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This study investigated how manipulating vineyard nitrogen status, irrigation 

levels and cultivation practices would effect nutrient composition, and anthocyanin 

and phenolic accumulation in Pinot noir juice and wine from a commercial 

Willamette Valley Oregon vineyard. 

Pinot noir fruit was sourced from a vineyard trial in the Benton Lane 

Vineyard, located in the Southern Willamette Valley in 1999 and 2000. Treatments 

were applied in a factorial design varying irrigation, cultivation, and nitrogen 

applications. Irrigation was applied in both years post lag phase. Tilling was carried 

out early spring in alternate rows to promote nitrogen utilisation and reduce water 

and nutrient competition from vineyard grasses. Three nitrogen treatments were 

applied: zero nitrogen, soil nitrogen applied early spring both years at 39.2kg N/ha as 

urea, foliar nitrogen applied both years at the onset of ripening, and at verasion at 

2.98 kg N/ha as wettable urea. 

Dry treatments in 1999, and 2000 had lower yields (kg/vine), smaller berry 

weights, higher seed weights, and greater seed weight to berry weight ratios 



compared to Irrigated treatments. I hypothesised that wine made from Dry 

treatments would have higher anthocyanins and phenolics. Ammonia (mg N/L), 

nitrogen from alpha amino acids (mg N/L), and yeast assimilable nitrogen content 

(mg N/L) were consistently higher in Dry treatments throughout the trial. No 

differences in pH and titratable acidity were observed in either year between 

Irrigated and Dry treatments. Skin anthocyanin and total phenols were found to be 

higher in Dry treatment berries both years, as were wine anthocyanins, colour 

intensity, and hue. Analysis using HPLC of 1999 wines made from the trial 

indicated Dry treatments had significantly higher malvidin and polymeric 

anthocyanin when compared to Irrigated treatments supporting our hypothesis. 

Berry dehydration and concentration in Dry treatments were attributed to smaller 

berry weights concentrating nutrients and anthocyanins. 

In 1999, Tilling had lower yield (kg/vine) than No-Till treatments. A delayed 

effect occurred in the second year and yield was higher in Tilled treatments in 2000. 

In both years, Tilling treatments had higher berry weights, seed weights and greater 

percentage seed weight per berry compared to No-Till treatments. Total soluble 

solids (0Brix), ammonia, nitrogen from alpha amino acids, and yeast assimilable 

nitrogen were higher in Till treatments in both years. No significant differences or 

trends between cultivation treatments were observed for titratable acidity, pH, malic 

acid concentration, alcohol, anthocyanins, phenolics, colour intensity and hue in 

either year. 



Soil Nitrogen (SN) treatments in 1999 and 2000 had significantly lower 

yields, seed weights, and a higher percentage seed weight per berry due to small 

berries compared to Zero Nitrogen (ZN) and Foliar Nitrogen (FN) treatments. It was 

hypothesised that wines made from SN treatments would have greater colour 

intensity and anthocyanins than ZN and FN treatments. Ammonia levels were lower 

in SN treatments, however, nitrogen from alpha amino acids (NOPA) was higher in 

SN treatments yielding higher net yeast assimilable nitrogen content (YANC) in both 

years. The ZN treatments had lower juice pH, higher titratable acidity and malate 

concentration compared to FN and SN treatments in 1999 and 2000. No significant 

difference was observed in soluble solids or alcohol content in any treatment. Soil 

Nitrogen treatments both years had significantly higher skin anthocyanins and 

phenolics. Wines from SN treatments tended to have higher anthocyanins, 

phenolics, colour intensity and hue in both years compared to ZN and FN wines. 

Analysis by HPLC in 1999 indicated SN wines were significantly higher in 

polyphenols and polymeric anthocyanins supporting our hypothesis. These results 

indicate that irrigation and soil nitrogen treatments had positive effects on wine 

quality. 
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THE EFFECT OF NITROGEN, IRRIGATION, AND CULTIVATION ON PINOT NOIR JUICE AND 

WINE COMPOSITION FROM THE WILLAMETTE VALLEY, OREGON. 

1. INTRODUCTION 

Grape quality ultimately determines wine quality. Hence our knowledge of 

viticulture is paramount in winemaking. Manipulation of vines will result in 

physiological changes that are either detrimental or beneficial to a healthy balanced 

vine. Therefore, it becomes essential to gain an understanding of vine physiology in 

its environment. 

Nitrogen is an essential element in all biosynthesis pathways in plants. 

Deficiency of nitrogen in soils has been shown to result in low ammonia levels and 

nitrogen from alpha amino acids in grape musts (Butzke, 1998; Watson et al, 2002; 

Watson et al, 2000; Watson et al, 2003). It is also thought that a deficiency of 

nitrogen to plants will result in lower amounts of secondary metabolites. In 

grapevines this means lower levels of anthocyanins and phenolic compounds, 

resulting in red wines that lack colour intensity and depth (Cheynier et al, 1998a; 

Cheynier et al, 1998b; Gao et al, 1997; Goldberg et al, 1998; Lecas and Brillouet, 

1994; Loulakakis and Roubelakis-Angelakis, 2001; Mazza, 1995; Mazza et al, 

1999; Singleton, 1988; Souquet et al, 1996; Tsai and McDaniel, 2003; Vanselow, 

1993). 

In Oregon, a cool climate grape growing area in the Pacific Northwest of 

America, it has been found commercial musts are low in fermentable nitrogen 

(Butzke, 1998; Gladstones, 1992; Watson et al, 2002; Watson et al, 2000; Watson 



et al, 2003). This lack of fermentable nitrogen leads to slow and stuck 

fermentations, and potential microbial instability problems with the remaining 

residual sugar (Henschke and Jiranek, 1993; Jiranek et al, 1995; 1990; 1991). 

This study investigated how manipulating a commercial Pinot noir vineyard 

in the southern Willamette Valley, Oregon using irrigation, cultivation and nitrogen 

impacted the juice composition, anthocyanin levels, and phenolics in skins, seeds, 

and wine. 



2. LITERATURE REVIEW 

2.1     INTRODUCTION 

Throughout the world wine connoisseurs are now well educated of what 

constitutes wine quality through such publications as Wine Spectator, Wine 

Enthusiast and Decanter. With each review of wine they are informed to look for 

fine nuances of aroma, bouquet, and colour, firmness of tannins, balance, and length 

of palate. All of which are influenced by multiple interactions between several 

phenolic compounds found in grapes, and ultimately important to the attributes in 

wines that consumers base their quality evaluation upon. 

Colour in red wine is a quality characteristic, yet the composition and 

concentration of anthocyanins and phenolics of grapes and subsequent wine is 

derived from variety, geographic site, soil, canopy management, seasonal growing 

conditions and fermentation dynamics (Fischer et al, 2000; Mazza et al, 1999; 

Romero and Bakker, 1999). Numerous studies have shown that fermentation using 

enzymes, extended skin contact, and even using pressed skins of other red or white 

grapes like Shiraz and Viognier will increase colour extraction and stability of wines. 

The extraction and stability of anthocyanins though are largely due to grape variety 

and winemaking style (Gao et al, 1997; Mazza et al, 1999; Pardo et al, 1999). 

Pinot noir is known to contain the five anthocyanin monoglucosides, 

delphinidin, cyanidin, petunidin, peonidin, and malvidin and no acylated 

anthocyanins.    Cabernet Sauvignon, Merlot and Shiraz contain all anthocyanin 



monoglucosides and acylated anthocyanins which are thought to contribute to their 

deep intense red colour in wine compared to Pinot noir wines (Mazza et al, 1999; 

Wang and Spoms, 1999). 

Many, but not all viticulturists, ultimately aim to produce the largest crop 

their vines can grow, when paid by the tonne. Winemakers on the other hand prefer 

viticulturists to produce lower yields, ensuring full grape maturity, high grape 

quality, and thus wines of premium quality. In Oregon, musts used for commercial 

production have been found to be deficient in fermentable nitrogen. A lack of 

fermentable nitrogen leads to slow and sometimes stuck fermentations, and may 

produce reduced odours like hydrogen sulphide. Stuck fermentations may become 

susceptible to yeast and bacterial infection and oxidation due to prolonged periods at 

warm temperatures (15-20oC) while waiting for fermentation to finish (Jiranek et al. 

1991; Watson et al. 2000). Wines produced from these musts are of low quality and 

undesirable to the consumer. 

Vine nutrition can be manipulated in the vineyard to control vine growth and 

habit maximising grape quality to ensure sufficient nitrogen is available for 

fermentation. The most important element in the manipulation of vine nutrition, 

nitrogen, is required in all essential biochemical reactions, including protein 

synthesis, photosynthetic electron transport, and the Calvin cycle. Because of this 

nitrogen also plays a major role in the synthesis of secondary metabolites including 

the polyphenols (Do and Cormier 1991; Vanselow 1993). The amount, 

concentration, and distribution of phenolic compounds in grapes are significant, 



influencing wine types, style and quality. The distribution and proportion of 

anthocyanins and phenols present in Vitis vinifera cultivars are pre-determined by the 

genetics of that variety (Romero and Bakker 1999; Somers and Verette 1988). 

Annually, accumulation of phenols in grapes is determined by environmental 

conditions such as nutrition, water, light, temperature and fungal infection (Kliewer 

1977; Singleton 1988; Sugui et al. 1999). Phenolic compounds present in Vitis 

vinifera used for winemaking are flavonoids, including: anthocyanins, catechins 

(flavan-3-ols), chalcones, condensed tannins (oligomeric flavonoids), flavonols, 

flavanones, flavanonols, and flavenes, all of which possess a common biosynthetic 

origin (Kliewer 1977; Singleton 1982, 1988; Wilson and Allen 1994). Also present 

in small concentrations are non-flavonoids, including cinnamic acid derivatives and 

benzoic acid derivatives. These are primarily from juice and pulp, but also from 

stems when present (Allen, 1998; Mazza, 1995; Singleton, 1982; 1988; Wilson and 

Allen, 1994). The anthocyanins, water soluble pigments located within skin 

vacuoles, share the CeCaCg skeletal structure of flavones and are responsible for the 

red, violet, blue and scarlet colours observed in grapes and wines (Lapidot et al, 

1999; Roubelakis-Angelakis and Kliewer, 1986; Sugui et al, 1999). Condensed 

tannins, responsible for bitter and astringent tastes, are composed of flavonol units 

linked together. As the flavonol chain length increases the sensation of bitterness 

and astringency purportedly increases (Fulcrand et al. 1999; Mancinelli, 1983). 

The purpose of this study was to investigate how three integrated vineyard 

manipulations, irrigation, cultivation and nitrogen application were able to improve 



the uptake of nitrogen, improve grape quality, nutrient composition, fermentation 

behaviour, anthocyanin, and phenolic accumulation in Vitis vinifera c.v. Pinot noir. 

2.2    VINE PHYSIOLOGY 

Climate is generally defined as the average and usual weather patterns at a 

particular place and is the main limiting factor in the success or failure of plant 

growth. This is seen globally with vegetation growing predominantly within certain 

climatic and soil type zones, ranging from lush evergreen tropical rainforests in 

Equatorial climates to desert and tundra like vegetation growing in arid continental 

and polar environments (Larcher, 1995; Mullins et al, 1992). 

Successful growth of grapevines is subject to geography, climate, site and 

management. Site specific stresses, light, nutrition, temperature, and moisture can 

impede a grapevine's performance, including flower initiation, set, yield, and 

vegetative growth, microclimate, and disease incidence. These numerous external 

stresses alter vine physiology causing detrimental compositional changes in fruit that 

ultimately influence wine quality (Jackson and Lombard, 1993; Koblet et al, 1994; 

Trought, 1996). 

The weather has an uncanny control over the onset and duration of the 

successive growth phases of plants. Budburst, flowering, fruit maturity and 

senescence all occur seasonally as day length, moisture, light and temperature vary, 

and it is the combination of these phases that is the study of phenology (Gladstones, 

1992).      For thousands of years people associated with agriculture have been 



recording dates and times of particular phases of growth, such as flowering or leaves 

unfolding and subsequent senescence of leaves. Since 750 A.D., the Chinese have 

had a phenological calendar recording the flowering dates of cherry trees. In more 

recent times Amerine and Winkler (1944) made calculated degree day 

recommendations for growing grape cultivars in five broadly based climatic regions 

of California (Amerine and Winkler 1944; Larcher 1995; Mullins et al. 1992). More 

recently Gladstones (1992) combined climatic and degree day recommendations with 

maturity groupings of wine grape cultivars, soil type, and topography pinpointing 

specifically optimum growing sites throughout the world and how to identify new 

sites suitable for viticulture. 

2.2.1 CYCLE OF GROWTH 

The grapevine has an annual cycle of growth beginning in the autumn when 

vines senesce, dropping their leaves and entering a phase of dormancy. Dormancy 

allows the vine to over-winter protecting itself against low temperature injury 

through conversion of starch into sugars in the woody shoots (Gladstones, 1992; 

Mullins et al, 1992; Weaver, 1976). Towards the end of the growing season lateral 

buds formed in the axils of leaves and the tips of the shoots are transformed into 

winter buds. Before leaves senesce these winter buds are rendered dormant through 

hormone action, protecting them against winter frosts, cold and dehydration. While 

vines are dormant, winter pruning is carried out to maintain vine balance, leaving a 
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specific number of buds per vine or buds per meter cordon minimising over cropping 

in the subsequent growing season. 

In many plants the break of dormancy requires a cold requirement fulfilment, 

ranging from five weeks for almond trees to ten weeks for cherry trees at 

temperatures of 2-50C. However, it is thought that vines require a small amount of 

cold requirement, though, there is still debate on whether this is the case. Vine 

dormancy is broken at the end of winter solstice when spring weather conditions 

initiate bud growth. Bud swell begins early spring when mean daily temperatures 

reach 10oC. Two weeks post bud swell, green tips emerge, and emerging shoots 

grow rapidly through growth stages E-L as seen in Figure 2.1 (Gladstones, 1992; 

Larcher, 1995; Mullins et al, 1992; Ribereau-Gayon et al, 2000a; Weaver, 1976). 

Shoot growth occurs rapidly with the uptake of water and nutrients for eight weeks 

post bud break, although this timing is cultivar specific. Prior to flowering, 

vegetative growth of leaves and shoots slows due to increased competition for 

carbohydrates by inflorescences. Depending on the cultivar, each inflorescence may 

contain up to 1000 flowers, of these roughly 70-80% will not flower and therefore, 

will not develop into mature berries (Mullins et al, 1992). Dry mass accumulation 

of shoots and leaves creates a sigmoid growth curve. Post flowering the majority of 

dry mass increase in the vine is partitioned to developing bunches, smaller amounts 

are partitioned to shoots and leaves due to carbohydrate and periderm formation 

(Larcher, 1995; Mullins et al, 1992; Trought, 1996; Weaver, 1976). Following 

harvest through to leaf fall a large transfer of nutrients and carbohydrates from 



shoots and leaves into permanent structures of the vine occurs. This creates a large 

reserve of energy allowing the vine to over winter, and providing the initial energy 

required for budburst in spring (Mullins et al, 1992). 

2.2.2 MATURITY 

Changes in accumulated solutes in berries during two successive phases of 

berry growth and vacuole swelling result in a double sigmoid growth pattern. The 

first vacuole swelling occurs post fruit set when berries are hard, green, and utilising 

carbohydrate respiration as a source of energy for cell division. Vacuole pH is 

approximately 2.5 as malic and tartaric acids accumulate in the vacuole. (Terrier et 

al, 2001). The second growth phase begins at the onset of veraison when berries 

begin to soften, skin becomes coloured, glucose and fructose accumulate, and malate 

respiration is induced causing rapid breakdown of malic acid and subsequent 

increase of vacuole pH to ~3.5   (Terrier et al, 2001). 

The reduction in acidity during maturation is related to the respiration rate of the 

berry and is a function of temperature. Malic acid is influenced by respiration more 

than tartaric, and in hot climates will decline rapidly during maturation compared to 

a slow decline in cool climates. The rate of malic acid degradation in climates 

influences acidity at harvest resulting in 6g/L or lower in hot climates compared to 

lOg/L or greater in cool climates (Jackson and Lombard, 1993). A pH in red wines 

above 3.6 can promote spoilage by organisms like Acetobacter or Brettanomyces, 

and reduces colour stability, altering the blue-red colour of young wine to a brown 



Grapevine growth stages - The modified E-L system 
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MAJOR STAGES EL 
number 

4     Kudburst 

1»    Clinnlcfflrrn    ll'florCSOEnCO dear, 1Z   S.il<)o(SIUl.in 5 taavcj aBparaiod 

19  Flowering bcglfis 

23  Full bloom    50% cups on'    —■ 

Young Ixmics growing 
27   Setting  Bunch nt ri^til angles 

to stum 

31   Berries pea size   Bundiml-u-HiBirB r dnwn 

3S  Veralson Banry son.ciilr« begins 
Bony colouring begins 

38   Harvest  Bcnrias ripe 

Matiifkd ftvm IXtchlxtm ntttt 
Larctm 1977 by &, C. Coiuntic 

ALL STAGES. 

1 Winter l>ucl , 

2 Budswell 

3 Woolly bud—brawn wool visible 
4 Green tip: first leaf tissue visible 

5 Rosette of leaf tips visible 

7   First leaf separated from sboot tip 

2 to 3 leaves separated: slioots 2-'i cm long 
'1 leaves separated 

5 leaves separated; shoots about 10 cm 
long: Inflorescence clear 

6 leaves separated 

7 leaves separated 

8 leaves separated, shoot elongating 
rapidly: single flowers In compact groups 

10 leaves separated 

12 leaves separated: Inflorescence well 
developed, single floweis separated 

14 leaves separated: flower caps still In 
place, but cap colour fading from green ' 

About 16 leaves separated; beginning d!    , 
flowering (first flower caps loosening) 

10% caps off 

30% caps off 

17-20 leaves separated: 50% caps off 
(- full-bloom) 

80% caps off 

cap-fall complete ' 

Setting: young berries enlarging (>2 mm   , 
dlam.). bunch at right angles to stern 

Berries pepper-corn size (4 mm dlam.): 
bunches tending downwards 

Berries pea-size (7 mm dlam.) 

Beginning of Ininch closure, berries 
touching (If bunches are tight) 

Berries still hard and green i 

Berries begin to soften: i 
Brlx starts Increasing 

Berries begin to colour and enlarge 

Bertrles with Intennedlate Brlx values 

Berries not quite ripe 

Berries harvest-ripe 

Berrtes over-ripe ' 

After harvest: cane niaturatlon complete   j 

43   Beginning of leaf fall 

47   End of leaf fall 

Figure 2.1. Adoption of a system for identifying grapevine growth stages. Reproduced from 
Coombe, B.G. (1995) Australian Journal of Grape and Wine Research 1(2) 104-110 (with 
permission from the Australian Society of Viticulture and Oenology). 
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brick red colour (Jackson and Lombard, 1993). 

2.2.3 SOILS 

The role of soils in the vineyard is the most limiting factor in viticulture. Soil 

texture, structure, depth, water holding capacity, colour, friability, subsoil, organic 

matter, temperature and biological factors are but a few independent variables 

controlling and determining success or failure of a vineyard (Maschmedt, 1987). 

Soil texture and structure determine the ability of roots to penetrate through 

the soil to create a strong and healthy base. Texture is a measure of particle size 

proportions in soil of sand, silt, and clay. Structure describes arrangement or 

aggregation of individual soil particles in the soil mass itself. Texture is graded 

accordingly: sandy loam (10-15%) clay; >5% silt), loam (-25% clay; 15%> silt), sandy 

clay loam (20-30% clay; >5% silt), silty clay (35-40% clay; 25% silt) and heavy clay 

(<50% clay) (Maschmedt, 1987; Northcote, 1988). Soil texture and structure affect 

water availability to the plant due to soil moisture retaining capacity which is 

dependent on aggregation of soil particles and pore size. Large soil aggregates 

provide sizeable pores allowing for rapid water movement through the soil. 

However, water in large aggregate soils is not available for plant growth due 

to rapid movement of water through the soil. Consequently, these soils are often 

deficient in nutrients due to leaching. Medium soil aggregates have variable pore 

sizes allowing deep root penetration and have large water holding capacities 
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resulting in water being more available for plant growth (Jackson and Lombard, 

1993;Northcote, 1988). 

The importance of colour, type and temperature of soil and its effect on wine 

quality has been widely commented on from the 19th century French viticulturists, 

Busby (1825), Rendu (1857), Guyot (1886) and Fortes and Ruyssen (1886) to the 

more modem viticulturists, Peynaud and Ribereau-Gayon (1971), Champagnol 

(1984), Smart (1987) and Seguin (1983,1986) in (Gladstones, 1992). The early 

French viticulturists found associations between sandy soils and wines displaying 

delicate aromas, light colour, and lacking in intensity. Soils high in iron and clay 

gave more fruit depth, and increased colour of red wines. The calcareous soils 

produced wines with intense aromas and high alcoholic strength and were described 

as the 'purest and freest from earthy taste' (Gladstones, 1992). High vigour soils 

tend to produce dense canopies where shading of foliage and bunches occurs leading 

to high pH levels and low acid levels in the fruit (Jackson, 1986). 

Oregon has over 800 different soil types and to date vines have been planted 

on at least 60 different types of these. Soils in the Willamette, Umpqua, and Rouge 

Valleys tend to have well weathered topsoils of silty clay loam over heavier reduced 

fertility clay loam subsoils. The alfisols and ultisols, located on hillsides are lower in 

nutrients and fertility than the black fertile valley floor mollisols. The Bellpine soils 

located in the Willamette Valley are a good example of ultisol soils, having silty clay 

loam topsoil over clay subsoil and being relatively low in productivity when dry land 

farmed (Campbell and Fey, 2003). 



13 

2.2.4 IRRIGATION 

Jackson and Lombard (1993) state most quality wines are those made from 

areas where the annual precipitation is less than 700-800mm. However, average 

annual precipitation in the areas of Bordeaux, Burgundy, Willamette Valley, 

Adelaide Hills, Tasmania and New Zealand is above 700mm. All are areas 

producing high quality premium wines (Gladstones, 1992). Perhaps more important 

to grape quality is rainfall during the growing season, in particular during veraison 

when high rainfall and excessive irrigation slows ripening, increases disease 

pressure, and lowers wine quality (Gladstones, 1992; Jackson and Lombard, 1993). 

Rain after the onset of veraison increases humidity predisposes grapes to splitting, 

and subsequent fungal infections like botrytis. Rotting and diseased fruit causes 

difficulties for winemakers, as fruit quality is diminished. In red grapes enzymes 

produced by Botrytis cinerea have a destructive effect on anthocyanins through 

initiation of o-dihydroxyphenol oxidase (PPO) and laccase enzymes transforming o- 

diphenolic substrates to highly unstable o-quinone substrates (Sami et al, 1995). 

Commercial pectolytic enzyme preparations used in winemaking to promote colour 

extraction, juice yield, and clarification has been found to contain B-glucosidase 

(Wightman et al, 1997). 13-glucosidase has been found to reduce anthocyanin by 

attacking the glucose moiety on the anthocyanin leaving the unstable anthocyanidin 

which is quickly degraded to colourless compounds (Cheynier et al, 1998b; Sami et 

al, 1995). Slow fermentation rates, and stability issues occur after infection by 

Botrytis cinerea as the fungus utilises nitrogen in the berry for growth, and increases 
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sugar content, reducing the yeasts ability to begin fermentation (Henschke and 

Jiranek, 1993; Jiranekef al, 1995; 1990; 1991). 

Irrigation is used in many parts of the world to stabilize crop yield and 

quality on a consistent basis. Regulated deficit irrigation is used to control vigour 

and berry size in combination with canopy manipulation and plant material free of 

viruses and rootstocks (McCarthy, 2000; Sipiora and Gutierrez Granda., 1998). 

Excessive irrigation will delay harvest from one to three weeks as physiological 

ripening is slowed through dilution of sugar content and acid levels and increased 

potassium and pH level in the must. Yield is increased through berry enlargement 

and anthocyanins in red grapes are low due to shading from continuous and 

excessive shoot growth. However, the impact of irrigation on wine quality has been 

found by Bravdo et al. (1985) to be dependent upon the type, timing, volume and 

regime of irrigation used. (Bravdo et al, 1985; Freeman et al, 1980; Jackson and 

Lombard, 1993; Rankine et al, 1971). 

Numerous studies on the effect of water stress and irrigation on berry growth 

indicate there are critical stages in berry growth where timing of irrigation and water 

stress will have either positive or negative correlations to wine quality (Bravdo et al, 

1985; Freeman et al, 1980; Jackson, 1986; Jackson and Lombard, 1993; McCarthy, 

2000; 1996; Rankine et al, 1971). In contrast, water stress enhances early ripening 

and reduces berry size and weight, two attributes considered by some that contribute 

to wine grape quality through concentration of flavour and colour. Moderate water 

stress during veraison has little effect on berry composition, rather, berries are most 
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sensitive to water stress post flowering (Jackson and Lombard, 1993; McCarthy, 

2000). 

2.2.5 FERTILISATION 

Increased vigour in shoots of vines is attributed to high nutrition, water 

availability, and temperature. In general, increased vigour leads to decreased wine 

quality. The element most causative of high vigour, nitrogen, increases vegetative 

growth, alters leaf to fruit ratios, increases humidity within the canopy, thereby 

increasing disease occurrence and reducing sunlight interception to inner leaves and 

bunches. However, vines grown under high nitrogen levels have higher petiole 

nitrogen, increased pH, malate and anthocyanin concentration, yet fruit maturity, 

although delayed, is not affected. A drawback of excessive or high nitrogen levels in 

the vineyard has lead to musts high in arginine levels that in turn have produced 

wines with undesirable ethyl carbamate levels when stored for long periods of time 

(Jackson and Lombard, 1993; Ruhl etal., 1992). 

The pH of juice and wine is an important quality factor, affecting sugar/acid 

balance, colour of red wines, and biological stability. Potassium, phosphorus, 

calcium, and magnesium are other fertilisers required for healthy balanced vines. 

Phosphorus is known to enhance the effect of nitrogen and is utilised by yeast during 

fermentation. Phosphorus being relatively immobile in soil should be placed near 

the root system for efficient uptake. High potassium will increase must pH, cause 

browning in red wines, cause magnesium deficiency, and induce low soil levels of 
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nitrogen (Goldspink and Frayne, 1996). Vines require magnesium for effective 

photosynthesis as it is an essential component of chlorophyll. Most soils are not 

deficient in magnesium, however, high potassium may induce magnesium deficiency 

resulting in yellowing of leaves and bunch stem necrosis (Conradie, 1981; Robinson, 

1992; Ruhletal., 1992). 

Nitrogen is the key nutrient that will have a significant effect on the growth 

cycle of the vine annually. Nitrate (NO3") and ammonium (NH/) ions are available 

forms of nitrogen to plants from soil. The metabolism and utilisation of these in 

grapevines are dependent upon many factors. Light, temperature, nutrient species, 

cultivar, soil type, timing of application, concentration, and cultivation practices can 

regulate gene expression and reactions of enzyme systems, while others regulate and 

supply intermediate metabolite demand and cellular localisation (Do and Cormier, 

1991 5; Loulakakis and Roubelakis-Angelakis, 2001; Spayd et al, 1993 68; 

Wermelinger and Koblet, 1990 72). Soil acidification, groundwater pollution, 

leaching of elements, calcium and magnesium, and many physiological and disease 

problems occur when nitrogen is applied in excess or at the wrong time (Goldspink 

and Frayne, 1996; Keller et al, 2001a; Peacock et al, 1991). 

Ammonium ions are the inorganic source of nitrogen produced through 

nitrate reduction and nitrogen fixation and are also derived from photorespiration, 

deamination, and phenyl propanoid metabolic pathways (Do and Cormier, 1991; 

Loulakakis and Roubelakis-Angelakis, 2001; Wermelinger, 1991; Wermelinger and 

Koblet, 1990). Concentration in plant cells of ammonium ions is dependent upon the 
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metabolic potential of cells. Toxic to plant cells, even in low concentrations, 

ammonium ions dissipate transmembrane proton gradients required in photosynthetic 

and electron transport systems in metabolic sequestering in vacuoles (Do and 

Cormier, 1991; Loulakakis and Roubelakis-Angelakis, 2001; Wermelinger, 1991; 

Wermelinger and Koblet, 1990). Plant cells incorporate ammonium ions into amino 

acids rapidly at point of transport or generation to overcome toxicity (Loulakakis and 

Roubelakis-Angelakis, 2001). 

Nitrate assimilation in grapevines is not toxic to plant cells and vines 

accumulate large amounts of nitrate without detriment to plant production. 

Controlled by carbohydrate oxidation, nitrate assimilation is associated with organic 

acid production (Do and Cormier, 1991; Loulakakis and Roubelakis-Angelakis, 

2001; Wermelinger, 1991; Wermelinger and Koblet, 1990). An estimated 10-15% of 

the plants energy is utilised in nitrate assimilation compared to 2-5% for ammonium 

assimilation. Nitrate (NO3") is converted to nitrite (NO2") and then to ammonium 

(NH4+). Assimilation occurs in either roots or shoots and is controlled by soil nitrate 

concentration. When soil nitrate concentration is high, nitrate is translocated to 

shoots for assimilation to amino acids, and when in low concentrations, nitrate is 

assimilated by roots to amino acids and translocated to shoots and clusters (Figure 

2.2) (Do and Cormier, 1991; Loulakakis and Roubelakis-Angelakis, 2001; 

Wermelinger, 1991; Wermelinger and Koblet, 1990). 

Vines accumulate organic nitrogen in roots and permanent structures 

ensuring carbon and nitrogen are available for remobilisation in the formation of new 
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organs during spring growth. Nitrogen uptake does not occur rapidly post bud break 

hence nitrogen application prior to this time should be avoided due to potential for 

leaching of nitrogen into groundwater under heavy spring rains (Conradie, 1991). 

During vegetative growth through to the start of veraison nitrogen availability 

influences flower number, flower set and development. 

The rate of nitrogen uptake is linear as clusters accumulate up to 60% of their 

required nitrogen (Conradie, 1991; Goldspink and Frayne, 1996; Paczek et al, 

2002). Nitrogen accumulated via the root system of plants is incorporated into 

carbon groups that are metabolised into amino acids and amides. The amino acids 

are the basic units of proteins and nucleic acids from which the secondary 

metabolites (flavonoids, tannins and anthocyanins) are synthesized. Arginine is the 

predominant storage and transport amino acid compromising up to 80% of storage 

nitrogen in the vine. Protein metabolism is affected by temperature, drought and 

salinity and nutrient deficiencies (Larcher, 1995). 

Keller et al. (2001b) found nitrogen may alleviate environmental stress 

during flowering or pre harvest. Notably, nitrogen supply during or before flowering 

reduced inflorescence necrosis. However, this was followed by a decrease of 

carbohydrate reserves in structural parts of the vine reducing carbon availability 

when late season environmental stress (cold weather) occurred and bunch stem 

necrosis became apparent (Keller et al, 2001b). During veraison bunches are the 

main sink of nitrogen from the sources, roots, shoots, and leaves as little uptake of 

nitrogen from the soil occurs.    From harvest to leaf fall rapid accumulation of 
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nitrogen from shoots, leaves, and soil occurs with nitrogen stored in permanent 

structures for remobilisation in the next spring (Conradie, 1991; Wermelinger, 1991). 

Shoots - Leaves - Fruits 

i-biomolecules 

Figure 2.2. Schematic presentation of the path taken by nitrogen following uptake in the plant root. 
(Loulakakis and Roubelakis-Angelakis, 2001). Reproduced with permission from Kluwer Academic 
Publishers. 

Urea a common source of fertiliser used in agriculture contains 46% nitrogen 

(46:0:0). Urea CO(NH2)2 upon application to soil begins to breakdown, and is 

rapidly hydrolysed to ammonium ions and carbon dioxide (Overdahl et al, 1991). 
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2.3    CHEMISTRY OF WINE 

Winemakers use common parameters on crushed berry samples including: 

0Brix, pH and, titratable acidity to determine ripeness and potential quality of juice 

and wine. It is the balance between these and flavour that will ultimately determine 

the quality of a wine (Jackson, 1986). 

Secondary plant substances or metabolites are biosynthesised from precursors 

of primary metabolism. Of interest in vines are the carbohydrate and fat metabolism 

pathways where terpenoids and steroids are synthesized via acetyl coenzyme A, 

mevalonic acid and isopetenylpyrophosphate. Of more interest are the sugar and 

amino acid metabolic pathways where phenol bodies and their derivatives, 

flavonoids and tannins, are synthesized via the shikimic and acetate polyketide 

pathways (Larcher, 1995). 

2.3.1 SUGARS AND ACIDS 

During veraison there is a decrease of the growth hormones, auxins, and a 

subsequent increase in abscissic acid concentration and initiation of enzymes, 

including, saccharose phosphate synthetase, saccharose synthetase, and hexokinase. 

These enzymes, in conjunction with the tonoplast of berry pericarp cells, are 

responsible for accumulation of sugars against a diffusion gradient within pulp 

vacuoles of berries. Saccharose, a principle photosynthetic transport product, is 

synthesised in leaves, migrates through the phloem to berries and undergoes several 

enzymatic reactions producing glucose and fructose.    At the onset of veraison, 
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glucose accounts for 85% of the sugars present in the berry. As veraison progresses, 

the glucose to fructose ratio is reduced from 5:1 pre-veraison to 1:1 at maturity due 

to preferential entry of glucose into cellular respiration and synthesis reactions. By 

maturity, grape sugars account for approximately 90% of the total soluble solids 

(Hamilton and Coombe, 1992; Ribereau-Gayon et al., 2000a). 

The predominant organic acids present in grapes are tartaric and malic acids 

accounting for 90%, along with trace amounts of citric, and ascorbic acids 

(photosynthetic metabolite consumed during fermentation). Tartaric acid is a 

secondary product of sugar metabolism, whereas malic acid is a by-product of the 

reduction of oxaloacetic acid and the carboxylation of pyruvic acid. Organic acid 

concentration and amounts at maturity depend upon seasonal variation of light, 

temperature, water availability, variety, location and maturity (Amerine and Ough, 

1980; Kliewer, 1967a; Ribereau-Gayon et al., 2000a). 

In musts the acid content is expressed as titratable acidity, and is the amount 

of acid present in must or wine that is neutralised by a standard base (titration to a 

pink phenolphthalein endpoint). Expression of titratable acidity varies amongst 

countries, Australia and America express acidity as g/1 tartaric acid; in France acidity 

is expressed as g/1 sulphuric acid which is 0.653 of the value of tartaric acid 

(Amerine and Ough, 1980; Kliewer, 1967a; Rankine, 1989; Ribereau-Gayon et al., 

2000b). 

Malic acid in combination with tartaric acid comprises more than 90% of the 

total  acidity in grapes.     Malic acid, unlike tartaric,  is highly susceptible to 
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biodegradation and its degradation to lactic acid during malo lactic fermentation 

leads to greater microbial stability even though pH is increased and acidity is 

decreased (Rankine, 1989; Ribereau-Gayon et al, 2000a). Malo lactic fermentation 

is technically a misnomer as no alcohol is produced, rather it is a direct 

decarboxylation of L-malic acid to L-lactic acid and carbon dioxide by the bacteria 

Oenococcus oeni (Rankine, 1989; Ribereau-Gayon et al, 2000a). 

Hydrogen ion concentration is a measure of pH in must and wine, and is 

based on the dissociation equilibrium of acids in wine at constant temperature. 

Values of pH in wines range from 2.8 in aromatic varieties like Riesling and Pinot 

gris to 4.0 in some red wines and dessert wines. These pH values reflect a sensorial 

impact in wine with freshness and greenness attributed to wines with low pH (2.8) or 

thinness attributed to wines with high pH (4.0) (Amerine and Ough, 1980; Ribereau- 

Gayon et al, 2000b). The impact of low pH on wine is important to enhance 

microbial stability through the reduction of oxidation-reduction potential and 

increasing the free sulphur fraction (Amerine and Ough, 1980; Ribereau-Gayon et 

al, 2000b). 

Volatile acidity in wine is a quantitative physiochemical parameter linked to 

the final quality of wine. The term 'volatile acidity' in wine refers to the level or 

formation of acetic acid and its ester, ethyl acetate. Acetic acid formation is caused 

by the infection of wine by Acetobacter that oxidises alcohol to acetic acid and by 

further oxidation to ethyl acetate (nail polish remover aroma). Breakdown of 

residual sugars, tartaric and citric acids, and glycerol by lactic acid bacteria produce 
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levels of acetic acid that contributes to volatile acidity. (Amerine et al, 1980; 

Amerine and Ough, 1980; Rankine, 1989; Ribereau-Gayon etal, 2000b). 

2.3.2 ANTHOCYANINS 

Anthocyanins are flavonoid phenolic molecules found widespread in nature 

that are responsible for the red, blue, and purple colours of fruits, flowers, and food 

products (Eiro and Heinonen, 2002; Romero and Bakker, 1999). The species, 

cultivar, seasonal variation, site and the age of vines determine the amount of 

anthocyanins found in red Vitis vinifera c.v. grapes. Anthocyanins are derived from 

biosynthesis of hydroxycinnamic acids, where the first step is a six carbon chain 

elongation of the acid, followed by cyclisation to form the generic three ring 

flavonoid structure. Variation in the oxidation state of B and C rings derives 

molecules such as flavanols, anthocyanidins and flavonols. The anthocyanidins are 

generally unstable and glycosidation occurs at the three carbon position of the 

anthocyanidin with a single sugar moiety, glucose, attaching and forming the 

anthocyanin structure (Figure 2.3) (Allen, 1998; Lapidot et al, 1999; Schaeffer, 

1998; Zoeckleine^/., 1995). 

Winemaking techniques allow for the extraction of anthocyanins from the 

skins within the first few days of fermentation, their concentration ranging from 

350mg/L to 11 lOmg/L in the resultant young wine (Mirabel et al, 1999). The five 

anthocyanins present in red wine are different only in their level of hydroxylation of 

Ring B and methylation of the hydroxyl groups.    The most concentrated and 
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Figure 2.3. Biosynthesis of anthocyanins in grapes. Reproduced with kind permission from 
Schaeffer,T. (1998). Grapes a Case Study: Vitis vinifera cv. Cabernet Suavignon. Penn State 
University, http://scripts.cac.psu.edu/courses/plphv597_hefl/grape.html 
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abundant anthocyanin in red wine is malvidin-3-glucoside, containing three 

hydroxyl groups, two of which are methylated as methyl ethers (Allen, 1998; Boss et 

ai, 1996; Lapidot et al, 1999; Zoecklein et al, 1995). The methyl ethers are 

resistant to oxidation of the B ring, hence the abundance of malvidin-3-glucoside in 

red wine in comparison to cyanidin-3-glucoside that has the simplest Ring B 

oxygenation arrangement, with two hydroxyl groups. 

However, anthocyanins are easily degraded due to their highly unstable 

nature and stability during fermentation and maturation in red wine is dependent 

upon pH, SO2, oxygen, light, temperature, presence of enzymes, concentration of 

pigments and, other complexing compounds including polymeric flavonoids, 

phenolic acids, and metals (Eiro and Heinonen, 2002; Gao et al, 1997; Mirabel et 

al, 1999; Nyman and Kumpulainen, 2001). Anthocyanin degradation in grapes by 

fungal enzymes, fi-glucosidase, from Botrytis cinerea, causes an undesirable loss of 

quality (Wightman et al, 1997). At wine pH, anthocyanin colour in red wine is 

greatly dependent on pH and the effect SO2. At pH values below 2 the red flavylium 

cation form is the dominant anthocyanin structure. However, red wine pH is 

normally somewhere between 3.3 and 3.7 and anthocyanins exist in several forms in 

equilibria including: red flavylium cation, blue quinoidal form, colourless hydrated 

carbinol (pseudobase) form concurrently in equilibria with the yellow chalcone form, 

and colourless sulphate form (Figure 2.4) (Allen, 1998; Jones and Asenstorfer, 

1998; Singleton, 1988). 
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The change in colour observed during the maturation of red wine occurs 

through interactions of anthocyanins and the colourless phenolic compounds the 

flavan-3-ols such as catechins from seeds. The anthocyanin biosynthesis pathway 

has a branching nature thought to be controlled at the point of transcription, although 

the point at which this differs in plant species is not well understood. Promoters of 

anthocyanin structural and regulatory genes appear to control the pathway of 

biosynthesis (Boss and Davies, 2001). 

Quinoidal Base 
(blue-violet) 

O. 

Carbinol pseudobase 
(colorless) 

O-Glu 
OH   SO3H 

Figure 2.4. Anthocyanin forms in wine. Waterhouse, (2002). Reproduced with permission from Ann. 
N.Y.Acad. Sci. 957:21-36. 
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Grape berry anthocyanin biosynthesis occurs in two phases. A reduction in 

expression of genes involved in biosynthesis occurs during berry lag phase. Post 

veriason a "co-ordinate induction of genes" occurs with anthocyanin accumulation 

(Boss and Davies, 2001). Grapes are capable of producing at least twenty different 

species of anthocyanins derived from the dihydroxylated and trihydroxylated 

anthocyanidins, cyanidin, and delphinidin (Boss and Davies, 2001; Garcia-Beneytez 

et al, 2003). The anthocyanin species have differing concentrations of colour and 

stability and relative amounts of the anthocyanin species contribute to wine colour, 

flavour, and aroma (Boss and Davies, 2001; Garcia-Beneytez et al, 2003). 

In particular, polymeric flavonoid compounds, the proanthocyanidins 

(condensed tannins), are thought to be responsible for the long-term colour stability 

in red wines due to their effect of co-pigmentation with anthocyanins (Bowyer, 2002; 

Kennedy et al, 2001; Mirabel et al, 1999). The tannin-anthocyanin polymers 

formed during red wine ageing with linkages at either C4 - Cg or Ce - Cg positions 

create a stable quinoid base resistant to sulphur dioxide decolourisation (Allen, 1998; 

Dao, 1998; Singleton, 1988; Zoecklein etal, 1995). 

Pinot noir contains the 3-monoglucoside anthocyanins of delphinidin, 

cyanidin, petunidin, peonidin and malvidin, and does not contain the acylated 

anthocyanins like other red wines such as Cabernet Sauvignon, Merlot and Shiraz. 

The genes controlling modification by acyl transferases and methyltransferases is not 

yet well understood (Boss and Davies, 2001). Acylation occurs through the binding 

of an ester functional group such as acetic, coumaric, and caffeic acids to a hydroxy 
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group of the anthocyanin sugar moiety (Allen, 1998; Gao et ai, 1997; Garcia- 

Beneytez et al., 2003). The anthocyanins as well as proanthocyanidins and 

flavonol's are located in the grape skin and are extracted during fermentation. 

Anthocyanins are water soluble pigments and their maximum extraction into wine is 

a process of diffusion occurring in the first few days of fermentation. The rate of 

which is determined by processing techniques, initial concentration, and solubility in 

the medium. Flavan-3-ols and procyanidins located within the seed structure and to 

a lesser extent in skins are soluble in alcohol, hence extraction during fermentation 

occurs more slowly and later than anthocyanins (Price et al., 1995; Thomgate and 

Singleton, 1994). Fermentation dynamics, maceration, skin contact, and temperature 

effect the initial concentration and composition of anthocyanins, in particular the 

formation of polymeric anthocyanins (Bowyer, 2002; Gao et al., 1997; Mazza, 1995; 

Wightman et al., 1997). Gao et al. (1997) and Wightman et al. (1997) found 

fermentation temperature was a major factor in formation of polymeric anthocyanins 

and phenolics. The polymeric anthocyanins were responsible for the maintenance of 

the observed red colour in Pinot noir wines. The level of polymeric anthocyanins 

was directly related to darkness of wines, while the monomeric fraction did not 

contribute significantly to colour of Pinot noir wines. 

2.3.3 MEASUREMENT OF COLOUR 

In the wine industry the most common method of measuring wine colour is 

through the  convenient  and relatively inexpensive  spectrophotometric method 
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compared to HPLC analysis. Sudraud (1958) and later Somers and Evans (1977) 

proposed a direct spectrophotometric method of colour measurement for young red 

wines allowing for monomeric and polymeric anthocyanin measurement at 520nm, 

and 420nm, using a 1mm path length quartz cuvette. Pi-bonding orbitals (sideways 

overlap) exist in aromatic systems such as the A, B, and C rings of anthocyanins. 

The overlap of these orbitals means anthocyanin molecules absorb light in the visible 

range of the spectrum. Absorption occurs at 520nm in the green part of the 

spectrum. Therefore the transmitted complement of green light appears red (Allen, 

1998). The flavylium cation is highly pH dependent and increasing pH results in the 

loss of a C ring proton and formation of a quinoid base. The quinoid base has 

aromatic character in ring B allowing for Pi-bonding overlap to rings A and C, 

resulting in blue-violet coloured forms (Allen, 1998). Anthocyanins of red wines 

have a maximum absorption from 520-535nm and minima at 420nm. The colour 

density of red wine, as described by Sudraud (1958), is calculated as the sum of 

optical density at 420 and 520nm and the hue of red wine is calculated as the ratio of 

optical density at 420/520nm. Colour density in ageing red wines when measured in 

this manner show reduced absorbance at 520nm and increased absorbance at 420, 

due to a bathochromic shift (wavelength shift), caused through degradation and 

polymerisation of monomeric anthocyanins and formation of more stable, yet less 

colour intense polymeric anthocyanins (Allen, 1998; Mirabel et al, 1999). The total 

anthocyanin content of wines is measured at 520nm after acidification with 1M-HC1 

to pH 1 where 100% of the flavylium cations are present in coloured forms. 
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The hue of wine (calculated as the ratio of E420/E520), describes the colour or 

tint of wine and ranges from young wines as blue/violet colour to brown/brick red 

colour in mature or aged wine. High hue values (close to 1 or above), indicate an old 

wine, whereas lower hue values indicate a young wine, or a wine with more 

blue/violet colours. The density or intensity of wine (calculated as the sum of E420 + 

E520) is known also as chroma and higher values indicate a more intense colour. 

Glories (1984) in (Negueruela et al, 1995) determined that the red zone of the colour 

spectrum had not been included and hence, added absorbance at 620nm to the 

"colorant intensity". The inclusion of £520 by Glories (1984) in (Negueruela et al, 

1995) to E420 + E520 appears to show a better correlation of density values to chroma 

values as measured by the CIE Tristimulus L*a*b* method. However, the study by 

Negueruela et al. (1995) found the psychometric coordinates (those associated with 

visual perception of colour), luminance (L*), saturation or chroma (C*), and hue 

(H*) all had high correlations with Sudraud's colour density (r=0.975) and tint or 

hue (r=0.912). Negueruela et al. (1995) concluded the simple spectrophotometric 

method used widely in the wine industry correlated well with visual perception of 

red wine. 

2.3.4 TANNINS 

Phenolics in wine are divided in two groups, the flavonoids comprising the 

bulk of the phenolics and located primarily in the stems, skins and seeds of berries 

and the non-flavonoids, comprising benzoic acids, and hydroxycinnamic acids, 
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chemically less reactive than the flavonoids and located predominantly in pulp and 

juice of berries (Cheynier et al., 1998a). Phenolic compounds are responsible for 

organoleptic characteristics of colour, bitterness, and astringency, and red wine 

quality is largely related to the balance of tannins and anthocyanins (Bowyer, 2002; 

Cheynier et al., 1998a; Kennedy et al., 2001; Price et al., 1995; Souquet et al., 

1996). 

Catechins, originating in grape seeds, are active in polymerisation reactions 

and browning reactions involving polyphenoloxidase. The concentration of 

catechins in wine has been linked with cluster exposure. High catechin 

concentration is related to shaded clusters and low catechin concentration is related 

to exposed clusters (Price et al., 1995). Flavanols occur as monomers, oligomers, 

and polymers. Condensed tannins or proanthocyanidins are found in the vacuoles of 

epidermal tissue in higher plants, including Vitis vinifera L. (Kennedy et al, 2001; 

Price et al, 1995). Grape composition at harvest is characterised by high 

concentrations of monomeric (+)-catechin and (-)-epicatechin forms, and during 

wine maturation via acid catalysed depolymerisation the dimeric, oligomeric and 

trimeric procyanidin forms evolve (Dufour and Bayonove, 1999). The 

proanthocyanidins found in grapes consist of the polyhydroxy flavan-3-ol oligomers 

of (+)-catechin and (+)-epicatechin called procyanidins. Galloylation of the 

hydroxyl group and multiple a or P-C4 —> C6 or a or p-C4 —> C8 linkages creates 

multiple oligomers, with a maximum polymerisation degree of 16 (Prieur et al, 

1994). However, formation of these stable oligomers during wine maturation appear 
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to evolve concurrently with disappearance of monomeric anthocyanins which agrees 

with work by Fuleki and Ricardo da Silva (1997) where monomers of (+)-catechin 

and (-)-epicatechin were present in higher concentrations than procyanidins in 

cultivars (Cheynier et al, 1998b; Dufour and Bayonove, 1999; Fulcrand et al., 

1999; Fuleki and Ricardo da Silva, 1997). 

Pinot noir has been found to exhibit nearly four times the levels of (+)- 

catechin and (-)-epicatechin as Cabernet Sauvignon and Merlot in cool climates, 

suggesting procyanidin concentration is highly cultivar and regionally specific, and 

in Pinot noir is responsible in anthocyanin stability (Gao et al., 1997). 

Grape seed tannins, in comparison to skin tannins, are galloylated 

procyanidins which are smaller in molecular weight yet higher in galloylated units 

than those extracted from skins. As well as procyanidins, skins contain 

prodelphinidins that are trihydroxylated on the B ring and characterised by (-)- 

epigallocatechin, comprising 30% of skin procyanidins and trace amounts of (+)- 

gallocatechin and (-)-epigallocatechin 3-0-gallate (Brossaud et al., 2001; Cheynier et 

al., 1998a; Fulcrand et al., 1999; Prieur et al., 1994). The prodelphinidins, high in 

molecular weight, diffuse into wine during fermentation much faster than the smaller 

molecular weight seed procyanidins due to greater accessibility with anthocyanin 

extraction, maceration of skins and greater hydrophilicity (Cheynier et al., 1998a; 

Fulcrand et al., 1999; Fuleki and Ricardo da Silva, 1997). Seed procyanidins, 

smaller in molecular weight, diffuse into the wine during fermentation more slowly 
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than the prodelphinidins, and are more concentrated. Excessive concentrations result 

in wines being described as astringent and bitter. 

The molecular size, balance, and interaction between seed and skin tannins, 

and anthocyanins and proteins is responsible for bitter, astringent and the perception 

of 'soft' or 'hard' tannin and other organoleptic characteristics in wine. Wines with 

low concentrations of seed tannins are described as bitter. As molecular weight and 

seed tannin concentration increases wines are described as being more astringent 

(Brossaud et al, 2001; Cheynier et ai, 1998a; Dufour and Bayonove, 1999; Fulcrand 

etal., 1999). 

Quercetin, a yellow coloured glycosidic flavonol located in the vacuole of 

grape epidermal tissue has largely been determined to be insignificant in contribution 

to red wine colour. However, it is thought to protect plants from ultraviolet light 

damage and therefore, appears to participate in the protection of anthocyanins and is 

seemingly important to processes involved in anthocyanin development. In skin 

extracts from highly exposed grape clusters, quercetin has been found in 

concentrations up to 85% more than moderately shaded clusters and 385% more than 

shaded clusters (Price et ai, 1995). Price et al., (1995) found the exposed clusters to 

have 60% higher levels of anthocyanins than shaded clusters. Yet in a sensory panel 

moderately exposed wines were preferred over exposed and shaded wines, although 

it could not be proven that this was due to high flavonol concentration. Notably, 

although flavonols such a quercetin do not contribute significantly to colour, a 

30mg/L solution of quercetin as found in wine from exposed grapes had significant 



34 

yellow colour and strong absorbance between 400 and 420nm. Although not a 

preferred substrate for polyphenoloxidase, flavonols such as quercetin via coupled 

oxidative reactions with anthocyanins can act as co-pigments and form more colour 

stable polymeric phenols and anthocyanins. 

There has not since Price et al, (1995) been a lot of research carried out on 

sun exposure and quercetin levels in wines. Research has focussed upon the health 

effects of quercetin in humans through the consumption of red wine. A more recent 

survey of levels of quercetin and p-coumaric acid in wines from around the world by 

Goldberg et al, (1998) indicated levels of quercetin, although pre-determined 

through genetics, appear to be controlled significantly by environmental conditions. 

Warm climates such as Australia and California and had unexpectedly low quercetin 

levels in Pinot noir and the highest levels in Cabernet Sauvignon, although growing 

conditions were not known. Further work by Spayd et al, (2002) on sunlight and 

temperature influence on Merlot berries indicates high levels of sunlight promotes 4 

to 8 times higher levels of quercetin while not disrupting anthocyanin biosynthesis, 

and shaded clusters showed significantly lower levels of anthocyanins. 

2.3.5 YEAST ASSIMILABLE NITROGEN CONTENT 

Stuck or incomplete fermentation by Saccharomyces yeast strains causes 

considerable problems in the winery. Incomplete ferments are at risk of microbial 

spoilage or oxidation, and can also have undesirable levels of residual sugar. 

Nitrogen  compounds are  essential  macronutrients  required in the kinetics  of 
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fermentation of grape must. The availability of nitrogen to yeast is required for the 

development of structural and functional proteins to generate biomass and maintain 

the yeast metabolic system of "hexose, amino acid, and ammonium transport 

enzymes, glycolytic enzymes and ATPases" (Butzke, 1998; Henschke and Jiranek, 

1993; Jiranek et al, 1990; 1991; Kunkee, 1991; Ough et al, 1991; Spayd and 

Andersen-Bagge, 1996; Watson et al, 2000). Wine yeast readily utilise the nitrogen 

compounds, ammonia and free a-amino acids, and assimilate peptides and proteins 

for subsequent hydrolysation to amino acids. Regardless of yeast strain and under 

anaerobic fermentation conditions, the amino acids, arginine, serine, glutamate, 

threonine, aspartate and lysine contribute 70.6%) to 79% of required nitrogen (Jiranek 

etal.,1995). 

Henschke and Jiranek, (1993) tabulated four main areas with over fifteen 

possible causes of stuck fermentations, therefore, it is increasingly difficult to predict 

the nature of a stuck or sluggish ferment. Four main categories where stuck ferments 

may be applied to are: nutritional deficiency, yeast strain, inhibitory substances and 

yeast physical condition. Of these, nutritional deficiency of must can be overcome 

with measurement of must nitrogen and supplementation. Over clarification of 

musts and inadequate supply of nitrogen present deficiencies well below the 

minimum required fermentable nitrogen content of 140mg N/L and can cause stuck, 

sluggish fermentation rates as well as the production of H2S (Butzke, 1998; 

Henschke and Jiranek, 1993; Spayd and Andersen-Bagge, 1996). When overdosed 

with excessive nitrogen, fermentation is rapid yet residual nitrogen may remain in 
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the wine, leading to microbial instability and the possible formation of ethyl 

carbamate (Butzke, 1998; Henschke and Jiranek, 1993; Jiranek et al, 1990; 1991; 

Spayd and Andersen-Bagge, 1996). 

It is unlikely stuck or sluggish fermentation would present a problem in red 

musts since whole berries are used and nitrogen compounds comprising 

approximately 12% of protein present in the grape skin will contribute to the 

assimilable nitrogen (Lecas and Brillouet, 1994; Nunan et al., 1998). However, 

vineyard nitrogen manipulation can result in years where grapes are high in sugar 

and low in assimilable nitrogen will present slow ferment rates (Spayd and 

Andersen-Bagge, 1996; Watson et al, 2003). Manipulation of vineyard nitrogen and 

water availability, and seasonal variation can affect concentration of available 

nitrogen during fermentation and therefore, the production of alcohols and esters 

produced by yeast during fermentation (Spayd and Andersen-Bagge, 1996; Watson 

et al, 2003). 

2.4    SENSORY 

Quality of wine is a personal perception that unless it has a true defect is hard 

to quantify. Wine is typically distinguished, initially from colour, and then 

aromatically through varietal distinctiveness. The effect of climate, location, 

viticultural practices, winemaking style, processing, and wine age all contribute 

further to our quality perceptions. When one aroma presents itself over all others 

this may be considered a defect, as do uncontrollable defects such as cork taint and 
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oxidation (Violley and Lubbers, 1999). Aroma, texture and mouth feel of red wine 

determine the acceptance of a wine by consumers. Yet as Peynaud (1987) in Gawel 

(1998) described wine "if harmony and balance are the hallmarks of a good wine, 

what distinguishes great wine is the length of character of its aftertaste and in the 

case of red wines it is principally the varied and complex flavours of tannin which 

determine their length". 

Astringency is an oral tactile sensation and is often described as a drying, 

puckering and gripping sensation, although the mechanism of astringency is still 

poorly understood (Noble, 1998). The sensation of astringency in the mouth is 

thought to occur when the salivary proteins are precipitated by tannins, particularly 

the procyanidins, and galloylated procyanidins, reducing viscosity and increasing 

friction in the mouth (Brossaud et al, 2001; Cheynier et al, 1998a; Gawel, 1998). 

Bitterness is a taste sensation on the papillae of the tongue caused by 

complex interactions of compounds like monomeric polyphenols, phenolics, amino 

acids, wine acids, ions, and sugars (Brossaud et al, 2001; Noble, 1998). Similar to 

astringency the taste receptor-signal transduction mechanism is still not fully 

understood. 

In a sensory study of Pinot noir wines made from the Benton Lane vineyard 

in 2001, a panel of 14 Oregon winemakers and several sensory faculty were asked to 

evaluate two replications of the field trial for colour, aroma and flavour attributes 

(Tsai and McDaniel, 2003). The field trial ITSN treatment (Irrigated, Tilling, Soil 

Nitrogen)  was  rated as  the lowest in  colour,  hue,  overall  flavour intensity, 
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astringency, vegetative and musty/earthy character. The DNTON treatment (Dry, 

Not-Till, Zero Nitrogen) and DNTSN treatment (Dry, No-Till, Soil Nitrogen) were 

both rated highly for overall colour intensity, purple hue, overall flavour intensity 

and astringency, although each treatment factor (Till, No-Till, Irrigated, Dry, Zero 

Nitrogen, Foliar Nitrogen, Soil Nitrogen) were not separated in statistical analysis. It 

appears though these results reflect those from the Benton Lane wines of 2000 where 

irrigated treatments tended to be more vegetative and spicy, while the dry treatments 

tended to show more fruitfulness, and the tilled versus non-tilled treatments tended to 

show similar patterns of vegetativeness (tilled) and fruitfulness (non-tilled) (Hjorth 

and McDaniel, 2002; Tsai and McDaniel, 2003). 

Qian (2003) carried out GC/O (olfactometry) and GC-MS on the 2000 

Benton Lane trial wines to identify important aroma and flavour compounds in Pinot 

noir and also studied the flavour and aroma pre-cursors in maturing grapes. The 

summary of the GC-MS and GC-0 found the contributing aromas to Pinot noir are 

roasty, nutty, wood characters and esters that contribute to fruity aroma such as green 

fruity, fermentation sweet fruity, floral pungent sweet and banana. Contributing to 

the flavour profile descriptors was acid, alcohol, fruity, green fruity, vegetal, honey, 

sweet, and varietal (Qian and Fang, 2003). 
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3.  MATERIALS AND METHODS 

3.1     VINEYARD EXPERIMENTAL DESIGN 

The Pinot noir fruit used for the winemaking experimentation was sourced 

from the Benton Lane commercial vineyard, Monroe, Oregon in 1999 and 2000. 

The study was a factorial 2x3x2 randomised block design of irrigation, nitrogen, 

and soil cultivation replicated five times in groups of eleven vines (Table 3.1). 

Jessica Howe, investigated vine physiology in the vineyard, in partial fulfilment of a 

Masters Degree at OSU (Howe, 2002). Between each experimental vine row a 

buffer row was used and between each replication within each experimental row 

were two buffer vines. The vines planted were Pinot noir clone 2A on Teleki 5C, 

and established in 1992 at 1.5m x 3.0m density on predominantly Bellpine soils at an 

altitude of 130m. The grower maintained responsibility for pest management and the 

vine row was mown post bloom of resident grass species. 

3.1.1 TREATMENTS 

Treatments in 1999 and 2000 included Irrigation (Irrigated and Dry), Tilling 

(Till and No-Till), and Nitrogen (Zero Nitrogen, Foliar Nitrogen, and Soil Nitrogen). 

3.1.2 IRRIGATION 

Water was applied to the receiving treatments using drippers at a rate of 

1.9L/hour with the total amount applied in 1999 of 80mm and 90mm in 2000. 
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3.1.3 NITROGEN 

Nitrogen treatments included a zero application, soil application and foliar 

application. Nitrogen was manually added to the soil as urea (46:0:0) at 39.2 kg 

nitrogen/ha. In 1999 soil nitrogen was applied on May 4, and in 2000 on May 8. 

Nitrogen was manually sprayed on the vines in two foliar applications of 

wettable urea at 0.3% concentration aimed at the leaves in the fruiting zone. The 

first application occurred as berry softening and colouring occurred (August 13, 

1999 and August 30, 2000) and the second occurred at verasion (September 8, 1999 

and September 6, 2000). 

3.1.4 SOIL CULTIVATION 

Soil cultivation within the vine row was undertaken during early Spring (May 

24, 1999 and May 22, 2000), to manipulate nitrogen uptake and reduce water 

competition and nutrient competition to the vines. 

Table 3.1  Main factors and treatment combinations at Benton Lane Vineyard 1999, 
2000. (Howe and Vasconcelos, 2001). 

Irrigation (I) Dry(D) 

Till (T) No Till (NT) Till (T) No Till 
(NT) 

Zero Nitrogen (ZN) 1-T-ZN          1-NT-ZN          D-T-ZN         D-NT-ZN 

1-T-FN           1-NT-FN          D-T-FN         D-NT-FN Foliar Nitrogen (FN) 

Soil Nitrogen (SN) 1-T-SN 1-NT-SN D-T-SN D-NT-SN 
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3.2    MATURITY DYNAMICS AND CLUSTER SAMPLING 

Cluster sampling began at the onset of veraison which was determined as 

50% colour change of berries. Eight clusters were sampled each week from veraison 

to harvest, five of which were crushed and used for maturity analysis, Brix (0Bx), 

pH, and Titratable Acidity (TA). From the remaining three clusters 100 berries were 

sampled and used for berry weight and three dates (September 21, October 5, 

October 21, 1999 and September 13, September 27, and October 12, 2000) were kept 

frozen for analysis of skin and seed anthocyanins and phenols. Each replication was 

harvested separately, on October 22, 1999, and October 12, 2000. 

Juice 0Brix, pH and TA were measured in the OSU Viticulture lab using a 

digital refractometer (Atago Co., Ltd. Pelette 100, Honcho, Tokyo) and an automatic 

titrator (Mettler Toledo, DL21 Titrator, Hightstown, NJ.). 

At harvest 30 clusters were randomly sampled from each replicate, 25 were 

used to determine cluster weight and crushed in the OSU Viticulture Lab to measure 

0Brix, pH and TA and nitrogen content. Five clusters were randomly selected from 

each replicate to determine berry weight and to be used for skin and seed analysis. 

3.2.1 SKIN AND SEED SEPARATION 

After freezing the skins and seeds of 100 berries from each replicate were 

separated by hand in the OSU Viticulture Lab, and each skin was carefully blotted 

dry to ensure no pulp remained. Seeds were also blotted dry to remove any pulp and 

seed number and weight recorded. 
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3.2.2   ANTHOCYANIN AND PHENOLIC EXTRACTION 

After separation the skin anthocyanins and seed phenolics were extracted 

using the method of Candolfi-Vasconcelos and Koblet (1990). 100 skins from each 

replication were placed in a 250ml screw top jar (RediPak, NJ) with 50ml of 

MeOH/HCl (99% MeOH A412-20, Fisher Scientific, NJ + 1% IN HC1, A144-212, 

Fisher Scientific, NJ) and set on a Hoefer Red Rotor Shaker (San Francisco, Ca) at 4- 

4.5rpm. After four hours each extract was decanted into a 250ml screw top jar 

(RediPak, NJ) and 50ml of MeOH/HCl extract added to the skins and shaken for 3 

hours at 4-4.5rpm. The extract was decanted into the corresponding first extract and 

a further 40ml of MeOH/HCl was added and skins shaken for a further 3 hours at 5- 

5.5rpm. The final extract was then decanted into the corresponding 250ml jar and 

each extract adjusted to a final 200ml volume in a volumetric flask with MeOH/HCl 

(Pyrex, USA). A 20ml sample was taken (20ml Glass Scintillation Vial (U-08918- 

22, Cole-Parmer Instrument Company) and stored at -20oC for further analysis. The 

seeds from each replication underwent the same extraction procedure. 

3.2.3 AMMONIA ASSAY 

The ammonia assay used the Sigma Diagnostics Kit for Ammonia (171-B). 

Juice samples were diluted 1 in 10 prior to analysis; Ammonia Assay Solutions 

(AAS) were re-dissolved according to manufacturer's specifications. 

To each cuvette (1.5ml 1cm path length) 0.1ml sample was added and 0.1ml 

water added to a blank and 0.1ml control solution to a STD. To each cuvette 1ml of 
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the AAS was added, mixed and allowed to stand for three minutes at room 

temperature. The spectrophotometer (UV-1601 Shimadzu Spectrophotometer, 

Shimadzu Corp. Tokyo) was zeroed with water. Initial absorbance (Ai) was read at 

340nm. 0.01ml L-Glutamate Dehydrogenase was then added to each cuvette mixed 

and allowed to stand for five minutes before reading the final absorbance (A2) at 

340nm. Ammonia concentration was calculated as: 

Ammonia: mg NH3/L = [(Sample Ai - A2) - (Blank Ai - A2)] x D.F. x 30.3 

To convert to mg N/L for YANC calculations: 

mg NH3/L x 0.8235 = mg N/L (0.8235 is the percent of nitrogen in ammonia NH3). 

3.2.4 O-PHTHALDIALDEHYDE/N-ACETYL-L-CYSTEINE ASSAY (NOPA) 

The Procedure used for the NOPA assay is a modified spectrophotometric 

(OSU) version of the Dukes and Butzke Assay (1998). Reagent solution A, 

consisting of 0.671 g OPA (Ortho-phthaldialdehyde; Sigma P 1378 - Ig) dissolved to 

100ml, 95%vol ethanol (Fisher Scientific). The OPA solution is added to a 1000ml 

volumetric flask containing an aqueous solution of 3.837g NaOH (Sodium 

Hydroxide; Sigma S 5581 - 500g), 8.468g ortho-boric acid (Boric Acid; Sigma B 

0252 - 500g), and 0.816g NAC (N-acetyl-L-cysteine: Sigma A 9165 - 5g) and made 

to 1000ml with deionized water. 

A standard curve (0-140mg N/L) was prepared from a lOmM He (isoleucine; 

Sigma I 2752 - Ig) stock solution, 0.328g lie dissolved in 250ml-deionized water. 

The linear regression equation of the standard curve, sample absorbance and any 
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dilution made are used to calculate the concentration of alpha amino acid nitrogen of 

the juice: 

mg N/L in sample = (absorbance x slope + intercept) x DF 

The spectrophotometer was zeroed with a blank solution of 50^1 water, 

3000|J1 OPA reagent in 4.5ml UV grade cuvettes. Generally the juice was diluted 1 

in 10, of this dilution 50|il sample and 3000|il of OPA were pipetted into a 4.5ml UV 

grade cuvette, mixed, allowed to stand for ten minutes and absorbance read at 

335nm. 

Yeast assimilable nitrogen content (YANC) is calculated as the total mg N/L 

from the ammonia assay and the NOP A assay, and represents an estimate of the total 

amount of nitrogen available to yeast during fermentation. 

3.2.5 FOLIN-CIOCALTEU ASSAY 

The total phenolic content of the wine, skin and seed extracts were 

determined using the Folin-Ciocalteau method of Singleton and Rossi (1965) using 

gallic acid as standard. A standard curve (0-500mg/L gallic acid) was created from 

Gallic acid stock solution 500mg/L (Gallic Acid: Sigma G8647). 0.2N Folin- 

Ciocalteu reagent was prepared from stock (FC Phenol Reagent 2N, Lot 50K5416: 

Sigma), Sodium Carbonate was made to 75g/L in deionized water (sodium carbonate 

monohydrate: J29150, JT Baker). Wines and skin extracts were diluted 1 in 5. 

To each 20ml test tube, 20|al sample + 980^1 water + 5000(^1 0.2N FC 

reagent were added.    After 30 seconds and before 8 minutes 4000^1 sodium 
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carbonate were added, mixed and allowed to stand at room temperature for two 

hours after which time samples were read at 765nm using a Shimadzu 

spectrophotometer (UV-1601 Shimadzu Spectrophotometer, Shimadzu Corp. Tokyo) 

with a water blank as reference. The total phenols were calculated from the linear 

regression equation of the standards and corrected for dilution. 

3.2.6 ANTHOCYANINMEASUREMENT 

Colour density, hue (tint), and total anthocyanins of wines were measured 

using Sudraud's (1958) method, where density is the sum of absorbance at 520nm 

and 420nm through a 1mm path length glass cuvette, and hue/tint is the ratio 

between absorbance at 420nm and 520nm. 

Total anthocyanins are measured at 520nm after acidifying to pH 1 in 1cm 

path length cuvette. A pH 1 buffer was made up using 485ml 0.2N HC1 (HC1 IN: 

A144-212, Fisher Scientific) and 250ml 0.2N KC1 (Fisher Scientific). To 4.5ml UV 

grade cuvettes (1cm path length) 100|il wine and 2400(^1 pH 1 buffer was added and 

absorbance read at 520nm. To calculate mg/1 anthocyanins in wine an extinction co- 

efficient of 38 000 was used: mg/L anthocyanin = abs @ 520nm X 25 (d.f) / 0.038 

(Singleton, 1982). 

Total anthocyanin content of skin extracts used a modified method, due to the 

extracts being at pH 1. Extracts were diluted 1 in 50 and anthocyanin content was 

calculated as mg/L anthocyanin per g berry fresh weight at an extinction co-efficient 

of 28 000, corresponding to malvidin-3-glucoside (Wrolstad, 1993). 
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3.2.7 CRUSHING, FERMENTATION, AND PRESSING 

In 1999 and 2000 the Pinot noir grapes from the Benton Lane vineyard were 

harvested at approximately 22-230Brix. To create manageable conditions in the 

OSU winery it was decided to make wine from 36 of 60 of the field treatments which 

comprised three field replications of each of the twelve treatments. The grapes were 

harvested into 12kg plastic yellow crates and transported to the OSU Experimental 

Winery where they were stored at 50C until crushing. The first twelve lots of thirty 

six were crushed and de-stemmed using an Italian, SIPI crusher-de-stemmer the next 

day in SOL plastic food grade tubs with 50mg/L sulphur dioxide (SO2). Each tub 

was inoculated with lg/1 Lalvin RC 212 Bourgorouge yeast 5 hours after crushing. 

The next twelve lots were crushed the next day and the last were crushed on the third 

day. Once a cap had formed each ferment was punched down three times a day and 

temperature and Brix measurements were recorded each morning. Ferments were 

pressed out after seven days in a 60L Willmes Bladder Press, and wine was analysed 

for pH, TA, Alcohol, Malic Acid, VA, and S02 in the OSU Winery Laboratory. 

Wines were inoculated with 0.025g/gallon (-0.1 g/L) OSU 1-Step (Lalvin) freeze- 

dried malolactic bacteria. After completion of malolactic fermentation wines were 

racked, cold stabilized and settled at 40C, before being bottled with a 25mg/L SO2 

addition. In 1999 the wines were sent to ETS Laboratories, Napa, California for 

HPLC analysis. Wines were subsequently used for sensory evaluation in the OSU 

Sensory Lab. 
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3.2.8 DATA ANALYSIS 

The design of the trial was a factorial randomised block design. The correct 

statistical analysis recommended by the OSU Statistical Department to perform on 

data generated from all facets of the collaborative trial was a multivariate analysis of 

variance (MANOVA) test. Multivariate analysis of variance is a useful tool allowing 

data to be analysed in groups of variables together, helping to visualise and assess 

group to group differences in a data set. This is particularly useful when there are 

more than two groups of data being analysed such as the three levels of nitrogen 

treatments, Zero Nitrogen (ZN), Foliar Nitrogen (FN) and Soil Nitrogen (SN). 

Several assumptions are required to be made before performing this analysis 

including: that all the observations (residuals) are independent of one another, and 

within each group the variables (residuals) are normally distributed, and the data has 

homogeneity of variance. Normal distribution of data can be checked qualitatively 

by plotting a histogram of data with the normal curve superimposed over the data set 

(Norman and Streiner, 1994). Homogeneity of variance can be analysed using the 

ANOVA F-test. Once these are performed a multivariate analysis of variance can be 

performed on all the data followed by a post hoc multiple sample comparison to 

determine which significant means between each possible pair like ZN-FN, ZN-SN, 

and FN-SN are significantly different from each other. 

Before performing a MANOVA the assumption of normal distribution of 

data and homogeneity of variance were required to be checked. An ANOVA F-test 

was used to determine if there were any differences in any of the treatment means 
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and homogeneity of variance was checked hypothesising a variance ratio of 1. The 

normality of the data set was checked using a histogram. From the results of the 

ANOVA F-test any variance ratio of treatment means data that fell outside the 95% 

probability range were graphed using a scatter plot to observe any outliers. Data 

points that lay outside the: mean - 2x standard deviation > x > mean + 2x standard 

deviation, were removed and the variance ratio checked again. In every case the data 

set was normalised through removal of outliers and then multivariate analysis of 

variance conducted at p<0.05, with multiple sample comparison of nitrogen 

treatments to determine the significant effects between nitrogen groups (ZN-FN; ZN- 

SN; FN-SN) when p<0.05. It was interesting to note that the significance of results 

did not change with outlier removal indicating the robustness of analysis of the data 

generated from observations. Statistical analysis was performed using the SAS V8 

statistical program (SAS Institute, Gary, NC). 
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4. RESULTS AND DISCUSSION 1999 AND 2000 

4.1     FRUIT COMPOSITION: YIELD. BERRY WEIGHT, AND SEED WEIGHT 

Large vintage variation in yield components occurred between 1999 and 

2000. In 2000, yield was nearly 50% greater than 1999. Other grape yield 

components were observed to be different in both years like seed numbers (Section 

4.1), juice composition (Section 4.2), and skin anthocyanins (Section 4.3) indicating 

the annual propensity of variation in field crops. 

Irrigated (Irr) treatments had slightly higher yields per vine (kg/vine) than 

Dry treatments in 1999 and 2000 (Table 4.1.1). Irrigated treatment berry weights 

were higher than Dry throughout veraison in 1999 (Figure 4.1.1) and 2000 (Figure 

4.1.4), and in 1999 were significantly higher at harvest (Table 4.1.1). Benton Lane 

Vineyard had previously been dry farmed, and in 1999 and 2000 drip irrigation was 

applied during berry growth lag phase in August both years at 1.9L/hr, for 50mm 

total irrigation in 1999 and 50mm total irrigation in 2000. 

Irrigated treatments tended to maintain higher soil moisture contents than Dry 

treatments prior to harvest. Drought stress in vines decreases leaf photosynthetic rate 

resulting in lower sugar accumulation in berries (Howe, 2002; Howe and 

Vasconcelos, 2000; Smart and Coombe, 1983). During ripening in 1999, from the 

onset of 50% veraison when sampling began to harvest all berry weights increased as 

soluble solids and uptake of water increased. Two weeks prior to harvest all berry 

weights   declined  rapidly   attributed   to   warm,   dry   conditions   causing  berry 
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dehydration (Figure 4.1.1) (Howe and Vasconcelos, 2000). Increased berry weights 

in Irrigated treatments were attributed to increased photosynthetic rates and greater 

water use efficiency by vines (Howe and Vasconcelos, 2000; Smart and Coombe, 

1983). 

Seed desiccation occurs during ripening and in Shiraz has been found to 

occur one month before physiological ripeness (Kennedy et ai, 2000). Dry 

treatments tended to have higher seed weights (Figure 4.1.2) and percentage seed 

weights/berry than Irrigated treatments in both years (Figure 4.1.3; Figure 4.1.6), and 

were significantly higher at harvest in 2000 (Table 4.1.2). It was thought this was 

due to greater seed numbers per berry in Dry treatments hence greater seed mass. 

There is little data in vine physiology to support this, however, Yan et ai, (2003) 

found tobacco plants produced more fruits and had greater seed mass than control 

plants after water deficit imposition, indicating a survival mechanism occurred in the 

tobacco plants. However, seed numbers did not significantly vary between Dry and 

Irrigated treatments either year (Table 4.1.1; Table 4.1.2). The higher percentage of 

seed weight/berry in Dry treatments meant seeds contributed more to total berry in 

proportion to the pulp. In addition, Dry treatments had lower berry weights 

indicating there was less pulp due possibly to dehydration, although berries did not 

appear to shrivel. As a consequence, it was hypothesised that Dry treatments would 

have higher total phenols in wines. 

Yield per vine in 1999 (Table 4.1.1) was slightly lower in Till treatments than 

No-Till treatments and higher in 2000 (Table 4.1.2) although not significantly 
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higher. Note, the trial was applied for three years, from 1999 to 2001; reference to 

Silva et al, (2002) refers to data collected from the final year of the trial. Tilling 

treatments in 2001 (Silva et al, 2002) also had higher yield per vine than No-Till. 

This indicated Tilling treatments had significantly delayed effects on yield 

components in the second and third years of the trial. Till treatments tended to have 

higher berry weights (Figure 4.1.1; Figure 4.1.4), seed weights (Figure 4.1.2; Figure 

4.1.5), and percentage of seed weights per berry (Figure 4.1.3; Figure 4.1.6) than No- 

Till treatments in both years. No significance was observed in seed numbers in 

either year (Table 4.1.1; Table 4.1.2). Although in 2001 Till treatments had 

significantly higher berries per cluster, and lower berry weight than No-Till 

treatments (Silva et al, 2002). Tilling in alternate vine rows occurred late May in 

1999 and 2000 to improve vine nitrogen utilisation and reduce nutrient and water 

competition from resident grass species. Tilling tended to increase photosynthesis, 

CO2 assimilation rates and water use efficiency than No-Till treatments in both years 

(Howe and Vasconcelos, 2000; 2001). Effects were greater in 2000 and 2001 (Silva 

et al, 2002) than 1999, possibly indicating a delayed physiological response to 

cultivation practices occurred in the trial. The onset of seed desiccation may have 

been delayed in Till vines due to more water availability, alternatively dry conditions 

created competition for water with grasses by No-Till vines stimulating browning 

and hardening of seeds as previously reported by Jun et al. (1999) and Kennedy et al. 

(2000). 
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In 1999 (Table 4.1.1) Soil Nitrogen (SN) treatments had significantly lower 

yield per vine than either Zero Nitrogen (ZN) treatments or Foliar Nitrogen (FN) 

treatments, and the same trend occurred in 2000 (Table 4.1.2). Soil nitrogen was 

applied in early May at 39.2 Kg/Ha both years to try and improve vegetative growth, 

bud initiation and formation, and fruit quality. Foliar nitrogen was applied to leaves 

in the fruiting zone at the onset of berry softening and at 50% veraison at 1.49 

Kg/Ha. Foliar nitrogen provides a rapid source of nitrogen to higher plants, 

overcoming poor nitrogen utilisation by vine roots during drought periods (Howe 

and Vasconcelos, 2000; 2001). No significant differences in soil moisture, CO2 

assimilation, transpiration, water use efficiency, chlorophyll content, or 

photosynthetic rates among ZN, FN, or SN treatments were observed in either 1999 

or 2000 (Howe and Vasconcelos, 2000; 2001). 

Soil Nitrogen treatments had significantly lower berry weights in 1999 

(Figure 4.1.1) and 2000 (Figure 4.1.4). Smaller berry size may be due to a 

physiological response by vines to increased competition from grass species in the 

vine row responding to soil nitrogen application. Soil Nitrogen treatments also 

tended to have smaller seed weights per berry in 1999 (Figure 4.1.2) and 2000 

(Figure 4.1.5) than ZN and FN treatments, even though seed numbers per berry did 

not vary significantly between nitrogen treatments either year at harvest (Table 4.1.1; 

Table 4.1.2). Soil Nitrogen treatments showed greater percentage of seed weight per 

berry (Figure 4.1.3; Figure 4.1.6), therefore contributing more to berry weight in 

both years than ZN or FN treatments.   Seed weight loss is due to browning and 
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hardening of the seed coat and is independent of berry growth (Jun et al, 1999; 

Kennedy et al, 2000; Petrie et al, 2000). Warm, dry conditions and stimulation of 

vegetative growth by soil nitrogen addition may have competed with initial berry 

development limiting their growth and may have caused the smaller berry weights in 

SN vines and seed weight loss both years. Earlier browning and hardening of seeds 

prior to harvest is supported by data from Kennedy et al. (2000) where seeds from 

Shiraz berries were found to have finished desiccation one month prior to harvest. 

Since Shiraz is harvested at a later physiological stage than Pinot noir, direct 

correlations cannot be made between the physiological ripeness of Pinot noir and 

Shiraz seeds. Earlier browning may also be due to hormone action, stimulated by 

stress conditions in the vine, although there is little literature in vine physiology to 

support this theory. It was hypothesised that wines from SN treatments would have 

higher total phenols due to the greater surface area of skins to pulp and seeds per 

berry this was supported by results obtained from wine analysis (Table 4.4.3; Table 

4.4.4). 



Table 4.1.1:   Effect of irrigation, tilling, and nitrogen on maturity indices, berry weight, seed weight, seed number and %seed 
weight/berry on Pinot noir in 1999 at Benton Lane Vineyard. 

Yield (Kg/vine) Berry Weight (g) Seed Weight (mg) 
per Berry 

Seed Number 
per Berry 

% of seed 
weight / berry 

Irrigation 
Irrigated 2.08 1.14 48.2 1.26 4.62 
Dry 1.91 1.06 47.4 1.29 5.01 

ns * ns ns ns 
Tilling 

Till 1.96 1.02 48.1 1.28 4.74 
No Till 2.02 1.01 47.4 1.27 4.89 

ns ns ns ns ns 
Nitrogen 

Zero Nitrogen 2.21a 1.025 ab 50.7 1.26 4.77 a 
Foliar Nitrogen 2.02 ab 1.034 a 49.2 1.32 5.05 a 
Soil Nitrogen 1.75 b 0.988 b 49.5 1.25 4.97 b 

* * ns ns ** 

Significant Treatment IrrxN none none none none 
Interactions ** 
ns, ■ , and *** indicate no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability, respectively 



Table 4.1.2: Effect of irrigation, tilling, and nitrogen on maturity indices, berry weight, seed weight, seed number, and %seed 
weight/berry, on Pinot noir in 2000 at Benton Lane Vineyard. 

Yield (Kg/vine) Berry Weight (g) Seed Weight (mg) 
per Berry 

Seed Number 
per Berry 

% of seed 
weight/berry 

Irrigation 
Irrigated 4.12 1.13 55.0 1.63 4.86 
Dry 4.05 1.12 61.0 1.61 5.54 

ns ns ** ns ** 

Tilling 
Tilling 4.28 1.12 57.7 1.60 5.20 
No Till 3.87 1.13 58.4 1.64 5.21 

ns ns ns ns ns 
Nitrogen 

Zero Nitrogen 4.51 1.16a 59.1 1.59 5.13 
Foliar Nitrogen 4.21 1.16a 58.6 1.65 5.05 
Soil Nitrogen 3.53 1.04 b 56.4 1.63 5.46 

ns * ns ns ns 

Significant Treatment none none none none none 
Interactions 
ns, *, **, and *** indicate, no significance, and significance at the 0.05,0.01, and 0.001 levels of probability, respectively 
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4.2    JUICE COMPOSITION 

In 1999, ammonia, expressed as mg N/L was significantly higher during 

ripening in Dry treatments than Irrigated (Figure 4.2.1), and although differences 

narrowed none were not observed at harvest (Table 4.2.1). In 2000, the second year 

of the trial, there was no real trend in juice ammonia in response to irrigation (Table 

4.2.2; Figure 4.2.4). Dry treatments in both years tended to have higher 

concentrations of alpha amino acids, expressed as mg N/L, (NOPA) (Figure 4.2.2; 

Figure 4.2.5) than Irrigated treatments. This resulted in Dry treatments having a 

greater net gain of yeast assimilable nitrogen content (YANC) expressed as mg N/L 

than Irrigated treatments (Figure 4.2.3; Figure 4.2.6). Berry weights were 

significantly lower in Dry treatments in 1999 at harvest (Table 4.1.1), but not in 2000 

(Table 4.1.2). In 1999, lower berry weights may have contributed to concentration 

of nitrogen compounds. In 2000, rainfall during August, September and October 

may have made nitrate and ammonia ions more available for uptake in Dry 

treatments and also in Irrigated treatments (Howe and Vasconcelos, 2000; 2001). 

Irrigated treatments tended to have slightly higher total soluble solids (0Brix) 

during ripening in 1999 (Table 4.2.1; Figure 4.2.7) and significantly higher 0Brix at 

harvest in 2000 (Table 4.2.2; Figure 4.2.10) than Dry treatments. Irrigated vines 

tended to have higher rates of photosynthesis and higher maximum quantum yield of 

photosynthesis in both years potentially resulting in a greater ability to accumulate 

sugars (Howe and Vasconcelos, 2001; Mullins et al., 1992). Irrigated and Dry 

treatments did not effect juice pH (Figure 4.2.8; Figure 4.2.9), or titratable acidity 
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(Figure 4.2.9; Figure 4.2.11). Malic acid concentration in juice (Table 4.2.1; Table 

4.2.2) tended to be higher in Irrigated treatments than in Dry treatments in both years 

although not significatly. Although no differences in canopy lateral leaf area were 

observed between Irrigated and Dry treatments (Howe and Vasconcelos, 2000; 

2001), Dry treatments may have had warmer clusters and a greater rate of respiration 

resulting in lower levels of malic acid (Jackson and Lombard, 1993). 

Till treatments in 1999 and 2000 had higher levels of juice ammonia than No- 

Till treatments during ripening, and the differences were much greater in 2000 

compared to 1999 (Figure 4.2.1; Figure 4.2.4). Slightly higher levels of ammonia 

were measured in Till treatments in 1999 at harvest (Table 4.2.1), and the delayed 

effect of Tilling resulted in significantly higher levels of ammonia in Till treatments 

than No-Till treatments in 2000 at harvest (Table 4.2.2). No differences were 

observed in alpha amino acids or YANC in 1999 (Figure 4.2.2; Figure 4.2.3), 

however, in 2000 Till treatments had significantly higher alpha amino acids and 

YANC (Figure 4.2.5; Figure 4.2.6). Silva et al. (2002) reported significantly higher 

ammonia, alpha amino acids and YANC levels in Till treatments in the third year of 

the trial (2001), supporting earlier evidence (Section 4.1.1) that a delayed 

physiological response occurred as a result of the cultivation practices. 

Soluble solids (0Brix) were significantly higher in Till treatments than No- 

Till treatments in both years (Table 4.2.1; Table 4.2.2), and higher chlorophyll 

content was observed both vintages in Till treatments Howe and Vasconcelos, 2000; 

2001). The higher soluble solids observed in Till treatments may be due to a greater 
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potential to accumulate sugar as a result of higher photosynthetic rates (Howe and 

Vasconcelos, 2000; 2001; Mullins et al, 1992; Smart and Coombe, 1983). Minimal 

differences were observed between Till and No-Till treatments during ripening of 

juice pH (Figure 4.2.8; Figure 4.2.11), titratable acidity (Figure 4.2.9; Figure 4.2.12), 

and malate concentration (Table 4.2.1; Table 4.2.2). 

Ammonia concentration was lower in SN treatments in 1999 and 2000 during 

veraison (Figure 4.2.1; Figure 4.2.4) and significantly lower at harvest 1999 (Table 

4.2.1; Table 4.2.2) compared to ZN and FN treatments. Juice alpha amino acid 

content (NOPA) tended to be slightly higher in SN and FN treatments both years 

(Figure 4.2.2; Figure 4.2.5), resulting in slightly higher net YANC (Figure 4.2.3; 

Figure 4.2.6) content than ZN treatments. Silva et al. (2002) found ZN treatments 

had lower levels of ammonia at harvest in 2001, and significantly lower 

concentrations of NOP A, and YANC than FN and SN suggesting a delayed 

physiological response to Nitrogen application may have occurred. Yields were two- 

fold higher in 2000 compared to 1999 in all nitrogen treatments. Yields were lower 

in all treatments by 25% in 2001 compared to 2000 (Silva et al., 2002). Ammonia 

levels in 2000 were nearly 50% less than in 1999 and nearly 25% less than in 2001. 

From these results there appears to be a close association between yield and 

ammonia content. It is well documented (Butzke, 1998; Conradie, 1991; Do and 

Cormier, 1991; Henschke and Jiranek, 1993; Jackson and Lombard, 1993; Jiranek et 

al, 1990; Kunkee, 1991; Loulakakis and Roubelakis-Angelakis, 2001; Wermelinger, 

1991; Wermelinger and Koblet, 1990) that nitrate assimilation is associated with 
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organic acid production in the berry. Nitrate assimilation may have been greater in 

2000 than either 1999 or 2001 to support organic acid production in the larger crop 

load resulting in reduced levels of nitrogen in the grape. The lower amount of juice 

nitrogen observed in 2000 may also be a result of the larger crop load, where vines 

may have assimilated the same amount of nitrogen as 1999 yet were required to 

distribute to 50% more crop than in 1999. It is also thought that competition 

between vines and grasses for ammonia in the soil contributed to low ammonia 

levels in SN treatments in 1999 and 2000. Possibly by 2001, the third year of the 

trial, competition for nitrogen was reduced as the vine to grass nutrient requirement 

was balanced, indicating a delayed effect of soil nitrogen application. 

Soil Nitrogen (SN) treatments had significantly higher soluble solids midway 

through ripening in 1999 (Figure 4.2.7), although this difference narrowed at harvest 

(Table 4.2.1). Soil Nitrogen vines also tended to have higher soluble solids (0Brix) 

during ripening in 2000 (Figure 4.2.10), although no significance was seen at harvest 

(Table 4.2.2). This may have been due to stimulation of vegetative growth in the 

vine row by the soil nitrogen application resulting in reduced growth in the vines. 

The SN and FN treatments tended to have higher pH during ripening (Figure 4.2.8; 

Figure 4.2.11), and significantly higher pH than ZN treatments in both years at 

harvest (Table 4.2.1; Table 4.2.2). Although not significant at harvest in 1999 ZN 

treatments (Table 4.2.1) tended to have higher titratable acidity during ripening in 

both years than FN and SN treatments (Figure 4.2.9; Figure 4.2.12) and significantly 

higher levels at harvest in 2000 (Table 4.2.2).   Malate levels were lower in SN 
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treatments than ZN and FN treatments in 1999 (Table 4.2.1) and significantly lower 

in 2000 (Table 4.2.2). This response may be due to faster respiration of malic acid in 

SN treatments due to water stress from competition with grasses. Alternatively, 

malic acid degraded in the Krebs cycle during respiration may have respired faster in 

clusters that were exposed and became warmer due to less canopy (Jackson and 

Lombard, 1993; McCarthy, 2000; 1996). 



Table 4.2.1: 
Vineyard. 

Effect of irrigation, tilling, and nitrogen on juice parameters at harvest of Pinot noir in 1999 at Benton Lane 

Ammonia 
(mgN/L) 

Nitrogen from 
Alpha Amino Acids 
(NOPA) (mg N/L) 

Yeast Assimilable 
Nitrogen (YANC) 

(mgN/L) 

0Brix pH TA 
(g/L) 

Malic Acid 
(g/L) 

rrigation 
Irrigated 37.4 104 141 24.7 3.16 9.36 2.51 
Dry 40.0 112 152 24.4 3.17 9.57 2.42 

ns ns ns ns ns ns ns 
'illing 

Till 40.4 105 145 24.8 3.17 9.61 2.43 
No Till 36.9 111 148 24.3 3.16 9.32 2.51 

ns ns ns * ns ns ns 
Nitrogen 

Zero Nitrogen 40.2 a 105 145 24.4 3.11a 10.09 2.74 
Foliar Nitrogen 43.7 a 110 154 24.6 3.20 b 9.18 2.51 
Soil Nitrogen 32.7 b 108 141 24.6 3.19b 9.10 2.16 

* ns ns ns * ns ns 

'.ignificant Treatment none none none none none none none 
Qteractions 

, and *** indicate no significance, and significance at the 0.05,0.01, and 0.001 levels of probability respectively 



Table 4.2.2: Effect of irrigation, tilling, and nitrogen on juice parameters at harvest of Pinot noir in 2000 at Benton Lane 
Vineyard. 

Ammonia 
(mgN/L) 

Nitrogen from 
Alpha Amino Acids 
(NOPA) (mg N/L) 

Yeast Assimilable 
Nitrogen (YANC) 

(mgN/L) 

"Brix pH TA 
(g/L) 

Malic Acid 
(g/L) 

rrigation 
Irrigated 19.6 87.1 107 23.0 3.18 6.71 2.08 
Dry 20.1 102 122 22.2 3.17 6.55 1.86 

ns ns ns ** ns ns ns 
."illing 

Tilling 25.7 108 133 23.0 3.21 6.62 2.00 
No Till 14.1 81.2 95.2 22.1 3.14 6.64 1.95 

A I 4 ^**/"V f~V AY* 

** * ** ** * ns ns 
N itrogen 

Zero Nitrogen 22.3 82 104 22.5 3.12 a 7.03 a 2.22 a 
Foliar Nitrogen 23.4 96.9 120 22.5 3.17 ab 6.74 a 1.93 ab 
Soil Nitrogen 13.9 104 118 22.7 3.23 b 6.13 

b 
** 

1.77 b 

ns ns ns ns * * 

iignificant Treatment none none none none IrrxN none none 
nteractions * 

, and *** indicate, no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability, respectively 

OO 
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Figure 4.2.1: Effect of irrigation, tilling, and nitrogen on ammonia (mg N/L) of Pinot noir in 
1999 at Benton Lane Vineyard. * = 0.05 Pr>F,   ** = 0.01 Pr>F, and *** = 0.001 Pr>F. 
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Figure 4.2.2: Effect of irrigation, tilling, and nitrogen on NOPA (mg N/L) of Pinot noir in 
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2000 at Benton Lane Vineyard. * = 0.05 Pr>F, ** = 0.01 Pr>F, and *** = 0.001 Pr>F. 
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Figure 4.2.11: Effect of irrigation, tilling, and nitrogen on pH of Pinot noir in 2000 at Benton 
Lane Vineyard. * = 0.05 Pr>F, ** = 0.01 Pr>F, and *** = 0.001 Pr>F. 



80 

t 14 

.£ 12 

1   10 
1    „ 

A.   Irrigation 

10-Sep       17-Sep       24-Sep        1-Oct 8-Oct        15-Oct 

B. Tilling 

-♦— NO TILL 

»- • TILL 

10-Sep       17-Sep 24-Sep        1-Oct 8-Oct        15-Oct 

C. Nitrogen 

114" 
$   12 - 
."3 

3 

6 - 

 1 
< 

i 

k 
■v 

j    \"-v                                               *     1'N 
C     0\^^           **                  »    SN 

-^^^                       -•-ZN 

10-Sep       17-Sep       24-Sep        1-Oct 8-Oct        15-Oct 

Figure 4.2.12: Effect of irrigation, tilling, and nitrogen on titratable acidity (g/L) of Pinot noir 
in 2000 at Benton Lane Vineyard. * = 0.05 Pr>F, ** = 0.01 Pr>F, and *** = 0.001 Pr>F. 



81 

4.3     SKIN AND SEED ANTHOCYANINS AND PHENOLICS 

It was observed that skin anthocyanin and skin phenolics were much lower in 

2000 compared to 1999 vintage across all treatments. In 2000 the greater crop load 

observed may have caused excessive shading of bunches from other nearby bunches 

resulting in the lower anthocyanins observed. Skin extracts have been reported to 

contribute 26% of their polymeric fraction to total phenols, and seeds to contribute 

66% of their polymeric fraction to total phenols. Seeds though contribute 6% to 

berry fresh weight and skins 15% to berry fresh weight, although this is cultivar 

specific (Thomgate and Singleton, 1994). This means that seeds will typically 

contribute roughly 50% more total phenolics to wine than skins. 

In 1999, skin anthocyanins on a berry fresh weight (gram fresh weight) basis 

tended to be higher in Dry treatments during ripening and at harvest than Irrigated 

treatments (Figure 4.3.1; Table 4.3.1). In 2000, skin anthocyanin content per berry 

fresh weight tended to be higher in Irrigated treatments during veraison but no 

differences were observed at harvest (Figure 4.3.4; Table 4.3.2). Dry treatments also 

had significantly higher skin total phenolics (mg skin Gallic Acid Equivalents/g 

berry fresh weight) on a fresh weight basis at harvest in 1999 than Irrigated 

treatments, although this was not observed in 2000 (Figure 4.3.2, Figure 4.3.4; Table 

4.3.1; Table 4.3.2). Differences in skin anthocyanins and skin total phenols on a 

fresh weight basis appears to be due to berry weight differences in 1999 (Table 

4.1.1). In 2000, Dry treatments had significantly higher skin total phenols early 

veraison than Irrigated treatments (Figure 4.3.5), however, this difference narrowed 
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by harvest (Table 4.3.2). This may be due to late season rainfall in 2000, as no 

significance was observed between treatment berry weights at harvest (Table 4.1.2). 

Seed total phenols (mg Gallic Acid Equivalents/gram seed fresh weight) tended to be 

higher in Irrigated treatments both years during veraison than in Dry treatments 

(Figure 4.3.3; Figure 4.3.6), and at harvest (Table 4.3.1; Table 4.3.2). No significant 

difference was observed in seed number in 1999 or 2000 (Table 4.1.1; Table 4.1.2). 

Seed phenols (gram fresh weight basis) may have been higher in Irrigated treatments 

both years due to a larger surface area of seeds. In 1999, Irrigated treatment seeds 

were slightly larger than Dry treatment seeds (Table 4.1.1) and in 2000 Irrigated 

treatments tended to have more seeds than Dry treatments (Table 4.1.2); these small 

differences may have been enough to cause the observed higher seed phenols in 

Irrigated treatments. 

Skin anthocyanin on a berry fresh weight basis tended to be slightly higher in 

No-Till treatments during veraison (Figure 4.3.1), although no differences were 

observed at harvest (Table 4.3.1) in 1999. Interestingly in 2000 Till treatments had 

consistently higher skin anthocyanins on a berry fresh weightbasis during ripening, 

(Figure 4.3.4) and at harvest (Table 4.3.2) than No-Till treatments even though no 

significant differences in berry weight were observed. Till treatments tended to have 

higher total skin phenols (gram berry fresh weight) during ripening in 1999 (Figure 

4.3.2) but not at harvest (Table 4.3.1). No difference in cultivation practices on skin 

phenolics (gram berry fresh weight) were observed during ripening (Figure 4.3.5) or 
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at harvest (Table 4.3.2) in 2000. Similar effects were observed for seed total phenols 

on a seed fresh weight basis in both years (Figure 4.3.3; Figure 4.3.6). 

Soil Nitrogen treatments had significantly higher skin anthocyanins on a 

berry fresh weight basis during ripening (Figure 4.3.1; Figure 4.3.4) and at harvest in 

both years (Table 4.3.1; Table 4.3.2). Soil Nitrogen treatments also had significantly 

lower berry weights (Table 4.1.1; Table 4.1.2) than ZN or FN treatments in both 

years indicating that this was probably due to smaller berry weights. In addition, on 

a gram berry fresh weight basis skin phenolics in SN treatments were significantly 

higher compared to ZN and FN treatments both years during ripening (Figure 4.3.2; 

Figure 4.3.5) and at harvest (Table 4.3.1; Table 4.3.2), again probably due to smaller 

berry weights concentrating skin phenolics. Alternatively, on a per berry weight 

basis another possible reason for this may be that during the month prior to harvest in 

2000 photosynthesis and water use efficiency were declining, however, in 1999 

photosynthesis and water use efficiency were both increasing during the month to 

maturity (Howe, 2002; Howe and Vasconcelos, 2000). Photosynthesis is required to 

incorporate nitrogen into carbon groups that are subsequently metabolised into 

amino acids and amides, the building blocks of proteins and nucleic acids from 

which the secondary plant metabolites (anthocyanins, tannins etc.) are synthesised 

(Conradie, 1991; Larcher, 1995; Wermelinger, 1991). Zero Nitrogen treatments had 

slightly higher seed phenols per gram fresh weight of seeds both years at harvest 

when compared to FN and SN treatments (Table 4.3.1; Table 4.3.2), although no real 

trends were observed during ripening (Figure 4.3.3; Figure 4.3.6). 



Table 4.3.1: Effect of irrigation, tilling, and nitrogen on skin anthocyanin, total skin phenols, and total seed phenols in 
Pinot noir at harvest in 1999 at Benton Lane Vineyard. 

mg skin anthocyanin/g mg skin total phenols mg seed total phenols 
berry f.wt @28 000 (GAE)/g berry f.wt (GAE)/g seed f.wt 

extinction co-efficient 
Irrigation 

Irrigated 1.05 2.10 90.2 
Dry 1.15 

ns 
2.29 
** 

87.9 
ns 

Tilling 
Till 1.12 2.19 89.5 
No Till 1.09 

ns 
2.21 
ns 

88.5 
ns 

Nitrogen 
Zero Nitrogen 1.05 a 2.12 a 89.1 
Foliar Nitrogen 1.02 a 2.10 a 89.4 
Soil Nitrogen 1.24 b 

** 
2.37 b 

** 
88.6 
ns 

Significant Treatment Till x N Till x N none 
Interactions * * 

, and *** indicate no significance, and significance at the 0.05, 0.01 and 0.001 levels of probability respectively 

OO 



Table 4.3.2: Effect of irrigation, tilling, and nitrogen on skin anthocyanin, total skin phenols, and total seed phenols in 
Pinot noir at harvest in 2000 at Benton Lane Vineyard. 

mg skin anthocyanin/g mg skin total phenols mg seed total phenols 
berry f.wt @28 000 (GAE)/g berry f.wt (GAE)/g seed f.wt 

extinction co-efficient 
Irrigation 

Irrigated 0.58 1.44 87.0 
Dry 0.59 

ns 
1.44 
ns 

82.4 
ns 

Tilling 
Tilling 0.61 1.45 83.5 
No Till 0.56 

ns 
1.44 
ns 

85.9 
ns 

Nitrogen 
Zero Nitrogen 0.54 a 1.34 a 86.6 
Foliar Nitrogen 0.55 a 1.39 ab 85.3 
Soil Nitrogen 0.68 b 

** 
1.59 b 

* 
82.1 
ns 

Significant Treatment IrrxTill none none 
Interactions * 

, and *** indicate, no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability, respectively 

OO 
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Figure 4.3.1: Effect of irrigation, tilling, and nitrogen on skin anthocyanin/g berry fresh 
weight @ 28 000 extinction co-efficient of Pinot noir in 1999 at Benton Lane Vineyard. * 
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Figure 4.3.4: Effect of irrigation, tilling, and nitrogen on skin anthocyanin/g berry fresh 
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4.4    WINE ANALYSIS. ANTHOCYANINS AND PHENOLICS 

On completion of fermentation in 1999 and 2000, Irrigated treatments had 

significantly higher alcohol content than Dry treatments (Table 4.4.1; Table 4.4.2), 

reflecting higher soluble solids content (0Brix) in Irrigated treatments both years. 

Irrigation treatments did not effect pH, titratable acidity or malate concentration in 

1999 (Table 4.4.1) or 2000 (Table 4.4.2), although Dry treatments tended to have 

lower malate concentrations both years. 

Till treatments had higher alcohol content in 1999 (Table 4.4.1), and 

significantly higher alcohol content in 2000 (Table 4.4.2), and slightly higher alcohol 

content in 2001 (Watson et al, 2002) when compared to No-Till treatments 

reflecting higher soluble solids (0Brix) content in all three years. The pH tended to 

be higher and titratable acidity lower in Till treatments in 1999 (Table 4.4.1) and 

2000 (Table 4.4.2). Till treatments also tended to have higher berry weights both 

years (Table 4.1.1; Table 4.1.2), and increased photosynthesis and CO2 assimilation 

rates (Howe and Vasoncelos, 2000), possibly indicating that Till treatments ripened 

physiologically faster than No-Till treatments. 

Alcohol content varied across all nitrogen treatments in 1999 (Table 4.4.1), 

2000 (Table 4.4.2), and 2001 (Watson et al, 2002). SN treatments tended to have 

higher residual sugar (Watson et al, 2000), and lower YANC than ZN or FN 

treatments in the first two years of the trial, reflecting a slower fermentation rate and 

variable alcohol concentration. SN treatments tended to have higher pH, lower 

titratable  acidy and lower malate  concentration post  fermentation both years 
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compared to ZN and FN treatments (Table 4.4.1; Table 4.4.2). This is possibly due 

to smaller berry size in SN treatments as no differences in canopy leaf area, 

photosynthesis, CO2 assimilation or water use efficiency were observed in nitrogen 

treatments either year (Howe and Vasconcelos, 2001). 

Wines made from Dry treatments had significantly higher anthocyanins 

(mg/L anthocyanin) and tended to have higher total phenols (mg GAE/L) than 

Irrigated treatments in 1999 (Table 4.4.3). Analysis by HPLC (Table 4.4.5) on 1999 

wines indicated Dry treatments had higher levels of malvidin, significantly higher 

polymeric anthocyanin levels, and higher total anthocyanins compared to Irrigated 

treatments. The hypothesis that Dry treatment wines would have higher 

anthocyanins and phenols was supported from the small concentrated berries in 1999 

and the greater contribution to berry weight from seeds. In 2000, seeds from Dry 

treatments contributed significantly to berry weight (Table 4.1.2) and Dry treatments 

tended to have higher phenols in wine compared to Irrigated treatments (Table 

4.4.4). Dry treatment wines in 1999 and 2000 had higher colour intensity and hue 

values, again reflecting anthocyanin concentration in berries and contribution from 

seed phenolics. Polymeric anthocyanins, low in concentration compared to total 

anthocyanins (Table 4.4.5), may have had a pronounced effect on colour intensity. 

Free choice profiling sensory trials on colour, and aroma/flavour of 1999 and 2000 

wines found Dry wines had greater colour intensity and purple hue than Irrigated 

treatments (Hjorth and McDaniel, 2001). 
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In both years cultivation (Table 4.4.3; Table 4.4.4) did not effect wine 

anthocyanins, phenolic content, or colour intensity. There was no separation 

between No-Till and Till treatment results from HPLC analysis conducted on 1999 

wines (Table 4.4.5). No distinct variation occurred between No-Till, and Till 

treatments when evaluated for colour intensity and hue by a sensory panel in 2000 

(Hjorth and McDaniel, 2001). 

Wine anthocyanins although not significant, tended to be higher in SN 

treatments compared to ZN and FN treatments in both years (Table 4.4.3; Table 

4.4.4). Total phenols, colour intensity, and hue were also tended to be higher for SN 

treatments in all three years of the trial compared to ZN and FN treatments 

(Sampaio, 2002). Analysis of nitrogen treatment wines by HPLC in 1999 found SN 

treatments to be significantly higher in polyphenols and polymeric anthocyanins 

compared to ZN and FN treatments (Table 4.4.5). Sensory analysis in 2000 (Hjorth 

and McDaniel, 2001) found SN treatments to have greater colour intensity and hue. 

These results supported the hypothesis that a significantly higher percentage 

of seed weight per berry in SN treatments (Table 4.1.1) would lead to higher phenols 

in the wine due to a greater seed weight per berry. Smaller berry size and nitrogen 

concentration in the berry appear to have contributed to these results. Nitrogen 

metabolism is essential for successful plant growth, and glutamate the key amino 

acid synthesised in ammonium assimilation is an essential substrate precursor for 

synthesis of other nitrogenous compounds including the secondary metabolites such 

as the flavonoids (Loulakakis and Roubelakis-Angelakis, 2001). 



Table 4.4.1: Effect of irrigation, tilling, and nitrogen on wine composition post fermentation in 1999 from Benton 
Lane Vineyard. 

pH Titratable Acidity 
(g/L) 

Malate (g/L) % Alcohol 

Irrigation 
Irrigated 3.81 4.90 2.49 14.9 
Dry 3.81 4.80 2.42 14.5 

ns ns ns * 

Tilling 
Till 3.84 4.80 2.43 14.8 
No Till 3.78 4.90 2.49 14.6 

ns ns ns ns 
Nitrogen 

Zero Nitrogen 3.74 5.00 2.74 14.8 
Foliar Nitrogen 3.85 4.70 2.48 14.7 
Soil Nitrogen 3.84 4.80 2.16 14.7 

ns ns ns ns 

Significant Treatment Interactions none none none none 
, and *** indicate no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability respectively 



Table 4.4.2: Effect of irrigation, tilling, and nitrogen on wine composition post fermentation in 2000 from Benton 
Lane Vineyard. 

pH Titratable Acidity 
(g/L) 

Malate (g/L) % Alcohol 

Irrigation 
Irrigated 3.17 6.71 2.08 13.8 
Dry 3.18 6.55 1.86 13.3 

ns ns ns * 

Tilling 
Till 3.21 6.62 2.00 13.7 
No Till 3.14 6.64 1.95 13.3 

* ns ns * 

Nitrogen 
Zero Nitrogen 3.12 a 7.03 a 2.22 a 13.5 
Foliar Nitrogen 3.17 ab 6.74 a 1.93 ab 13.6 
Soil Nitrogen 3.23 b 

* 
6.13 b 

* 
1.77 b 

* 
13.5 
ns 

Significant Treatment Interactions none none none none 
ns,' , and *** indicate no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability respectively 

0\ 



Table 4.4.3: Effect of irrigation, tilling, and nitrogen on wine anthocyanin, total wine phenolics, colour intensity, and 
hue of Pinot noir in 1999 at Benton Lane Vineyard. 

Wine anthocyanin Wine total phenols Colour Intensity Hue 
(mg/L) (mg GAE/L) 520+420 nm 420/520 nm 

Irrigated 327 1734 6.9 0.75 
Dry 358 1806 7.5 0.74 

** ns * ns 

Till 339 1770 7.1 0.76 
No Till 347 1773 7.3 0.73 

ns ns ns ns 

Zero Nitrogen 346 1665 a 7.0 0.71 
Foliar Nitrogen 332 1731a 6.9 0.76 
Soil Nitrogen 350 1914b 7.6 0.76 

ns ** ns ns 

Irrigation 

Tilling 

Nitrogen 

Significant Treatment Interactions none none none none 
Ns, *, **, and *** indicate no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability respectively 

VO 



Table 4.4.4: Effect of irrigation, tilling, and nitrogen on wine anthocyanin, total wine phenolics, colour intensity, and 
hue of Pinot noir in 2000 at Benton Lane Vineyard. 

Wine anthocyanin     Wine total phenols       Colour Intensity Hue 
(mg/L) (mg GAE/L) 520+420 nm 420/520nm 

Irrigation 

Tilling 

Nitrogen 

Irrigated 188 
Dry 187 

ns 

Tilling 193 
No Till 182 

ns 

Zero Nitrogen 184 
Foliar Nitrogen 178 
Soil Nitrogen 201 

ns 

1851 
1939 
ns 

1866 
1924 
ns 

1858 
1900 
1927 
ns 

4.6 
4.9 
ns 

4.5 
5.0 
ns 

5.1 
4.6 
4.5 
ns 

0.68 
0.71 
ns 

0.70 
0.69 
ns 

0.66 
0.70 
0.73 
ns 

Significant Treatment Interactions none none none none 
, and *** indicate, no significance, and significance at the 0.05, 0.01, and 0.001 levels of probability, respectively 

oo 



Table 4.4.5: Analysis by HPLC of 1999 Benton Lane Wines. 

Gallic acid, Polyphenols Quercetin, Malvidin-3- Polymeric Total 
catechin, (mg/L) quercetin glucosdie anthocyanins anthocyanins 

epicatechin glycoside (mg/L) (mg/L) (mg/L) 
(mg/L) (mg/L) 

Irrigation 
Irrigated 89.4 310 50.6 168 14.4 236 
Dry 89.3 317 45.9 180 15.8 249 

ns ns * ns * ns 
Tilling 

Till 90.7 313 47.9 174 15.2 241 
No Till 88.0 314 48.5 174 15.1 244 

ns ns ns ns ns ns 
Nitrogen 

Zero Nitrogen 87.5 291b 46.4 177 13.8 b 247 
Foliar Nitrogen 88.3 298 b 47.2 173 14.6 b 239 
Soil Nitrogen 92.3 351a 50.8 172 16.8 a 241 

ns *** ns ns ** ns 

Significant Treatment none Till x N Till x N none none none 
Interactions * * 

, and *** indicate no significance, and significance at the 0.05,0.01 and 0.001 levels of probability, respectively 
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5. CONCLUSIONS AND FUTURE WORK 

This collaborative trial was implemented to investigate how irrigation, 

cultivation, and nitrogen would improve the uptake of nitrogen into the vine 

affecting vine physiology and ultimately wine quality. It was observed (Howe, 

2002; Howe and Vasconcelos, 2000; 2001) that irrigation and cultivation had 

positive effects on yield components and vine physiology whereas nitrogen 

treatments did not have significant effects on vine physiology. 

Dry treatments tended to have smaller yield components both years, 

attributed to berry dehydration, and also higher yeast assimilable nitrogen contents. 

Berries and seeds from Dry treatments in 1999 and 2000 had higher skin phenols, 

anthocyanins and seed phenols which were also observed in the wines compared to 

Irrigated treatments. 

A delayed effect of cultivation occurred in the trial. Tilling treatments tended 

to increase yield components. However, no significant effects were observed with 

respect to wine anthocyanins, phenolics, colour intensity or hue. 

Wine made from SN treatments tended to have higher colour intensity, hue 

and anthocyanins compared to ZN and FN treatments. Similar to the Dry treatments, 

SN treatments tended to have lower yields, higher anthocyanin content, colour 

intensity and phenolics. 

Dry and SN treatments had lower yields (kg/vine), and for a grower who is 

paid per tonne for fruit, this may not be a preferable situation. However, for a 

grower who has a performance bonus in their contract these styles of treatments 
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could be implemented quite economically in the vineyard. It is important to note that 

this trial was implemented for three years. It is hard to predict that if continued, 

what the long-term effects would be on vine balance and wine quality. 

During the course of this trial many questions arose that could not be 

answered at the time. There appeared to be an association between ammonia 

concentration in berries and berry weight. Ammonia levels appeared proportionally 

higher in heavier berries from the treatments ZN, FN, and Till, and proportionally 

lower in the smaller berries from the treatments No-Till and SN. If investigated 

further ammonia levels could be a useful tool for crop estimation and potential juice 

nutrient composition, and providing a better understanding of soil nitrogen 

requirements from year to year. This knowledge would then be able to provide the 

winemaker with a better knowledge of juice nutrient composition and influence their 

nutrient supplementation decisions. 

Since Coombe (1960) little research (Pandey et al, 1989; 1988; Perez et al, 

2000) has been carried out on hormone levels in seeds and berries of Vitis vinifera 

cultivars during ripening and none to date on any of the common French varieties. It 

would be interesting to follow hormone levels in seeds and berries of cultivars and 

gene expression. Perhaps an answer lies here to many perplexing problems facing 

winemakers, like untypical ageing in white wines, and why Pinot noir does not 

contain acylated anthocyanins. There also appears to be little data on seed water 

relations in grapevines during ripening compared to many articles on grains and 

crops.  It has been found in tobacco plants water deficit produced greater fruits and 
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seed mass (Yan et al, 2003). If this is true for grapes we may then have the potential 

to control tannin levels in red wines. 
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