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Abstract of a thesis submitted in partial fulfilment of the  

requirements for the Degree of M.Appl.Sc. 

 

The influence of vine vigour and canopy ideotype on fruit 

composition and aroma of Sauvignon blanc 

by M.J. Sutherland 

 

The influence of soil texture on canopy growth, vine yield, and fruit composition of 

Sauvignon blanc were assessed on a mature vineyard from the Rapaura area in Marlborough. 

The subject vines were mature Sauvignon blanc in a commercial vineyard trained to four cane 

VSP and planted with a north south orientation. Row and vine spacings were typical of the 

area at 3m x 1.8m. Four areas of different soil texture were identified using trunk 

circumference measurements, visual assessment of the surface soil and aerial photographs to 

identify changes in vine growth. Soil pits were excavated at a later date to determine root 

numbers and record the soil texture in the different areas. Two crop treatments were imposed 

on half of the plots at approximately 50% veraison: unthinned crop and 50% crop. A shading 

treatment was also imposed at 50% veraison where three sets of tagged shoots had bunches 

that were exposed to sunlight, bunches that had some natural shading from leaves or bunches 

that had paper bags fastened over each to provide a completely shaded environment. Vine 

vegetative vigour for each plot was assessed during the growing season using the Point 

Quadrat method and at pruning using bud counts and pruning weights. Thirty berry samples 

were collected from the 32 plots and analysed weekly for soluble solids and berry weight. 

Harvest of bunches from the tagged shoots occurred on two different dates with the first 

harvest picked when fruit from one soil and crop treatment had reached 21 °Brix. The second 

picking took place just before the commercial harvest, which coincided with last soil and crop 

treatment reaching 21 °Brix. Bunches from each tagged shoot were weighed, frozen and later 

analysed for soluble solids, pH, organic acids, and methoxypyrazines. 
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Vines on very stony textured soils had small trunk circumferences with a high root density 

and yield to pruning weight ratio compared to those growing on deep silt soils. Vines on deep 

silt soils had more vigorous canopies with large shoots and a higher leaf layer number. The 

target soluble solids was reached first by the vines on the very stony plots despite the higher 

crop load with soil texture appearing to be a dominant factor by influencing the time of 

flowering.  

 

Cluster shading decreased soluble solids, consistent with other studies, whilst crop thinning 

resulted in an earlier harvest. This was contrary to popular opinion that crop thinning at 

veraison would have no impact on sugar accumulation. pH and organic acids were unaffected 

by shading or bunch thinning. Vines growing on deep silt soils had a significantly higher level 

of total acidity and malic acid than those on the stony soils.  

 

At harvest, methoxypyrazine levels were very low compared to previously reported figures 

for Marlborough, which may have been a result of sample preparation. IBMP was 

significantly higher on deep silt soils, however, with no impact from the shading or crop 

treatment. The findings are consistent with the hypothesis that IBMP synthesis may be 

increased by the number of leaves surrounding bunches (Roujou de Boubee, 2003).  

 

The results suggest that soil texture plays a dominant role in influencing Sauvignon blanc 

flavour and aroma and due consideration should be given to vineyard layout and site selection 

prior to new plantings taking place. 

 

Keywords: Sauvignon blanc, soil texture, fruit exposure, crop load, canopy, soluble solids, 

organic acids, methoxypyrazines. 
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Chapter 1 - Literature Review 
 

Introduction 

Sauvignon blanc now occupies the greatest proportion of wine grape plantings in New 

Zealand.  The productive area of Sauvignon blanc has more than doubled in the last five years 

with the total producing area now estimated to be 11,531 hectares (Winegrowers New 

Zealand, 2008).  Most of this planting has occurred in Marlborough during the last five years.  

Sauvignon blanc is of great economic importance to both Marlborough and New Zealand.  It 

is for this reason that the wine quality needs to be maintained and improved, in order to 

sustain the value of New Zealand Sauvignon blanc in the world market.   

 

Soil types in Marlborough are variable with a range of alluvial silts, gravels and clays (Rae 

and Tozer, 1990).  The success of Marlborough Sauvignon blanc may be due to unique 

regional characteristics such as soil type, climate and winemaking (Parr et al., 2004).  Jackson 

and Lombard (1993) said that “the possible effects of soils on composition of grapes and 

quality of wine are probably more difficult to evaluate than the effects of mesoclimate.”  This 

is due to the difficulty in separating the many effects that soil may have on the plant and its 

growth.  Historically, purveyors of wine have sought to emphasise the unique nature of their 

particular site in order to help market and sell the wine.  In Europe this has brought about the 

creation of appellations –specific areas classified by their ability to produce a certain type of 

wine.   

 

The main aim of this project is to research the effects that the soil type has on the fruit 

composition of Sauvignon blanc.  This will provide wine growers with information on better 

ways to manage their vineyards and thus improve wine quality.  There are many different 

styles of management in New Zealand and it is hoped that by researching the effects that soil 

has on the vine it will be possible to have more consistent results in the vineyard. Being able 

to predict the impact a management decision will have on the final wine will enable 

winegrowers to better manage and improve the quality of New Zealand Sauvignon blanc and 

thus retain its dominance in the market. 
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Soil textural effects 

There is no doubt that vines need soil to grow and thus produce grapes.  However, the soil is 

often overlooked in modern vineyards compared to other factors such as the climate (White, 

2003).  Rankine et al. (1971) commented that it was difficult to ascertain whether soil type 

alone is responsible for the large difference in wines.  This appears to be a logical conclusion 

and it is doubtful whether soil is the only factor influencing the wine as climate must play a 

major part in the ripening of the grape and thus the development of the fruit.  Studies 

conducted in France by Seguin (1986) found that soil structure and texture have a greater 

impact on the wine quality than the chemical composition of the soil.  Carey et al. (2000) 

found that vintage had the greatest effect on wines rather than the site, however some sites 

produced the same effect on aromas every year.  From this it would be reasonable to conclude 

that there was some sort of soil effect on flavour and aroma of the wine. 

 

Rowe (1993) said that plant growth is dictated by root growth since the root length and 

number will control the overall canopy size of the plant and thus its photosynthetic activity.  

Rowe (1993) found that where the root growth was limited by the size of the container the 

vegetative growth was also limited.  This suggests that if root development is limited (for 

example in the presence of a clay pan) plant vegetative growth may also be restricted.  

Similarly Wheaton (2002) said that soils with a high salt content swell when they get wet and 

thus hinder drainage causing water logging and hindering root growth. 

 

Influence of soil type on soluble solids accumulation 

Rankine et al. (1971) found that different soil types in the Barossa Valley resulted in different 

ripening patterns in the grapes.  Grapes grown on red-brown earth ripened earlier than those 

grown on yellow podzolic soil.  Rankine et al. (1971) thought that this was most likely a 

result of differences in temperature between the two soil types – that is, the darker soils would 

be warmer than the yellow soil.  They thought that this would influence the root growth and 

thus the ripening of the grapes.  Sites were not irrigated, but presumably the two soil types 

had different water holding capacities. Rankine et al. (1971) said that the significance of soil 

quality and its impact on fruit quality is hard to define.  They also thought that the biggest 

factors that would potentially affect wine quality were the depth of the soil, drainage, and 

water holding capacity.  Lack of research makes its difficult to do more than speculate about 
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the effects of these factors. 

 

Trought (1996) found that lower vigour Riesling vines on stony soils had consistently lower 

soluble solids than those from silt soils.  The vines on both soils were irrigated and Trought 

(1996) thought that the differences in soluble solids could be attributed to either a direct 

influence of the soil type on growth or the greater amount of vine root in a dry environment.  

Vines were drip irrigated and thus vines that were on stony soils (with lower water holding 

capacity) would have a larger portion of the vine root in a dry environment.  Trought (1996) 

said that “where part of the grape vine root system is in a drying soil, higher abscisic acid 

levels may occur eventually, slowing shoot growth, even though vine water potential is 

unaffected.” 

 

Kliewer et al. (1988) established that the removal of leaves from the fruiting zone on 

Sauvignon blanc showed a corresponding increase in berry sugar.  This was thought to be 

related to the higher temperature of the exposed fruit and the greater amount of red light 

around the exposed clusters.  Vines on stony soils have less vegetative growth than those on 

heavier soils and thus have more fruit exposure (Trought, 1996).  The incidence of red light 

may be increasing the enzyme activity involved in sugar accumulation of the exposed fruit. 

Further research looking at the differences between exposed higher temperature fruit and 

unexposed high temperature fruit on Sauvignon blanc vines needs to be completed.  This 

research needs to separate the possible effects of light versus temperature on fruit 

composition. 

 

Naylor et al. (2003) looked at the effect of different row orientations on fruit exposure as 

opposed to removing leaves.  They found that shaded fruit from similar yielding Sauvignon 

blanc vines had lower sugar concentration than unshaded regardless of row orientation.  

Interestingly Smith et al. (1988) found that shading vs. no shading treatments had little or no 

effect on soluble solids levels or yield.  Smith et al. (1988) thought that earlier leaf removal 

(pre veraison) may increase soluble solids levels.  Petrie et al. (2003) found that removing 

leaves to create an unshaded environment actually reduced sugar concentrations in Sauvignon 

blanc vines.    This was contradictory to what some of the other studies have found as 

discussed above.  In this instance the leaf removal was limiting photosynthesis in relation to 
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the crop load present.  Photosynthesis and thus sugar accumulation will be limited if there is 

insufficient canopy to ripen the crop.  The Petrie et al. (2003) study highlights the importance 

of maintaining an adequate canopy area to crop load.   

 

In areas such as Marlborough where the soil type is so variable vine canopy density can vary 

greatly down the row.  Investigations into the effect of shading on sugar accumulation will be 

valuable in determining if parts of the vineyard are limited by management strategies such as 

leaf plucking.  Some sites that have areas of very stony soils may be negatively impacted by 

leaf plucking. 

 

Effects of crop load on sugar accumulation 

There is a general perception that high quality wines come from vineyards that have low to 

moderate cropping levels (Jackson and Lombard, 1993).  However there are a number of 

studies that show little response in perceived quality to yield variation (Bravdo et al., 1985; 

Ough and Nagaoka, 1984; Reynolds et al., 1996a) whilst other research shows there is a large 

impact of yield (Bravdo et al., 1985; Chapman et al., 2004; Naor et al., 2002).  Crop load is 

defined by some authors as the yield to pruning weight ratio (Bravdo et al., 1984).  Naor et al.  

(2002) showed that the crop load to pruning weight ratio was highly correlated with fruit 

weight to leaf area ratio.  Smart and Robinson (1991 pp.28) suggest the optimum value for 

leaf area to fruit weight should be around 12 cm
2
 per g.   

 

Trought et al. (2008) found that high yielding Marlborough Sauvignon blanc vines had slower 

rates of sugar accumulation and later onset of ripening.  This finding shows the higher risk 

associated with high yielding vines in cool climates as some vineyards may not reach sugar 

targets depending on weather events and thus wine quality can be negatively impacted.  Ford 

(2005) found similar results, also in Marlborough Sauvignon blanc vines.  When crop load 

was doubled vines were slower to reach veraison and target soluble solids.  Reynolds et al. 

(1994) showed that higher crop loads could be successfully managed through alternative 

trellising systems such as Scott Henry and postulated that the fruit environment can have a 

large role in determining successful cropping levels.   
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Timing of crop removal has important consequences for vineyard management yet there has 

been limited work carried out in this area (Dokoozlian and Hirschfelt, 1995).  Cluster thinning 

at or before flowering has been shown to increase soluble solids in Sauvignon blanc vines 

(Naor et al., 2002).  Marlborough Sauvignon blanc research by Trought et al. (2008) has 

involved yield management through winter pruning.  This does method does, however, not 

allow any risk management in terms of the effects of spring frosts or poor flowering.  Crop 

manipulation later in the season is less risky for growers and wine companies, but may have 

lesser effect on wine quality (Chapman et al., 2004). 

 

Organic acids 

Acidity is an important component of wine quality with low acid wines tasting flat and 

lacking freshness (Hamilton and Coombe, 1992).  High acid wines can be tart to the taste and 

lack smoothness (Jackson and Lombard, 1993).  The predominant acids in grapes are malic 

and tartaric acids (Jackson, 2000) Malic and tartaric acids differ in their concentration levels 

as the berry ripens.   Malic acid increases until veraison and thereafter decreases in 

concentration. (Hamilton and Coombe, 1992).  Tartaric acid concentration increases early in 

the growth of the berry and then alters mainly by a factor of dilution during the ripening 

process. (Jackson, 2000).   

 

Titratable acidity  

Measuring the titratable acidity of field samples gives an indication of the tartaric and malic 

acid levels in the developing berry (Hamilton and Coombe, 1992).  Conradie et al. (2002) 

looked at two different soil types on the one site.  Titratable acidity was lowest on vines that 

were planted on the lower water holding capacity soils.  A number of studies have shown that 

grapes from irrigated vines have higher titratable acidity than those from unirrigated vines 

(Bravdo et al., 1985; Esteban et al., 1999; Peyrot des Gachons, 2004).  This is considered to 

be a result of the increased vegetative growth of the irrigated vines and a resultant higher 

concentration of malic acid due to more fruit shading in the irrigated vines.  Vineyards that 

have high soil variability will show similar differences to unirrigated and irrigated sites due to 

the different water holding capacities of the soils and thus reduced canopy density on the 

unirrigated vines.  
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Trought et al. (2006) found that titratable acidity was always lower on vines that were 

growing on stony sites and they thought this was most likely a reflection of the exposure 

levels of fruit, which had been altered by the reduced water availability on stony sites rather 

than a direct effect of the soil type.  It is difficult to separate the effects of soil texture from 

those of soil water holding capacity. 

 

Kliewer and Bledsoe (1987), Reynolds et al. (1996a), Ristic et al. (2007) and Smith et al. 

(1988) all found that leaf removal decreased titratable acidity.  In these studies the results 

could all be attributed to the increase of fruit exposure in the canopy. 

 

There have been conflicting results regarding the effect of crop levels on titratable acidity.  

Reynolds (2008) showed that titratable acidity was unaffected by crop thinning, as did 

Dokoozlian and Hirschfelt (1995) and Poni et al. (1994).  Nuzzo and Matthews (2006) found 

that vines on certain rootstocks with 50% of crop removed and 25% of crop removed had 

higher TA than the full crop control vines.  At lower cropping levels there was no difference 

in titratable acidity.  They thought that the time of crop thinning may have an impact on 

titratable acidity and when thinning is done at veraison or later there will be minimal impact 

on lower cropping vines.   

 

Malic acid 

Malic acid is accumulated in developing berries prior to veraison (Crippen and Morrison, 

1986a; Dokoozlian and Kliewer, 1996).  Dokoozlian and Kliewer (1996) showed that shading 

prior to veraison decreased levels of malic acid.  Post veraison malic acid degrades with 

increasing temperatures above 20°C (Kliewer and Lider, 1970).  As a result shading post 

veraison plays an important role in determining acid levels with cooler, shaded bunches 

generally having higher levels of malic acid at harvest than that of the exposed fruit (Crippen 

and Morrison, 1986a; Ristic et al., 2007).  Work done by Hunter et al. (2004), Kliewer and 

Bledsoe (1987), Marais (1996), Morrison and Noble (1990) supports this theory.   

 

Barbeau et al. (2001)  proposed a model based on the soil type at a site that would predict the 
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malic levels in fruit.  They said that if the soil was of a weathered type then the malic acid 

concentration would be higher than that of rock type soils.  As discussed earlier the weathered 

type soils had a higher water holding capacity and vine vigour was higher so therefore it 

would be reasonable to assume there was more shading on the weather soils with 

subsequently higher malic acid levels.  Soil type in this instance was having an indirect effect 

on malic acid by influencing vine canopy density. 

 

Malic acid levels appear to be negatively correlated with increased crop levels.  Bravdo et al. 

(1984) found there were lower levels of malic acid in higher cropping vines for fruit harvested 

at the same Brix.  Vines that were high cropping accumulated sugar more slowly and thus 

malic acid content in the berries was subject to a longer period of degradation than lower 

cropping, earlier ripening vines. 

 

Impacts of pH on wine flavour 

“pH is the negative log of the concentration of hydrogen ions (H
+
) and generally correlates 

inversely with titratible acidity” (Hamilton and Coombe, 1992).  Low pH levels are important 

in terms of increasing wine quality.  Acidity gives freshness, mouth feel, and stability in white 

wines (Jackson, 2000).   

 

After veraison there is a reduction in titratible acidity and an increase of potassium into the 

berry (Botha, 2000).  The decrease in titratible acidity relates to the dilution of tartaric acid as 

a reflection of berry growth and the degradation of malic acid with exposure to light and heat 

(Jackson, 2000).  Potassium increases the pH levels by displacing the hydrogen ions from the 

tartaric and malic acids and this then raises the pH level (Botha, 2000).  The review by 

Jackson and Lombard (1993) showed that there have been a number of studies that reported 

that shaded and vigorous canopies contribute to high potassium and pH levels. 

 

Leaf removal has been found to have variable effects on juice and wine pH.  Bledsoe et al. 

(1988), Hunter et al. (2004), and Kliewer et al. (1988) showed there was a decrease in pH 

with leaf removal.  It was thought this was because of the reduction of malate and potassium 

in the berry due to the exposure. Dokoozlian and Kliewer (1996) found that leaf removal had 
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no effect on pH.  In this trial, unlike the others, the exposed berries were a similar temperature 

to unexposed berries.  Dookozlian and Kliewer (1996) thought that the effect of the light on 

berry pH may be indirect and perhaps related to a temperature effect.  Their results suggest 

that exposure of the foliage to light is more important than exposure of the clusters. 

 

A number of studies have shown that pH levels increase as crop loads decrease (Edson et al., 

1995; Nuzzo and Matthews 2006; Reynolds et al., 1994; Reynolds et al., 1996b).  Edson et al. 

(1995), Reynolds et al. (1994), and Reynolds et al. (1996b) showed an increase in pH levels 

when crop was decreased prior to bloom or at bloom.  Fruit was harvested at a similar Brix in 

each trial.  Edson et al. 1995, Reynolds et al. 1994, and Reynolds et al. 1996b all recorded an 

increase in canopy growth and subsequently canopy density so it is likely that increased 

canopy growth contributed to higher levels of potassium in the berry and thus increased the 

pH.  Nuzzo and Mathews (2006) thinned vines at veraison and there was no effect on pruning 

weight or leaf area on the thinned vines.  This was most probably due to the late thinning 

date.  There was significant difference between leaf area to yield with lower cropping vines 

having a higher leaf area to yield and this may explain the higher pH on low cropping vines.  

As discussed above the leaf area is most likely influencing the amount of potassium imported 

into the berry and thus increasing pH on the low cropping vines.  

 

Phenolics, flavour and aroma compounds 

Phenols 

Phenols and related compounds contribute to mouth feel, aroma, taste, and also antimicrobial 

properties in both red and white wine (Jackson, 2000).  Phenols occur at much lower 

concentration in white wine than in reds but they are still an important part of the structure of 

the wine (Jackson, 2000). 

 

There are two groups of phenols – the flavonoids  and the non flavonoids. 

 

The flavonoids are comprised of the flavonols, catechins and anthocyanins (Downey and 

Dokoozlian, 2006).  Flavonoids can contribute to the mouth feel of the wine and are found in 
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the solid parts of the fruit – skin, seed, and stem (Downey and Dokoozlian, 2006).     

There are two main groups of non- flavonoids, the hydroxycinnamic and hydroxybenzoic 

acids.  Non flavonoids are found in the juice and pulp of wines.  They contribute to the colour 

of whites and also participate as the cofactors for the flavonoids (Jackson, 2000). 

 

Most of the previous research work looks at traditional levels of berry composition such as 

pH, titratible acidity and Brix or baume.  However, Morrison and Noble’s (1990) work looked 

at differences in phenol levels on shaded and non shaded fruit and leaves.  They found that 

the phenols were lowest where both the leaves and the fruit were totally shaded and highest in 

the non shaded controls. These measurements were done on an amount per berry basis.  Berry 

weights were variable in the trial and it is possible that some differences in phenol levels may 

have been due to a difference in berry size.  Crippen and Morrison (1986b) found that the 

concentration of phenols were highest in sun exposed berries pre harvest, but at harvest 

concentration levels of phenols in sun exposed berries were lower.  Phenol content remained 

the same regardless of berry size.  Therefore the lower concentration of phenols at harvest 

was attributed to the larger berry size of the sun exposed fruit (Crippen and Morrison, 1986b). 

 

Methoxypyrazines 

Methoxypyrazines contribute to the flavour of many foods (Jackson, 2000).  Common aromas 

that are often found in Sauvignon blanc, Cabernet Sauvignon, and Semillon include 

gooseberry, asparagus, bell pepper (capsicum), and grass (Marais, 1994).  The asparagus, 

grass and capsicum aromas are produced by a group of compounds called methoxypyrazines 

(Allen et al, 1995).   

 

2 – methoxy-3-isobutylpyrazine (IBMP) plays the major role in the aroma whilst 2-methoxy-

3-isopropylpyrazine (IPMP) and 2-methoxy-3-sec-butylpyrazine (SBMP) have a lesser role 

(Marais, 1994).  Some methoxypyrazines are detectable at very low levels – around 2 ng/L in 

water (Lacey et al., 1991).  Above 20 ng/L IBMP can give an overpowering vegetative aroma 

(Lacey et al., 1988).  It is therefore important for viticulturists and winemakers to be able to 

determine the effects that viticultural sites and/or management may have on the levels of 

methoxypyrazines in wines.   
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Lacey et al. (1991) found that Sauvignon blanc from New Zealand had concentrations of 

IBMP seven times higher than the concentration of IPMP with SBMP even lower.  He said 

that IPMP and SBMP make very little contribution to aroma.  Roujou de Boubee et al. (2002) 

found methoxypyrazines are located the highest concentrations in stems and then the skins 

and seeds of the berries, respectively.  There was very little found in the flesh. 

 

Marais et al. (1995) showed that levels of methoxypyrazine were greatest in shaded 

treatments at harvest.  It has been widely reported that levels of methoxypyrazine decrease 

from veraison to harvest (Allen 1993; Lacey et al. 1991; Marais et al. 1995).  Roujou de 

Boubee (2003) showed that IBMP degrades when it is exposed to light.  Hashizume and 

Samuta (1999) showed that methoxypyrazine levels increase prior to veraison when exposed 

to light and the light may be acting as a positive factor in the formation of methoxypyrazines 

at this early fruit development stage.  Methoxypyrazine degradation is also closely related to 

temperature.  Lacey et al., (1991) found that a warm year had a greater effect on 

methoxypyrazine degradation than in a cool year.  IBMP concentrations are also higher in 

grapes that are from cooler climates than warm climates (Marais et al. 1999). 

 

In a review by Roujou de Boubee (2003) it is shown that the synthesis of methoxypyrazine 

occurs between fruit set and two to three weeks prior to veraison.  Roujou de Boubee (2003) 

demonstrated that IBMP is found in both the leaves (mostly basal) and the berries prior to 

veraison.  The IBMP is postulated to be transported from the leaf to the berry.  The actual 

method of transport was not defined.  If the leaves are synthesizing IBMP then it is possible 

that soil moisture status will affect potential IBMP in the berry since vines grown in 

conditions with adequate moisture will have a greater leaf area to fruit weight than those 

grown on dry sites (Peyrot des Gachons et al. 2005).  This presumes that an increase in leaf 

area results in a greater amount of methoxypyrazines that eventually end up in the fruit. 

 

Thiols 

Thiols have been identified as sulphur containing compounds that are important in wine 

flavour and aroma (Allen, 2007).  Most volatile thiols in wine are released during the 



 

  11 

fermentation process from odourless precursors found in the must (Peyrot des Gachons et al. 

2002).  Some thiol compounds produce off odours however, they can also contribute 

significantly to varietal aroma (Jackson, 2000).  

 

Tominaga et al. (1998) identified 4 mercapto-4methylpentan-2-ol (4MMPOH) as having a 

citrus aroma and 3 mercaptohexan-1-ol (3MH) as having a grapefruit aroma.  3-mercapto-3-

methlybutan-1-ol produced a cooked leek smell.  Tominaga (1996) found that 4-mercapto-4-

methyl-pentan-2-one (4MMP) and 3-mercaptohexyl acetate (A3MH) were contributing a box 

tree or broom aroma. These thiols have been analysed and found to be present in Sauvignon 

blanc wines at concentrations higher than their respective perception thresholds and it is 

therefore thought that they contribute to the varietal aroma of Sauvignon blanc (Tominaga et 

al. 1998). 

 

Until recently S-cysteine conjugates were thought to be the precursors for the volatile thiols 

which were released during the fermentation process (Tominaga et al., 1998b).  There is a 

splitting of the carbon-sulphur bonds with the action of the yeast (Peyrot des Gachons et al. 

2002).  This work suggested that a measure of the S-cysteine conjugates should give a 

measure of the finished wines’ aroma potential.  More recent research by Subileau et al. 

(2008) and Schneider et al. (2006) showed that there may be other precursors involved.  

Classifying and tracking the changes in the precursors during the ripening process could help 

to identify the positive and negative impacts of vineyard management on the wine’s aroma 

potential.  

 

Peyrot des Gachons et al. (2002) found severe water stress limits aroma potential whilst mild 

water stress may enhance it.   Peyrot des Gachons et al. (2002) said that “Moderate water 

stress leads to an increase in the cysteinylated precursors in the grapes, but severe water stress 

will decrease their concentrations.”  This statement has significance for Marlborough 

vineyards since if vineyard soil variation is leading to differing levels of vine water stress in 

the vineyard then this may be impacting on the finished wine’s aroma.  Quantifying the 

effects of the soil type on fruit and subsequent wine composition would help with many 

management factors such as picking decisions, irrigation design and scheduling and crop 

management. 
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Chapter 2 - Materials and Methods 
 

Trial Site 

This study was conducted on a commercial vineyard located at 878 Old Renwick Road, 

Marlborough.   Marlborough is located at the northern end of the South Island of New 

Zealand and the most predominant variety grown in this area is Sauvignon blanc.  The site is 

located in the centre of the region and soil types on this particular site are commonly found on 

many of the commercial vineyards in this area.  All vines in the trial area were planted in 

1998 and were mass selected Sauvignon blanc on SO4 rootstock.  Vines were pruned to four 

canes trained bilaterally to two vertically offset (200 mm) fruiting wires and planted with a 

north south orientation at 1.8 m vine spacing by 3 m row spacing.  

 

  Trunk circumference measurements were taken to provide a reflection of vine vigour 

(Trought, 1996).  Four areas of different soil texture were identified using the trunk 

circumference measurements, visual assessment of the surface soil and the use of aerial 

photographs.  Aerial photographs gave an indication of cover crop growth, which in turn 

appeared related to the soil type across the vineyard.  Vines were planted in bays of four in 

the vineyard.  Two bays from each of the four soil types were then selected on each of four 

rows giving a total of 32 plots.  The trial design was a randomised split plot with soil type as 

the main plot and the shading treatment as the sub plot.  There were four replicates for each 

treatment. 

 

Previous Seasons 

This block has been pruned to four canes since the vineyard reached maturity.  Normal 

vineyard practices are carried out such as spraying, trimming and leaf plucking.  Fertiliser soil 

tests are performed every second year and petiole tests every year.  Fertiliser applications are 

based on results from nutrient testing.  There was no application of fertiliser in the previous 

growing season. 
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Current Season 

Common viticulture practices were followed for the duration of the trial.  Shoot trimming is 

performed on average three times through the season.  Fungicide sprays are applied to the 

canopy to maintain pest and disease control.  The number of sprays and the type of chemical 

varies slightly from season to season depending on the weather.  The majority of fungicide 

sprays were targeting Botrytis and Powdery Mildew.  Powdery Mildew sprays consisted of 

sulphur with some DMI’s towards the end of the season.  Specific botryticides were used at 

flowering, pre bunch closure and twenty days prior to harvest.  The mid row is maintained as 

a permanent grass mown sward with three herbicides used each year to keep weeds controlled 

under the vine.  Each row in the vineyard is individually netted to minimise bird damage.  No 

other bird control is used.  All vines in the site were irrigated with drip irrigation consisting of 

inline drippers at 600 mm spacing with an output of 1.3 L/h.  The use of irrigation during the 

growing season was monitored using a phytogram system manufactured by Agricultural 

Electronics Corporation(data not shown).  The aim of the irrigation scheduling was to 

maintain the soil moisture ≥ 70 % of field capacity.   

 

Vines in the trial were labelled with numbered waterproof plant tags for the duration of the 

season.  Vine rows were marked so as to ensure no interference from vineyard staff. 

 

Data Collection and Analysis 

Pre-veraison  

Three bunches were tagged in each bay and monitored for signs of veraison by checking the 

softness and translucent nature of all of the berries on each bunch.  Bunches were scored for 

veraison twice weekly until all bays were at 50% veraison. 

Veraison 

The shading treatment was applied at 50 % veraison.  Three shoots were selected for each 

shading treatment resulting in a total of nine shoots per bay.  Each shoot had two clusters on 

the shoot.  The shoots were selected depending on whether the clusters on the shoots were 

exposed, partly shaded or shaded.  Exposed clusters had complete exposure to the sunlight 

with no shade from leaves in the canopy.  Where necessary light leaf plucking was done to 
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help expose the bunches on the shoot.  Partial shaded clusters were those that had some 

natural shading of the bunches by leaves in the canopy.  Shaded clusters were shaded 

artificially using paper Unibags 2SOS that were placed over each of the bunches on the shoot 

and then stapled around the peduncle so no light penetrated to the bunch (Figure 1). 

 

 

Figure 1. Photograph from trial site Marlborough Sauvignon Blanc (mass selected on 

SO4 rootstock) showing artificially shaded bunches with paper bags stapled around the 

peduncle. 

 

Shoots were selected from the bottom fruiting wire as the yield treatment discussed below 

removed the upper fruiting wire fruit. Shoots were labelled with the shoot number, vine 

number and bay number.  The number of shoots tagged then allowed three harvest dates to 

give a comparison of the differences in fruit composition between treatments across the four 

soil types.   

 

The crop treatments were applied in late February at approximately 50% veraison.  Two crop 

load treatments were applied; treatment one was thinned and treatment two was unthinned.    

The crop load treatment involved removing half the crop from half the number of plots in the 
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trial.  The crop was thinned by cutting all the fruit off the upper two canes on each vine.  This 

treatment should then retain the even distribution of apical and basal bunches compared to the 

treatment with no crop removal.  If a two cane only crop treatment had been applied then 

there would have been a marked difference in canopy density which may then have been a 

factor influencing flavour development.    Naylor (2003) showed that apical bunches had 

lower soluble solids and higher titratible acidity than basal bunches, so retaining the standard 

population of each was important.  The crop thinning was done across all four soil textures.  

The end result was an even number of thinned and non-thinned vines spread evenly across the 

four soil textures.  Yield data was collected at the final harvest date to compare yields 

between different soils types.    

 

The goal of the crop load treatment was to establish whether the soil type was having a direct 

effect on the fruit composition or an indirect effect by influencing crop load and thus fruit 

composition.  There may be some impact on leaving the application of the crop load 

treatments until veraison.  Hashizume and Samuta (1999) showed that methoxypyrazine 

increased after fruit set until veraison.  After veraison methoxypyrazine content decrease as 

ripening progressed and they believed this was function of photodegradation.  It is also 

possible that methoxypyrazines pre veraison are synthesised more rapidly than they break 

down (Roujou de Boubee, 2003).  Roujou de Boubee (2003) showed that IBMP levels can be 

found at highest levels in the leaves (compared to clusters) two to three weeks prior to 

veraison.  Further to this Roujou de Boubee (2003) also demonstrated that IBMP can be 

transported by the leaves to the clusters.  This suggests that if crop was removed early at fruit 

set there could be a positive effect on methoxypyrazine levels.  In Marlborough most fruit 

thinning of Sauvignon Blanc is done later in the season either just before or at veraison (Dr 

M. Trought, pers .comm. July 20, 2005) so for that reason this study focused on fruit thinning 

at veraison. 

 

Sampling 

Sampling was conducted weekly with the first sample taken at 100% veraison (berry 

softening).  A random 30 berry sample was taken from 10 clusters in each bay.  Berries were 

not taken from any of the tagged clusters.  Berries were sampled one each from the top, 

middle, and bottom of both primary and secondary clusters.   Samples from each bay were 
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kept separate thus giving a total of 32 samples.  These were then weighed using an electronic 

balance scale and analysed for soluble solids.  A portion of the juice was frozen (at -20°C) 

and kept for later analysis of pH, and TA.  Sampling continued on a weekly basis until the 

middle of March.  Sampling was then performed twice weekly until the first harvest.    

 

Harvest 

The first set of shoot samples were harvested when the fruit from one soil and crop treatment 

had reached an average soluble solids level of 21 Brix. The soluble solids level was chosen to 

be as close as possible to commercial levels. 

 

The bunches off three shoots were harvested from each bay – one exposed shoot, one partially 

exposed, and one bagged shoot.  The bunches from each shoot were placed in plastic bags, 

weighed and then frozen (at -20°C) so analysis of methoxypyrazines, soluble solids, pH, TA, 

malic and tartaric acids could be completed at a later date. 

 

The final harvest took place just before the commercial harvest which coincided with last soil 

and crop treatment reaching 21 °Brix. 

  

Chemical Analysis 

Fresh Berries 

All samples were analysed on the day of sampling.  Berries were weighed using an electronic 

bench balance. Fresh samples (berries) were pressed using a hand press and the juice filtered 

through a coarse paper filter.   

 

Frozen Whole Bunch Analysis 

Bunch weights were recorded for each sample. The berries were then removed from the rachis 

by hand.  Potassium metabisulfite was added to the bag at a rate of 100 mg/kg fruit.  Berries 

were left for approximately 2 hours at room temperature until completely thawed.  Once 
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thawed, the grapes were processed while cool (<10ºC) in a Braun 300 Watt blender at high 

speed until a slush of homogenous consistency was achieved.  The same blender was used for 

all samples.  The blended samples were pressed using a mini air press with a coarse filter 

(muslin cloth) and a coarse paper filter to a pressure of 2 bar.  The remaining sample was 

poured into centrifuge tubes and centrifuged using a JA20 rotor at 6,000 x g for 4 minutes to 

obtain clear juice. 

 

The sample was then decanted into the following vessels: 

 

• 2 mL of supernatant was pipetted into a 2 mL tinted HPLC vial, coded and frozen (-

20°C) for malic acid analysis. 

• 20 mL of supernatant was pipetted into a tinted glass storage vial, closed using a 

Teflon-lined septa/cap coded and frozen (-20 °C) for later methoxypyrazine analysis.  

Note that c. 8 mL of juice sample was used for the actual analysis. 

 

Soluble solids (°Brix) measurements 

All juice analysed for soluble solids (°Brix) using a digital Atago Pocket PAL-1 pocket 

refractometer.   

 

Titratable acidity analysis 

The titratable acidity of the fresh filtered juice of the weekly 32 berry samples was 

determined using with 0.1M NaOH and a Mettler Toledo DL50 autotitrator and pH electrode 

titrated to an endpoint of 8.2.  

 

pH analysis 

The pH of the fresh filtered juice of the weekly 32 berry samples was determined using a 

Metrohm 744 pH meter and Metrohm electrode.  
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Malic Acid & Tartaric Acid 

The method used for organic acid analysis was based on the method by Kandl and Kupina 

(1999) using a capillary electrophoresis machine (Agilent model G1600A).  The method was 

the same as described in the paper above with the temperature increased to 20°C to get a 

faster elution time and with only tartaric and malic acids in the standards. 

 

Methoxypyrazines 

Methoxypyrazine analysis was carried out by automated HS-SPME (Head Space Solid-Phase 

Micro-Extraction) GC-MS as described by Parr et al. (2007) except that NaOH was not added 

to the sample vial and juice was used instead of wine. In summary, 1.8 mL of juice (extracted 

as described above) was added to 5.12 mL of deionised water in a 12 mL SPME sample vial, 

followed by 80 µL of D3-IBMP internal standard solution (c. 20 ng/L) and 3.0 g of crystalline 

NaCl. Samples were incubated (30 minutes, 50°C) before the headspace was exposed to the 

SPME (1 cm, DVB/CAR/PDMS combination) fibre. The extracted volatiles were desorbed in 

a the heated (250°C) injection port of a Shimadzu GCMS-QP2010 equipped with a 30 m × 

0.25 mm Restek RTX5MS column at 90°C with He carrier gas (28.3 cm/s). 

 

Canopy Density Measurements 

The canopy density was measured on all of the vines after veraison using the Point Quadrat 

system (Smart and Robinson, 1991). 

 

This method gave the percentage gaps, leaf layer number, percentage interior leaves and 

percentage interior clusters. 

 

Post Harvest  

Pruning 

During the winter each vine was individually assessed to determine the number of count 

nodes left in the previous winter, count shoots and also the thickness of each individual cane.  
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Cane thickness was assessed visually and used to give an indication of individual vigour for 

each vine.  Canes were grouped into small medium and large sizes.  Small canes were 

approximately straw thickness; medium canes were of pencil thickness with large canes being 

of thumb thickness.  All of the vines in the trial were pruned to four canes.  The wood that 

had been pruned from the vines was separated into new and old wood.  New wood was 

material that had grown in the current season whilst old wood was material that had grown in 

seasons prior to the current season.  The weight of the new wood and the old wood was 

weighed and recorded separately.  The number of nodes left after pruning was also recorded. 

 

Soil Pits & EM Survey 

Eight soil pits in total (two very stony pits, two stony pits, two light silt pits, two heavy silt 

pits) were excavated next to vines using a 1.5 tonne digger.  Pits were dug approximately 0.5 

m from the vine and were 2 m long and 1.5 m deep.  Root numbers were counted by placing a 

grid (10 x 6) made from steel mesh with a grid size of 15 cm x 15 cm against the wall of the 

trench.  Root numbers were then counted in every vertical grid down and every second grid 

horizontally.  Roots were graded by eye into three sizes – small, medium and large.  Small 

roots were fine hair roots, medium roots connected the small roots to the very large structural 

roots of the vine. An electromagnetic survey was taken of the whole vineyard by Frontier 

Global using a Geophex GEM – 2 Broadband EMI senson. 
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Chapter 3 - Results 
 

Vine canopy growth 

Effects of soil texture on vine canopy, trunk circumference and root growth 

Soil variability was assessed using four techniques.  The aerial photograph (Figure 2) clearly 

shows the differences in vegetation which appear to reflect old river channels. 

 

 

Figure 2. Aerial map of the vineyard site (yellow rectangle) within the vineyard. Map 

courtesy of Google Earth (Sep 2008). 

 

A more detailed study was made by measuring trunk circumferences on 5 rows.  Average 
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vine trunk circumferences in the five rows varied from 19.1cm to 14.5 cm (Figure 3). 
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Figure 3. Trunk circumferences of Marlborough Sauvignon Blanc vines (mass selected 

on SO4 rootstock) on different soil textures. Vertical bars represent LSD α 0.05 

 

These measurements reflected the changes in soil texture shown in the aerial photograph, with 

vines on stony soils having smaller vine trunk circumferences.  An EM survey was 

undertaken by Frontier Global, however a relationship between EM value, trunk 

circumference, and patterns seen in the aerial image was not apparent (pers. observation).  As 

a result, soil pits were excavated adjacent to representative bays for each treatment.   

 

Root distribution was also influenced by soil texture.  The numbers of fine (< 5mm) roots and 

the root density was greatest in the very stony and stony textured soils (Figure 4) while vines 

growing in silt phases had very few fine roots and low root density.  Roots were mainly found 

in the top one metre of the soil pits (Figure 4b). 
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Figure 4. The average total root numbers recorded from eight soil pit in the Sauvignon 

blanc vineyard (mass selected on SO4 rootstock).  Two soil pits were excavated in each 

of the four soil texture areas (area counted in each pit was 1.5 m deep x 0.450m long).  
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Figure 4b.  Excavation of soil pits in the vineyard.  The pits in the vineyard illustrate root 

distribution and number.  The left side soil pit is stony textured soils with a large number 

of small roots visible most of which are distributed in the top one metre of soil.  Right side 

soil pit is deep silt textured soil with little root growth evident and large roots more visible 

than in the stony soil pit. 

 

Effects of soil texture and crop thinning on budburst, trunk circumference and 

canopy density 

Total bud break (total number of shoots per count node) was higher where vines were 

growing on deep silt soils (Table 1).  This suggest that the number of non count shoots arising 

either as secondary shoots from count nodes or from quiescent buds in the trunk is higher 

when the vines are growing in deep silt soils.  Differences in canopy correlated with trunk 

circumference and soil texture (Figure 5 - 8). 
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Figure 5. Marlborough Sauvignon Blanc vines (mass selected on SO4 rootstock) on very 

stony textured soil in March 2005. 

 

 

Figure 6. Marlborough Sauvignon Blanc vines on stony textured soil in March 2005 
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Figure 7. Marlborough Sauvignon Blanc vines on light silt textured soil in March 2005. 

 

 

Figure 8. Marlborough Sauvignon Blanc vines on deep silt textured soil in March 2005. 

 

Deep silt vines had a significantly higher leaf layer number, canopy density (lower percentage 

canopy gaps) and percentage interior leaves than vines growing on the very stony soil (Table 

1).  Crop thinning had no impact on most canopy measurements with the exception of canopy 

gaps which were slightly increased as a result of fruit thinning. 
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Table 1.  The effect of soil texture and thinning treatments on canopy components. 

                        

 Soil Type  Crop Treatment 

            

  

very 

stony stony 

light 

silt 

deep 

silt Sig.P. (≤ 5%) 

LSD 

soil   thinned unthinned Sig.P. (≤ 5%) 

LSD 

crop 

pruning wt (kg) 2.15 2.89 3.69 4.23 <.001 0.276  3.34 3.14 0.047 0.195 

count nodes  42 43 42 38 0.005 3.2  40 42 0.066 2.2 

count shoots  37 38 36 32 0.001 3.1  35 37 0.056 1.1 

% budburst 101 104 105 116 0.039 11.0  108 105 0.518 7.8 

LLN 0.96 1.32 1.90 1.86 < .001 0.202  1.56 1.46 0.159 0.143 

% canopy gaps 23 11 8 7 < .001 5.5  15 10 0.005 3.9 

% int. leaves 5.7 8.6 20.9 17.9 < .001 4.37  12.8 13.7 0.529 3.09 

% int clusters 5.8 9.6 33.1 24.1 < .001 13.61  12.9 23.4 0.033 9.63 

Average shoot wt (kg) 1.6 2.2 3.0 3.5 < .001 0.24   2.6 2.5 0.066 0.17 
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Impacts of soil texture and crop thinning on pruning weight and shoot size 

Pruning weight increased with increasing trunk circumference (Figure 9) reflecting the soil 

type. Vines on the very stony soils had the lowest pruning weights whilst those on the deep 

silt soils had the highest pruning weights (Table 1).   
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Figure 9.  Relationship between pruning weight (kg) and trunk circumference (cm) for 

Marlborough Sauvignon Blanc vines (clone 1 on SO4 rootstock) across all soil textures 

R
2 
= 0.54 (P < .001). 

 

Fruit thinning also caused a small increase (P ≤ .047) in pruning weight (Table 1). 

 

The effect soil texture had on pruning weight was also reflected in shoot size distribution.  

Vines growing in the very stony and stony textured soils had more small shoots (< 7mm) than 

vines from the light and deep silt plots (Figure 10), while large shoots were predominantly 

found in vines from the deep silt and light silt plots.   
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Figure 10.  The percentage of small, medium and large shoots recorded on Sauvignon 

blanc vines in four soil textures as an indication of shoot vigour between sites. 

 

Fruit composition and yield 

Yield results 

Vines growing on stony soils produced higher yields, reflecting heavier bunches and larger 

berry number per bunch when compared to those growing in silt soils (Table 2).  Vines on 

stony soils had the lowest berry weight per bunch, however  whilst there was no significant 

difference in the bunch number per shoot, the value for it appeared to decrease as soil texture 

changed from very stony to deep silt (Table 2).  Bunch numbers per vine significantly 

decreased (P< .001) from very stony textured soils to deep silt soils.  The yield to pruning 

weight index reflected the yield results with vines on stony soils having a much higher yield 

to pruning weight than those on deep silt soils (Table 2). 
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Thinned vines had 53% less crop than unthinned vines through the removal of bunches at 

veraison, but this had no effect on the berry weight or berry number.  Berry weights at harvest 

ranged from 1.68g on the very stony sites to 1.83g on the light silt sites (Table 2).  Berry 

weights at harvest were not significantly different.  Berries increased in weight from veraison 

until about the 1
st
 of April (Figure 11).  Thinned vines had a lower yield to pruning weight 

index compared to unthinned vines which was an expected results of the thinning treatment. 
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Figure 11.  Mean berry weights (30 berry sample) measured on Sauvignon Blanc 

(unreplicated) for each soil texture from veraison until harvest.  Vertical bars represent 

LSD α 0.05
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Table 2.  The effect of soil texture and thinning on yield components. 
  

                        

 Soil Texture  Crop Treatment 

            

  

very 

stony stony light silt deep silt 

Sig.P. (≤ 

5%) 

LSD 

soil   thinned unthinned Sig.P. (≤ 5%) 

LSD 

crop 

yield (kg)/vine 6.3 7.3 5.1 4.7 < .001 0.95   4.1 7.7 < .001 0.67 

yield (kg) : pruning 

wt (kg) 3.01 2.49 1.44 1.12 < .001 0.35  1.3 2.73 < .001 0.25 

Bunch no. 66 63 59 57 < .001 11.0  43 80 < .001 7.8 

Bunch weight (g) 99 117 85 83 < .001 17.2  95 97 0.85 12.2 

Berry weight (g) 1.68 1.77 1.83 1.80 0.083 0.117  1.75 1.79 0.322 0.083 

Berry Number 

(calc.) 59 66 46 46 < .001 10.5  55 54 0.770 7.4 

Bunches per shoot 1.6 1.4 1.4 1.3 0.209 0.25   1.0 1.8 < .001 0.17 
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Fruit Composition – berry sampling 

Fruit composition measurements started at about the time of veraison and continued weekly 

until harvest (Figure 12). 
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Figure 12.  Influence of soil texture on the accumulation of soluble solids in Marlborough 

Sauvignon Blanc for each soil texture from veraison until harvest.  Vertical bars represent 

LSD α 0.05 

 

Vines growing on very stony textured soils had progressed through veraison (defined as 

approximately 8.5 °Brix, (Dr M. Trought, pers. comm., 20 August, 2008) by the time the 

initial samples were collected.  Those growing on the deep silt reached 8.5 °Brix on about the 

7
th

 March, estimated from Figure 12 to be about 12 days later than vines on very stony and 

stony soils. Soluble solids progressively increased from veraison to harvest (Figure 12).  

There was a much higher amount of sugar (mg/ berry) accumulated on the deep silt and silt 

sites for the week ending 24
th

 March compared to the stony and very stony sites.  This is most 

likely a result of sampling error as there was no rainfall or other obvious factors that would 

influence sugar content on the stony textured soils compared to the silt textured soils.  There 

was a decrease in the rate of sugar content per berry accumulation on all sites for the week 

ending 5
th

 of April (Table 3).  This may have been a result of heavy rainfall (69mm) in the 

preceding week.  Following this rainfall event vines continued to ripen albeit at a much 
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slower rate (Table 3).   

 

By the week ending 12
th

 April vines on very stony soils sampling results showed a negative 

rate of ripening.  The following sampling period (15
th

 April) showed this negative trend was 

evident on all sites except for the deep silt soils which had a very low rate of soluble solid 

accumulation of 1.0 mg/day.  It is possible that these results are influenced by a sampling 

error as the rate of soluble solid accumulation at this time was obviously very low making it 

more difficult to achieve an accurate reflection of the berry ripening.  Average minimum 

temperatures during this time were much lower than earlier sampling dates and this may have 

contributed to the apparent stop in ripening (Table 3).   By the last harvest date all of the vines 

had a positive rate of ripening ranging from 34 mg/day on the very stony soils to 20.2 mg/day 

on the deep silt soils.   

 

Impacts of fruit thinning on soluble solids 

When the fruit thinning was completed berries were at or near veraison.  Figure 13 shows 

mean soluble solids levels between unthinned and thinned vines were similar at veraison (by 

composite 30 berry sample).  After two weeks ripening there was an apparent difference in 

soluble solids, with thinned vines on all soil textures having higher soluble solids than 

unthinned vines.  There was no interaction between thinning and the soil texture (P = 0.061).  

This trend continued until harvest.   
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Table 3. Rate of increase in sugar content for each soil texture (mg/week) and weekly 

rainfall totals (mm). 

              

sample  

week ending  
very stony stony light silt deep silt 

avg. rainfall 

mm 

avg. 

daily 

min 

temp °C 

       

11-Mar 64 69 59 63 5.0 17.0 

18-Mar 60 58 78 68 2.0 16.3 

24-Mar 11 3 40 33 0.0 16.6 

1-Apr 61 88 53 59 69.4 15.1 

5-Apr 19 9 12 18 0.0 15.9 

8-Apr 7 13 16 23 0.0 15.0 

12-Apr -1 19 14 12 3.4 14.4 

15-Apr -4 -5 -1 1 0.0 10.7 

19-Apr 34 12 22 20 0.0 12.8 
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Figure 13. Comparison of the soluble solid accumulation for thirty berry samples (°Brix) of 

thinned vs. unthinned Sauvignon blanc vines from veraison until harvest. Vertical bars 

represent LSD α 0.05.  Mean data for all soil types. 
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Harvest of whole bunch samples 

Final harvest was undertaken the day before the commercial harvest of the fruit by the wine 

company.  This date was determined by berry sampling and the target sample was 21.5 °Brix 

for the whole site (data not shown).   

 

Final harvest pH and organic acid results 

There was no consistent effect of soil texture on juice pH.  The pH was significantly different 

between some of the soil textures, but there was no clear trend differentiating low pH with 

any particular soil texture (Table 4). 

 

Levels of total acidity and malic acid levels were significantly higher (P < .001) on samples 

taken from the deep silt sites and the light silt sites compared to very stony and stony sites 

(Figure 14).  Fruit thinning had no impact on pH, total acidity and malic acid levels (data not 

shown). 

 

     

Table 4.  Impact of soil texture on juice pH at harvest (19
th
 April 2005) 

              

 Soil Texture 

       

  very stony stony light silt deep silt Sig.P. (≤ 5%) LSD soil 

pH 3.42 3.37 3.34 3.46 0.003 0.065 
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Figure 14. Total acidity and malic acid (as determined by capillary electrophoresis) 

across four different soil textures on Sauvignon Blanc vines in Marlborough.  Vertical bars 

represent LSD α 0.05 

 

Impact of Shading Treatments on fruit composition 

Data for bunches from the deep silt textured soils were collected and analysed for two 

different harvest dates and two crop treatments.  The first harvest was picked when fruit on 

the very stony textured soils had reached a soluble solids of 21 °Brix with the second harvest 

picked when fruit on the deep silt textured soils had reached a soluble solids of 21 °Brix.  The 

crop treatment was thinned or unthinned as discussed earlier in the methods section.  IBMP 

and IPMP levels were analysed for all soil textures and both crop treatments. 

 

Effect on soluble solids from shading and crop treatment on deep silt soils   

At the first harvest on deep silt textured soils there was no effect on soluble solids from 

shading (artificially) or crop treatments (Table 5).  By the final harvest there was an effect 

(P= 0.05) from shading with exposed bunches having higher soluble solids than shaded 

bunches (Table 5).  Again there was no significant effect from the thinning treatment on 
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soluble solids. 

 

Effect on pH levels from shading and crop treatment on deep silt soils 

At the first harvest there was no significant difference in the pH between crop treatments or 

bunch exposure (Table 6).  pH at the final harvest did show a difference between crop 

treatments (P = 0.03), but not on the bunch exposure.  Fruit from the thinned plots had a 

higher pH than fruit from the unthinned (Table 6).  

 

Effect of crop load and shading on total acidity and malic acid on deep silt soils 

Crop load and shading had no effect on fruit total acidity (Table 6) at the first harvest date.  

Malic acid results were similar to the total acid in that the crop treatment and shading 

treatments had no significant effect on the malic acid levels in the fruit (Table 6).  Differences 

in the tartaric results were not significant and there was no apparent trend (Table 6). 
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Table 5. The effect of crop thinning and shading on soluble solid levels (°Brix) on deep silt soils at first harvest (3
rd

 April 2005) and 

last harvest (19
th
 April 2005).  Bunches had three levels of exposure - exposed (no shading), partial (some shading naturally from 

leaves in the canopy and shaded (enclosed in paper bag).  Thinned vines had all of the fruit removed from the top cordon whilst 

unthinned vines had no fruit removed.   

                                

 Crop Treatment  Significance P. (≤ 5%)  LSD  

  unthinned   thinned                 

 E*  P* S*  E  P S  crop exposure int  

LSD 

crop 

LSD 

exp 

LSD 

int. 

Soluble solids at first 

harvest 17.1 16.4 16.2  17.0 17.2 15.9  0.84 0.22 0.66  1.024 1.254 1.774 

Soluble solids at final 

harvest 21.4 20.3 19.2   22.0 21.2 20.9   0.32 0.05 0.61   2.92 1.306 2.731 

                

Shading was done artificially using paper 

bags.               

* EPS = Level of shading - exposed, partial, 

shaded.             
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Table 6. The effect of crop thinning and bunch shading on juice pH, total acidity (g/L), and malic acid (g/L) levels on deep silt soils at first 

harvest (3
rd

 April 2005) and last harvest (19
th
 April 2005).  Bunches had three levels of exposure - exposed (no shading), partial (some 

shading naturally from leaves in the canopy and shaded (enclosed in paper bag).  Thinned vines had all of the fruit removed from the top 

cordon whilst unthinned vines had no fruit removed.   

                                

 Crop Treatment  Significance P. (≤ 5%)  LSD  

  unthinned   thinned                 

 E  P S  E  P S  crop exposure int  

LSD 

crop 

LSD 

exp 

LSD 

int. 

pH first harvest 3.3 3.3 3.3  3.3 3.3 3.3  0.17 0.80 0.80  0.06 0.07 0.11 

pH final harvest 3.5 3.5 3.4  3.6 3.5 3.5  0.03 0.56 0.34  0.05 0.07 0.09 

total acidity first harvest   10.7 10.5 10.8  10.8 11.0 10.8  0.74 1.00 0.94  1.17 1.43 2.02 

total acidity final harvest  10.2 9.6 10.7  9.8 10.4 11.7  0.47 0.27 0.65  1.39 1.70 2.40 

malic acid first harvest 9.0 8.3 8.6  8.1 7.9 8.5  0.39 0.78 0.86  1.20 1.47 2.08 

malic acid final harvest 7.9 7.3 8.1   7.7 7.8 9.1   0.54 0.48 0.79   1.54 1.88 2.67 

                



 

   39 

Methoxypyrazines 

Effect of soil texture and bunch shading on IBMP and IPMP levels at the final 

harvest date. 

Soil texture had a significant effect on IBMP levels at the final harvest date (P < 0.001) with 

higher IBMP levels found on deep silt and silt textured soils compared to stony and very 

stony textured soils (Table 7).  The shading treatment did not have any effect on IBMP levels 

and there was no trend in either direction. 

 

IPMP showed a similar response to IBMP for soil texture, however the differences were not 

significant (P = 0.066) and the values extremely low (Table 7).  The concentration of IPMP 

on very stony and stony sites was too low to measure.  There was no effect from shading on 

IPMP levels at the final harvest. 

 

Effect of crop thinning and bunch shading on IBMP and IPMP levels at the first 

harvest date – deep silt soils. 

Crop thinning had no effect on IBMP at the first harvest date or final harvest on deep silt 

textured soils (Table 8).  There was no significant difference between exposure treatments at 

each harvest although there were consistently greater levels of IBMP found on the  partially 

shaded bunches and shaded bunches compared to exposed bunches (Table 8).  IBMP levels 

were higher at the first harvest than the final harvest.     

 

IPMP levels as discussed above were again very low for both first and final harvest dates on 

the deep silt soils.  There was no significant difference in IPMP levels from crop treatments or 

exposure treatments (Table 8).   
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Table 7. The effect of four soil textures and exposure treatments on IBMP and IPMP levels (ng/L).  Bunches had three levels of exposure – 

unshaded, partial shading (with leaves) and shaded (with paper bags).  IBMP and IPMP levels were measured on juice samples taken at the final 

harvest – 19
th
 April 2005. 

                                              

 Exposure Treatment Significance P. (≤ 5%)  LSD  

  exposed   partial   shaded                 

 
very  

stony 
stony 

light  

silt 

deep  

silt 
  

very  

stony 
stony 

light  

silt 

deep  

silt 
  

very  

stony 
stony 

light  

silt 

deep  

silt 
  exp. soil int.   

LSD  

exp 

LSD  

soil 

LSD  

int. 

IBMP  0.22 0.05 5.51 2.85  0.18 1.40 5.39 4.36  0.37 0.90 5.94 3.99  0.730 <.001 0.995  2.241 1.940 3.881 

IPMP 0.00 0.00 0.40 0.15   0.00 0.00 0.29 0.22   0.00 0.00 0.06 0.28   0.867 0.066 0.814   0.241 0.209 0.418 

 

       

Table 8. The effect of crop treatment and bunch shading on IBMP and IPMP levels on deep silt textured soils (ng/L).  Vines were 

classified as - full crop (no fruit thinning) or thinned (top cordon fruit removed).  Three levels of shading – exposed fruit, partial shading 

(with leaves) and shaded (with paper bags).  Juice samples were taken at the first harvest date - 3
rd

 April 2005 and the last harvest date 

- 19
th
 April 2005.      

                                

 Crop Treatment  Significance P. (≤ 5%)  LSD  

  unthinned   thinned                 

 E  P S  E  P S  crop exposure int  

LSD 

crop 

LSD 

exp 

LSD 

int. 

IBMP first harvest 3.20 6.90 3.43  2.56 5.61 9.97  0.32 0.1 0.09  3.162 3.872 5.476 

IBMP final harvest 2.85 4.36 4.00  1.94 3.01 6.08  0.97 0.32 0.56  2.920 3.577 5.058 

IPMP first harvest 0.12 0.57 0.16  0.39 0.20 0.66  0.55 0.82 0.26  0.454 0.556 0.786 

IPMP final harvest  0.15 0.23 0.28   0.20 0.15 0.52   0.64 0.4 0.7   0.307 0.376 0.533 
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Chapter 4 - Discussion 
 

The objectives of this thesis were to investigate the impact of soil texture on the direct and 

indirect effects of fruit composition.  Soils may directly influence fruit composition through 

changes in vine hydration, water stress and /or nutrition.  Alternatively, the effect may be 

indirect for example; a higher canopy density may result in increased fruit shading and a 

lower temperature. 

 

The hypothesis was that deep soil results in bigger vines with increased canopy density 

shading and an overall decrease in crop yield.  In turn this would have a result on fruit 

composition with shading resulting in decreased soluble solids and pH and an increase in 

malic acid, TA and methoxypyrazines.  There may have also been an interaction between soil 

type and crop load so differing crop levels were tested as part of the trial.  

 

Influences of soil texture on vine growth 

Wairau Valley soils are derived from greywacke alluvial deposits with distinct frequent 

changes in soil texture running north to south across the valley (Rae and Tozer, 1990).  Trunk 

circumference (Trought, 1996) combined with aerial photographs and EM 38 surveys(Morlat 

and Jacquet, 1993;) can be used as an indication of vine vigour and canopy density.  

However, there was no apparent relationship between the electromagnetic (EM) value, trunk 

circumference and the aerial image (Appendix 1).  Some Marlborough soils have very little 

change in EM values compared to Australian soils even though the soil texture can be highly 

variable (Dr M. Trought, pers. com. 24 September 2009).  This suggests that further research 

could be done correlating EM values in Marlborough.  The work done in this trial suggests 

the EM survey should be used as a guide only and that there is no substitute for digging 

comprehensive soil pits as a way to determine soil textural changes. 

 

Excavation of the soil pits revealed soil textural changes that were representative of vine 

growth and apparent vigour from the aerial photograph.  Vines with larger trunk 

circumferences were growing on heavier textured soils with depth to gravels.  This is an 

indication that nutrition and moisture may not have been as limiting for vines growing on a 



 

   42 

heavier textured soil as opposed to a stony one.  Irrigation was used in the vineyard with the 

same application rate applied over the whole vineyard irrespective of soil texture.  Excavation 

of soil pits revealed a large number of fine roots and a higher root density on lighter textured 

soils (Figure 4).  This further substantiates that vines growing on deeper soils were not limited 

for moisture and nutrition and thus did not need a large root system to exploit the vine soil 

footprint (Trought et al., 2006).   

 

Vines growing on the deep silt and light silt had a high leaf layer number, pruning weight and 

% interior clusters compared to these ‘ideal’ values.  The ratio of yield to pruning weight was 

lowest on the deep silt (1.12 kg fruit / kg pruning weight) and highest on stony plots (3.01 kg 

fruit / kg pruning weight, Table 2.).  These results suggest that vines growing on the silt 

textured soils are over vigorous and the canopies too shady with poor crop levels (Smart and 

Robinson, 1991).  Smart and Robinson (1991) define an ‘ideal’ canopy  as having a % 

budburst of approximately 100 % , a leaf layer number of 1 – 1.5, 20 – 40 % canopy gaps, 

less than 40 % internal clusters, a pruning weight of 0.3 – 0.6 kg/m of vine canopy and a   

yield to pruning weight ratio ranging from 5 – 10.  Yield to pruning weight ratio was below 

the index described above on the stony texture plots suggesting these vines were also too 

vigorous.  Given the performance of the vines, this is unlikely however, as the vines appear 

balanced in every other canopy measurement; it is likely that the published ratio of yield: 

pruning weight is not applicable for this climate and variety.   

 

Vasconcelos (2008) studied Pinot Noir in Oregon and found that the optimal yield to pruning 

weight was 3.5.  Oregon, compared to New Zealand, is also a cool climate grape growing area 

and this lends support to the argument that Smart and Robinson’s (1991) balanced vine 

measurements may not be appropriate in the Marlborough climate.  Ford (2007) found similar 

results for Sauvignon Blanc in Marlborough with yield to pruning weight ratio ranging from 

1.8 to 3.5 depending on the pruning treatment.  This suggests that a more suitable target yield 

to pruning ratio for commercial Marlborough Sauvignon Blanc should be 1.5 to 3.0. 

 

The shoot size of vines was markedly different between soil textures.  Almost double the 

number of small shoots (< 7 mm diameter) were found on vines in stony and very stony 

textured soils compared to the deep and light silt textured soils (Figure 10).   This indicates 
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again that soil texture through moisture and/or nutrition is possibly limiting growth on stony 

plots.  More large shoots were observed on the heavy silt and silt textured soils reflecting the 

increased vigour on these sites (Dr M. Trought, pers. com. 18 August 2008).  The large shoots 

in the canopy tended to have vigorous lateral growth, which contributed to shading and 

congestion in the canopy.  This was also demonstrated in Figure 9 with vines on deep silt 

soils having higher pruning weights than those on very stony soils.  The differences in shoot 

growth between soil textures supports the findings of Trought, Creasy, and Wells 

(unpublished data) where the root environment was manipulated with different potting media 

- gravel in the potting media increasing the amount of root growth, but this was at the expense 

of shoot growth and leaves. 

 

Vine Yield 

The heaviest yields were found on the very stony and stony textured soils (Table 2).  This 

yield was largely a result of higher berry numbers per bunch on stony textured soils combined 

with higher bunch numbers.  There was an indication that heavy silt textured soils tended to 

have the highest berry weight (P = 0.08) compared to the stony plots, but this did not 

compensate for the reduced bunch number and berry number.  Smart and Robinson (1991, pg 

31) state that “high vigour vineyards on restrictive trellis systems can, very quickly, get into a 

vegetative growth cycle which favours shoot growth over fruit production.”  It is possible that 

the vines on the heavy silt textured areas are now in a vegetative growth situation, which is 

shading the buds and thus accounting for the lower number of bunches per vine on heavy 

textured soils.   However, it is likely that there is a more complex effect than just vine vigour 

as vines on stony textured soils had more berries per bunch indicating a better fruit set or 

higher numbers of flowers per cluster.  Either of these could be affected by better shoot 

exposure. 

 

A study of the influence of vine size and soil texture on flowering was done by Trought et al. 

(2006) at another vineyard with similar soils in Marlborough approximately 7 km east of this 

trial site.  This reported smaller vines on stonier textured soils flowered three days earlier than 

large vines on deep silt textured soils.  The Trought et al. (2006) trial was done in the same 

season as this study and the data show that approximately 80 % of the small vines had 

flowered by the 14
th

 of December with only 57% of the large vines flowering at this time.  On 
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the 15
th

 of December there was 14.8 mm of rain and a maximum temperature of 21.9 degrees 

Celsius.  On the 16
th

 of December there was a further 17 mm of rain and a maximum 

temperature of 15.4 degrees Celsius (Hort Research Climate Data – Blenheim weather 

station).  The second day of rain with subsequent cool temperature would almost certainly 

have had an impact on fruit set as cool conditions at flowering affects pollen germination and 

pollen tube growth (Staudt, 1982).  Since the majority of the smaller vines had flowered prior 

to the rain the larger vines fruit set would have been impacted more by the rain and cool 

weather.  It is reasonable to extrapolate these conditions and flowering times to the subject 

vineyard as these two vineyards had similar veraison times (Robyn Dixon, pers. com. 15 

March 2005.  This weather affect could then account for the higher berry numbers per bunch 

on the stony textured vines in the earlier part of this discussion.  As discussed previously high 

vigour vines may be in a vegetative cycle favouring shoot growth over fruit yield, but it is 

likely there is a more complex effect involving both the soil texture influencing vine growth 

and the time of flowering having an effect on yield.  This impact on yield is thus indirectly 

affected by the soil texture and vigour.  Future research methodology should consider 

measuring the percent fruit set and flower cluster size.  This would allow for a more direct 

comparison between soil types and vine vigour. 

 

Impacts of crop thinning on yield components 

Crop thinning had no impact on vine yield components (berry weight, bunch weight, berry 

number).  An Australian study with Merlot involved removing bunches at veraison and these 

researchers (Kennedy et al., 2007) found there was no increase in berry weights or bunch 

weight when fruit thinning was done randomly at veraison.  This lack of response may have 

been a result of the time of the thinning (veraison) and the selective method of thinning.  In 

other trials where fruit thinning was done at flowering berry size and berry number increased 

although many of these thinning trials involved removing only the apical bunch (Bravdo et 

al., 1984; Bravdo et al., 1985; Ough and Nagaoka, 1984).  Petrie and Clingeleffer (2006) 

found that crop thinning of Cabernet Sauvignon when berries were pea sized increased berry 

weights.   These reports and the results of this study suggest that the berry weight component 

of yield in Sauvignon Blanc is not altered by fruit thinning at veraison.  
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Soil textural effects and berry development 

At the time of the first berry weight measurements the lightest berries were found on the deep 

silt and light silt textured soils, with this trend reversed by harvest (Figure 11).  The higher 

berry weight recorded on the silt textured soils at harvest is possibly a reflection of soil 

moisture status at both flowering and harvest. It is probable that the difference between berry 

weights at veraison was attributed mainly to the stage of berry ripening.  As discussed 

previously, the berries on light textured soils reached veraison earlier than the heavier 

textured soil.  The berries on the light textured soils at veraison were further advanced in 

ripening and therefore heavier than those in the heavier textured soils.  At harvest the trend 

was reversed with berries on stony textured soils having the lightest berry weight.   

 

Initial measurements showed a similar rate of ripening for all soil textures (Table 3).  This 

continued until the arrival of cool temperatures (week ending 12
th

 April) (Table 3).  The first 

vines to effectively stop accumulating soluble solids (on a mg/berry basis) were on the very 

stony soils.  The second week of sampling showed that all vines except those on deep silt 

soils had stopped accumulating sugar.  Sugar concentration on a mg/ berry basis decreased for 

some sample periods which was most likely a sampling error.  The vines on deep silt soils had 

a very low ripening rate however these berries were still gaining a small amount of soluble 

solids.  Bravdo et al. (1984) showed that there was a reduced rate of soluble solids 

accumulation in higher cropping vines and this study showed the vines on very stony and 

stony soils that also had high crops were the first to express a reduction in the rate of sugar 

accumulation.  This was also found by Ford (2007) with four cane high cropping Sauvignon 

Blanc vines having a slower rate of sugar accumulation than the two cane (low crop) vines. 

 

At harvest the vines on stony textured soils with small trunks had the highest soluble solids 

again pointing towards a time of flowering effect (Figure 12).  However, vines on the stony 

sites had a different ripening environment than those on the silt sites as there was less shading 

on stony sites and thus greater fruit exposure.  The possible effects of this are discussed later.  

Vines that flowered first had more time to accumulate soluble solids by harvest than the later 

flowering vines.  As discussed previously in the Trought et al. (2006) report, earlier flowering 

vines on the same site had higher soluble solids and lower titratible acidity than later 

flowering vines even though the vines on the stony soils had slightly higher yields.  This has 
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relevance for the management of crop level and harvest date in Sauvignon Blanc vines in the 

vineyard.  Soil texture and time of flowering may be more important than cropping level in 

influencing the date of harvest providing that vines are not over cropped, which in turn may 

limit the vines' capacity to ripen the fruit (Trought et al., 2006). 

 

Bunch shading and soluble solids accumulation 

Shading treatments had a negative effect on soluble solids at harvest (Table 5).  Most other 

reports concur that artificial or natural shade reduces sugar levels (Jackson and Lombard 

1993).  This reduction in sugar level is thought to be a result of a decrease in cluster 

temperature therefore delaying maturity.  However the majority of these studies have 

investigated the effect of shading by leaf plucking just after fruit set (Jackson and Lombard, 

1993).  The results from this study indicate that bunch shading post veraison may have a 

negative effect on fruit quality.  

 

Crop thinning and soluble solid accumulation  

Crop thinning had an effect on the soluble solids (30 berry samples) after the first week of 

thinning taking place (Figure 13).  By harvest thinned treatments had significantly higher 

soluble solids than unthinned treatments (P< 0.05).  Trought (2004) reported that thinning 

Pinot noir approximately three weeks prior to veraison advanced the date of veraison, but did 

not have a great effect on the rate of sugar accumulation.  This result is similar to the subject 

study, but the thinning in the Trought (2004) trial was done earlier.  The present trial suggests 

that the date of veraison is not actually changed by the thinning, but instead there is a small 

increase in the rate of ripening initially following the thinning.  Sugar accumulation then 

returns to the original rate after a short period of time.  This could be because of a source sink 

relationship.  The vine has been supplying a set amount of carbohydrate to the berries when 

suddenly some of these berries are removed, but the same amount of carbohydrate is being 

produced.  There is then a small increase in ripening rate until the vine adjusts to the lowered 

carbohydrate demand.   

 

Petrie et al. (1997) did a pot trial using Pinot noir vines in New Zealand.  They suggested that 

high cropping vines had a high photosynthetic rate compared to low cropping vines and that 
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the capacity of the vine to photosynthesise was not limiting ripening.  It was thought that 

photosynthesis was sink limited rather than source limited.  This could then support the 

theory posed in the present study that the crop removal resulted in a small increase in soluble 

solid accumulation until the source sink relationship was restored. Then the rate of ripening 

returned to the previous level as the sink demand by the fruit reduced. 

 

pH 

There was no correlation between soil texture and juice pH.  Although there were significant 

differences in pH values between some of the soil textures there was no particular trend.  This 

may have been a result of the sample preparation.  Fruit was frozen and stored at – 7 °C 

before being thawed and analysed.  It is possible that the tartaric acid was not fully 

incorporated back into all of the samples which could account for the lack of significant 

differences.   

 

Cynkar et al. (2004) found that freezing grape samples resulted in higher pH values.  This 

effect was greater in samples where the pH was less than 4.01 and they thought this was 

because of the higher tartrate to malate ratio in the low pH fruit.  Cynkar et al. (2004) thought 

that the pH values were higher because of the tartrates dropping out and not being fully 

incorporated back into the samples.   

 

It would be useful to do further research on Sauvignon Blanc in Marlborough using fresh and 

frozen samples to determine if there is a significant impact on a pH as a result of freezing. 

 

Some other studies have found similar results, with pH being unaffected by soil type.  van 

Leeuwen et al. (2004), for example, found pH was mainly influenced by vintage rather than 

soil type or cultivar.  Trought et al. (2006) found that vines with smaller trunk circumferences 

had higher juice pH than vines with large trunk circumference.  This was probably a result of 

the greater ripeness of the fruit on vines with small trunks (all treatments in this particular 

trial had the same harvest date).   
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The crop thinning treatment in the present study had no effect on the juice pH.  This result 

was similar to reports by Bravdo et al. (1984) and Bravdo et al. (1985a, b).  These studies 

were all conducted in Israel and involved harvesting the grapes at the same soluble solids 

level (different harvest dates for each treatment), so this may have accounted for the similarity 

in pH levels between treatments in their studies.  The varieties were Cabernet Sauvignon and 

Carignane which (in Israel) are traditionally cropped at high levels (26 – 32 tonnes per ha) 

and have high pH levels compared to cool climate white grapes.   

 

Juice pH was unaffected by bunch shading, which was not expected.  A number of studies 

have shown that fruit pH increases in the presence of shading (Bledsoe et al., 1988; Hunter et 

al., 2004; Ristic et al., 2007).  It is thought that this is because of the increased potassium 

levels in the berries from the extra leaves associated with the shading.  The results from this 

trial strengthen this thought since the berries were artificially shaded and thus had no extra 

potassium inputs from more leaves. 

 

Total acidity and malic acid 

Heavier textured (deep silts and light silts) soils had higher levels of total acidity and malic 

acid than the stony textured (very stony and stony) soils (Figure 14).  This effect was also 

described by Trought et al. (2006).  Again the hypothesis was that the acid difference was 

because of the difference in the date of flowering and thus ripeness at harvest.  In the Trought 

et al. (2006) study vines from the heavier textured soils were later flowering and ripening and 

thus had higher total acidity and malic acid.  

 

Bunch shading and thinning in the present study had no effect on the total acidity and malic 

acid.  This result is supported by Ough & Nagaoka (1984) and Poni et al.  (1994).  Bledsoe et 

al. (1988) found there was a highly significant correlation between potassium and malate 

concentrations in fruit:  berries that had high levels of malic acid and titratable acidity also 

had very high levels of high potassium content.  When leaves were removed well before 

harvest there was a corresponding decrease in the malic and potassium levels in the berries.   

 

As discussed previously the shading was an artificial treatment in the subject trial and there 
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would have been no effect from leaf removal.  This may give some explanation as to why 

there was a soil texture effect on the total acidity and malic acid levels since the heavier 

textured soils had shadier canopies with more leaves contributing to a higher malic and total 

acidity level (Table 1).  This could be further tested by removing leaves artificially on the 

heavier textured soils, but still retaining artificial shading.  Severity of leaf removal could be 

graduated from minimal leaf removal to severe leaf removal to give an indication of leaf 

contribution to acid content. 

 

Methoxypyrazines 

In general IBMP and IPMP levels in this experiment's fruit were very low.  Lacey et al. 

(1991) reported that New Zealand Sauvignon Blanc wines had consistently higher levels of 

MP than Australian wines.  They found the  mean MP level for New Zealand wines (trial 

wines from the mid 1980’s)  was 25.9 ng/L IBMP and 4.4 ng/L IPMP with the mean level for 

Australian wines being 6.8 ng/L IBMP and 1.3 ng/L IPMP, respectively.  Lacey et al. (1991) 

also found that determining low concentrations of MP concentrations was more reliable for 

juice samples than it was for wine samples.  This was because of the lower number of 

components in juice than in wine.  This suggests that even though the concentrations were 

low in the juice samples in this trial the results are still relevant.  

 

Interestingly the trial conducted by Ford (2007) in Marlborough on Sauvignon Blanc also 

found low levels of IBMP.  Samples may have been lower than expected due to the method of 

sample preparation.  Roujou de Boubee et al. (2002) found that settling of the juice had a 

significant effect on methoxypyrazine levels, reducing quantities by about half following 

settling.  They thought that some of the IBMP seemed to be associated with the lees and was 

therefore lost when the must was clarified.  During the sample preparation in the subject study 

the samples were centrifuged and the final sample was very clear (though turbidity was not 

measured).  This may have reduced IBMP levels in the samples, compared to juice settling in 

a winery situation where the juice would not be clarified to the same extent.  Ford (2007) 

thought that the low levels were a result of basal leaf removal.  This will be discussed later in 

this section.   
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Effects of soil type on IBMP 

IBMP levels showed a similar trend to the TA and malic acid with higher levels of IBMP on 

the heavier textured soils.  A number of other studies have found that IBMP levels decrease 

with increasing ripeness (Marais et al. 1995; Marais et al. 1999; Lacey et al. 1991; Belancic 

and Agosin, 2007).  To a certain extent this may explain the higher levels of IBMP on the 

heavier textured soils as the fruit from these vines was not as ripe as the fruit from the light 

textured soils.  However there was such a large difference in the IBMP between soil types that 

it is reasonable to assume that the soil texture is having an indirect or direct effect on the 

IBMP levels.   

 

A report by Roujou de Boubee et al. (2002) compared IBMP levels from two sites in France, 

with fruit from the very stony soil (and close planting) having less than half the IBMP 

concentration than the fruit from the sandy silt soil (wider planting).  No canopy density data 

were presented in this study, but Roujou de Boubee et al. (2002) note that in 1997 the average 

temperature was higher than in 1996 and there was higher rainfall.  IBMP levels were higher 

in 1997 in the French study compared to 1996, which was a cooler dryer year.  If IBMP levels 

were directly related to heat degradation then one would expect the levels to be lower in a 

warmer year.  This was not the case, but it may explain why the gravelly soils had 

consistently lower levels of IBMP than the sandy silt soils.  It may be a reflection of the soil 

moisture holding capacity of the soil (rather than the vine spacing or heat), which is resulting 

in a bigger healthier canopy on the sandy silt soils and thus increasing or at least maintaining 

IBMP levels.    

 

Wilkinson et al. (2007) did a trial on two sites in the Margaret River, Australia on Cabernet 

Sauvignon and found that vines that were high vigour (large dense canopies) with large trunk 

circumferences had fruit with between two and four fold higher concentrations of IBMP than 

fruit from low vigour vines (at the same total soluble solids level).  The authors thought this 

may have been because the low vigour vines had less shading in the canopy compared to the 

high vigour vines.  There was no soil type information presented in this study, but it would be 

interesting to see if there was any soil type difference between low and high vigour vines. 
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Effects of shading on IBMP  

Artificial shading had no effect on IBMP levels in this trial.  Other studies have found that 

IBMP decreases with increased exposure of fruit to sunlight (Allen, 1993; Marais et al., 1995; 

Marais et al., 1999).  Heymann et al. (1986) showed that IBMP degrades in the laboratory in 

the presence of light.  Sala et al. (2004) set up a trial that artificially shaded the clusters.  

There was no significant difference in IBMP levels between shaded bunches and non shaded 

bunches.  This suggests that the IBMP concentration may be influenced by the amount of 

light intercepted by the leaves near the cluster rather than the cluster itself. Roujou de Boubee 

(2003) showed that IBMP levels can be found at highest levels in the leaves (compared to 

clusters) two to three weeks prior to veraison.  Further to this Roujou de Boubee (2003) also 

demonstrated that IBMP can be transported by the leaves to the clusters through the phloem.  

The berries then appear to degrade the IBMP during the ripening process whilst the leaves 

continue to synthesise the compound.  Ford (2007) found similar results to the present trial 

with no statistical difference in wine IBMP between shading treatments.  The Ford (2007) 

study involved removing leaves four weeks prior to veraison to create exposure and it was 

thought that the lack of transport of IBMP from the basal leaves to the berry resulted in low 

IBMP levels.  Ford’s (2007) research contradicts the findings by Roujou de Boubee (2003) 

that basal leaves are responsible for IBMP levels and may indicate that basal leaves are not 

the only source of IBMP.  As the present study did not remove leaves the lack of a treatment 

effect on IBMP supports the theory that leaves play an important role in IBMP levels in fruit.  

It is unclear whether light exposure of the leaves is a key driver of IBMP and further research 

needs to be done in this area. 

 

Crop levels and IBMP 

Crop thinning had no effect on IBMP levels (Table 8).  Wilkinson et al. (2007) showed that 

crop thinning had no impact on IBMP levels in low vigour vines, but in high vigour vines that 

were bunch thinned there was a 1.3 fold increase in IBMP.  Ford (2007) also found higher 

levels of IBMP in lower cropping vines.  Ford’s (2007) trial involved two different pruning 

levels (two and four canes) to manipulate crop.  Two cane vines Ford, 2007) had a higher leaf 

area to fruit ratio than four cane vines which, as discussed above, implies that leaves play an 

important part in IBMP levels in fruit.  The source of IBMP may be limited by the leaf 

number which suggests that heavy cropping vines may have been source limited in their 

IBMP production and thus crop thinned vines had a higher amount of IBMP available per unit 
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of fruit.  In the subject study crop levels were not particularly high and this may have been 

why there was no difference in the levels of IBMP between treatments: the leaf level was 

adequate and not limiting in IBMP production.  The influence of canopy and yield and thus 

appearance and degradation of methoxypyrazines in the fruit is not clear and requires more 

research. 

 

IPMP 

IPMP reflected IBMP in that there was some IPMP found on the deep silt textured plots with 

no IPMP measured on the stony textured plots.  IPMP levels were not tested during ripening 

and there may have been higher levels of IPMP earlier in the fruit development period.  Sala 

et al. (2004) found that IPMP was often below detectable limits during ripening and at 

harvest.  Further studies on IPMP in Marlborough should include measuring IPMP from 

veraison onwards to determine if there is any trend in IPMP degradation between different 

textured soils and cropping levels and if there are situations where IPMP could be important 

to wine characteristics.   
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Chapter 5 - Conclusions 
 

Results from this research indicate a large range in vegetative and reproductive growth at 

varying soil textures on a single vineyard. 

 

Two main soil textures were identified within the vineyard: silt and stony textured soils.  

Subcategories of these soil textures were described as follows: deep silt, light silt, stony, and 

very stony textured soils.  Deep silt and light silt textured soils comprised of a deep top soil 

with few or no stones.  Stony and very stony textured soils had little or no top soil with large 

amounts of gravel and stones through the entire profile. 

 

Vines found on stony textured soils had a higher root density with small trunk 

circumferences.  Vines growing on silt textured soils had low root density and large trunk 

circumferences.  Vegetative growth was higher on vines from silt textured soils, which 

contributed to dense shaded canopies.   Vines on deep silt textured soils had higher leaf layer 

numbers and larger shoots with fewer canopy gaps compared to vines growing on stony 

textured soils.  

 

The yield and yield to pruning weight ratios were highest on the vines from stony textured 

soils.  Increases in yield were a result of both higher bunch numbers per vine and higher berry 

numbers per bunch.  A possible ‘time of flowering’ effect may have resulted in higher berry 

numbers per bunch on the stony textured soils.  Vines growing on the deep silt textured soils 

had greater vegetative growth, which may have contributed to lower bud fruitfulness.  The 

yield to pruning weight ratio of 5 to 10, recommended by Smart and Robinson (1991) was not 

considered valid for this cultivar in this region.  The results from this study suggest that a 

more appropriate yield to pruning weight ratio would be 1.5 – 3. 

 

Soil texture had no impact on the rate of ripening although vines on the very stony textured 

soils were the first to stop accumulating sugars.  Soil moisture content is most likely 

influencing the sugar accumulation at this time with lower moisture levels on stony textured 

soils.  Fruit from the very stony textured soils was the first to reach the target soluble solids.  
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This was again thought to be a result of the changes in time of flowering, based on other 

research (Trought et al., 2006).  Shading treatments had a negative effect on the soluble solids 

at harvest which supported previous research.  Crop thinning resulted in higher soluble solids 

at harvest and an initial increase in the rate of ripening.  This concurs with previous research 

that carbohydrate demand is sink limited during ripening. 

 

There was no correlation between pH and soil textures.  Earlier studies have shown similar 

results with greater differences in pH found between vintages rather than soil type (van 

Leeuwen, et al. 2004)  Similarly juice pH was unaffected by crop thinning or bunch shading.  

The shading result was not expected since a number of studies have shown higher pH levels 

in shaded fruit (Jackson and Lombard, 1993).  The subject study used artificial shading (bags) 

and earlier work suggested that increased potassium from the extra leaves was elevating the 

pH in shaded fruit.  Published works suggest that there is not any increase in potassium levels 

due to the use of artificial shading, rather, it is through effects on canopy density/leaf area 

(Jackson and Lombard, 1993). 

 

Total acidity and malic acid levels were higher on silt textured soils compared to stony 

textured soils.  As discussed previously the time of flowering, veraison, and subsequently 

harvest, most likely account for higher total acidity and malic acid on silt textured soils as this 

fruit was not quite as ripe as on the stony textured soils.  Bunch shading and crop thinning 

had no impact on total acidity or malic acid, which was most likely due to the trial 

commencing at veraison.  Nuzzo and Matthews (2006) showed that any impact on acid levels 

was minimal when treatments were imposed at veraison or later.   

 

Methoxypyrazine levels in fruit were very low compared to previously reported results.  

Another study conducted on Marlborough Sauvignon blanc during the same vintage also 

recorded low methoxypyrazine levels (Ford, 2007).  This report suggested that the low levels 

were a result of removing all of the basal leaves in the trial.  The subject study did not involve 

removing any basal leaves and it is possible that sample preparation influenced the results as 

both trials used the same method of preparation.   

 

IBMP levels were much higher from vines on silt textured soils compared to stony textured 
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soils.  Vines on deep silt textured soils had larger canopies than those on stony textured soils 

and it is likely that the number of leaves near the cluster have an important role to play in 

determining IBMP levels. Artificial shading had no effect on IBMP which supports other 

research where bunches were shaded artificially (Sala et al. 2004).  Crop thinning had no 

impact on IBMP.  The full crop treatment may not have had a high enough yield to limit 

IBMP concentration.   

 

IPMP levels were below the quantifiable limits on stony soils and appeared to be at levels 

below sensory thresholds. 
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Chapter 6 - Further Research 
 

This study indicates the vast gap in knowledge surrounding many facets of Sauvignon blanc 

production in Marlborough.  Further research in the province is needed to determine the 

impact of site, cropping levels and shading on methoxypyrazine concentration and fruit 

development.  Though thiols are major contributors to the Marlborough Sauvignon blanc 

wine style, due to time and budget constraints thiol analysis was not performed on any 

samples in this study. 

 

The following areas of research would add value to grape production in Marlborough:   

 

• The impact of soil textural changes within a site and their influence of vine flowering 

dates 

• The impact of time of fruit thinning on sugar accumulation and harvest date 

• The impact and timing of leaf removal on aroma constituents in Marlborough 

Sauvignon Blanc 

• Root density effects on vine growth and yield components 

• The identification of methoxypyrazine synthesis and thiol precursors  

• The movement of methoxypyrazines around the vine 

• The influence of sample preparation and juice clarification on methoxypyrazine levels 

in juice and wine 



 

   57 

Chapter 7 - References 
 

Allen, M. S. (1993). Viticultural effects on methoxypyrazine grape flavour: current research 

directions. Australian & New Zealand Grapegrower and Winemaker, 354, 10-12. 

Allen, M. S., Lacey, M. J., & Boyd, S. J. (1995). Methoxypyrazines of grapes and wines- 

differences of origin and behaviour. Proceedings of the Ninth Australian Wine Industry 

Technical Conference, Adelaide.  pp 83-86. 

Allen, M. S. (2007). Green and mean aromas.  Proceedings of the Thirteenth Australian Wine 

Industry Technical Conference, Adelaide, South Australia. pp 56-64. 

Barbeau, G., Rebreteau, A., Bouvet, M. H., Mege, A., Cosneau, M., Asselin, C., Cadot, Y. 

(2001) Influence of soil and climatic components on the overmaturation of Chenin (Vitis 

vinifera L., cv. Chenin).  Revue Francaise d’Oenologie, Paris. pp. 22-28. 

Belancic, A., & Agosin, E. (2007). Methoxypyrazines in grapes and wines of Vitis vinifera 

cv. Carmenere.  American Journal of Enology and Viticulture, 58(4), 462-469. 

Bledsoe, A. M., Kliewer, W. M., & Marois, J. J. (1988). Effects of timing and severity of leaf 

removal on yield and fruit composition of Sauvignon blanc grapevines. American 

Journal of Enology and Viticulture, 39(1), 49-54. 

Botha, W. (2000). Vine balance: Its importance to successful cultivation. In Wineboer: A 

technical guide for wine producers (E. Archer, ed, Robertson, SA: WineLand.) from 

http://www.wynboer.co.za/recentarticles/0304manage.php3 

Bravdo, B., Hepner, Y., Loinger, C., Cohen, S., and Tabacman, H. (1984) Effect of crop load 

on growth, yield and wine quality of a high yielding Carignane vineyard.  American 

Journal of Enology and Viticulture, 35(4), 247-252. 

Bravdo, B., Hepner, Y., Loinger, C., Cohen, S., & Tabacman, H. (1985a). Effect of crop level 

and crop load on growth, yield, must and wine composition, and quality of Cabernet 

Sauvignon. American Journal of Enology and Viticulture, 36(2), 125-131. 

Bravdo, B., Hepner, Y., Loinger, C., Cohen, S., & Tabacman, H. (1985b). Effect of irrigation 

and crop level on growth, yield and wine quality of Cabernet Sauvignon. American 

Journal of Enology and Viticulture, 36(2), 132-139. 



 

   58 

Carey, V. A., Bonnardot, V. M. F., Schmidt, A., & Theron, J. C. D. (2003). The interaction 

between vintage, vineyard site (mesoclimate) and wine and wine aroma of Vitis vinifera 

L. cvs. Sauvignon Blanc, Chardonnay, and Cabernet Sauvignon in the Stellenbosch – 

Klein Drakenstein wine growing area, South Africa (1996 – 2000). Bulletin de I'O.I.V., 

76(863-864), 139-151. 

Chapman, D. M., Matthews, M. A., & Guinard, J.-X. (2004). Sensory attributes of Cabernet 

Sauvignon wines made from vines with different crop yields. American Journal of 

Enology and Viticulture, 55(4), 325-334. 

Conradie, W. J., Carey, V. A., Bonnardot, V., Saayman, D., and van Schoor, L. H., (2002).   

Effect of different environmental factors on the performance of Sauvignon Blanc 

grapevines in the Stellenbosch/Durbanville districts of South Africa 1. Geology, soil, 

climate, phenology and grape composition: South African Journal of Enology and 

Viticulture, v. 23, pp. 78-91. 

Crippen, D. D., and Morrison, J. C. (1986a).  The effects of sun exposure on the 

compositional development of Cabernet Sauvignon berries. American Journal of 

Enology and Viticulture, 37(4), 235-242. 

Crippen, D. D.,  & Morrison, J. C. (1986b). The effects of sun exposure on the phenolic 

content of Cabernet Sauvignon berries during development. American Journal of 

Enology and Viticulture, 37(4), 243-247. 

Cynkar, W. U., Cozzolino, D., Dambergs, R. G., Janik, L., & Gishen, M. (2004). The effects 

of homogenisation method and freezing on the determination of quality parameters in red 

grape berries of Vitis vinifera. Australian Journal of Grape and Wine Research, 10, 236-

242. 

Dokoozlian, N. K., & Hirschfelt, D. J. (1995). The influence of cluster thinning at various 

stages of fruit development on Flame Seedless table grapes. American Journal of 

Enology and Viticulture, 46(4), 429-436. 

Dokoozlian, N.K., & Kleiwer, W.M. (1996) Influence of light on grape berry growth and 

composition varies during fruit development. Journal of American Society of 

Horticultural Science., 121(5), 869-874. 



 

   59 

Downey, M. O., Dokoozlian, N. K., & Krstic, M. P. (2006). Cultural practice and 

environmental impacts on the flavonoid composition of grapes and wine: A Review of 

Recent Research.  American Journal of Enology and Viticulture, 57(3), 257-268. 

Edson, C. E., Howell, G. S., & Flore, J. A. (1995). Influence of crop load on photosynthesis 

and dry matter partitioning of Seyval grapevines. III. Seasonal changes in dry matter 

partitioning, vine morphology, yield, and fruit composition. American Journal of 

Enology and Viticulture, 46(4), 478-485. 

Esteban, M. A., Villanueva, M. J., Lissarrague, J. R. (1999). Effect of irrigation on changes in 

berry composition of Tempranillo during maturation.  Sugars, organic acids, and mineral 

elements. American Journal of Enology and Viticulture, 50(4), 418-434. 

Ford, R. (2007). The effect of shading and crop load on flavour and aroma compounds in 

Sauvignon blanc grapes and wine.  Masters of Applied Science Thesis, Lincoln 

University, Lincoln, Canterbury. 

Hamilton, R. P. & Coombe, B. G.  (1992). Grapevine Nutrition. In: Coombe, B. & Dry, P. 

(eds.), Viticulture Volume 2: Practices. Winetitles, Adelaide, pp. 302-327. 

Hashizume, K., & Samuta, T. (1999). Grape maturity and light exposure affect berry 

methoxypyrazine concentration. American Journal of Enology and Viticulture, 50(2), 

194-198. 

Heymann, H., Noble, A. C., Boulton, R. B. (1986). Analysis of methoxypyrazines in wines. I. 

Development of a quantitative procedure. Journal of Agricultural Food Chemistry, 34, 

268-271. 

Hunter, J. J., Volschenk, C. G., Marais, J., & Fouche, G. W. (2004). Composition of 

Sauvignon blanc grapes as affected by preveraison canopy manipulation and ripeness 

level. South African Journal of Enology and Viticulture, 25(1), 13-18. 

Jackson, D. I., & Lombard, P. B. (1993) Environmental and management practices affecting 

grape composition and quality - a review. American Journal of Enology and Viticulture, 

44(4), 409-430. 

Jackson, R.S. (2000) Wine Science: Principles, Practice, Perception. San Diego: Academic 

Press. 



 

   60 

Jackson, D. I., & Schuster, D. (1994).  The production of grapes and wine in cool climates.  

Christchurch: Gypsum Press. 

 Kandl, T., and Kupina, S. (1999). An improved capillary electrophoresis procedure for the 

determination of organic acids in grape juice and wine. American Journal of Enology and 

Viticulture, 50(2), 155-161. 

Kennedy, U., Playsted, C., Hassall, T., & Learmouth, R.P. (2007). Bunch thinning of Merlot 

in a commercial Queensland vineyard - effects on grape and wine quality. Proceedings of 

the Thirteenth Australian Wine Industry Technical Conference, Adelaide, South 

Australia. pp 256. 

Kliewer, W. M., Marois, J. J., Bledsoe, A. M., Smith, S. P., Benz, M. J., & Silvestroni, O. 

(1988). Relative effectiveness of leaf removal, shoot positioning, and trellising for 

improving winegrape composition. Proceedings of the Second International Cool 

Climate Viticulture and Oenology Symposium, Auckland, New Zealand. pp 123-126. 

Kliewer, W. M. & Bledsoe, A. (1987). Influence of hedging and leaf removal on canopy 

microclimate, grape composition, and wine quality under California conditions. Acta 

Horticulturae, 206, 157-165. 

Kliewer, W. M. & Lider, L.A. (1970). Effect of day temperature and light intensity on growth 

and composition of Vitis vinifera L. fruits. Journal of American Society of Horticultural 

Science, 95(6), 766-769. 

Lacey, M. J., Allen, M. S., Harris, R. L. N., & Brown, W. V. (1991). Methoxypyrazines in 

Sauvignon blanc grapes and wines. American Journal of Enology and Viticulture, 42(2), 

103-108. 

Main, G. L. & Morris, J.R. (2004). Leaf-removal effects on Cynthiana yield, juice 

composition, and wine composition. American Journal of Enology and Viticulture, 55, 

147-152. 

Marais. (1994) Sauvignon blanc cultivar aroma - A review. South African Journal of Enology 

and Viticulture, 15, 41-45. 

Marais, J., Hunter, J. J., Haasbroek, P. D., & Augustyn, O. P. H. (1995). Effect of canopy 

microclimate on the composition of Sauvignon Blanc grapes. Proceedings of the Ninth 

Australian Wine Industry Technical Conference, Adelaide. pp 72-77. 



 

   61 

Marais, J., Hunter, J. J., & Haasbroek, P. D. (1999). Effect of canopy microclimate, season 

and region on Sauvignon blanc grape composition and wine quality. South African 

Journal of Enology and Viticulture, 20, 19-30. 

Morlat, R., & Jacquet, A. (1993). The soil effects on the grapevine root system in several 

vineyards of the Loire valley (France). Vitis, 32, 35-42. 

Morrison, J. C., & Noble, A. C. (1990). The effects of leaf and cluster shading on the 

composition of Cabernet Sauvignon grapes and on fruit and wine sensory properties. 

American Journal of Enology and Viticulture, 41, 193-200. 

Naor, A., Gal, Y., & Bravdo, B. (2002) Shoot and cluster thinning influence vegetative 

growth, fruit yield, and wine quality of 'Sauvignon blanc' grapevines. American Journal 

of Enology and Viticulture, 127(4), 628-634. 

Naylor, A., Creasy, G. L., & Vanhanen, L. (2003). Effects of row orientation and cluster 

exposure on light interception and Sauvignon blanc fruit composition. Australian & New 

Zealand Grapegrower and Winemaker, 474, 97-100. 

Nuzzo, V., & Matthews, M. A. (2006). Response of fruit growth and ripening to crop level in 

dry-farmed Cabernet Sauvignon on four rootstocks. American Journal of Enology and 

Viticulture, 57(3), 314-324. 

O’Leary, G., Peters, J. & Roget, D. (2006). A new standard for electromagnetic induction 

mapping of soils for the grains industry. Proceedings of the 13th Australian Agronomy 

Conference, Perth. Australian Society of Agronomy. pp 1-3 

Ough, C. S., & Nagaoka, R. (1984). Effect of cluster thinning and vineyard yields on grape 

and wine composition and wine quality of Cabernet Sauvignon. American Journal of 

Enology and Viticulture, 35(1), 30-34. 

Parr, W.V., Frost, A., White, K.G. and Marfell, J. (2004) Sensory evaluation of wine: 

deconstructing the concept of 'Marlborough Sauvignon Blanc'. The Australian and New 

Zealand Grapegrower and Winemaker, 63, 63-69. 

Parr, W. V., Green, J. A., White, K. G., & Sherlock, R. R., (2007). The distinctive flavour of 

New Zealand Sauvignon Blanc: sensory characterisation by wine professionals. Food 

quality and Preference, 18(6), 849-861. 



 

   62 

Petrie, P. R., Trought, M. C. T., Howell, G. S., & Buchan, G. D. (2003). The effect of leaf 

removal and canopy height on whole-vine gas exchange and fruit development of Vitis 

vinifera L. Sauvignon Blanc. Functional Plant Biology, 30, 711-717. 

Petrie, P. (1997).  The influence of source:sink relationships on grapevine vegetative and 

reproductive growth.  Bachelor of Horticultural Science (Hons) Dissertation, Lincoln 

University, Lincoln, Canterbury. 

Petrie, P. R., Clingelfeffer, P. R. (2006). Crop thinning (hand versus mechanical), grape 

maturity and anthocyanin concentration: Outcomes from Cabernet Sauvignon (Vitis 

vinifera L.) in a warm climate. Australian Journal of Grape and Wine Research, 12(1), 

21-29. 

Peyrot des Gachons, C. (2002). Aroma potential of Sauvignon blanc grapes (Vitis vinifera 

L.cv. Sauvignon blanc). Doctoral Dissertation Thesis, Victor Segalen University, 

Bordeaux. 

Peyrot des Gachons, C., van Leeuwen, C., Tominaga, T., Soyer, J.-P., Gaudillère, J.-P., & 

Dubourdieu, D. (2005). Influence of water and nitrogen deficit on fruit ripening and 

aroma potential of Vitis vinifera L cv Sauvignon blanc in field conditions. Journal of the 

Science of Food and Agriculture, 85(1), 73-85. 

Poni, S., Lakso, A. N., Turner, J. R., & Melious, R. E. (1994). Interactions of crop level and 

late season water stress on growth and physiology of field-grown Concord grapevines. 

American Journal of Enology and Viticulture, 45(2), 252-258. 

Rae, S. & Tozer, C. (1990). Land and soil resources. In Rae, S. & Tozer, C. (eds.), Water and 

Soil Resources of the Wairau. Nelson-Marlborough Regional Council, Marlborough, pp. 

9-93. 

Rankine, B., Fornachon, J., Boehm, E. & Cellier, K. (1971). Influence of grape variety, 

climate and soil on grape composition and on the composition and quality of table wines. 

Vitis, 10, 33-50. 

Reedy, R. C. & Scanlon, B. R. (2003). Soil water content monitoring using electromagnetic 

induction.  Journal of Geotechnical and Geoenvironmental Engineering, 129, 1028-1039. 



 

   63 

Reynolds, A. G., Price, S. F., Wardle, D. A., & Watson, B. T. (1994). Fruit environment and 

crop level effects on Pinot noir. 1. Vine performance and fruit composition in British 

Columbia. American Journal of Enology and Viticulture, 45, 4, 452-459. 

Reynolds, A. G., Wardle, D. A., & Naylor, A. (1996a). Impact of training system, vine 

spacing, vine performance, berry composition, canopy microclimate, and vineyard labour 

requirements. American Journal of Enology and Viticulture, 47(1), 63-76. 

Reynolds, A. G., Yerle, S., Watson, B., Price, S. F., & Wardle, D. A. (1996b). Fruit 

environment and crop level effects on Pinot noir. III. Composition and descriptive 

analysis of Oregon and British Columbia wines. American Journal of Enology and 

Viticulture, 47(3), 329-339. 

Reynolds, A. G. (2008). Flavour development in the vineyard: Impact of viticultural practices 

on grape monoterpenes, and their relationship to wine sensory response. Proceedings of 

the Romeo Bragato 14th annual conference, Christchurch, New Zealand. pp 21-43. 

Ristic, R., Downey, M. O., Iland, P. G., Bindon, K., Francis, I. L., Herderich, M., & 

Robinson, S.P. (2007). Exclusion of sunlight from Shiraz grapes alters wine colour, 

tannin and sensory properties. Australian Journal of Grape and Wine Research, 13, 53-

65. 

Roujou de Boubee, D., Cumsille, A.M., Pons, D., Dubourdieu, D. (2002). Location of 2-

methoxy-3-isobutylpyrazine in Cabernet Sauvignon grape bunches and its extractability 

during vinification. American Journal of Enology and Viticulture, 53(1), 1-5. 

Roujou de Boubee, D. (2003) Research on 3-methoxy-3-isobutylpyrazine in grapes and 

wines, Bordeaux: Academie Amorim. 

Rowe, R. N. (1993). The growth of grapevines: the role of roots. Australian and New Zealand 

Wine Industry Journal, 8, 326-328. 

Sala, C., Busto, O., Guasch, J., & Zamora, F. (2004). Influence of vine training and sunlight 

exposure on the 3-alkyl-2-methoxypyrazines content in musts and wines from the Vitis 

vinifera variety Cabernet Sauvignon. Journal of Agricultural and Food Chemistry, 

52(11), 3492-3497. 



 

   64 

Schneider, R., Charrier, F., Razungles, A., & Baumes, R. (2006). Evidence for an alternative 

biogenic pathway leading to 3-mercaptohexanol and 4-mercato-4-methylpentan-2-one in 

wines. Analytica Chimica Acta, 563, 58-64. 

Seguin, G. (1986). 'Terroirs' and pedology of wine growing. Experientia, 42, 861-873. 

Smart, R., & Robinson, M. (1991) Sunlight into wine: a handbook for winegrape canopy 

management. Adelaide: Winetitles. 

Smith, S., Codrington, I. C., Robertson, M., & Smart, R. E. (1988). Viticultural and 

oenological implications of leaf removal for New Zealand vineyards. Proceedings of the 

Second International Cool Climate Viticulture and Oenology Symposium, Auckland, 

New Zealand. pp 127-133. 

Staudt, G. (1982). Pollen germination and pollen tube growth in vivo and the dependence on 

temperature. Vitis, 21, 205-216. 

Subileau, M., Schneider, R., Salmon, J., & Degryse, E. (2008). New insights on 3-

mercaptohexanol (3MH) biogenesis in Sauvignon Blanc wine: Cys-3MH and (E)-Hexen-

2-al are not the major precursors. Journal of Agricultural and Food Chemistry, 1-6. 

Tominaga, T., Furrer, A., Henry, R., & Dubourdieu, D. (1998a) Identification of new volatile 

thiols in the aroma of of Vitis Vinifera L. var. Sauvignon blanc wines.   Flavour and 

Fragrance Journal, 13, 159 – 162. 

Tominaga, T., Murat, M., & Dubourdieu, D. (1998b) Development of a method for analysing 

the volatile thiols involved in the characteristic aroma of wines made from the Vitis 

Vinifera L. cv. Sauvignon blanc.  Journal of Agricultural and Food Chemistry, 46, 1044 

– 1046. 

Trought, M. C. T. (1996). The New Zealand terroir: Sources of variation in fruit composition 

in New Zealand vineyards.  Proceedings of the Fourth International Symposium on Cool 

Climate Viticulture and Enology, Rochester, NY. pp 23-27. 

Trought, M. C. T. (2004). Balancing supply and demand: The importance of leaf area and 

crop load on fruit ripening and sustainable cropping.  Proceedings of the Romeo Bragato 

Tenth Annual Conference, Queenstown, New Zealand. pp 59-64. 



 

   65 

Trought, M. C. T., Dixon, R., Mills, T., Greven, M., Agnew, R., Mauk, J., & Praat, J. (2006). 

The impact of differences in soil texture within a vineyard on vine development and wine 

quality. Paper presented at the Sixth International Terroir Congress, Bordeaux-

Montpellier, France. pp 133-138. 

Trought, M. C. T., Agnew, R., Bennett, J., Stronge, K., Parr, W., Greven, M.  (2008). 

Influence of site and vine yield on fruit composition and wine style of Marlborough 

Sauvignon blanc.  Paper presented at the Sauvignon Blanc Seminar Days, Blenheim, 

New Zealand. pp 1 – 7. 

van Leeuwen, C., Friant, P., Chone, X., Tregoat, O., Koundouras, S., & Dubourdieu, D. 

(2004). Influence of climate, soil, and cultivar on terroir. American Journal of Enology 

and Viticulture, 55(3), 207-217. 

Vasconcelos, M. C., & Castagnoli, S. (2000). Leaf canopy structure and vine performance. 

American Journal of Enology and Viticulture, 51(4), 390-396. 

Vasconcelos, M. C. (2008). Impact of cultural practices on yield and fruit composition: case 

study of Pinot Noir. Proceedings of the Romeo Bragato 14th annual conference, 

Christchurch, New Zealand. pp 101-105. 

Wheaton, A. (2002). Creating the best environment for root growth and water infiltration. 

Australian & New Zealand Grapegrower and Winemaker, 21-24. 

White, R. E. (2003). Soils for fine wines. New York: Oxford University Press. 

Wilkinson, K. L., Kennedy, U. J., Pierce, K. J., & Gibberd, M. R. (2007). Reducing green 

characters in Cabernet Sauvignon. Proceedings of the Thirteenth Australian Wine 

Industry Technical Conference, Adelaide, South Australia. pp 193-196. 

Winegrowers, New Zealand (2008). New Zealand Winegrowers Annual Report, Wine 

Institute of New Zealand, pp 26-27 

 



 

   66 

Appendix 1 - Electromagnetic (EM) survey of the trial 
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