning substantially reduced cluster number/vine, yield/vine, and crop load

compared to the leaf removal and control treatments. A noticeable reduction in berry weight,

cluster weight, and vine size were also evident in both the leaf removal and cluster thinning

treatments, while litde difference was observed in berries/cluster and berry diameter amongst

the three treatments smdied (table 5).

Table 5. Effect of veraison leaf removal and cluster thinning on )ield and vine performance of Chardonnay

musque. Cave Spring Vineyards, Beamsville, ON, 2001.

Clusters/
Y'^'*

^^'Z '^'"T. Berries/ ^^^"^, Vine Crop
Vine rt "!'f *!'f cluster '"f'"^'^' size' load'

(kg) (g) (g) (£22)

Treatment

Control





Study II: Effect ofcluster thinnins timins

In both years, a substantial decrease in the number of clusters/vine was observed in all

cluster thinning treatments. Yield/vine was also reduced in aU treatments in both years, with

more notable reductions occurring when cluster thinning was performed from early stage I

through to veraison in 2000 and during early stage I and late stage I in 2001 (table 6 and fig. 3).

A decreasing linear and quadratic trend was observed in yield/vine with increased time until

cluster thinning was performed (i.e. set to veraison) in 2000, while no such relationships were

found in 2001 (table 6).

Little difference was observed among treatment berry weights in 2000, but a

decreasing linear trend was observed with increased time until thinning during that season.

Substantial decreases in berry weights were observed when cluster thinning was performed

fcom early stage I to veraison of 2001, with the most notable reductions occurring in early

stage I and lag phase thinning treatments. Berry weights amongst the 2001 thinning treatments

exhibited a decreasing quadratic relationship with increased duration of time until the

occurrence of thinning (table 6 and fig. 3).

Small differences between the control and the cluster thinning treatments existed

pertaining to cluster weight, berries/cluster, and berry diameter in both years studied. Like

berry weight of 2000 both cluster weight and berries/cluster exhibited a decreasing liner trend

with increased time until thinning. Cluster weight of 2001 also exhibited a similar decreasing

quadratic relationship to that found in berry weights from the same season (table 6 and fig. 3).

In both seasons vine size was increased by all cluster thinning operations, with the

most substantial increases being observed in the set and early stage I treatments of 2001 (table

6). Crop load was noticeably lower amongst aU cluster thinning treatments in comparison
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to the control in both seasons studied; an exception being the veraison treatment of 2001

which was similar in magnitude (table 6).
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Chapter 2: Impact on berry and must and wine composition

Study I: Effect ofveraison leafremoval and cluster thinning

Berry pH increased in both the leaf removal and cluster thinning treatments over the

three weeks prior to harvest. Little change was observed in berry pH in the control treatment

over the first three sampHng dates but a rise occurred immediately prior harvest. With the

exception of the first sampling date, berry pH from the cluster thinning treatment was notably

higher than the control over the entire sampling period. Except for the week prior to harvest,

little difference was observed in berry pH between the control and leaf removal treatments

(fig. 4). Differences in must pH was similar to those found in the berry at harvest, where fruit

from cluster thinned vines exhibited higher values than both the control and leaf removal

treatments (fig. 5).

In all treatments berry titratable acidity decreased from the first sampling date through

to harvest. Litde difference was found between all three treatments on the first date of

sampling, while in all remaining sampHng dates including harvest, fruit from cluster thinned

vines consistendy displayed substantially lower titratable acidit}^ compared to the control. littie

difference was observed in berry titratable acidity between the control and leaf removal

treatments on the first and second sampling dates, however at harvest and a week prior to

harvest, berries from the leaf removal treatment were notably lower than that of the control

(fig. 6). The lower berry titratable acidity of leaf removal and cluster thinning treatments were

not similarly observed in the must where only small differences existed amongst all treatments

(fig- T).

Generally berry °Brix increased in all three treatments from the first day of sampling

through to harvest, although in the case of the control Uttle change in °Brix was observed

between the second and third dates of sampling. At harvest, and a week prior to harvest cluster
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thinned vines produced fruit higher in °Brix than that produced from both the leaf removal

and control treatments. Of the three treatments imposed, on the second date of sampling

berry °Brix was notably lower in the leaf removal treatment, while in the subsequent two

weeks however both leaf removal and control fruit expressed similar berry °Brix (fig. 8). As in

the berry at harvest, must from the cluster thinning treatment exhibited substantially higher

°Brix than the control treatment. Unlike in the berry however, leaf removal must too was

substantially higher in °Brix than the control (fig. 9).

Little change in berry free volatile terpene content was observed between the first and

second sampling dates in both the leaf removal and cluster thinning treatments, between the

second and third sampHng dates however a rise in FVT content occurred in both treatments

after which litde change was observed up until harvest. Control berry FVT content remained

relatively stable over the first three sampling dates, which was followed by a rise in FVT

content immediately prior to harvest. Only small differences existed between treatments in

berry FV^T content over the entire sampling period, the only exception being a week prior to

harvest where both leaf removal and cluster thinned berries were substantially higher in FVT

content than those from the control (fig. 10). Unlike in the berry at harvest, must FVT from

the control was observed to be notably lower in concentration than that of must from either

leaf removal or cluster thinned vines (fig. 11).

Although leaf removal and cluster thinned fruit was generally higher than that of the

control throughout the entire sampHng period no substantial difference in berry PVT content

between any of the treatments was observed (fig. 12). Unlike in the berry, greater differences

were observed among treatments in must PVT content with cluster thinned fruit exhibiting

notably higher content than that of the control.
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Figure 10. The effect of veraison leaf removal and cluster thinning on berry free

volatile terpenes (FVT) of Chardonnay musque at, and three weeks prior to harvest,

Cave Spring Vineyards, Beamsville, ON, 2001. Vertical bars represent standard

deviations. Different letters denote significance at p<0.05 according to Duncan's

multiple range test. On each sampling date n=12 for each treatment, with the

exception of September 18, 2001 where n=24 for each treatment.
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Study II: Effect ofcluster thinnins timins:

In 2001 berry pH increased throughout the sampling dates prior to harvest (fig. 14).

Substantial differences were not evident between any of the cluster thinning treatments and

the control on the first two sampling dates, however a week prior to harvest all treatments with

the exception of the veraison treatment were noticeably higher then the control. At harvest

only early and late stage I cluster thinning treatments remained considerably higher than the

control.

Berry pH was increased in all cluster thinning treatments in both years studied. In 2000

thinning applied at and after early stage I resulted in a substantially elevated pH, a result which

was also evident in must and wine samples obtained from that vintage (fig. 15). Both berry and

must samples from 2001 were observed to exhibit the highest pH values when cluster thinning

was performed at early and late stage I (fig 16). In the wine samples from this vintage however

only late stage I maintained a marked elevation in pH. Veraison cluster thinning in 2001

resulted in a notable pH reduction in wine samples in comparison to the control; a result not

previously found in either the berry or must samples from that year. Amongst the cluster

thinning treatments in 2000 linear and quadratic trends were observed in must samples along

with a quadratic trend in the case of wine samples (fig. 15). Berr)^ samples from 2001 exhibited

a quadratic trend while must and wine samples exhibited both linear and quadratic trends (fig.

16).

Regardless of treatment berry titratable acidity decreased rapidly between the first and

second sampling dates in the 2001 growing season, after which decreases were still evident but

not by substantial amounts. At no time throughout the three weeks prior to harvest was there

a significant difference in TA between the control and any of the cluster thinning treatments

(fig. 17).
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Figure 16. Effect of cluster thinning timing on berr}-, must, and wine pH of Chardonnay

musque. Cave Spring Vineyards, BeamsviUe, ON, 2001. \^ertical bars denote standard

deviations. Those treatments with cross hatching are significantly different from the control

at p<0.05 according to Dunnett's t-test. Within each treatment n=12 for berry and must

samples and n=6 for wine samples.
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Figure 17. The effect of cluster thinning timing on hetry pH of Chardonnay musque at, and

three weeks prior to harvest. Cave Spring \^ineyards, Beams\ille, ON, 2001. Vertical bars

denote standard deviations, ns signifies that no significant difference was found between any of

the cluster thinning treatments and the control at p<0.05 according to Dunnett's t-test. On
each sampling date n=6 within each treatment, with the exception of September 17''* 2001

where n=12 within each treatment.
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With the exception of a higher TA found in the berry and must samples of the early

stage I treatment there was little difference was found amongst berry, must, and wine samples

in this parameter during the 2000 growing season (fig. 18). Litde difference between any of the

cluster thinning treatments and the control was also apparent in berry titratable acidity during

the 2001 growing season, however there appeared to be a general decline in TA with later

application of cluster thinning as indicated by the lower TA concentrations in the must and/or

wine samples from late stage I, lag phase, and veraison cluster thinning treatments (fig. 19).

Amongst the cluster thinning treatments a linear decreasing trend was apparent in the must

and wine samples from the 2000 growing season (fig 18). Both linear and quadratic trends

were observed in must samples from the 2001 vintage (fig. 19).

During the 2001 growing season °Brix increased in all treatments in the three weeks

preceding harvest (fig. 20). During this period, pronounced increases were obtained firom fruit

cluster thinned during late stage I on the first and third sampling dates. At harvest early stage I,

late stage I, and lag phase fruit were found to be considerably higher than the control (fig. 20).

In 2000 all berry and must samples from the cluster thinning treatments were notably

higher than the control in °Brix, the only exception being the must samples from the veraison

cluster thinning treatment (fig. 21). Berry °Brix from early stage I, late stage I, and lag phase

treatments were also substantially higher than the control in the 2001 growing season. Upon

transition from berr}^ to must however no noteworthy differences were found between these

treatments and must samples taken from the control treatment (fig. 22). Berry samples from

amongst the thinning treatments in the 2000 vintage expressed a quadratic trend (fig. 21), while

a similar quadratic trend was expressed in both berry and must samples taken from the 2001

growing season (fig. 22).
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Figure 20. The effect of cluster thinning timing on berry degrees Brix of Chardonnay musque

at, and three weeks prior to harvest. Cave Spring \^ineyards, Beamsville, ON, 2001. \^ertical

bars denote standard deviations, ns signifies that no significant difference was found between

any of the cluster thinning treatments and the control, while ,
'

, ,
'

, respectively indicate

whether the set, early stage I, late stage I, lag phase, or veraison cluster thinning treatment were

significantly different from the control at p<0.05 according to Dunnett's t-test. On each

sampling date n=6 within each treatment, with the exception of September 17*'' 2001 where

n=12.
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Figure 23. The effect of cluster thinning timing on berry free volatile terpenes (FVT) of

Chardonnay tnusque at, and three weeks prior to harvest, Cave Spring Vineyards, Beamsville,

ON, 2001. \^ertical bars denote standard deviations, ns signifies that no significant difference

was found between any of the cluster thinning treatments and the control, while
, % ,

''

,

respectively indicate whether the set, early stage I, late stage I, lag phase, or veraison cluster

thinning treatment were significandy different from the control at p<^0.05 according to

Dunnett's t-test. On each sampling date n=12 for each treatment, with the exception of

September 17''', 2001 where n=24 for each treatment.

At harvest in 2000, little to no difference existed between the control and the cluster

thinning treatments with respect to berry FVT concentration, the lag phase treatment being

the only exception, where it exhibited a substantially lower concentration than the control (fig.

24). For the most part must samples from the 2000 season mirrored the results found in the

berry, an exception being late stage I which Hke the lag phase treatment was significandy lower

than the control (fig. 24). Harvest values for the 2001 growing season, indicated that all

treatments with the exception of the set thinning treatment resulted in higher berry FV^T

concentrations (fig. 25). Transition from berry to must however, produced results indicating

that no significant differences existed between any of the treatments and the control in this

parameter, the only exception being late stage I which retained higher FVT concentrations (fig.

25). Amongst the cluster thinning treatments decreasing linear and quadratic trends were
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Figure 24. Effect of cluster tMnning timing on berty, must, and wine free volatile terpenes

(FAT) of Chardonnay musque, Cave Spring \^ineyards, Beamsville, ON, 2000. \^ertical bars

denote standard deviations. Those treatments with cross hatching are significandy different

from the control at p<0.05 according to Dunnett's t-test. Within each treatment n=20, 24,

and 12 for berry, must, and wine samples respectively. Within each treatment n=24 for berry

and must samples and n=12 for wine samples.
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evident in the berry and must samples from the 2000 season, and an increasing linear trend in

the 2001 season. Wine samples in both seasons studied generally exhibited Htde difference

between any of the cluster thinning treatments and the control in FVT content (figs. 24 and

25).

From the first sampling date until harvest all treatments increased in PVT

concentration throughout the 2001 growing season the only exception being the control which

decreased slighdy at harvest from the value obtained a week prior. In comparison to the

control, the late stage I and lag phase treatments were higher in PVT content at harvest and all

dates preceding to harvest as was the early stage I treatment with the exception of the week

prior to harvest. The set cluster thinning treatment was only higher than the control at the first





sampling date, while PVT content in the veraison treatment was similar to the control on all

dates except the week prior to harvest where its content was notably lower (fig. 26).

At harvest in the 2000 growing season, early stage I and veraison thinning substantially

increased berry PVT while lag phase cluster thinning resulted in a notable decrease (fig. 27).

Similar to the berry results, early stage I and veraison must was notably higher than the control

in potentially volatile terpenes, however unlike in the berry, late stage I and lag phase were also

substantially higher (fig. 27). Wines produced during that vintage firom vines thinned at early

stage I, late stage I, lag phase, and veraison all contained higher PVT concentrations compared

to the control. No substantial differences were found between any of the treatments and the

control in terms of must and wine PVT content in 2001 (fig. 28). These were unlike the berry

results for the same season where early stage I, late stage I, and lag phase all significandy

increased berry PVT (fig. 28). Berry, must, and wine samples all exhibited linear trends, while

berry and wine samples also fit quadratic trend for the 2000 season. Berry and must samples

displayed a quadratic trend in 2001, while wine samples displayed both linear and quadratic

trends.
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Figure 27. Effect of cluster thinning timing on berrv' and must potentially volatile terpenes

(P\nr) of Chardonnay musque, Cave Spring \^ineyards, Beamsville, ON, 2000. \^ertical bars

denote standard deviations. Those treatments with cross hatching are significandy different

from the control at p<0.05 according to Dunnett's t-test. Within each treatment n=24 for

berry and must samples and n=12 for wine samples.
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Chapter 3: Impact of yeast strain selection and enzyme usage on wine composition

Study I: Veraison leafremoval and cluster thinnins:

Wine pH and TA were observably increased and decreased respectively tiirough the

application of veraison cluster thinning. A decrease in wine TA was also observed in wine

produced from fruit that had received leaf removal, however litde change in comparison to the

control was observed in terms of pH. Amongst the treatments implemented both free and

potentially volatile terpenes were highest in cluster thinned fruit. Leaf removal had Httie impact

on free volatile terpenes while potentially volatile terpenes were increased in comparison to the

control (table 7).

Inoculation with the VLl yeast strain produced wines lower in pH, free volatile

terpenes, and potentially volatile terpenes, and higher in TA compared to those wines

inoculated with ECU 18 with or without the addition of AR2000. Amongst the two treatments

produced with ECU 18 those with AR2000 added exhibited higher pH and higher potentially

volatile terpenes when compared to those wines produced without AR2000 (table 7).

A significant viticultural x enological interaction was observed in the case of free and

potentially volatile terpenes indicating a terpene concentration response to combinations

between viticultural and enological treatments (table 7).
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Table 7. Effect of veraison leaf removal, cluster thinning, yeast strain selection and enzyme usage on

wine composition of Chardonnay musque,Cave Spring Vineyards, Beamsville, ON, 2001.

Treatment pH TA(g/L) FVT (mg/L) PVT (mg/L)

Viticultural

Control

Leaf removal

Cluster thin

Significance

2.92 B

2.90 B

3.07 A

5.49 A

5.40 B

5.05 C

0.52 B

0.50 B

0.59 A

1.15C

1.23 B

1.40 A

Enological

VL1

ECU 18

EC1118 + AR2000

Significance

2.91 C





Study II: Effect ofcluster thinnins timins

Across the two vintages studied wines produced using the yeast strain D47 consistendy

displayed the lowest pH values amongst the treatments studied, while VLl displayed the

highest (fig. 29). Wines from the VLl treatment in the 2000 vintage were highest in TA

followed by those produced with EC1118, D47, and finally CY3079 and VL3. Similar results

were also found in 2001 with TA being most pronounced in VLl fermented wines followed by

those produced by ECU 18, CY3079, and finally D47 andVL3. Of the treatments only those

wines produced with D47 displayed inconsistency between seasons being fairly high in 2000

and low in 2001 (fig. 30). Across both years FVT content failed to be substantially influenced

by yeast strain selection as all wines were observed to be similar in magnitude ranging from

0.45-0.58 mg/L in 2000 and 0.45-0.53 mg/L in 2001 (fig. 31). Greater differences as a result of

yeast strain selection however were observed in PVT content with VLl fermented wines

exhibiting the lowest concentrations in both years, and ECl 118 generally exhibiting the highest

(fig. 32)

Addition of the enzyme AR2000 to ECl 118 fermentations consistendy decreased pH

in both vintages while the Cinn-Free enzyme was observed to increase and decrease pH in

2000 and 2001 respectively (fig. 33). Use of Cinn-Free consistendy increased wine TA of

ECl 118 fermentations in both years while AR2000 was only observed to increase TA in 2000

(fig. 34). A substantial increase in FVT content was also observed in Cinn-Free supplemented

wines in both years while AR2000 was found to have littie impact on FVT content in 2001 and

resulted in a decrease in 2000 (fig. 35). Litde difference was observed amongst the ECl 118

fermentations in 2000 in regards to PVT content while in 2001 those wines where Cinn-Free

and AR2000 were added exhibited substantially lower PVT concentrations (fig. 36).
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EC1118 CY3079 D47 VL1

Enological Treatment

VL3

IWINE 2000 I WINE 2001

Figure 31. The effect yeast strain on free volatile terpenes of Chardonnay musque

wine, Cave Spring Vineyards, Beamsville, ON, 2000 and 2001. Vertical bars

represent standard deviations. Within each treatment n=8 for both 2000 and 2001.
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Enological Treatment

VL1

IWINE 2001

VL3

Figure 32. The effect yeast strain on potentially volatile terpenes of Chardonnay

musque wine, Cave Spring Vineyards, Beamsville, ON, 2000 and 2001. Vertical bars

represent standard deviations. Different letters denote significance at p<0.05

according to Duncan's multiple range test. Within each treatment n=8 for both 2000

and 2001.
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3.0

X
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2.7

2.6

2.5

EC1118 EC1118 + AR2000

Enoiogicai Treatment

IWINE 2000

EC1118 + CINNFREE

IWINE 2001

Figure 33. The effect enzyme usage on pH of Chardonnay musque wine. Cave

Spring Vineyards, Beamsville, ON, 2000 and 2001. Vertical bars represent standard

deviations. Different letters denote significance at p<0.05 according to Duncan's

multiple range test. Within each treatment n=6 for both 2000 and 2001.
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EC1118 + CINNFREE

IWINE 2001

Figure 34. The effect enzyme usage on titratable acidity of Chardonnay musque

wine. Cave Spring Vineyards, Beamsville, ON, 2000 and 2001. Vertical bars

represent standard deviations. Different letters denote significance at p<0.05

according to Duncan's multiple range test. Within each treatment n=6 for both 2000

and 2001.
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Chapter 4: Impact on wine sensory properties

Study I: Effect ofveraison leafremoval and cluster thinning

With the exception of a more pronounced dried fruit aroma in wines produced via

cluster thinning, and a dried fruit flavour amongst wines from both leaf removal and cluster

thinning treatments, canopy manipulation had little impact on most of the wine attributes

studied in the 1999 vintage (table 8, fig. 37). A greater number of the 1999 attributes appeared

to be affected by yeast strain and/or enzyme usage. Wines produced using ECU 18, with or

without the enzyme AR2000, exhibited higher lychee and dried fruit aromas, as weU as floral,

lychee, and dried fruit flavours (table 9, fig. 38). With the exception of a more pronounced

lychee flavour in wines treated with AR2000, little difference was found on the basis of

enzyme addition to ECl 118 fermented wines (table 9, fig. 38).

Principal component analysis explained 65.3% of the variation between the 1999 wines

(fig. 39). Distribution of the aroma vectors indicated that factor I was explained by

grassy/herbaceous, spicy, lychee, floral and dried fruit flavours, and spicy, lychee, dried fruit

and floral aromas. Factor II explained the variance according to grassy/herbaceous and citrus

aromas, citrus flavour, and the colour, astringency, body, and finish attributes. A clear division

of wines according to yeast strain selection was evident along factor I with those being

produced with ECl 118 and VLl being positioned on the right and left of factor II

respectively. Those wines produced using VLl were described as exhibiting higher

grassy/herbaceous flavour and spicy aroma and flavours than wines from ECl 118 treatments.

ECl 118 wine on the other hand exhibited more lychee, dried fruit, and floral aromas and

flavours (fig. 39). Within enological treatments the impact of viticultural treatments was

explained along factor II. Within those wines produced using VLl for instance, control fruit

produced wine high in grassy/herbaceous aroma while wine produced from the leaf removal
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Table 8. Effect of veraison leaf removal and cluster thinning on the sensory properties of Chardonnay

musque, Beamsville, ON, 1999.

Attributes





Colour (ns)

FINISH (ns)

lychee (ns)

dried fruit (*)

BODY (ns)

ASTRINGENCY (ns)

GRASSY (ns)

citrus (ns)

spicy (ns)

grassy (ns)

SPICY (ns)

CITRUS (ns)

FLORAL (ns)

LYCHEE (ns)

DRIED FRUIT (*)

CONTROL LEAF REMOVAL CLUSTER THIN

Figure 37. Effect of veraison leaf removal and cluster thinning on the sensor)- properties of Chardonnay

musque, Cave Spring \^ineyards, BeamsviUe, ON, 1999. Uppercase and lower case letters signify those

attributes that were assessed by aroma and flavour respectively, ns, *, **, and *** denote those attributes

where treatments are not significantly different, significantly different at p<0.05, p<0.01, and p<0.001,

respectively according to ANO\^A. Within each treatment n=28 for each attribute.
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Table 9. Effect of yeast strain selection and enzyme usage on the sensory properties of Chardonnay

musque, Cave Spring Vineyards, Beamsville, ON 1999.

Attributes





floral (ns)





VLl/Cluster thin

CITRUS

ASTRINGENT
BODY

• VLl/Leaf removal

^
^

EClllS/Control

FINISH

Colour

GRASSY/HERBACEOUS

47.9%

EC1118+AR2000/

Leaf Removal

SPICY

grassy/herbaceous

VLl/Control

drieB fruit

lychee

dried fruit

LYCHEE





and cluster thinning treatments exhibited higher citrus aromas and flavours along with a

greater perception of astringency and body. Within EC111 8 wines without the addition of the

enzyme AR2000 those produced with control fruit were distinguished from those produced

from the leaf removal and cluster thinning treatments by a higher perception of finish and

greater depth of colour.

Of the attributes examined in the 2001 vintage only tropical fruit and

herbaceous/grassy aromas, and the perceptions of sweetness and colour were found to vary

substantially amongst the viticultural treatments implemented. Cluster thinned fruit ranked

highest in terms of depth of colour, sweetness, and herbaceous/grassy aroma, while control

fruit was lowest in these attributes and highest in tropical fruit aroma. Use of different yeast

strains or the application of the enzyme AR2000 failed to eHcit any substantial differences in

wine colour, aroma, flavour, or mouthfeel. Of the attributes smdied only the perception of

sweetness was found to differ among the wines on the basis of enological treatment, where

VLl wines ranked higher than wines produced by ECU 18 regardless of whether or not the

AR2000 enzyme was added.

Principal component analysis of the 2001 wines accounted for 60.7% of the exhibited

variation (fig. 42). Factor I was explained by mineral, citrus, apple/pear, herbaceous/grassy,

lychee/muscat, and tropical fruit aromas, lychee/muscat flavour, and the sensation of alcohol.

Factor II on the other hand explained variation amongst the wines in terms of tropical fruit

and apple/pear flavour, the sensations of acidity and sweetoess, and by the chemical

parameters TA, pH, and PVT content (fig. 42). Strong positive correlations were observ^ed

between herbaceous/grassy aroma and both lychee/muscat flavour and colour attributes (table

12). Similar positive correlations were observed between pear/apple and floral aromas, citrus

aroma and flavour, and lychee/muscat aroma and sweetness. Amongst the chemical attributes
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Table 10. Effect of veraison leaf removal and cluster thinning on the sensor\' properties of Chardonnay

musque, Cave Spring Vineyards, Beamsville, ON, 2001.

Attributes





Colour (***)





Table 11. Effect of yeast strain selection and enzyme usage on the sensory properties of Chardonnay

musque, Cave Spring Vineyards, Beamsville, ON, 2001.

Attributes VLi ECU 18
ECU 18 +

AR2000
Significance





ALCOHOL (ns)

ACIDITY (ns)

SWEETNESS (**)

TROPICAL FRUIT (ns)

APPLE/PEAR (ns)

CITRUS (ns)

LYCHEE/MUSCAT (ns)

VL1 EC1118

floral (ns)

lychee/muscat (ns)

citrus (ns)

apple/pear (ns)

tropical fruit (ns)

mineral (ns)

herbaceous/grassy (ns)

EC1118 + AR2000

Figure 41. Effect of yeast strain selection and enzyme usage on the sensory properties of

Chardonnay musque, Cave Spring Vineyards, Beamsville, ON, 2001. Uppercase and lower case

letters signify those attributes that were assessed by aroma and flavour respectively, ns, ******

denote those attributes where treatments are not significandy different, significandy different at

p<0.05, p<0.01, and p<0.001, respectively according to ANOVA. Within each treatment n-20 for

each attribute.
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VLl/

Cluster thin

VLl /Control

EClllS/Control A

LYCHEE/MUSCAT

herbaceous/grassy

35.7% ECU 18/

Cluster thin

alcohol

mineral

EC1118+AR2000/

Cluster thin

tropical fruit

citrus

apple/pear

EC1118+AR2000/

Colour
CITRUS

PVT

EC 1 1 18/Leaf removal •

EC1118+AR200Q/

Leaf removal

Figure 42. Principal component analysis of 2001 Chardonnay masque wines produced using

enzyme addition and/or different yeast strains, in combination with the viticultural practices of leaf

removal and cluster thinning. Lower case attributes signify those attributes evaluated by aroma,

while uppercase indicate those evaluated by flavour. (n=10 judges x 2 reps).
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pH was observed to be strongly correlated with both FVT and PVT content. Strong negative

correlations were observed between herbaceous/grassy aroma and the citrus, pear/apple, and

tropical fruit aroma attributes. Citrus aroma was additionally negatively correlated with the

sensation of alcohol, while tropical fruit aroma was negatively correlated with the sensation of

sweetness. Negative correlations were also observed between citrus flavour with that of

lychee/muscat flavour and the sensation of alcohol. Amongst the chemical parameters

negative correlations were observed between TA and pH, and TA and PVT content. PVT

content was also negatively correlated with lychee/muscat aroma (table 12).

A clear division of wines by PCA according to viticultural treatment imposed was

observed amongst the 2001 wines with cluster thinning treatments being located on the left of

factor II and both leaf removal and control treatments being located on the right of factor II.

Wines from the cluster thinning treatments therefore tended to exhibit more pronounced

intensities in mineral, lychee/muscat, and herbaceous/grassy aromas, lychee/muscat flavour,

and to have greater sweetness, depth of colour, and higher TA than leaf removal and control

wines. Delineation between control and leaf removal treatments was also evident with control

treatments and leaf removal treatments tending to be located above and below factor I

respectively. Control wines therefore tended to exhibit higher tropical fruit and floral aromas,

topical fruit flavour, and a higher perception of acidit}', while leaf removal wines exhibited

greater citrus and apple/pear flavours, higher pH and higher content in both FVT and PVT.

Within a given viticultural treatment a pattern amongst enological treatments can be seen

whereby VLl wines tend to be positioned highest along factor II followed by ECU 18 wines

and finally EC1118+AR2000 wines (fig. 42). Wines produced from the cluster tiiinning

treatment and fermented with the \T.l yeast strain therefore tended to be highest in sweetoess
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and TA followed by wines from ECU 18 and finally EC1118+AR2000. From the leaf removal

treatoient EC 1118+ AR2000 wines were highest in PVT and FVT content, highest in pH, and

exhibited the greatest apple/pear and citrus flavour, followed then by ECU 18 and finally VLl

wines. Within the control treatment VLl wines exhibited the highest floral aroma, tropical fruit

aroma and flavour, and highest perception of acidity followed by ECU 18 and finally

EC1118+AR2000.
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Study II: Effect ofcluster thinnins timins

Amongst the wines produced in the 1999 vintage little difference between viticultural

treatments was observed for all flavour and mouthfeel attributes as well as colour. With the

exception of dried fruit and grassy aromas litde difference was also evident for the majority of

aroma attributes as a result of the cluster thinning operations imposed. Veraison cluster

thinning was observed to substantially increase grassy aroma, while all cluster thinning

operations with the exception of that imposed at lag phase were found to decrease dried fruit

aroma in relation to the control (table 13, fig. 43).

With the exception of lychee and citrus aromas all attributes from the 1999 vintage

were affected by enological treatments (table 14, fig. 44). Wines fermented with the VL3 were

highest in spicy aroma, floral, spicy, grassy flavours, and were perceived as having the highest

body. ECU 18 without the addition of the Cinn-Free enzyme was lowest in floral flavour and

length of finish. Addition of the Cinn-Free enzyme resulted in wines perceived as being

lowest in floral and grassy aromas, citrus and grassy flavours, and the sensation of astringency.

These same wines however were also described as exhibiting the highest in dried fruit aroma,

lychee and dried fruit flavours, and to display the highest length of finish. Colour was deepest

in the VL3 and ECU 18 + Cinn-Free treatments in comparison to the more pale wines

produced using strictiy ECl 118 and VLl

.

Principal component analysis of the 1999 vintage explained 74.2% of the variation

exhibited by the wines (fig. 45). Factor I was explained primarily by grassy, citrus, dried fruit

and lychee aroma attributes, citrus, lychee, and dried fruit flavour attributes, and length of

finish and astringency. Floral and spicy aromas, spicy flavours, and body explained factor II.
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Colour (ns)

FINISH (ns)

BODY (ns)

ASTRINGENCY (ns)

GRASSY (ns)

SPICY (ns)

floral (ns)

6.0

lychee (ns)

CONTROL
EARLY STAGE I

LAG PHASE

dried fruit (**)

citrus (ns)

spicy (ns)

grassy (***)

FLORAL (ns)

CITRUS (ns) LYCHEE (ns)

DRIED FRUIT (ns)

LATE BLOOM/EARLY SET
LATE STAGE I

VERAISON

Figure 43. Effect of cluster thinning timing on the sensory properties of Chardonnay musque, Cave

Spring Vineyards, Beamsville, ON, 1999. Uppercase and lower case letters signify those attributes

that were assessed by aroma and flavour respectively, ns, *, ***** denote those attributes where

treatments are not significant, significant at p<0.05, p<0.01, and p<0.001, respectively according to

ANOVA. Within each treatment n=24 for each attribute.
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Table 14. Effect of yeast strain selection and enzyme usage on the sensory properties of Chardonnay musque, Cave Spring

Vineyards, Beamsville, ON, 1999.

Attributes





Colourn





•^igure 45. Principal component analysis of 1999 Chardonnay musque wines produced using

different yeast strains, enzymes, or fruit from vines that had been cluster thinned at various

different times throughout the growing season. Lower case attributes signify those attributes

evaluated by aroma, while uppercase indicate those evaluated by flavour. (n=12 judges x 2 reps).
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Located to the left of factor II and below factor I, all viticultural treatments were

described primarily by their lack of spicy, dried fruit, and lychee aromas, spicy and floral

flavours, and lack of length of finish and depth of colour (fig. 45). A greater amount of

variability amongst the wines existed according to enological treatment. VL3 being located

high along factor II and to the left of factor I was described primarily by floral aroma and spicy

aromas and flavours. EC1118+Cinn Free on the other hand being located on the right of

factor II and below factor I exhibited high dried fruit and lychee flavours. EC1118 and VLl

were grouped to the left of factor II and below factor I where they were described by similar

attributes to those exhibited by the cluster thinning treatments (fig. 45).

In the 2000 vintage cluster thinning timing resulted in substantial differences amongst

wines in dried fruit aroma, muscat flavour, and colour (table 15, fig. 46). Unthinned vines

however only differed substantially from thinned vines in the colour attribute where all

thinning treatments resulted in the development of a deeper colour intensity. On the basis of

yeast strain selection and enzyme usage tropical fruit aroma, muscat flavour, and colour were

observed to vary (table 16, fig. 47). Tropical fruit aroma was deemed by judges to be highest

amongst wines produced by CY3079 and EC1118+AR2000 treatments, and lowest in those

wines produced with VLl. Muscat flavour was highest in the treatment EC1118+AR2000 and

lowest in the D47 treatment. VLl wines exhibited the deepest colour amongst the enological

treatments imposed while CY3079 wines were deemed most pale in colour.

Principal component analysis explained 47.9% of the variation between wines (fig. 48).

Factor I was primarily explained by muscat aroma, tropical fruit and tree fruit flavours, and the
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muscat (ns)

5.0
Colour (***) "•"

T
^ ' 4.5

FULLNESS (ns)

ASTRINGENCY(ns)

ACIDITY (ns)

SWEETNESS (ns)

TROPICAL FRUIT (ns)

TREE FRUIT (ns)

CITRUS (ns)

VL1 VL3

D47 EC1118

EC1118+AR2000

citrus (ns)

tree fruit (ns)

tropical fruit (*)

floral (ns)

honey (ns)

dried fruit (ns)

grassy (ns)

MUSCAT (**)

CY3079

EC1118+CINNFREE

Figure 47. Effect of yeast strain selection and enzyme usage on the sensory properties of

Chardonnay musque, Cave Spring Vineyards, Beamsville, ON, 2000. Uppercase and lower case

letters signify those attributes that were assessed by aroma and flavour respectively. * and ns denote

those attributes where treatments were significandy different, and not significandy different

respectively, at p<0.05 according to Duncan's multiple range test. Within each treatment n=26 for

each attribute.
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-\- VLl/Lag

VLl A^eraison

00
bo

EC1118+AR2000/
Control

dried faiit

tropical fruit

29.1%
Colour

VLl /Early

CY3079/Control

D47/Control

FULLNESS

grassy

VLl /Set

VLl /Control

FVT





sweetness, astringency, and colour attributes. Primarily dried fruit and grassy aromas, the

sensations of fxillness and acidity, and the chemical parameters TA and PVT on the other hand

explained factor II. Amongst the attributes evaluated a strong positive correlation was found

between tree fruit flavour with that of the tree fruit, tropical fruit, and floral aromas (table 17).

PVT was positively correlated with both the aromas dried fruit and tropical fruit, while similar

positive correlations were also observed amongst the attributes honey, colour, and pH. Grassy

aroma was negatively correlated with dried fruit and tropical fruit aromas as well as PVT

content. Similar negative correlations were observed between honey aroma with that of citrus

aroma, tropical fruit aroma, and FVT content. Finally, the colour attribute was negatively

correlated with tropical fruit and tree fruit aromas, along with FVT content, (table 17).

As in the 1999 vintage, wines from the 2000 growing season were observed to be

highly variable in character according to enological treatment (fig. 48). Both ECU 18 and VLl

separated from the remaining enological treatments by being located on the left of factor II.

ECU 18 was described primarily by honey aroma, muscat flavour, and as being high in

astringency, colour intensity and the chemical parameter pH. VLl on the other hand exhibited

primarily grassy aroma, and high fullness but also like ECU 18 was also higher in astringency

and colour intensity than the remaining enological treatments. Wines from the D47, VL3, and

EC1118+Cinn-free treatments were located to the right of factor II and below factor I, where

they were described by judges as exhibiting primarily muscat, citrus, and tree fruit flavours, and

as being high in FVT and TA content. CY3079 and EC1118+AR2000 treatments were also

located on the right of factor II but above factor I. Wines from both treatments were therefore

deemed to be high in dried fruit, tropical fruit, floral, and muscat aromas, tree fruit and tropical

fruit flavours, and to exhibit high sweetness and acidity along with high PVT content.

In 2000 a greater difference between viticultural treatments was observed when

compared to the 1999 season (fig. 48). Wines produced from fruit from the unthinned and

early cluster thinning treatments were described as exhibiting greater grassy aromas along with

a high amount of fuUness when compared to wines from later cluster thinning treatments.
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Wines from vines thinned later in the growing season conversely tended to be higher in muscat

flavour, honey aroma, and pH than wines from unthinned and earlier thinned vines.

Citrus, apple/pear, and vegetal aromas, peach and herbaceous/grassy flavours, along

with sweetness, acidity, fullness, and colour were aU substantially affected by viticultural

treatments imposed in the 2001 growing season (table 18, fig. 49). In comparison to unthinned

vines set and late stage I thinning was observed to substantially reduce apple/pear aroma,

while veraison thinning was observed to notably reduce vegetal aroma, peach flavour, and to

increase herbaceous/grassy flavour. Both sweetness and depth of colour were substantially

lower in control wines compared to those produced by set, early stage I, lag phase, and

veraison thinned vines. Fullness of wines from early stage I and veraison treatments were

lowered in comparison to control wines, while acidity was increased by lag phase and veraison

thinning treatments. Citrus aroma was found to be substantially different between cluster

thinning treatments where lag phase thinning tended to produce wines having highest intensity

and late stage I thinning to produce wines with the lowest intensity, but the attribute was not

different between any of the cluster thinning treatments and the control.

Differences amongst wines according to enological treatment were observed in floral,

muscat, peach, mineral, herbaceous/grassy, and vegetal aromas, along with sweetness, acidity,

fullness, and colour (table 19, fig. 50). No notable difference was observed in regard to any of

the flavour attributes. Wines from the VLl treatments were highest amongst the enological

treatments in terms of vegetal, herbaceous/grassy, and mineral aromas and lowest in terms of

floral and muscat aromas as weU as fullness and sweetness. Both VLl and VL3 were observed

to produce wines lowest in acidity as well as peach aroma. EC1118+AR2000 was also low in

peach aroma along with herbaceous/grassy aroma. Vegetal aroma was lowest amongst wines

produced in ECU 18 and ECU 18+Cinn-free treatments. Sweetness was also low in these
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treatments along with the EC1118+AR2000 treatment. Wine colour was observed to be

deepest in VLl and ECl 118 treatments and more pale in the CY3079 treatment.

Principal component analysis explained 66.3% of the variation exhibited by the wine

from the 2001 vintage (fig. 51). Factor II was explained by the flavour attributes, apple/pear,

muscat, peach, and grassy/herbaceous along with the colour attribute. Factor I was explained

by peach, apple/pear, citrus, muscat, floral, vegetal, mineral, and herbaceous aromas, citrus and

vegetal flavours, and fullness, sweetness, and acidit}^ A large number of attributes exhibited

substantial positive and negative correlations with each other as is shown in table 19.

As in both 1999 and 2000, 2001 wines were shown to exhibit variation in accordance

to enological treatment (fig. 51). Wines produced using the VLl yeast strain were located on

the left of factor I where in comparison to all other enological treatments they were generally

deemed to posses a greater intensity of mineral, herbaceous/grassy, and vegetal aromas,

vegetal flavour, and to possess greater fuUness and sweetness as well as higher pH and FVT

content. The remaining enological treatments were located on the right of factor II with

ECl 11 8, EC1118+Cinn-Free, and EC1118+AR2000 being located above factor I, and VL3,

CY3079, and D47 being located below factor I. ECl 118 wines with and without addition of

enzymes therefore tended to be higher in muscat, apple/pear, and citrus flavours than either

VL3, CY3079, and D47 uines, while these latter wines tended to be higher in

grassy/herbaceous flavours.

Delineation among viticultural treatments was observable along factor I as well as

along factor II (fig. 52). Given that wines produced from unthinned vines were located highest

along factor II, they were generally differentiated from wines produced from the other
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viticultural treatments on the basis of higher peach flavour, depth of colour, and higher TA.

Wines produced from the veraison cluster thinning treatment being located the closest to

factor II and furthest below factor I were by and large different from the remaining cluster

thinning treatments and the control in their high content of herbaceous grassy flavour, and

lack in peach flavour, depth of colour, and TA. Wines originating from set, early stage I, late

stage I, and lag phase treatments were fairly similar in sensory and chemical characteristics

given their similar location to the right of factor II. Given their further distance from factor II

however, wines originating from both the late stage I and set thinning treatments were sHghdy

higher in vegetal aroma and flavour, and lower in apple/pear, citrus, muscat, and floral aromas

than wines from either early stage I and lag phase cluster thinning treatments.
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Discussion

Chapter 1. Impact of leaf removal and cluster thinning on yield and vine performance

Study I: Effect ofveraison leafremoval and cluster thinning

The manual removal of fruit during the application of the cluster thinning reduced the

number of clusters/vine substantially compared to the control and leaf removal treatments,

and was undoubtedly the main contributing factor to the reduced crop load and approximate

36% reduction in yield/vine (table 5).

The reduced berry weight observed in the leaf removal treatment (table 5), has been

similarly reported in a number of other defoliation trials due either to increased temperature

and sunlight exposure (Kobayashi et al., 1965; Kobayashi et al., 1967; Reynolds et al., 1986;

Reynolds and Wardle, 1989b; Power, 2000; Bergquist et al., 2001), and/or a reduction in

assimilate supply associated with the loss in leaf area (Kingston and Van Epenhuijsen, 1989;

Hunter and Visser, 1990b; Caspari et al., 1998; Ollat and Gaudillere, 1998). Bergqvist et al.

(2001) for instance observed Grenache berry mass to gradually decline with increased sun

exposure, due possibly to an effect on berry cell division and/or elongation, as well as berry

transpiration and dehydration. Reynolds et al. (1986) similarly observed partially exposed

Seyval blanc berries to exhibit higher weights than those fuUy exposed to sunlight or

completely shaded. Ollat and Gaudillere (1998) on the other hand speculated loss in assimilate

supply to result in reduced berry weights given the observation that reduced leaf area was

associated with reductions in absolute and relative growth rates of Cabernet Sauvignon berries.

Similar reduction in both berry diameter and berry weight were also observed by Kingston and

Van Epenhuijsen (1989) with reduction in leaf surface area to pot grown Italia table grapes.
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According to Dokoozlian and Hirschfelt (1995) crop level reduction may fail to elicit

any increases in berry weight under conditions where vines are not already source limiting.

Given that cluster thinned vines obtained a vine size value indicative of over-vigorous

conditions and the crop load value equated with under cropped vines (Lombard, 1992), such

an explanation may account for the lack of observed increase in berry weight as has been

observed by other cluster thinning studies (Kliewer and Weaver, 1971; Bravdo et al., 1985;

Reynolds, 1989; Reynolds et al., 1994b). Such an explanation however does not adequately

explain for the reduction of berry weight observed in this study (table 5). It has been suggested

by McCarthy and Coombe (1999) however that phloem flow becomes impeded at maximum

berry weight after which berries lose weight through the loss of water during the ripening

period. Given the lesser number of sinks in the cluster thinning treatment, berries ftrom this

treatment may have reached maximum berry weight sooner than berries from the control

treatment, and subsequendy had a greater a period of time between the impediment of phloem

flow and harvest for the loss of water to occur. Such speculation that water loss may be the

root cause behind the reduction in berry weight in both the leaf removal and cluster thinning

treatments tends to be supported by reductions in berry^ diameter also observed in both

treatments (table 5). Provided that no measurements were made in this study pertaining to the

temporal advancement of berry weight however, such a speculation requires further research.

Neither leaf removal nor cluster thinning appeared to have any substantial impact on

berries/cluster (table 5). Given that berry set is dependant on assimilate supply during bloom

and the weeks immediately following (Vasconcelos and Koblet, 1990; Smithyman et al, 1998),

it is not surprising that application of both viticultural practices at veraison failed to have any

impact on yield in this regard. Given the lack of difference obtained in berries/cluster due to

the imposed viticultural practices, it appears that the slight reduction in cluster weight observed
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in both the leaf removal and cluster thinning treatments was due primarily to the loss in berry

weight.

As in a number of other studies (Staff et al., 1997; Caspari et al., 1998; Reynolds and

Wardle, 1989; Petrie et al, 2000a,b) leaf removal was observed to decrease vine si2e. Stemming

from the observation that vegetative growth exhibited a increasing linear response in relation

to leaf surface area Kaps and Cahoon (1992) speculated vegetative growth to be highly

dependant on assimilate supply. The removal of leaves in the leaf removal treatment may

therefore have lowered the leaf surface area to a point whereby vine size was reduced. As an

alternative explanation however, according to Quinlan and Weaver (1962) the actual physical

act of leaf removal can cause a alteration to the distribution of assimilate patterns, whereby

assimilates normally exhibiting movement in the apical direction exhibit a revamped pattern of

movement towards the point of leaf removal application. Application of leaf removal in the

basal portion of the vine in this study may have thus reduced assimilate supply to the shoot tip

ultimately lessening vegetative growth.

Study II: Effect ofcluster thinning timing

As in study I, the manual removal of clusters substantially reduced the number of

clusters/vine and was undoubtedly the main contributing factor for the observed reductions in

crop load and yield/vine in both years studied (table 6). Interestingly, yield/vine was not as

severely reduced in the set thinning treatment in comparison to later cluster thinning

treatments. Given that assimilate demand is increased during berry set due to berry cell

division and elongation, cluster level reduction at or prior to this phenological stage has in a

number of situations resulted in a compensation response in some yield parameters (KUewer

and Weaver, 1971; Bravdo et al., 1985; Reynolds, 1989; Reynolds et al, 1994b NliUer et al.,

1996; Edson et al, 1995b). Weaver and Pool (1973) for instance obser\^ed vines thinned at
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two, four, and six weeks after set all exhibited lower berry weights in comparison to vines

thinned at and prior to berry set. Smithyman et al. (1998) on the other hand observed thinning

prior to set to increase the number of berries/cluster compared to vines thinned subsequent to

set. The linear relationships of berry weight and berries/cluster in 2000 and the quadratic

relationships observed in berry and cluster weights in 2001 tend to suggest a similar

compensation response in this study amongst vines thinned earlier in the season (table 6, fig.

3).

Although slight, the increase in later cluster thinning treatments in regards to both

berry and cluster weight as signified by the quadratic relationship in 2001 is somewhat

perplexing, and is most likely the main contributing factor for the lesser loss in yield/vine

observed in both the lag phase and veraison treatments. A possible explanation however may

be that thinning performed later in the season increased berry assimilate supply at the point

where the berry undergoes it second growth phase. Vines thinned after set and prior to lag

phase may not have benefited fiom thinning during this period given a greater contribution of

assimilates to vegetative tissue rather than to the berry (table 6). Such speculation is supported

by evidence that assimilate supply to various organs of the grapevine differs throughout the

growing season (Edson et. al., 1995b), and additionally that berry growth success varies

according to assimilate supply at specific developmental stages (Weaver and Pool, 1973;

Smithyman et al., 1998). It however is discounted by the finding of Edson et al., (1995b) that

assimilate supply to the berry is dictated by crop level where higher crop levels partition greater

assimilates to the berry at the expense of vegetative tissue. It should be mentioned however

that this greater assimilate partitioning is not relative i.e. vines with two cluster do not partition

twice as much assimilates in comparison to vines with one cluster. Assimilate supply from the

standpoint of individual berries or clusters may therefore still be improved by cluster thinning.
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According to the Niagara Agricultural Weather Network (NAWN) 2000 received

approximately twice as much rain and nearly 200 lesser growing degree days during the

growing season in comparison to 2001. Such variation in climatic conditions may also have

contributed to the observed variation in terms of the effect of cluster thinning on berry weight

between the two seasons studied. In 2001 the substantial decrease in berry weight amongst

thinning treatments may have been caused by excessive loss of water due to increased

dehydration amongst thinning treatments, especially those thinned subsequent to set due to

greater advancement in berry maturity with a lesser crop load. In 2000 on the other hand

dehydration may have not been as influential of a factor given the lower temperatures and

higher precipitation accumulated during the growing season. Such variation in berry weight as

a result differences in temperature (Kobayashi et al., 1965; Kobayashi et al., 1967; Reynolds et

al., 1986) and water supply (Esteban et al, 2002) have been previously observed

Provided that there exists a competitive nature between reproductive and vegetative

tissues where vegetative growth is sacrificed at the expensive of reproductive growth (Edson

et. al., 1995) the increase in vine size amongst thinning treatments in relation to the control

makes sense. Especially in terms of the substantial increase observed in 2001 in both the set

and early stage I treatments, which would have retained a lesser crop level through a period of

highly active shoot growth.

Chapter 2. Impact of leaf removal and cluster thinning on berry, must, and wine

composition

Study I: Ejfed ofveraison leafremoval and cluster thinning

Compared to those from the control treatment, berries harvested from the cluster

thinning treatment were substantially higher in °Brix, pH, and lower in titratable acidity (figs. 5,

7, and 9). Such differences between these two treatments were generally observed throughout

the immediate weeks preceding harv^est (figs. 4, 6, and 8). Similar increases in °Brix (Kliewer
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and Weaver, 1971; Looney, 1981; Howell et al., 1987; Reynolds et al., 1994a; Reynolds et al,

1994c; Dokoozlian and Hirschfelt, 1995; Edson et al., 1995b) and pH (Kliewer and Weaver,

1971; Howell et al., 1987; Reynolds et al, 1994a; Reynolds et al, 1994c; Edson et. al., 1995b)

and decreases in TA (Kliewer and Weaver, 1971; Looney, 1981; Reynolds et al, 1994a; Howell

et al., 1987) with reduction in crop load have similarly been observed in a number of other

studies. like thinning, leaf removal generally decreased TA and increased pH in comparison to

the control amongst the sampHng dates preceding harvest, however in the case of °Brix a slight

decrease or little difference was obtained during these preceding dates (figs. 4, 6, 8). Of these

parameters at harvest however, only TA was observed to be substantially different than the

control where it was notably lower in the leaf removal treatment (figs. 5, 7, and 9). Similar

decrease in TA (Bledsoe et al., 1988; Reynolds et al., 1996; Ollat and Gaudillere, 1998), and

lack of difference in °Brix (Reynolds et al, 1996; Staff et al., 1997) and pH (Reynolds et al,

1996; Staff et al., 1997; Vasconcelos and Castagnoli, 2000) with the application of leaf removal

has similarly been noted in other studies.

Reduction in titratable acidity though leaf removal is generally deemed to be the result

of increased light and temperature associated with augmentation to the canopy microclimate.

Specific mention is often made pertaining to the effect of temperature on the maHc acid

enzyme which is responsible for the degradation of maHc acid (Lakso and Kliewer, 1976;

Lakso and Kliewer, 1978). According to Lasko and Kliewer (1975) activity of this enzyme

increases between the temperatures of 10-46°C whereas in the case of PEP carboxylase, one

enzyme involved in the synthesis of malic acid, there is a sharp decrease in activit}^ after 38°C.

Given differences in activity at different temperatures between enzymes involved in maHc acid

synthesis and degradation it has been suggested that accumulation of maHc acid would be best
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suited at 20-30°C (Lakso and Kliewer, 1978). Weather during the 2001 growing season tended

to produce temperatures within this range (NAWN weather data), however provided that

direct sun exposure has been said to increase berry temperature as much as 7°C over ambient

temperature (Bergqvist et al., 2001) augmentation to the canopy by leaf removal may have

increased berry temperatures beyond ranges suggested to be optimal for malic acid

accumulation, to the point where degradation was favoured. It is interesting that despite lack

of adjustment to the canopy microclimate cluster thinning was also observed to decrease

titratable acidity even beyond that of the leaf removal treatment, and additionally to increase

pH (figs. 4, 5, 6, and 7). Kliewer and Weaver (1971) similarly observed a concurret decrease in

TA and increase in pH in thinned Tokay grapevines, which was indicated to be the result of a

faster rate of maturation amongst vines with low leaf area: fruit weight ratios. Provided that

throughout the weeks prior to harvest °Brix, TA, and pH were observed to be roughly a week

behind in the leaf removal and control treatments in comparison to that of the cluster thinning

treatment, may suggest that vines in this study were relatively high in crop level. Alternatively

however, increased accumulation of potassium within a lesser number of sinks may also

increased pH and reduced TA within the cluster thinning treatment, this stemming from

observations that potassium concentration is often positively and negatively correlated with

pH and tartaric acid content respectively (Hepner and Bravdo, 1985; Bravdo et al, 1985;

Bledsoe etal., 1988).

In some circumstances increases in °Brix as a result of thinning have been suggested to

overcome a lack of maturity observed amongst berries produced from vines carrying higher

crop loads (Kliewer and Weaver, 1971), while in others such difference have been deemed to

have litde effect on berry quality (Reynolds et al., 1994b; Edson et al., 1995b). The increase in

soluble solids with thinning is generally the result of a faster rate of accumulation. Bravdo et al.
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(1985) for instance observed that Cabernet Sauvignon vines thinned at two different levels

attained 22.5 °Brix at a sooner date than an unthinned control. Such advancement in berry

soluble solids accumulation is believed to be the result of greater leaf area: fruit weight ratio's

amongst thinned vines, which increases assimilate supply on a per berry basis regardless of a

greater contribution of assimilates to vine vegetative tissue as well. Such increase in assimilates

to the berry may result in an earlier occurrence and greater rate of hexose accumulation at the

onset of the second phase of berry growth. Perez et al., (2000) for instance observed that with

increasing sugar concentration in the medium of cultured Sultana grape berries that the onset

and rate of hexose accumulation was faster and greater respectively compared to berries

cultured at lower concentrations. The reduction in °Brix within the leaf removal treatment on

September 4* may have been the result of the reduction in the leaf area: fruit weight ratio

limiting assimilate supply to the berry. The recovery the week prior however seems to imply

that leaf removal vines increased photosynthetic rate on a per leaf area basis. Such plasticity of

leaf photosynthesis with reduction in leaf surface area has been well documented (Kaps and

Gaboon, 1992; Jackson and Lombard, 1993; Miller et al, 1997; Petrie et al, 2000c). MiUer et al.

(1997) for instance observed no difference in whole vine photosynthesis nor whole vine dry

weights amongst Chambourcin grapevines maintained at different leaf area:fruit weight ratios.

Such lack of difference was believed to be the result of high sink capacity grapevines increasing

dry matter production on per unit leaf area basis, and photosynthesis on low sink capacity

grapevines been negatively inhibited by lack of carbohydrate utilization (Miller et al, 1997;

Petrie et al., 2000c). Given that berry °Brix was increased by cluster thinning and differed very

litde between the leaf removal and control treatments tends to suggest therefore that vines in

this study may have been high in sink capacity regardless of relatively high vine sizes (table 5).
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Free volatile terpenes in the berry were influenced very little by either leaf removal or

cluster thinning at harvest and throughout the weeks prior to harvest. Similar results indicating

little impact of leaf removal (Reynolds et al, 1995; Reynolds et al., 1996) and cluster thinning

(Reynolds et al., 1994a) on berry FVT have been observed in other studies. Berry potentially

volatile terpenes however have generally been observed to increase with application of leaf

removal and cluster thinning (Reynolds et al, 1995; Reynolds et al., 1996; Macaulay and Morris

1993; Zoecklein et al., 1998a; Zoecklein et al., 1998b), a trend that was also generally observ^ed

in this smdy. Typically variation between defoliated and non defoliated vines in the number of

parasitic sinks and canopy microclimate are cited as possible reasons for variation in terpene

content (Reynolds et al., 1989a; Reynolds and Wardle, 1989b; Belancic et al., 1997; Bureau et

al., 2000a), although differences in berry si2e has also been reported as a possible source of

variation given a concentration effect amongst smaller berries (Reynolds et al, 1994a). Both

explanations could be applied for the increased PVT concentration observed in the leaf

removal treatment in this study. A reduction in berry size may also have been responsible for

the increased PVT concentrations in the cluster thinning treatment, although generally

increased rate of berry maturation is generally cited as the source behind observed increases in

PVT content (Bureau et al., 2000b). Such an explanation appears reasonable provided that the

cluster thinning treatment was often advanced over the control by approximately a week in

°Brix, TA, and pH throughout the weeks prior to harvest (figs. 4, 6, and 8).

Trends observed in the berry in regards to the effect of leaf removal and cluster

thinning on chemical composition were fairly consistent with those obtained in the must and

wine in regards to pH, TA, and PVT content (figs 5, 7, 13 and table 7). Some variation

between sample type existed where trends obser\^ed within the berr)^ were not consistent with

those obtained from the must and wine. Neither berr), must, or wine samples for instance
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indicated a consistent trend in terms of the effect of leaf removal and cluster thinning on FVT

composition. According to Coombe (1987) such variation is to be expected given the

observation that berry skins may contain a substantial portion of certain chemical constituents

over that of the berry flesh. Subsequent removal of skins through the action of pressing may

therefore create different trends in the must and wine from those observed previously in the

berry. Free volatile terpenes have been observed to exhibit such variation between the skin,

pulp, and juice fractions of the berry both qualitatively and quantitatively (Wilson et al., 1986;

Vazquez et al, 2001). The lack of consistency observed in this study between berry and must

sample types in regards to terpene content may therefore be a reflection of possible variation

between treatments in terms of free volatile terpene content within various portions of the

berry.

The differences observed between FVT trends amongst must and wine samples is

most likely due to a change brought about through fermentation. This appears entirely

reasonable provided previous research where yeast strains have exhibited a great deal of

variability in adjusting free volatile terpene content through biosynthesis and

biostransformation (Fagan et. al. 1981; King and Dickinson, 2000). Further support is added

due to observed variation amongst yeast strain in p-glucosidase activity and therefore

presumably different capabilities to convert potential volatile terpenes into free forms (Mateo

and Di Stefano, 1997; McMahon et al, 1999).

Regardless of the variation behind trends observed in berry, must, and wine samples

cluster thinning was observed to produce wines notably higher in pH, FVT, and PVT content

and noticeably lower in TA than those produced from fruit originating via leaf removal or the

control treatments.
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Study II: Effect ofcluster thinning timing

In the 2000 growing season cluster thinning increased pH content within the berry,

must, and wine when performed at and subsequent to early stage I (fig. 15). Berry and must

°Brix, and must and wine PVT were additionally observed to be increased by application of

thinning during these phenological stages (figs 21 and 27). Similar increases in pH, °Brix, and

PVT content with thinning during the 2001 season were also evident within the berry, must,

and wine, however these generally were confined amongst thinning treatments performed mid

season (i.e. early stage I, late stage I, and lag phase) (figs. 16, 22, and 28). Both pH and °Brix

have been suggested to be important measures of berry maturity provided they display

increasing trends with advancement of berry maturity (Jackson and Lombard, 1993). PVT

content has similarly been observed to increase with prolonged harvest date and therefore has

been suggested as a further maturity index (Reynolds and Wardle, 1993). The results of this

study in the 2000 season therefore tend to conform to previous crop level studies where the

observation was made that reduction in crop level results in advanced berry maturity. Provided

however that a number of compositional parameters in the 2000 season exhibited linear and

quadratic trends in respect to time of thinning, along with the observation that set thinning

often failed to influence berry composition in relation to the control, tends to suggest timing

of application to be an important factor (figs. 15, 18, 21, 24, and 27).

The increased pH observed amongst the thinning treatments after set are similar to

results obtained by Smithymann et al. (1998) on Seyval blanc grapevines. With the exception of

a rise in TA in the early stage I thinning treatment the results of the 2000 season also tend to

agree with a number of authors in the observ^ation that TA is effected very Httie by the

application of thinning (Weaver and Pool, 1973; Reynolds et al, 1994a; Edson 1995

Smithymann et al, 1998). The rise in TA through early stage I thinning however, combined
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with a decreasing linear trend in regards to the timing of thinning application, may suggest the

potential for TA to be effected through cluster thinning timing. Increased TA with thinning at

the early stage I phase of berry development may have been the result of increased assimilate

supply to individual berries during a period when tartaric and maHc acids were actively being

synthesized (Bledsoe et al., 1998). Prior thinning during set may have had litde effect in this

regard provided the increase in yield associated with this treatment. The increase in pH during

the 2000 season with thinning at and subsequent to early stage I may have been due to

increased potassium accumulation within a lesser number of sinks (Hepner and Bravdo, 1985),

reducing hydrogen ion content and thus increasing pH. Such variation in pH with litde change

in TA, as was observed here in the 2000 season, has been similarly observed by other authors

due to variation in potassium concentration (Hamilton and Coombe, 1992). The accumulation

of potassium within the berry increases fairly rapidly after berry set through to ripening (Rojas

and Morrison, 1989). The quadratic trend observed in must samples in the 2000 season where

thinning in the middle of the season (i.e. early and late stage I) obtained elevated pH in

comparison to earlier and later thinning (i.e. set, lag phase, and veraison) may therefore not

only reflect the effect of lesser sink size on potassium accumulation, but also the length of time

between thinning and harvest where this lesser sink number is maintained. A similar

occurrence may also be responsible for the quadratic relationships observed in 2001 in regards

to pH(fig. 16). Stemming from the observation of Rohas and Morrison (1989) that observed

notably higher potassium concentration in Cabernet Sauvignon berries from shaded canopies

in comparison to those originating from exposed canopies, in addition to a lesser number of

sinks, increased shading may have also increased potassium concentration in the early and late

stage I treatments provided the lower yields and higher vine sizes in these treatments in

comparison to those from the set, lag phase, and veraison treatments (fig. 16 and table 6).
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The increased yield associated with set thinning is likely the major cause for the slower

rate of maturity in this treatment provided that it lessened the impact of crop level reduction

on crop load and presumably the leaf area:fruit weight ratio. Importandy °Brix was the only

compositional parameter affected by set thinning during the 2000 season where it was

increased in relation to the control. This would be of notable interest to grape growers when

combined with the observed increase in yield. Kaps and Gaboon (1992) found that sugar

content in Seyval blanc berries responded hyperbolically with leaf surface area, and as such

sugar accumulation increased with increasing leaf surface area up to 10 cm"/g fruit, after which

litde impact on sugar accumulation was observed with further increased leaf surface area.

When this information is applied to this study it could be suggested that in the 2000 season the

notable increase in yield within the set thinning treatment was not compensated by an equally

substantial increase in vine size. The leaf area:fruit weight ratio therefore may have fallen

within the range where a potential increase in sugar content was still obtainable through

increased leaf surface area. Smaller vine sizes amongst vines thinned later in the season,

especially lag phase and veraison may have also had reduced °Brix compared to fruit from

early stage I and late stage I for similar reasons, and may explain the significant quadratic

trends observed in 2000 in berry °Brix.

With the exception of the set thinning and veraison thinning treatments, °Brix in 2001

was observed to be notably increased over the control through thinning as was similarly

observed in the 2000 growing season. The degree of increase in °Brix however was less

substantial in 2001 most likely due to increased growing degree days received in that season as

well as a lesser differences between treatments in yields (table 6). When both yields and vine

sizes are compared between seasons, it is interesting that trends observ^ed in °Brix remain
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relatively constant between seasons. Provided that yields were much lower in 2001 and vines

sizes were much higher it is doubtful that any of the vines were overcropped, and as such

suggests that differences between treatments may not, as was previously suggested, be the

result of variation in leaf surface area:fruit weight ratios. Instead, through an associated

increase in assimilate supply with a reduction in yield, cluster thinning may decrease the

amount of time to the point at which the berry begins to rapidly import sugars, and moreover

increase the rate at which sugar accumulation occurs. As previously mentioned Perez et al.,

(2000) observed such a reduction in the amount of time for cultured berries of Sultana to

begin importing sugars and additionally observed an increased rate of sugar accumulation

when berries were cultured in mediums with higher amount of sugar. Provided that yields were

similar amongst the set, lag phase, and veraison thinning treatments, which were aU

substantially higher than those from the early and late stage I treatments, may therefore explain

the quadratic relationship in the 2001 growing season. Timing of application may also

contribute to the observed differences in °Brix. For example it may be realistically assumed

that berries thinned at veraison had already begun sugar accumulation previous to the

application of thinning, and as such thinning would not have impacted the instance in time at

which sugar accumulation begins to occur, although it may have increased the rate at which it

occurred. Such speculations are made on the basis that in figure 20 the majority of the cluster

thinning treatments are seen to already have higher °Brix than the control on the first date of

sampling. An exception being however the veraison thinning treatment which was closest in

magnitude to the control, over the weeks leading up to harv^est however it Uke the other

thinning treatments tends to show increased rates of soluble solid accumulation.

In terms of FVT content within the berry, thinning in 2000 and 2001 produced vastiy

different trends, with the former season exhibiting Httie change or decreases in comparison to
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the control, and the latter exhibiting substantial increases. Reasons behind such contrasting

seasonal differences observed here might be the result of vasdy different climatic conditions,

yields, and/or vine sizes between seasons, this stemming from previous research indicating

terpene content to prone to variation in Ught, temperature, and water supply (Reynolds and

Wardle, 1989; Reynolds and Wardle, 1996). It is interesting however that berry weight and

FVT produces opposite trends, for instance thinning increased berry weight and reduced FVT

content in 2000, whereas in 2001 the opposite trend was evident with decreased berry weights

and increased FVT concentrations being evident within thinning treatments. Whether berry

weight directiy affects FVT concentration has yet be specifically determined although it has

been provided as a possibility for variation exhibited in FVT concentration between viticultural

treatments (Reynolds et al., 1994a). Considering that smaller berries have larger skin to juice

ratios, and a greater amount of free terpenes are located within the skin than in the juice, it

appears reasonable to assume berry size as a possible source of variation on berry FVT

content. Provided however that accumulation of free volatile terpenes in 2001 was sporadic in

nature tends to suggest berry size not to be the major cause for the observed variation between

thinned and unthinned vines (fig. 23). Previously it has been observed that both light and

temperature can affect terpene emission and content (Reynolds and Wardle, 1989b; Yatagai et

al., 1995: Belancic et al., 1997; Llusia and Penuelas, 1998; Llusia and Penuelas, 2000; Bureau et

al., 2000a), how this may have resulted in the observed variation in berry FVT content between

treatments in this case however is beyond the scope of this study. Given however that in both

2000 and 2001 only sHght differences in wine FVT content were observed between treatments,

it appears as though any differences that may have been brought about in berry and must FVT

content as a result of thinning, were of littie consequence to final wine FVT concentration (figs

24 and 25).
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Must and wine PVT content was substantially increased over the control in 2000 when

thinning was applied at and subsequent to early stage I. With the exception of the veraison

cluster thinning treatment that tended to be similar in magnitude to the control, the quadratic

relationships observed in berry, must, and wine samples of 2001 also tends to suggest a similar

trend in PVT content with thinning at and after early stage I. As mentioned previously,

increased PVT content with reduction in crop level in other studies is generally believed to

stem from advancements in berry maturity (Bureau et al., 2000b). This study tends to conform

to this speculation provided observed advancements in berry °Brix and pH values in all

thinning treatments, with the exception of the set treatment in 2000, and the set and veraison

thinning treatments in 2001 (figs. 14, 15, 16, 20, 21, and 22). Potentially volatile terpene

concentration therefore may be similarly responsive to changes in crop level as observed in

°Brix and pH. Whether this change is in direct response to changes in leaf surface area: fruit

weight ratios or increased assimilate supply affecting synthesis of potentially volatile terpenes is

unknown. Definitive evidence does exist that potentially volatile terpene are synthesized

direcdy within the grape berry, this however does not preclude the possibility that they are also

translocated from other sites of synthesis within the grapevine (Bravdo et al, 1990; Gholami et

al., 1995). The observed rise in PVT content within the thinning treatment may therefore be

due to increased translocation of potentially volatile terpenes from other portions of the

grapevine into a lesser number of sinks, or increased synthesis of potentially volatile terpenes

within the grape berry itself as a response to an associated advancement in berry maturity with

that of crop level reduction.
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Chapter 3. Impact of yeast strain selection and enzyme usage on wine composition

Study I: Ejfect ofveraison leafremoval and duster thinnings

Wines fermented with ECU 18 tended to be higher in pH, FVT and PVT content and

lower in TA than those produced through inoculation with the VLl strain (table 7). Variations

in TA amongst wine produced using different yeast strains are often explained by observed

differences in metabolic activity. For example AntoneUi et al., (1999) observed yeast strains

belonging to the species S. bayanus to synthesize malic acid while those belonging to S. cerevisiae

to generally degrade it. According to Reynolds et al, (2001) further differences amongst wines

in organic acid content may exist due to variation in metabolism of citric, succinic, and lactic

acids. Results here tend to suggest that VLl produced higher organic content than that of

ECU 18 which most likely contributed to the reduced pH, further analysis however is

necessary to determined which organic acid(s) are responsible for the higher TA in ECU 18

wines.

The increased content of free volatile terpenes within the ECU 18 fermentations may

be the result of increased synthesis of terpenes by this yeast species during fermentation.

Evidence pertaining to the ability of yeast strains from the Sacchaomyces genus was previously

reported by Zea et al. (1995), when geraniol, linalool, a-terpineol„ (E)-neroldiol, and (Z)-

neroldiol were found to accumulate within the yeast cell during fermentation. Potential

increase in free volatile terpene content may also have been caused by higher (3-glucosidase

activity within the ECU 18 yeast strain essentially hydrolysing potentially volatile into their free

forms at a faster rate than that of the VLl yeast strain. Provided that VLl fermentations were

lowest in PVT content tends to suggest results to the contrary however.

In comparison to wines produced solely using the ECU 18 yeast strain the addition of

AR2000 was observed to increase PVT content and have Htde effect on FVT content. These

results are in contrary to other studies where additions of Aspergillus niger enzyme preparations
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have been observed to increase FVT content and decrease PVT content (Canal-Llauberes,

1994; Vazquez et al, 2001). The results here may therefore be a reflection of previous studies

indicating the inhibition of (i-glucosidase enzyme activity at pH and ethanol concentrations

typically observed in white wine and temperatures commonly used in its production (Delcroix

et al., 1994; Rosi et al., 1996; Mateo and Di Stefano, 1997). Alternatively, commercial enzyme

preparations of A., niger may also perform glycosylation reactions if glycotransferases are

present within the preparation. Glycosidases themselves have also been additionally observed

to create glycosides when under certain physiological conditions. Vetere (2000) for instance

produced isomaltose using a crude preparation of Ot-D-glucosidase from A., niger using p-

nitophenyl a-D-glycopyranose and glucopyranose as substrates with a 59% yield. Validation of

such a speculation however requires knowledge pertaining to the purit)^ of the AR2000 enzyme

preparation in terms of P-glucosidase and glycotransferase content, and further information

pertaining to whether (i-glucosidase exhibits the ability to perform transglycosylation reactions

under the physiological conditions present in wine.

The significant enological treatment x viticultural effect observed in this study (table

7), indicates that free volatile and potentially volatile terpene content was favoured by certain

combinations of yeast strain/enzyme and viticultural treatment interactions. Wines produced

with the ECU 18 yeast strain, regardless of which viticultural treatment the fruit originated

from, generally resulted in substantially higher FVT content. However amongst ECU 18

fermentations those produced with cluster thinned fruit were observed to be notably higher in

FVT content than those produced via fruit from leaf removal and control viticultural

treatments. Provided that very little difference in FVT content was observed between the leaf

removal and the cluster thinning treatment prior to fermentation tends to suggest that this
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higher content is not directly the response of higher FVT content within cluster thinning must.

Instead it appears that FVT content was either enhanced or depressed respectively when

cluster thinned and defoliated fruit was used in combination with the ECU 18 yeast strain.

Zoecklein et al. (1997) observed individual free volatile terpene concentrations to be either

increased or decreased in concentration from the must to the wine after fermentation.

Geraniol and nerol for instance were observed to be decreased in concentration while a-

terpineol, hotrienol oxide, and t-pyran linalool oxide were observed to be substantially

increased. The degree of increase in individual terpene concentrations however was observed

to vary dependant on the yeast strain used with Fermiblanc, VLl, and D47, resulting in higher

total free monoterpenes than wines produced using Prise de Mousse (ECU 18). Such variation

is undoubtedly a complex set of interactions of varying ability amongst yeast strains in (3-

glucosidase acitivity along with abiHty to biosynthesize and biotransform individual

monoterpenes. The results however importandy indicate that solely, neither viticultural

practice nor yeast strain/enzyme selection will necessarily result in higher FVT or PVT

content, but instead it is the combination of the two that may be more important to final

concentrations in the wine.

Study II: EJfect of cluster thinning timing

As in study I, VLl tended to exhibit increased TA over the other yeast strains studied

in both years (fig. 30). Again, such increase in TA may be due to variation exhibited amongst

yeast strains in the ability to metabolize organic acids such as malic, succinic, citric, and lactic

acids (Antonelli et al., 1999; Reynolds et al., 2001). Provided that TA often correlates inversely

to pH it is interesting that VLl in both years generally exhibited increased pH values over the

yeast strains CY3079 and VL3 (fig. 29). Such an obser\^ation may be due to variation amongst

wines in quantities of individual organic acids of different strengths.
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Free volatile terpenes were influenced very little by yeast strain selection (fig. 31),

although enzyme addition, specifically the Cinn-Free enzyme, was observed to result in

substantial increases (figs. 31 and 35). It therefore appears that through addition of this

pectinase enzyme preparation to the must prior to pressing, that the free volatile content of

wine can be increased, presumably through greater extraction of FVT from the skin where the

majority are located (Wilson et al., 1986; Vazquez et al, 2001). The consistent rise in TA in

both years in this treatment may similarly be the result of greater extraction of organic acids

located within the skin to the berry. Although both AR2000 and Cinn-Free were observed to

decrease PVT content, the lack of increase in wine FVT in the case of the former tends to

indicate, as it did in study I, that the P-glucosidase activity under which AR2000 is marketed

had Uttie ability to increase free aromatic content. Lack of substantial rise in FVT content in

wines made from yeast strains exhibiting low PVT content, such as \T1 and VL3 (fig. 31 and

32), also appears to suggest that hydrolysis of potentially volatile terpenes doesn't necessarily

result in a concomitant increase in FVT content. Zoecklein et al. (1997) also indicated a

similar thought citing absorption, isomerization, and metaboHsm of terpenes by yeast strains as

possible reasons for lack of observed increase in specific free monoterpenes with reduction in

their potentially volatile terpene counterpart.

Chapter 4. Impact ofyeast strain selection and en2ynie usage on wine composition

Study I: Effect ofveraison leafremoval and cluster thinning,

Littie variation between wines in aromatic or flavour profiles was observ^ed as a result

of viticulture treatment imposed during the 1999 vintage (table 8 and fig. 37). Dried fruit

aroma and flavour were the only attributes adjusted by the viticultural treatments with cluster

thinning increasing the former and leaf removal the latter in comparison to the control. Much

greater variation was observed according to yeast strain and enzyme usage during this season
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(table 9 and fig. 38). Fermentation with ECU 18 increased lychee and dried firuit aroma, and

floral, lychee, and dried finjit flavour compared to wines produced using VLl . Lychee flavour

was the only attribute affected by the addition of AR2000 where it was observed to

substantially increased over wines produced solely with EC1118 and VLl. From PCA analysis

the greater affect of yeast strain selection was evident where wines produced using EC 111 8

regardless of viticultural treatment used were aU located on the right of factor II where they

were described as being high in the characteristics previously listed, VLl wines on the other

hand being located on the left of factor II lacked these characteristics and therefore were

described primarily by grassy/herbaceous and spicy aromas and flavours (fig. 39).

Despite similar adjustments to yield, and berry, must, and wine composition across

both seasons (Power, 2000), unlike in the 1999 vintage application of cluster thinning affected

a greater number of wine attributes in 2001 than did yeast strain selection or enzyme usage

(tables 10, 11, and figs. 40, 41). Cluster thinning was deemed by judges to increase wine depth

of colour, sweetness, and herbaceous/grassy aroma, and to reduce tropical fruit aroma.

Comparatively, wine sweetness was the only attribute affected by yeast strain selection where

VLl wines were deemed higher than those made with ECl 118. The differences created within

wines through cluster thinning was apparent through PCA where wines produced using fruit

from this viticultural treatment were located on the left of factor I, while both wines produced

from leaf removal and control fruit were located on the left. Slight differences from these latter

two treatments were evident along factor II with leaf removal wines and control wines

generally being located below and above factor I respectively. Wines from the control

treatment were thus slighdy higher in floral and tropical fruit aromas and acidity than leaf

removal wines.
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Provided diat TA, pH, or FVT and PVT content in 2001 failed to be correlated with

any of the aroma, flavour, or mouthfeel attributes which were used to distinguish the wines on

the basis of enological or viticultural treatments tends to suggest that any differences in these

chemical parameters created through the application of leaf removal, cluster thinning, yeast

strain selection, and enzyme usage, failed to substantially affect the characteristics associated

with the wines evaluated (table 12). Similar lack of difference between wines stemming from

different viticultural treatments in sensory characteristics has also been reported by other

authors despite obtaining differences in chemical composition (Reynolds and Wardle, 1989a;

Reynolds etal., 1995b).

Study II: Effect ofcluster thinning timing

With the exception of dried fruit and grassy aroma, thinning regardless of timing had

litde affect on wine sensory properties during the 1999 vintage (table 13 and fig. 43). All

thinning treatments decreased dried fruit aroma, although less substantial decreases were

observed amongst wines produced from lag phase thinned vines. With the exception of wine

produced from vines thinned at late bloom/early set, fruit from all thinning treatments also

decreased grassy aroma but this was most substantial in wines from veraison thinned vines. As

in study I yeast strain selection and enzyme addition was observed to have a greater affect on

wine sensory attributes during the 1999 vintage (table 14 and fig. 44). Wines produced using

VL3 were generally observed to be highest in spicy aromas, floral, spicy, and grassy aromas,

and body than those produced using either ECU 18 or VLl. As such wines produced with this

yeast strain were separated from those fermented with ECU 18 and N\A by PCA being located

high along factor II (fig. 45). Litde difference in sensory attributes were observed between

ECU 18 and VLl as indicated on the PCA plot where they were located below and to the left

of factors II and I respectively. Addition of Cinn-free to must prior to pressing increased dried
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fruit aroma, lychee, dried fruit flavour, and length of finish, and decreased grassy aroma, citrus,

and grassy flavours compared to wines produced solely with EC 11 18. Wines from this

treatment were therefore located further to the right along factor I in comparison to ECU 18

wines on the PCA plot.

As in 1999, thinning had little effect on wine attributes in 2000 where only depth of

colour was substantially increased by all thinning treatments regardless of timing (table 15 and

fig. 46). From PCA however slight variation in wines according to thinning was evident in

grassy aroma and fullness attributes provided that wines from unthinned vines and those

thinned earlier in the season tended to be sUghdy elevated in these attributes in comparison to

the thinning treatments (fig. 48). Although not dramatically, a greater variability in sensory

qualities were exhibited amongst wines according to yeast strain selection and enzyme usage

during the 2000 vintage. Among the enological treatments imposed VLl tended to exhibit the

most profound differences. For instance in tropical fruit aroma, VLl wines were deemed

substantially lower than those produced from CY3079 and EC1118+AR2000 treatments,

which were only sHghdy elevated in this attribute compared to the remaining enological

treatments. Depth of colour was also observed to be substantially deeper in wines produced

from VLl tiian diose produced firom CY3079, EC1118+AR2000, and EC1118+Cinn-Free

treatments. Compared to wines from the D47 treatment, VLl wines were signified by judges

as being unique through exhibiting higher muscat flavour, which was also high amongst

EC1118+AR2000, EC1118+Cinn-Free, and VL3 treatments. Provided that VLl was

substantially different from aU remaining yeast strains and enzyme treatments evaluated in this

study in at least one of the attributes discussed with the exception of ECU 18 treatment, VLl

were segregated on the left of factor II by PCA analysis away from die remaining yeast strains

that were placed to the right of factor II.

151





As in 2000, the wines produced using die VLl yeast strain was clearly separated from

the remaining enological treatments by PCA in 2001. Among the attributes evaluated wines

produced with VLl were deemed by judges to be distincdy different from the other treatments

by exhibiting substantially lower intensities in floral and muscat aromas, and notably higher

intensities in herbaceous/grassy aroma, vegetal aroma, and the perceptions of sweetness and

fullness. Wines produced with VLl, along with those from VL3, were also perceived as unique

from the other enological treatments due to a lower perception of acidity and peach aroma.

Through thinning at veraison, the wine produced was distinguishable from the other cluster

thinning treatments and the control due to notable reductions in vegetal aroma and peach

flavours, and increased intensity of herbaceous/grassy flavour. Both the control and late stage

I wines exhibited greater depth of colour and a higher perception of sweetness than the

remaining cluster thinning treatments. Increased acidity amongst wines produced from lag

phase and veraison thinned vines and decreased fullness amongst those produced from early

stage I and veraison thinned vines, further differentiated the wines on the basis of time of

thinning.

When the sensory data from all three years is taken into consideration, it is quite

evident that the sensory characteristics of the wines were much more profoundly affected

through the application of different enological treatments than through thinning. Provided that

the sensations of sweetness, fullness, and acidity were observed to differ very littie amongst all

viticultural treatments in 2000 it appears as though any differences in °Brix, TA, and pH

created by thinning had relatively small impacts in the perception of these sensory attributes.

Although some differences in these attributes were observed in 2001, inconsistency between

sensory results with that of chemical results tends to suggest that such differences were created

by qualitative differences within each chemical parameter. For instance the observed increase
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in acidity in lag phase and veraison treatments despite a decreasing trend in TA with later

application of thinning may, be the result of variation between thinning treatments in ratios of

tartaric, malic, citric, and succinic acids. Very few of the aroma and flavour attributes deemed

to distinguish one viticultural treatment from another were highly correlated with either FVT

or PVT compositional parameters. This is not surprising in the case of FVT content provided

that very little quantitative differences existed between wines from thinning treatments with

that of the control.

Urdike in the viticultural treatments, the aroma attributes tropical fruit, floral, and

peach, which were deemed by judges to create unique nuances amongst different enological

treatments, were correlated with PVT content. VLl wines were specifically distinguishable

provided they were notably lower in intensity in all of these attributes in comparison to the

other enological treatments. Provided that PVT are odourless, it is doubtful that increased

concentrations of this chemical parameter alone increased the floral, fruity, and peach

aromatics of these wines. Such a correlation may however signify different capabilities amongst

different yeast strains to rearrange terpene content in a qualitative nature. For example the

lower PVT content observed amongst VLl fermentations may indicate that not only does this

yeast strain have a higher ability to covert potentially volatile terpene to their free forms, but

also to biotransform free terpenes. Greater conversion of a number of free terpenes into a-

terpineol for instance may lessen fruity and floral aromas compared to treatments with higher

amounts of geraniol, citroneUol, and linalool provided that these latter monoterpenes exhibit

lower aroma thresholds (Ribereau-Gayon et al, 1975). Although, such qualitative differences in

FVT content could exist without variation been observed in total FVT content, further

research is needed to support such a claim. Such a speculation however, is nonetheless

supported by observations such as that made by Zoecklein et al. (1997) where a-terpineol was
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observed to increase, and geraniol and nerol to decrease in concentration subsequent to

fermentation, the degree of which was somewhat dependant on the yeast strain used.

Conclusions

It is apparent from both studies conducted that yeast strain selection had the potential

to create profound differences to wine sensory properties, many of which were highly

correlated with changes made to wine chemical composition on the basis of the yeast strain

used. Further analysis amongst the wines on a qualitative basis however would undoubtedly

provide a clearer insight into the impact of specific compounds, i.e. terpenes and organic acids,

on individual wine attributes.

Leaf removal generally increased potentially volatile terpene concentration and reduced

TA. Some augmentation was evident in sensory properties as a result of leaf removal

application however the extent to which sensory properties were changed varied according to

season.

Cluster thinning generally increased °Brix, pH, and potentially volatile terpene

content, while titratable acidity and free volatile terpene content appeared to be affected very

little through use of this viticultural practice. Some variation existed in the effect of cluster

thinning on chemical composition, yield, and vine performance of Chardonnay musque

depending on the timing of application. Thinning performed at set for instance consistendy

lessened the reduction of thinning on yield/vine and crop load/vine due to increased berry

weights and increased numbers of berries/cluster. Set thinning however was also observed to

lessen increases observed through later applications of cluster thinning in °Brix, pH, and

potentially volatile terpene content. Despite such differences in chemical composition between

unthinned grapevines and those thinned at various phenological stages little impact was

observed to wine sensory properties. Considering the negative economic impact associated
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with cluster thinning such results indicate Uttle benefit of its application, at least in the case of

Chardonnay musque under the conditions present in this study.

Future Research

Throughout this study a number of potential avenues for fiature research regarding the

effect of both leaf removal and cluster thinning on berry, must, and wine composition have

become evident. First, given that both leaf removal and cluster thinning tended to exhibit

decreased berry weights in comparison to the control treatment a first avenue of future

research should be directed towards the effect of smaller berry size on terpene content. Such

research would be easily conducted through simply dividing berries fcom similar areas of the

cluster into various groups on the basis of size, and subsequendy analysing their terpene

content. Such research may supply usefiol information pertaining to the value of applying those

cultural practices related to development of smaller berries, such as clonal selection, irrigation,

and as apparent from this study cluster thinning and leaf removal. Further research related to

berry size could also be conducted on the dehydration of the berry during veraison and the

implications it has pertaining to berry chemical composition. Of specific interest would be its

effect on free volatile terpenes considering research on other plant species has indicated both

temperature and sunlight exposure to have an influential effect on free volatile terpene

emission.

Although there is a fair amount research pertaining to the effect of leaf surface

area:fruit weight ratios on common maturity indices such as °Brix, TA, and pH, there is litde

information in this regards pertaining to the effect of leaf surface area: fruit weight ratios in

regards to terpene content, and thus it presents itself as a future area of exploration. The

observation that adjustment to either leaf surface area and crop load has Utde effect on
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assimilate production on a whole vine basis, but rather results in variation of assimilate

partitioning amongst various portions on the vine, has contributed gready to our

understanding on how viticultural practices affect berry and wine composition. By conducting

similar research specifically geared toward terpene content it is hoped that similar information

may prevail ultimately aiding us in producing better wine and also understanding further the

accumulation of terpenes within the berry.

Another possible avenue of future research should be conducted pertaining to the

effects of both leaf removal and cluster thinning on the quantitative accumulation of free and

potentially volatile terpenes throughout different portions of the berry. Such research would be

valuable to increase our understanding of the potential impact of each of these viticultural

practices on berry, must, and wine aroma and flavour. This study would furthermore provide

greater insight into potential methods to increase wine flavour and aroma through processes

such as skin contact time, yeast strain selection, and enzyme usage. Provided however that

various portions of the berry exhibit qualitative differences in free and potentially volatile

terpenes, and fiirthermore that yeast strains have exhibited variation in ability to biotransform

specific terpenes, such a study would be more valuable when techniques such as liquid and gas

chromatography were used for isolation and separation of potentially and free volatile terpenes

respectively. The distillation method used in this study provided only a bulk estimate of FVT

and PVT concentrations within each treatment, and might have been insufficient to explain

variations observed in terpene content between berry, must, and wine samples.

156





Refences:

Aleu,
J.

and I. Gonzalez Collado. Biotransformation by Botrytis species. J.
of Molecular

Catalysis B: Enzymatic 13: 77-93 (2001).

AntoneUi, A., L. Castellari, C. Zambonelli, and A. Camacini. Yeast influence on volatile

composition of wines.
J.

Agric. Food Chem. 47: 1139-1144 (1999).

Aragon, P.,
J.

Atienza, and M.D. Climent. Influence of clarification, yeast type, and

fermentation temperature on the organic acid and higher alcohols of Malvasia and Muscatel

wines. Am.
J. Enol. Vitic. 49: 211-219 (1998).

Belancic, A., E. Agosin, A. Ibacache, E. Bordeu, R. Baumes, A. Razungles, and C. Bayonove.

Influence of sun exposure on the aromatic composition of Chilean Muscat grape cultivars

Moscatel de Alejandria and Moscatel rosada. Am. J.
Enol. Vitic. 48: 181-186 (1997).

Bergqvist,
J.,

N. DokoozHan, and N. Ebisuda. Sunlight exposure and temperature effects on

berry growth of Cabernet Sauvignon and Grenache in the Central San Joaquin Valley of

CaHfomia. Am.
J.

Enol. Vitic. 52: 1-7 (2001).

Bledsoe, A.M., W.M. KJiewer, and J.J.
Marois. Effects of timing and severity of leaf removal

on yield and fruit composition of Sauvignon blanc grapevines. Am. J. Enol. Vitic. 39:49:54

(1988).

Bohknann,
J.,

G. Meyer-Gauen, and R. Croteau. Plant terpenoid synthases: Molecular biology

and phylogenetic analysis. PNAS Online 95: 4126-4133 (1998).

Bravdo, B., Y. Hepner, C. Loinger, S. Cohen, and H. Tabacman. Effect of crop level and crop

load on growth, yield, must and wine composition, and quality of Cabernet Sauvignon. Am. J.

Enol. Vitic 36: 125-131 (1985).

Bravdo, B., O. Shoseyov, R. Ikan and A. Altman. Monoterpene glycoside biosynthesis in

detached grape berries grown in vitro. Phsiologia Plantarum 78: 93-99 (1990).

Bureau, S.M., R.L. Baumes, and A.J. Razungles. Effects of vine or bunch shading on the

glycosylated flavour precursors in grapes of Vitis vinifera L. cv. Syrah. J.
Agric. Food Chem. 48:

1290-1297 (2000a).

Bureau, S.M., AJ. Razungles, and R.L. Baumes. The aroma of Muscat of Frontignan grapes:

Effect of the light environment of vine or bunch shading on volatiles and glycoconjugates. J.

Sci. Food Agric. 80:2012-2020 (2000b).

Canal-Llauberes, Rose-Marie. Enhancing the aroma of wines. The Australian Grapegrower

and Winemaker, August, pgs 49-51 (1994).

157





Candolfi-Vasconcelos, M.C. and W. Koblet. Yield, fruit quality, bud fertility and starch

reserves of the wood as a function of leaf removal in Vitis vinifera —Evidence of compensation

and stress recovering. Vitis 29:199-221 (1990).

Candolfi-Vasconcelos, M.C. and W. Koblet. Influence of partial defoliation on gas exchange

parameters and chlorophyll content of field-grown grapevines-Mechanisms and limitations of

the compensation capacity. Vitis 30: 129-141 (1991).

Caspari, H.W., A. Lang, and P. Alspach. Effects of girdling and leaf removal on fruit set and

vegetative growth in grape. Am. J.
Enol. Vitic. 49: 359-366 (1998).

Coombe, B.G. Distribution of solutes within the developing grape berry in relation to its

morphology. Am. J.
Enol. Vitic. 38: 120-127 (1987).

Delcroix, A. , Z. Gunata, J.
Sapis, J.

Salmon, and C. Bayonove. Glycosidase activities of three

enological yeast strains during winemaking: Effect on the terpenol content of muscat wine.

Am. J.
Enol. Vitic. 45: 291-296 (1994).

Delfini, C, C. Cocito, M. Bonino, R. Schellino, P. Gaia, and C. Baiocchi. Definitive evidence

for the actual contribution of yeast in the transformation of neutral precursors of grape

aromas. J.
Agric. Food Chem. 49: 5397-5408 (2001).

Demyttenaere, J.
and N. Kimpe. Biotransformation of terpenes by fiingi. Study of pathways

involved. J.
of Molecular Catalysis B: Enzymatic 1 1 : 265-270 (2001).

Dimitriadis, E. and P.J. Williams. The development and use of a rapid analytical technique for

the estimation of firee and potentially volatile monoterpene flavorants in grapes.

Am. J.
Enol. Vitic. 35:66-74 (1984).

DokoozUan, N.K. and D.J. Hirschfelt. The influence of cluster thinning at various stages of

fruit development on Flame Seedless table grapes. Am. J.
Enol. Vitic. 46: 429-436 (1995).

Dumont, A., and L. Dulau. The role of yeasts on the formation wine flavours. In: Proceedings

of the 4th International Symposium on Cool Climate Enology and Viticulture. Henick-Kling,

T., T.K. Wolf, and E.M Harkness (Eds.) Rochester, NY. Pgs VI24-28 (1996).

Ebeler, S.E. Analytical chemistry: Unlocking the secrets of wine flavor. Food Rev. Int. 17: 45-

64 (2001).

Edson, C.E., G.S. Howell, and J.A. Flore. Influence of crop load on photosynthesis and dry

matter partitioning of Seyval grapevines. II. Seasonal changes in single leaf and whole vine

photosyntiiesis. Am. J.
Enol. Vitic. 46:469-477 (1995a)

Edson, C.E., G.S. Howell, and J.A. Flore. Influence of crop load on photosynthesis and dry

matter partitioning of Seyval grapevines. III. Seasonal changes in dry matter partitioning, vine

morpholog}% yield, and fruit composition. Am. J. Enol. Vitic. 46: 478-485 (1995b).

158





Eisenreich, W., S. Sagner, M. Zenk, and A. Bacher. Monoterpenoid essential oils are not of

mevalonoid origin. Tetrahedron Letters 38: 3889-3892 (1997).

Esteban, M.A., M.J. ViUanueva, and J.R. Lissarrague. Relationships between different berry

components in TempraniUo (Vitis vinifera L) grapes from irrigated and non-irrigated vines

during ripening.
J. Sci. Food Agric. 82: 1 136-1 146 (2002).

Fagan, G.L, R.E. Kepner, and A.D. Webb. Production of Unalool, cis- and trans-neroUdol, and

trans, trans-famesol by Saccharomycesfermentati growing as a film on simulated wine. Vitis 20: 36-

42 (1981).

Farmahan, H.L. and R.M. Pandey. Hormonal regulation of the lag phase in seeded and

seedless grapes (Vitis vinifera L.). Vitis 15: 227-235 (1976).

Fichan, I., C. Larroche, and J.B. Gros. Water solubility, vapour pressure, and activity

coefficients of terpenes and terpenoids. J.
Chem. Eng. Data 44: 56-62 (1999).

Fisher, C, U. Fischer, and L. Jakob. Impact of matrix variables ethanol, sugar, glycerol, pH and

temperature on the partition coefficients of aroma compounds in wine and their kinetics of

volatization. In: Proceedings of the 4th International Symposium on Cool Climate Enology

and Viticulture. Henick-Kling, T., T.K. Wolf, and E.M Harkness (Eds.) Rochester, NY. Pgs

VII42-45 (1996).

Fowler, DJ., J.T.G. Hamiltion, AJ. Humphrey, and D. O'Hagan. Plant terpene biosythesis.

The biosynthesis of linalyl acetate in Menta citrata. Tetrahedron Letters 40: 3803-3806 (1999).

Francis, I.L., M.E. Tate, and PJ. Williams. The effect of hydrolysis conditions on the aroma

released from Semillon grape glycosides. Australian
J.

of Grape and Wine Research 2: 70-76

(1996).

Gholami, M., Y. Hayasaka, B.G. Coombe, J.F. Jackson, S.P. Robinsoni, and PJ. Williams.

Biosynthesis of flavour compounds in Muscat Gordo Blanco grape berries. Australian Journal

of Grape and Wine Research 1: 19-24 (1995).

Girard, B., L. Fukumoto, G. Mazza, P. Delaquis, and B. Ewert. Volatile terpene constituents in

maturing gewurztraminer grapes from British Columbia. Am. J.
Enol. Vitic. 53: 2002.

Grossmann, M. and A. Rapp. Steigerung des sortentypischen weinbuketts nach

enzymbehandlung. Deutsche Lebensmittel-Rundschau 84: 35-37 (1988).

Gunata, Y.Z., C.L. Bayonove, R.L. Baumes, and R.E. Condonnier. Stabilit)^ of free and bound

fractions of some aroma components of grapes cv. Muscat during the wine processing:

Preliminary results. Am.
J.

Enol. Vitic. 37: 112-114 (1986).

Hamilton, R.P. and B.G. Coombe. Harvesting of winegrapes. In: Viticulture: Volume 2.

Coombe, B.G. and P.R. Dry (Eds.). Winetides, Adelaide, Austrlia (1992).

159





Hardy, PJ. Changes in volatiles of Muscat grapes during ripening. Phytochemistry 9: 709-715

(1970).

Hesford, F., M. Wiederkehr, A. von Steiger, K. Schneider. Studies on improvement of aroma

typicity in Swiss Riesling x Sylvaner wines using a pectinase preparation containing P-

glucosidase activity. In: Proc. T^ SASEV Int. Congress, Cape Town, Nov. (1995). Pgs. 25-26.

Hepner, Y. and B. Bravdo. Effect of crop level and drip irrigation scheduling on the potassium

status of Cabernet Sauvignon and Carignane vines and its influence on must and wine

composition and quality. Am. J.
Enol. Vitic. 36: 140-147 (1985).

Howell, S.G. Sustainable grape productivity and the growth-yield relationship: A review. Am. J.

Enol. Vitic. 52:165-174 (2001).

Howell, G.S., B.G. Stergios, and S.S. Stackhouse. Interrelation of productivity and cold

hardiness of Concord grapevines. Am. J.
Enol. Vitic. 28:187-191 (1978).

Hunter J.J. , H.P. Ruffner, C.G. Volschenk, and D.J. Le Roux. Partail defoliation of Vitis mnifera

L. cv. Cabernet Sauvignon/99 Richter: Effect on root growth, canopy efficiency, grape

composition, and wine quality. Am. J.
Enol. Vitic. 46: 306-313 (1995).

Hunter,
J.J.

and J.H. Visser. Distribution of ^^C-photosynthate in the shoot of Vitis vinifera L.

cv Cabernet Sauvignon I. The effect of leaf position and developmental stage of the vine. S.

Afr. J. Enol. Vitic. 9: 3-9 (1988a).

Hunter,
J.J.

and J.H. Visser. . Distribution of ''^C-photosynthate in the shoot of Vitis vinifera L.

cv Cabernet Sauvignon II. The effect of partial defoliation. S. Afr. J.
Enol. Vitic. 9:10-15

(1988b).

Hunter
J.J.

and J.H. Visser. The effect of partial defoliation, leaf position and developmental

stage of the vine on the photosynthetic activity Vitis vinifera L. cv Cabernet Sauvignon. S. Afr.

J.
Enol. Vitic. 9: 9-15 (1988c).

Hunter, J J. and J.H. Visser. The effect of partial defoliation on growth characteristics of Vitis

vinifera h. cv. Cabernet Sauvignon I. Vegetative growth. S. Aft. J.
Enol. Vitic. 11:18-25 (1990).

lacono, F., M. Bertamini, A. Scienza, and B.G. Coombe. Differential effects of canopy

manipulation and shading of Vitis mnifera L. cv. Cabernet Sauvignon. Leaf gas exchange,

photosynthetic electron transport rate and sugar accumulation in berries. Vitis 34:201-206

(1995).

Jackson, D.I. and N.J. Cherry. Prediction of a district's grape-ripening capacity using a latitude-

temperature index. Am.
J.

Enol. Vitic. 39: 19-28 (1988).

Kaps, M., and G.A. Cahoon. Growth and fruiting of container-grown Seyval blanc grapevines

modified by changes in crop level, leaf number and position, and light exposure. Am. J.
Enol.

Vitic. 43: 191-199 (1992).

160





Kliewer, W.M., and L.A. Lider. Influence of cluster exposure to the sun on the composition of

Thompson Seedless fruit. Am.
J.

Enol. Vitic. 19: 175-184 (1968).

BGiewer, W.M., and R.J. Weaver. Effect of crop level and leaf area on growth composition, and

coloration of Tokay' grapes. Am. J.
Enol. Vitic. 22: 172-177 (1971).

King, A. and
J.

Dickinson. Biotransformation of monoterpene alcohols by Saccharomyces

cerevisiae, Torulaspora delbmeckii, and Kluyveromyces lactis. Yeast 16: 499-506 (2000).

Kingston CM. and C.W. Van Epenhuijsen. Influence of leaf area on fruit development and

quality of Italia glasshouse table grapes. Am. J.
Enol. Vitic. 40:130-134 (1989).

Kobayashi, A., H. Yukinaga, E. Matsunaga. Studies on the thermal conditions of grapes. V.

Berry growth, yield, and quality of Muscat of Alexandria as affected by night temperature. J.

Japan Soc. Hort. Sci. 34: 152-159 (1965).

Kobayashi, A., T. Fukushima, N. Nu, K. Harada. Studies on the thermal conditions of grapes.

VI. Effects of day and night temperatures on yield and quality of Delaware grapes.
J. Japan.

Soc. Hort. Sci. 36: 373-379 (1967).

Koblet, W. and P. Perret. Translocation of photosynthate in grape vines. Vinifera Wine

Growers Journal Winter pgs. 211-218 (1979).

Lakso, A. and W. Kliewer. The influence of temperature on malic acid metabolism in grape

berries. Plant Physiol. 56: 370-372 (1975).

Llusia,
J.

and J.
Penuelas. Changes in terpene content and emission in potted Mediterranean

woody plants under severe drought. Can. J.
Bot. 76: 1366-1373 (1998).

Llusia, J.
and

J.
Penuelas. Seasonal patterns of tepene content and emission form seven

Mediterranean woody species in field conditions. Am. J. Bot. 87: 133-140 (2000).

Looney, N.E. Some growth regulator and cluster thinning effects on berry set and size, berry

quality, and annual productivity of de Chaunac grapes. Vitis 20:22-35 (1981).

Lombard, P. Principles of canopy management. In: Oregon Winegrape Growers Guide. T.

Casteel (Ed.).The Oregon Winegrowers Association, Portland, Oregon (1992).

Luan, F. and M. Wust. Differential incorporation of 1 -deoxy-D-xylulose into (3S)-linalool and

geraniol in grape berry exocarp and mesocarp. Phytochemistry 60: 451-459 (2002).

Macaulay, L.E. and J.R. Morris. Influence of cluster exposure and winemaking processes on

monoterpenes and wine olfactory evaluation of Golden Muscat. Am. J.
Enol. Vitic. 44: 198-

203 (1993).

Marais,
J.

Terpene concentrations and wine qualit}^ of Vitis mnijera L. cv. Gewurztraminer as

affected by grape mamrity and cellar practices. Vitis 26: 231-245 (1987).

161





Mateo, J.J.
and R. Di Stefano. Description of tiie (5-glucosidase activity of wine yeasts. Food

Microbiology 14: 583-591 (1997).

McCarthy, M.G. Weight loss from ripening berries of Shiraz grapevines {Vitis vinifera L. cv.

Shiraz). Australian
J. of Grape and Wine Res. 5:10-16 (1999).

McCarthy, M.G. and B.G. Coombe. Is weight loss in ripening grape berries cv. Shiraz caused

by impeded phloem transport? Australian J.
of Grape and Wine Res. 5:17-21 (1999).

McMahon, H., B.W. Zoecklein, K. Fugelsang, and Y. Jasinski. Quantification of glycosidase

activities in selected yeasts and lactic acid bacteria. J. of Ind. Micro. Biotech. 23: 198-203

(1999).

Miller, D.P., G.S. Howell, and J.A. Flore. Influence of shoot number and crop load on potted

Chambourcin grapevines. I. Morphology and dry matter partitioning. Am. J.
Enol. Vitic. 47:

380-388 (1996).

Miller, D.P., G.S. Howell, and J.A. Flore. Influence of shoot number and crop load on potted

Chambourcin grapevines. II: Whole-vine vs. single leaf photosynthesis. Vits 36: 109-114

(1997).

MuUins M.G, A. Bouquet, and L.E. Williams. Biology of the Grapevine. Cambridge University

Press, Cambridge, England. (1992).

Ollat, N. and J.P. GaudiUere. The effect of limiting leaf area during stage I of berry growth on

development and composition of berties of Vitis vinifera L. cv. Cabernet Sauvignon. Am. J.

Enol. Vitic. 49:251-258 (1998).

Patterson, K.W. Vineyard management of microclimate affects wine grape quaUt}^ Vineyard

and Winery Management Nov/Dec pgs 35-41 (1989).

Perez, F., P. Meza, M. Berti, M. Pinto. Effect of carbon source and sucrose concentration on

growth and hexose accumulation of grape berries cultured in vitro. Plant cell tissue and organ

culture 61: 37-40 (2000).

Percival, D.C., K.H. Fisher, and J.A. Sullivan. Use of leaf removal with Vitis vinifera L. cv.

Riesling grapevines. I. Effect on canopy structure, bud survival, and microclimate. An Soc.

Enol. Vitic. 45: 122-132 (1994a).

Percival, D.C., K.H. Fisher, and J.A. Sullivan. Use of leaf zone removal with Vitis vinifera cv.

Riesling grapevines. II. Effect of fruit composition, yield and occurrence of bunch rot. Am. J.

Enol. Vitic. 45:133-140(1994b).

Petrie, P.R., M.C.T. Trought, and G.S. Howell. Growth and dry matter partitioning of Pinot

noir {Iritis vinifera L.) in relation to leaf area and crop load. Australian Journal of Grape and

Wine Research 6:40-45 (2000a).

162





Petrie, P.R., M.C.T Trought, and G.S. Howell. Fruit composition and ripening of Pinot noir

(Vitis vinifera L.) in relation to leaf area. Australian Journal of Grape and Wine Research 6:46-

51 (2000b).

Petrie, P.R., M.C.T. Trought, and G.S. Howell. Influence of leaf area and crop load on

photosynthesis, stomatal conductance and senescence of grapevine {I'^itis vinifera L. cv. Pinot

noir) leaves. Vitis 39:31-36 (2000c).

Pratt, C. and B.G. Coombe. Shoot growth and anthesis in Vitis. Vitis 17: 125-133 (1978).

Power, R. Effects of viticultural and oenological treatments on composition and sensory

attributes of Chardonnay musque. Undergraduate thesis. Brock University, St. Catharines, ON.

(2000).

Quinlan, J.D. and R.J. Weaver. Influence of Benzyladenine, leaf darkening, and ringing on

movement of ^"^C-labeled assimilates into expanded leaves of Vitis mnifera L. Plant Physiol.

44:1247-1252 (1969).

Quinlan, J.D. and R.J. Weaver. Modification of pattern of photosynthate movement within

and between shoots of Vitis vinifera L. Plant Physiol. 46:527-530 (1970).

Radler, F. and H. Schutz. Glycerol production from various strains of Saccharomyces. Am. J.

Enol. Vitic. 33:36-40.

Rapp, A., and H. Mandery. Wine aroma. Experientia 42: 873-883 (1986).

Rapp, A. Volatile flavour or wine and correlation between instrumental analysis and sensory

perception. Nahrung 42: 351-356 (1993).

Rankine, B.C. Formation of higher alcohols by wine yeasts, and relationship to taste

diresholds. J.
Sci. Food Agric. 18:583-589 (1967).

Reynolds, A.G., R.M. Pool, and L.R. Mattick. Influence of cluster exposure on fruit

composition and wine quality of Seyval blanc grapes. Vitis 25:85-95 (1986).

Reynolds, A.G. 'Riesling' grapes respond to cluster thinning and shoot density manipulation. J.

Amer. Soc. Hort. Sci. 114:364-368 (1989).

Reynolds, A.G. and D.A. Wardle. Impact of various canopy manipulation techniques on

growth, yield, fruit composition, and wine quality' of Gewurztraminer. Am. J.
Enol. Vitc.

40:121-129 (1989a).

Reynolds, A.G. and D.A. Wardle. Influence of fruit microclimate on monoterpene levels in

Gewurztraminer. Am.
J.

Enol. Vitic. 40: 149-154 (1989b).

163





Reynolds, A.G. and D.A. Wardle. Significance of viticultural and enological practices on

monoterpene flavomnts of British Columba-grown Vits vinifera berries and juices. Vitc. Enol.

Sci. 48: 194-202 (1993).

Reynolds, A.G., D.A. Wardle, and M. Dever. Terpene response to pressing, harvest date, and

skin contact in Vifis vinifera. HortScience 28: 920-924 (1993).

Reynolds, A.G., CO. Edwards, D.A. Wardle, D.R. Webster, and M. Dever. Shoot density

affects 'Riesling' grapevines I. Vine performance. J. Amer. Soc. Hort. Sci. 119: 874-880

(1994a).

Reynolds, A.G., C.G. Edwards, D.A. Wardle, D.R. Webster, and M. Dever. Shoot density

affects 'RiesHng' grapevines I. Wine composition and sensory response.
J.

Amer. Soc. Hort.

Sci. 119: 881-892 (1994b).

Reynolds, A.G., S.F. Price, D.A. Wardle, and B.T. Watson. Fruit environment and crop level

effects on Pinot noir. I. Vine performance and fruit composition in British Columbia. Am. J.

Enol. Vitic. 45: 452-459 (1994c).

Reynolds, A.G., D.A. Wardle, J.W. HaU, and M. Dever. Fruit mamration of four Vitis vinifera

cultivars in response to vineyard location and basal leaf removal. Am. J. Enol. Vitic. 46:542-

558 (1995a).

Reynolds, A.G., D.A. Wardle, J.W. Hall, and M. Dever. Fruit maturation of 'Okanagan

Riesling' grapes: Effect of site, year, and basal leaf removal. Fruit Varieties Journal 49: 213-224

(1995b).

Reynolds, A.G. and D.A. Wardle. Flavour development in the vineyard. In: Proceedings of the

4th International Symposium on Cool Climate Enolog}' and Viticulture. Henick-Kling, T.,

T.K. Wolf, and E.M Harkness (Eds.) Rochester, NY. Pgs V1-V17 (1996).

Reynolds, A .G., D. Wardle, and A. Naylor. Impact of training system, vine spacing, and basal

leaf removal on Reisling. Vine performance, berry composition, canopy microclimate, and

vineyard labour requirements. Am. J.
Enol. Vitic. 47:63-76 (1996a).

Reynolds, A.G., S. Yerle, B. Watson, S.F. Price, and D.A. Wardle. Fruit environment and crop

level effects on Pinot noir. III. Composition and descriptive analysis of Oregon and British

Columbia wines. Am.
J.

Enol. Vitic. 47: 329-339 (1996b).

Reynolds, A.G. and D. Wardle. Flavour development in the vineyard: Impact of viticultural

practices on grape monoterpenes and their relationship to wine sensory response. S. Afr. J.

Enol. Vitic. 18:3-18(1997).

Reynolds, A.G., C.G. Edwards, M.A. CHff, J.H. Thomgate III, and J.C. Marr. Evaluation of

yeast strains during fermentation of Riesling and Chenin blanc musts. Am. J.
Enol. Vitic. 52:

336-344 (2001).

164





Rosi, I, M. Vinella, and P. Domi2io. Characterization of ^-glucosidase activity in yeasts of

oenological origin. J. Appl. Bacteriology 77: 519-527 (1994).

Rojas-Lara, B.A.and J.C. Morrison. Differential effects of shading fruit or foliage on the

development and composition of grape berries. Vitis 28: 199-208 (1989).

Ruffner, H.P. and J.S. Hawker. Control of glycolysis in ripening berries of Vitis vinifera.

Phytochemistry 16: 1171-1175 (1977).

Shaulis, N.J. and P. May. Response of Sultana vines to training on a divided canopy and to

shoot crowding. Am. J.
Enol. Vitic. 22:215-22 (1971).

Staff S.L., D.C. Percival, J.A. Sullivan, and K.H. Fisher. Fruit zone leaf removal influences

vegetative, yield, disease, fruit composition, and wine sensory attributes of Yitis vinifera L.

'Optima' and 'Cabernet franc'. Canadian Journal of Plant Science 77:149-153 (1997).

Smart, R.E. Canopy management. In: Viticulture Volume 2 Practices. Coombe, B.G. and P.R.

Dry (Eds.). Winetides, Adelaide, South Australia (1992).

Smithyman, R.P., G.S. Howell, and D.P. Miller. The use of competition for carbohydrates

among vegetative and reproductive sinks to reduce fruit set and botrytis bunch rot in Seyval

blanc grapevines. Am. J.
Enol. Vitic. 49: 163-170 (1998).

Soles, R.M., C.S. Ough, and R.E. Kunkee. Ester concentration differences in wines fermented

by various species and strains of yeast. Am. J.
Enol. Vitic. 33:94-98 (1982).

Sorokowsky, D., J.
Relative impact of thinning time and enological treatments on Chardonnay

musque monoterpenes and wine sensor}^ attributes. Undergraduate thesis. Brock University, St.

Catharines, ON (2000).

Thomgate, J.H. The physiology of human sensory response to wine: A review. Am. J.
Enol.

Vitic. 48(3): 271-279 (1997).

Trapp, S.C. and R.B. Croteau. Genomic organization of plant terpene synthases and molecular

evolutionary implications. Genetics 158: 811-832 (2001).

Ubeda Iranzo, J.F., A.I. Briones Perez, and P.M. Izquierdo Canas. Study of the oenological

characteristics and enzymatic activities of wine yeasts. Food Micorbiology 15: 399-406 (1998).

Ubeda Iranzo, J.F., F. Gonzalez Magana, and M.A. Gonzalez Vinas. Evaluation of the

formation of volatiles and sensory characteristics in the industrial production of white wines

using different commercial strains oiSaccharomyces. Food Control 11: 143-147 (2000).

van der Werf, M.J., H.J. Swarts, and J.A.M. de Bont. Rhodococcus erthropolis DCL14

contains a novel degradation pathway for limonene. Appl. Environ. Micro. 65: 2092-2102

(1999).

165





Vasconcelos, M.C. and S. Castagnoli. Leaf canopy structure and vine performance. Am. J.

Enol. Vitic. 51: 390-396 (2000).

Vasconcelos, M.C. and W. Koblet. Influence of partial defoliation on gas exchange parameters

and chlorophyll content of field grown grapevines. Mechanisms and limitations of the

compensation capacity. Vitis 30: 120-141 (1991).

Vazquez, L.C., M.S. Perez-Coello, and M.D. Cabezudo. Effects of enzyme treatment and skin

extraction on varietal volatile in Spanish wines made from Chardonnay, Muscat, Airen, and

Macabeo grapes. Analytica Chimica Acta 458: 39-44 (2002).

Vetere, A., A. Gamini, C. Campa, and S. Paoletti. Regiospecific trasglycoltic synthesis and

structural characterization of 6-O-a-Glucopyranosyl-Glucopyranose (Isomaltose).

Biochemical and Biophysical Research Communications 274: 99-104 (2000)

Vielvoye, J.
and B. Warner. The Duncan project summary report. B.C. Ministry of Agriculture,

Fisheries and Food (1992).

Weaver, R.J. and R.M. Pool. Effect of time of thinning on berry size of girdled, gibbereUin

treated 'Thomson Seedless' grapes. Vitis 12: 97-99 (1973).

Wilson, B., C.R. Strauss, and P.J. Williams. The distribution of free and glycosidically-bound

monoterpenes among skin, juice, and pulp fractions of some white grape varieties. Am. J.

Enol. 37:107-111 (1986).

Winkler, A.J., J.A. Cook, W.M. Kliewer, and L.A. Lider. General Viticulture. University of

California Press, Berkeley (1962).

Wolf, T. Economic considerations of canopy division. Vineyard and Winery Management

Jan/Febpgs. 33-35(1990).

Yatagai, M., M. Ohira, T. Ohira, and S. Nagai. Seasonal variations of terpene emission from

trees and influence of temperamre, light and contact stimulation on terpene emission.

Chemosphere 30:1137-1149 (1995).

Zoecklein, B.W., K.C. Fugelsang, B.H. Gump, and F.S. Nury. Wine analysis and production.

New York: Chapman & HaU (1995).

Zoecklein, B.W., T.K. Wolf, J.E. Marcy, and Y. Jasinski. Effect of fruit zone leaf thinning on

total glycosides and selected aglycones concentrations of Riesling ileitis mnifera L.) grapes. Am.

J.
Enol. Vitic. 49: 35-41 (1998a).

Zoecklein, B.W., T.K. Wolf, J.E. Marcy, and Y. Jasinski. Effect of fruit zone leaf thinning on

total glycoconjugates and conjugate fraction concentration of Riesling and Chardonnay grapes.

Am.
J.

Enol. Vitic. 49: 259-265 (1998b).

166





Appendix I. Effect of ethanol and SO2 on respective FVT and PVT determination
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Figure 52. Effect of ethanol concentration on calculated terpene concentration

with and without the use of CH,o columns.
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Appendix II. Effect of cluster thinning and leaf removal on potential profit/acre

Table 21. Effect of veraison leaf removal and cluster thinning on potential profit/acre of

Chardonnay musque, BeamsviUe, ON, 2001

Treatment °Brix % increase^ Price/ton
Ton/acre

Total $/acre
estimation

Control



^^^^- (^










