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SUMMARY 
 

The increasing demand worldwide for Australian wine has driven the recent 

expansion in vineyard plantings which in turn, has increased the requirement for 

irrigation water in grape growing regions. Large areas of Australia’s national 

vineyard are already irrigated with relatively poor quality water and many districts 

have a limited supply of water available for irrigation.  Therefore, improving the 

efficiency of vineyard irrigation is essential for the long term sustainability of the 

Australian wine industry.  Reducing the volume of irrigation applied to vineyards can 

improve water use efficiency (WUE) and reduce vine vigour.  However, it can be 

difficult to accurately apply the required degree of water stress and this may result 

in a yield reduction.  An irrigation technique known as partial rootzone drying (PRD) 

involves applying a continuous water deficit to alternate sides of the root system 

while ensuring the other half is well watered.  This has been found to increase 

WUE, reduce vine vigour, improve fruit quality but not affect vine yield.   

 

Where the soil volume available for root growth is limited, so too is the resultant vine 

growth and yield, as access to water and nutrients is restricted.  Shallow soil profiles 

present a major limitation to root development and grapevine vigour.  In shallow 

soils, mounding topsoil from the vineyard mid row to form raised beds in the vine 

row has been found to improve vine growth and productivity.  Soil mounds tend to 

have a higher moisture holding capacity than flat soil but the greater surface area of 

the mound can increase surface evaporation.  Applying mulch to the mound surface 

has been shown to reduce evaporative soil moisture loss and conserve irrigation 

water.   

 

The general hypothesis tested in this experiment was that: ‘Combining soil 

mounding, straw mulch and partial rootzone drying (PRD) irrigation will improve 

grapevine growth and production and reduce levels of sodium and chloride in the 

vine.’ 

 

The experiment was established on Vitis vinifera cv. Shiraz in a mature vineyard at 

Padthaway, South Australia, where the soil profile consisted of a shallow loam over 
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clay and limestone.  Soils of the experimental site were classified as moderately 

saline because their electrical conductivity (ECse) was greater than 4 dS/m.  Three 

main factors, irrigation method (standard or PRD), soil mounding (flat or mounded) 

and surface cover (bare or straw mulch) were combined into a 2X2X2 factorial 

experiment such that the randomised block experiment comprised three replicates 

of eight treatments.  The irrigation treatments were control (the application of water 

to both sides of the vines) and PRD (the application of water to one side of the vines 

only at any time).  In the PRD treatment the frequency of alternating the ‘wet’ and 

‘dry’ sides was determined according to soil moisture measurements and was 

typically every 5-7 days.   

 

It was very difficult to accurately schedule the irrigation at this site to avoid applying 

a moisture deficit to the PRD treatment.  The shallow soil profile dried very quickly 

following irrigation and there were problems with the accuracy of the soil moisture 

sensing equipment for the duration of the experiment.  As a result, PRD vines 

experienced repeated, excessive soil moisture deficits such that vine growth and 

production were significantly reduced each season.  Shoot length was measured 

weekly during the growing season, while photosynthetically-active radiation (PAR), 

leaf area and canopy volume were measured at full canopy.  Shoot number and 

pruning weight were measured during dormancy.  All measures of vegetative 

growth (with the exception of PAR) were reduced in response to PRD.  The 

decrease in lateral shoot growth for PRD resulted in greater bunch exposure and 

PAR.  As a direct result of the severe soil moisture deficits experienced by the PRD 

treatment, all components of yield were significantly reduced compared to the 

control treatment each season.  In particular, bunch weight and berry weight were 

significantly lower in the PRD treatment compared to the control, which suggests a 

period(s) of severe soil moisture deficit was experienced.  Despite the yield loss 

sustained by the PRD treatment, WUE was improved compared to the control 

treatment in the first two years of this experiment.  Berry anthocyanin levels were 

higher for the PRD treatment than the control but this may be due to the reduction in 

berry size.   
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Weekly volumetric soil moisture monitoring showed that mounded soil was wetter 

than flat soil each year at similar horizons.  In addition, the larger soil volume of the 

mounded treatment enhanced vine root development.  Vegetative growth was 

greater in the mounded treatment than the flat treatment.  Mounded vines grew 

more shoots than non-mounded vines, although there was no effect of mounding 

treatment on shoot length. The difference in shoot number was  significant only in 

year 2, possibly due to the time required for vine roots to establish in the mounds.  

Pruning weight and mean shoot weight were higher for the mounded treatment 

each year and mounded vines grew more shoots than non-mounded vines in years 

1 and 2.  The increase in shoot weight of mounded vines, relative to non-mounded, 

was most likely due to the increase in lateral shoot growth which is supported by the 

lower PAR values of the mounded treatment compared to the flat treatment.  Each 

year soil mounding resulted in higher vine yields than in flat soil beds as a direct 

result of the increased vine capacity of mounded vines.  The mounded treatment 

had more shoots per vine than the non-mounded treatment and thus more bunches 

per vine.  In addition, bunch weights were higher in the mounded treatment each 

year, due mainly to improved fruit set and more berries per bunch.  Despite the 

mounded treatment resulting in a denser canopy than the non-mounded treatment 

this did not affect fruit composition in years 1 and 2.  WUE was higher for the 

mound treatment in years 2 and 3 only, due to the volume of irrigation water applied 

being reduced, yet mounded vines continued to produce higher yields than non-

mounded vines.  In year 3, berries from vines grown in mounded soil had 

significantly higher pH than berries from vines grown in flat soil beds.  Mounding 

treatment did not consistently affect berry anthocyanin or phenolic levels.   

 

Soil moisture levels were higher in the mulch treatment than the bare treatment in 

all seasons.  In contrast to the mounding treatment, wetter soil did not consistently 

lead to improved vine growth or yield.  Mulched vines developed fewer roots than 

non-mulched vines which is likely to have limited vine access to water and nutrients.  

As a result, shoot growth was similar for both treatments each season.  The only 

significant difference between treatments for pruning weight was found in year 3 

and was due entirely to shoot weight.  The mulched treatment had lower PAR than 

the bare treatment in year 3, probably the result of increased lateral shoot growth 
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and thus increased shoot weight, although this was not significant.  PAR was 

significantly higher for the mulch treatment, compared to the bare treatment, in year 

1 only but this was not supported by significant increases in vegetative growth.  The 

mulch treatment resulted in higher vine yield than the non-mulch treatment in years 

1 and 3.  This difference was significant in year 3 only when both bunch number 

and bunch weight were significantly higher for mulched vines.  In year 1 only bunch 

weight was significantly higher for mulched vines.  Differences between treatments 

occurred in year 2 for fruit composition, specifically juice TA and anthocyanin levels.  

The mulch treatment had significantly higher TA and a significantly lower 

anthocyanin concentration in berries than the non-mulch treatment in year 2.  There 

was no evidence of increased shading in the mulched treatment relative to the bare 

treatment that year but the difference in anthocyanin concentration may be 

explained by the significantly smaller berries of the bare treatment. 

 

Analysis of samples taken regularly from the soil profile and vine rootzone showed 

that there was no treatment effect on soil salinity but that soil ECse increased with 

soil depth and time each year.  Petiole samples were collected at flowering, 

veraison and pre-harvest and levels were deemed toxic by pre-harvest each year.   

The PRD treatment received approximately 60% of the salt applied to the control 

treatment.  This did not reduce ECse but did result in lower measures of sodium and 

chloride in petioles and juice at harvest.  Vines grown in soil mounds had access to 

a greater volume of soil water than the non-mounded vines.  The mounded 

treatment had higher levels of pre-harvest petiole chloride in years 1 and 3 but this 

was significant only in year 3.  There was no consistent trend in levels of sodium 

and chloride in the juice from either mound treatment, although in year 3 berry 

extract chloride levels were found to be significantly higher in the mounded 

treatment than the flat treatment.  Similarly, a consistent trend in sodium and 

chloride levels of petioles and juice was not evident for the mulch treatment.  

Although, in year 3 petioles of vines grown in bare soil were found to contain 

significantly more petiole chloride than those which had straw mulch applied.   

 

The hypothesis that combining soil mounding, straw mulch and partial rootzone 

drying (PRD) irrigation will improve grapevine growth and production and reduce 
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levels of sodium and chloride in the vine is rejected as there was not a consistent, 

cumulative effect of the three factors in this experiment. 
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Chapter One - General Introduction 
 

A potential conflict exists between the increasing worldwide demand for Australian 

wine and the finite primary resources available to sustain Australian viticulture in the 

future.  Between 1996 and 2001 the area of land in Australia planted for wine grape 

production doubled from 64 845 ha to 130 599 ha.  In 2001, South Australia 

accounted for 50% of Australia’s total wine grape production from 42% of Australia’s 

wine grape plantings (Phylloxera and Grape Industry Board of South Australia).  As 

irrigation water becomes scarcer, or of poorer quality and suitable land for 

viticultural expansion more difficult to obtain, these resources will need to be used 

more efficiently to guarantee the supply of wine to overseas markets.  Irrigation 

efficiency is low in many Australian vineyards where over-irrigation not only wastes 

water but also causes environmental problems such as depletion of ground-water 

reserves, rising water tables, increasing soil and ground-water salinity and the 

degradation of soil fertility and structure. 

 

Reducing the amount of irrigation water applied to vineyards can enhance fruit 

quality by improving vine balance (Smart 1982).  However, the drop in yield often 

associated with a soil water deficit (Hardie and Considine 1976; McCarthy 1997) 

may not be compensated for by the increased value of the crop.  Furthermore, 

applying an exact degree of water stress at the appropriate time is difficult in many 

viticultural regions and involves a high degree of risk to the fruit quality and crop 

yield.  By applying a continuous water deficit to alternate halves of the root system 

while ensuring the other half was well watered, Dry (1997) and Loveys et al. (1998)  

restricted vegetative growth but maintained crop level and improved fruit quality.  

This irrigation technique, known as partial rootzone drying (PRD), was introduced to 

the Australian wine industry by Dry et al. (1995).   

 

Initially the major objective of PRD irrigation research was the reduction of 

grapevine vegetative growth on vigorous sites which led to an improvement in fruit 

and wine quality.  However, another outcome of the research, potentially more 

beneficial than the ability of PRD to control vine vigour, is a reduced irrigation 

requirement.  A three year experiment (Dry 1997) found that half the volume of 



2 

irrigation water could be applied to vines without any reduction in yield.  In addition, 

vine balance and fruit quality were improved compared to control irrigated vines.  A 

substantial increase in water use efficiency (WUE, fresh weight yield of fruit / 

irrigation applied [t/ML]) resulted for PRD irrigation, relative to control irrigation.  

This highlights the potential contribution PRD irrigation could make to the future 

development of the Australian wine industry.  

 

Grapevine vigour is essentially determined by the size and health of the vine root 

system (Richards 1983; Smart 1995).  Where the soil volume available for root 

growth is limited, so too is the resultant vine growth and yield as access to water 

and nutrients is restricted.  Shallow soil profiles present a major limitation to root 

development and grapevine vigour (Cockroft 1973; Saaymann & Van Huyssteen 

1980; Cass et al. 1993; Rowe 1993; Henry 1993; Eastham et al. 1996).  The 

mounding of topsoil from the mid row area creating raised beds in the vine row was 

suggested by Cockroft (1973) to improve vine productivity where soil depth is 

limiting.  Mounded soil tends to be wetter than non-mounded soil, due to the 

increased soil volume of raised beds which gives rise to a greater soil water holding 

capacity.  This in turn encourages the development of a bigger root system capable 

of taking up more water than smaller root systems and so vine vigour may be 

increased (Saaymann & Van Huyssteen 1980; Saaymann 1982; Eastham et 

al.1996).  Enhanced vine vigour may not be a desirable outcome of soil 

management as it can reduce vine fruitfulness (May 1965) while increasing canopy 

density and shading (Smart and Robinson 1991; Coombe and Dry 1992) which can 

result in a lack of vine balance and subsequently have a negative impact on fruit 

quality. 

 

While soil mounds tend to have a higher moisture holding capacity than flat soil 

beds, their greater surface area predisposes them to increased surface evaporation.  

Myburgh (1994) found that the upper 200 mm of mounded soil dried excessively 

which significantly restricted root development in this horizon.  To maximise the 

improved soil moisture status of mounds, Cockroft (1973) recommended the 

application of mulch to the mound surface.  Root growth and development were 

improved with the addition of mulch (Van Huyssteen and Weber 1980a, b, c; Cass 
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et al. 1993) although this may not occur in the first season the mulch is in place.  In 

a one year study, Eastham et al. (1996) found that mulch gave no improvement in 

vine growth.  Conversely, long term studies have demonstrated that mulches create 

a more favourable soil environment for better root growth due to higher soil moisture 

levels (Van Huyssteen and Weber 1980a, b, c; Van Zyl and Van Huyssteen 1983) 

which may translate into greater vine growth and production. 

 

Myburgh and Moolman (1991), Cass et al. (1993) and Downey (1995) showed that 

mounding shallow soils established a deeper rootzone with improved drainage of 

soil water and leaching of salt from the rootzone. Traditionally salt has been flushed 

from the rootzone during the growing season by applying an irrigation leaching 

fraction.  However, many areas of South Australia have a restricted supply of 

irrigation water so the ability to apply a leaching fraction is limited (Downey 1995; 

Amdel report).  PRD irrigation has the potential to reduce rootzone salinity through 

the application of lower volumes of saline irrigation water (McCarthy 1998) which 

has been shown to result in reduced salt uptake by vines (McCarthy 1982; Cass et 

al. 1993).  In contrast, several studies have shown that where irrigation volume is 

reduced, salt can accumulate in the rootzone (McCarthy 1982; Prior and Grieve 

1986; Boland et al.1993; Downey 1995).   

 

It is important to recognise that canopy management, irrigation management and 

soil management affect grape quality and are interrelated.  Increasing the root 

volume through improved soil management may alter the canopy and/or change 

irrigation requirements which can impact on fruit quality.  An understanding of these 

relationships in the Australian context would be extremely valuable for the 

Australian wine industry. 
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Chapter Two - Literature Review 

2.1 Irrigation Management 
 

As soil surrounding a plant’s rootzone dries, chemical signals are produced in 

the root system which are transported to aerial parts of the plant, influencing its 

growth and development (Zhang and Davies 1989; Gowing et al. 1990; 

McDonald and Davies 1996; Davies and Zhang 1991).  In particular, shoot 

growth is reduced as the level of soil moisture declines.  Withholding irrigation 

can be an effective means of controlling grapevine vigour, although it may be 

difficult to achieve the required degree of water stress and as a result, yield may 

be reduced in comparison to that of fully irrigated vines (Dry 1997). 

 

Experiments carried out using container-grown grapevines showed the effect of 

half drying the rootzone to be transient (Dry 1997).  Field experiments revealed 

shoot function recovered even when half the root system remained dry (Dry 

1997).  A strategy designed to prolong the vigour reducing effects of half 

watering the root system involved alternating the drying from one half of the root 

system to the other.  The investigation aimed to time the switch in watering to 

occur at, or just prior to, the recovery of shoot function.  Shoot growth recovery 

was successfully avoided and significant reductions in most measures of 

vegetative growth were achieved without any negative impact on vine yield (Dry 

1997).   This irrigation strategy is known as partial rootzone drying (PRD) 

irrigation. 

 

The primary aim of PRD irrigation was to reduce grapevine vigour (Loveys et al. 

1998) but it soon became apparent that a second and possibly more important 

aspect of vine response to PRD was an improvement in water use efficiency 

(WUE).  Over three years of experimentation it was found that the irrigation 

application could be halved using PRD irrigation, without sacrificing yield.  This 

translated into twice the level of WUE relative to control irrigation.  Given that 

large areas of Australia’s wine growing regions are irrigated with relatively poor 

quality water (Cass et al. 1995; Downey 1995) and many districts have a limited 

supply of water available for irrigation, PRD may contribute significantly to the 

long term sustainability of the Australian wine industry. 
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2.2 Soil Management 
 

Soil management techniques should aim to provide the ideal environment for 

root growth to occur as this is essential for vine growth and productive yield 

(Richards 1983).  Cockroft (1973) indicated that the two main criteria for 

maximum root growth are: 

• the volume of soil available for root growth 

• the concentration of roots that can develop in a given volume of soil.   

 

Cockroft (1973) argues that soil management is one of the most important 

methods of gaining high production, especially under irrigation.  The principles of 

soil management he recommends to gain high productivity include: 

• soil mounding 

• applying a protective mulch  

• frequent irrigation to encourage root growth. 

 

Insufficient soil depth or volume is a major limitation to root development and 

grapevine vigour (Saaymann and Van Huyssteen 1980; Cass et al. 1993).  

Forming raised beds is an effective way to encourage the development of an 

extensive root system.  More rapid root development and significantly higher root 

lengths were found in raised beds by Eastham et al. (1996).  The improved root 

development translated directly into improved vine productivity.  

 

Root development in compacted and water logged soil has been improved by 

establishing raised soil mounds (Myburgh 1994).  However, grapevine root 

development in the upper 200 mm of soil was greater in flat beds because the 

mounded topsoil tended to dry excessively.  Appropriately applied irrigation may 

have maintained higher soil moisture levels in the surface of the mounds thus 

enhancing root development.  The findings of (Cass et al. 1993) show that 

mounding shallow soils deepens the rootzone and improves deep drainage of 

water and leaching of salt from the rootzone, while mulch protects the soil 

surface to reduce evaporation, conserve moisture and improve infiltration and 

drainage. 
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In order to reduce the evaporative loss of soil moisture and thus take better 

advantage of the increased soil volume of mounds, mulch is often applied to the 

soil surface (Cockroft 1973; D Hansen pers. comm.).  Mulch can also increase 

the soil volume available for root growth by creating more favourable soil 

conditions near the soil surface which encourages the development of roots in 

the upper level of the soil profile (Van Huyssteen and Webber 1980b; Cass et al. 

1993; Agnew et al. 2002) and promotes greater vine performance.  A 30% 

increase in the total grapevine root system occupying the 0-40cm zone under 

plastic mulch relative to clean cultivated soil was reported by Richards (1983).  

Chkhartishuili and Bekauri (1979) found a similar increase in root development in 

the top layer of soil and this translated directly into improved vine growth and 

production.  Van Huyssteen (1988) showed that the presence of mulch 

encouraged root development in the upper 20cm of soil, while virtually none 

occurred at that depth in unmulched soil.  He suggests water conservation was 

an important reason for this result and that the effect of mulch on soil moisture 

conservation was apparent to 80cm.   

 

2.3 Shoot Growth 
 

In general, grapevine shoot growth is dependant on the availability of water and 

nutrients.  Where water is not limited, excessive shoot growth may result and 

can lead to a dense, shaded canopy (Smart 1992) with reduced fruitfulness (May 

1965) and consequent yield.    Such an imbalance between vegetative and fruit 

growth can cause a vine to move into a ‘vegetative cycle’ (Smart and Robinson 

1991) where the reduced yield stimulates shoot growth which in turn, leads to 

more shading.  Reducing canopy density and improving fruit exposure has been 

shown to improve fruit quality (Dry 1997; Stoll 2000; Santos et al. 2003).  

 

Shoot growth is more sensitive to soil moisture stress than fruit growth during the 

first stage of berry development (Nagarajah 1989; Williams et al. 1994).  The 

period between flowering and veraison is the optimal time to control shoot 

growth by irrigation management in Mediterranean climates.  Winter and spring 

rainfall preclude soil drying sufficiently to induce a soil moisture deficit before 

flowering, while it has been shown that post-veraison soil moisture deficits have 
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little or no effect on shoot growth (Matthews and Anderson 1989; Naor et al. 

1993; Poni et al. 1994). 

 
An irrigation schedule where soil water tension gradually increases from 

flowering onwards was developed by Hardie and Martin (1990) to slow shoot 

growth without causing any loss of yield.  This and other strategies such as 

regulated deficit irrigation (RDI) involve a closely controlled water deficit being 

applied to a vineyard over a critical period, i.e. after fruitset and up to veraison.  

While RDI has been found to reduce canopy size in pome and stonefruits 

(Mitchell and Chalmers 1982; Mitchell et al.1988) and increase fruit size with 25-

30% less irrigation water than the traditional method, when applied to grapevines 

the substantial reduction in vegetative growth has usually accompanied a 

significant reduction in yield (Matthews and Anderson 1988, 1989; Goodwin and 

Jerie 1992; Poni et al. 1993;  McCarthy 1997).  PRD irrigation has been found to 

significantly reduce grapevine shoot growth with no yield penalty even when 

satisfactory water relations are maintained for half the root system (Dry 1997; 

Stoll 2000).  Dry (1997) reported that the average shoot growth rate of field 

grown Cabernet Sauvignon vines subjected to PRD treatment was reduced by 

18-30% compared to control vines.  Similarly, PRD pruning weights were 19-

29% lower than control vines, while total leaf area per vine was 25% less.  

Lateral shoot growth was particularly responsive to PRD irrigation resulting in a 

55-66% reduction in total lateral shoot length per main shoot.  This factor 

significantly reduced the canopy density of PRD treated vines and had a positive 

impact on berry colour by improving bunch exposure.   

 

A strong correlation was found to exist between soil depth and cumulative shoot 

mass by Saaymann and Van Huyssteen (1980) and Eastham et al. (1996).  A 

soil depth of less than 60 cm was found to have a negative impact on vine 

growth and production (Saaymann and Van Huyssteen 1980) and it was 

recommended that soil preparation should ensure a depth of at least 70-80 cm to 

attain optimal vine growth.  Further, a significant relationship between soil depth 

and grapevine vigour was found, resulting in higher shoot mass per hectare for 

vines grown in mounded soil (Saaymann 1982). 
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A four fold increase in vegetative growth for mulched vines compared to vines 

grown in bare soil was reported by Godden (1978).  A long term dryland 

experiment with Chenin Blanc showed shoot growth of mulched vines to be 33% 

greater than clean tillage vines and 20% greater than total herbicide vines (Van 

Zyl and Van Huyssteen 1983). 

 

2.4 Phenology 
 

Water deficits can result in earlier budburst (Schaffer and Anderson 1994) and 

veraison, but delayed maturity (Smart and Coombe 1983; Williams and 

Matthews 1990).  However, Matthews et al. (1987) and McCarthy (1997) found 

that the dates of budburst, anthesis and veraison were not influenced by 

imposing an irrigation deficit.  Imposing water deficits was shown to delay grape 

maturity (Hardie and Considine 1976; Matthews and Anderson 1988) although, 

McCarthy (1997) showed that water stress resulted in grapevines maturing faster 

than irrigated vines by reducing crop yield but not effective leaf area.  Smart and 

Coombe (1983) suggest that by suppressing shoot growth and canopy density 

through the use of mild water stress, vines can achieve more efficient levels of 

photosynthesis and thus ripen fruit more quickly than vines which have a greater 

water status.  A less dense canopy allows better sunlight penetration and more 

efficient photosynthesis to occur (Smart and Coombe 1983) thus improving 

sugar accumulation, while vines which are severely stressed may take longer to 

mature due to defoliation and slowed photosynthesis (Matthews and Anderson 

1988).  Over irrigated vines which develop large crops and dense canopies may 

also take longer to ripen due to less effective leaf area hindering sugar 

accumulation (Smart and Coombe 1983).  By maintaining favourable vine water 

status throughout the growing season, yet reducing canopy density, PRD 

irrigation was not found to significantly influence grapevine phenology in 

comparison to control irrigation (Dry 1997; Loveys et al. 1997; Dry and Loveys 

1998;).   

 

Root temperature can have a large influence on budburst, shoot growth and fruit 

composition in a controlled environment (Woodham and Alexander 1966; 

Kliewer 1975; Gladstones 1992).  Gladstones (1992) and Kliewer (1975) suggest 

that temperature influences hormonal activities in plant roots, especially the 
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actions of cytokinins.  This may explain grapevines at soil temperatures between 

25-35°C have a greater number of buds break per vine and require a shorter 

interval for budburst than vines at soil temperatures between 10-15°C.  Kliewer 

(1975) found that budburst was indeed higher in vines with higher root 

temperatures.  Because straw mulch helps maintain a more constant soil 

temperature (Van Huyssteen 1988), mulched soil is warmer in early spring than 

bare soil.  This might be expected to result in earlier budburst in mulched soil but 

evidence of this is not widely reported.  No difference in the timing of budburst in 

Riesling vines was found between mulched vines and those grown in bare soil 

(Ludvigsen 1994.  Chkhartishvili and Bekauri (1979) reported that grapes 

ripened 10 -15 days earlier if vines were mulched than if they were grown in bare 

soil, while Godden (1978) found no difference in the ripening periods of mulched 

and bare soil treatments. 

 

2.5  Fruit Growth and Development 

While grapevine fruit growth is less sensitive to water stress than vegetative 

growth (Nagarajah 1989; Williams et al. 1994) studies have shown that water 

stress can reduce vine yield but the extent of the loss depends on the degree of 

stress imposed and the time it occurs in relation to fruit development.  Hardie 

and Considine (1976) and McCarthy (1997) reported that water stress 

experienced in all stages of growth reduced crop yield.  The optimal time of the 

growing season to reduce shoot growth using a water deficit is between 

flowering and veraison, which also corresponds with the time when such a deficit 

may cause the largest decrease in yield.  Most experiments carried out to reduce 

shoot growth have also resulted in reduced crop yield especially when the drop 

in shoot growth was brought about using a water deficit (Hardie and Considine 

1976; Freeman et al. 1980; Van Rooyen et al. 1980; Mitchell and Chalmers 

1982; Kliewer et al. 1983; van Zyl 1984a; Matthews and Anderson 1989; Grimes 

and Williams 1990; Stevens et al. 1995; McCarthy 1997, 1998).  The main yield 

component affected in these experiments was berry weight (Dry 1997; McCarthy 

1997).  However PRD irrigation has been shown to have no effect on berry 

weight, (Dry et al. 1995; Dry 1997).  Results of several experiments show that 

irrigation has no effect on bunch number (Kliewer et al. 1983; Matthews et 

al.1987; Dry et al. 1995).  However, research where bunch number was affected 
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by a period of water stress typically involved severe deficits, i.e. treatments 

received no irrigation for much or all of the growing season (Neja et al. 1977; 

Matthews and Anderson 1989).   
 

There is evidence to suggest that moderate volumes of irrigation water applied to 

grapevines results in higher yields than treatments involving no irrigation or 

higher volumes of irrigation.  Neja et al. (1977) found treatments that received 

the least and the greatest volume of irrigation water had the lowest yields, while 

Kliewer et al. (1983) reported that irrigation increased the yield of Carignane 

grapevines in comparison to unirrigated vines.  Maintaining soil moisture at 50% 

available soil moisture improved fruit production and fruit size in peaches (Layne 

et al. 1981) and applying irrigation to Shiraz grapevines at 0.6 pan evaporation 

resulted in increased yields compared to vines which received no irrigation 

(Freeman et al. 1979). 

 

By increasing the soil volume available to grapevine roots via raised soil beds, 

researchers have found a corresponding increase in grapevine yield.  Saaymann 

and Van Huyssteen (1980) showed that mounded soil increased crop yield to a 

much greater extent than it increased shoot growth.  A strong correlation was 

observed between soil depth and subsequent yield.  In contrast, D. Hansen 

(pers. comm.) found that vines grown in raised soil beds tended to have lower 

yields than vines grown in flat soil beds.  This may have resulted from the limited 

levels of available water measured in the mounded soil.  Soil moisture 

evaporation from the mounded surface was also much greater than in flat soil. 

 

Mulch application has been repeatedly shown to increase grapevine yield 

compared to vines grown in bare soil.  D. Hansen (pers. comm.) investigated a 

range of soil management practices and found that grapevine yield was 

dependent only on the presence of straw mulch, and that the mulch significantly 

increased the yield.  The yield increase from mulch was due to larger berries and 

not an increase in berry or bunch number.  Chkhartishvili and Bekauri (1979) 

found mulched vines yielded, on average, 70% more than vines without mulch.  

Far greater yield increases due to mulch have also been reported in the 

literature.  The application of straw mulch to Chenin Blanc grown without 

irrigation induced a 300% improvement in yield (Van Zyl and Van Huyssteen 
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1983) while Godden (1978) also measured a 300% yield increase from vines 

grown using polyethylene mulch.  Applying straw to Ruby Cabernet resulted in a 

400% increase in the first year of a floor management trial (Adem and Tisdall 

1988). 

 

2.6  Fruit Composition 
 

Irrigation management strategies can influence grapevine shoot growth and thus 

canopy microclimate.  Fruit from shaded canopies tends to have relatively lower 

sugar concentration and pH as well as reduced anthocyanins and phenolics 

(Smart 1992).  PRD irrigation reduces shoot growth and improves light 

penetration into the canopy which can influence fruit composition.  Van Zyl 

(1984a) states that “ water status of grapevines can affect berry composition 

profoundly both directly or indirectly, and in a positive or negative way depending 

on the degree as well as the duration of the water stress”.  However, as irrigation 

affects not only fruit quality but also canopy growth and crop load, the 

relationship is a more complex one. 

 

2.6.1 Total Soluble Solids 
 

The effect of grapevine water status on berry sugar level is variable.  There is 

evidence that by using soil moisture levels to control vegetative growth, berry 

sugar concentration and sugar accumulation rate can be improved.  Van Zyl 

(1984a) found that water stress during ripening enhanced sugar concentration by 

inducing berry shrinkage but water stress at other stages of berry development 

did not increase sugar concentration.  Hardie (1980) and Freeman and Kliewer 

(1983) also reported that advances in fruit ripening through imposing a soil water 

deficit are associated with reduced berry weight and that severe water stress 

caused defoliation and a decrease in leaf photosynthesis which delayed ripening 

(Hardie and Considine 1976).  Vines subjected to RDI early in their development 

were found to ripen fruit earlier than unirrigated or fully irrigated vines (McCarthy 

1997).  Neja et al. (1977) showed that reducing irrigation early in the ripening 

phase resulted in the best berry sugar level and yield.  Smart and Coombe 

(1983) demonstrated that berry ripening was faster if the volume of applied 

irrigation was reduced.  They surmise that mild water stress may enhance sugar 
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accumulation by suppressing shoot growth or reducing canopy density, thus 

allowing better light penetration and more efficient photosynthesis.  Williams and 

Matthews (1990) reported that sugar accumulation was delayed by increasing 

plant water status, but that severe deficits also delayed maturity, as did Bravdo 

et al. (1985).  Wildman et al. (1976) found that light, frequent irrigation 

applications resulted in better berry sugar concentration despite consequent 

higher yields.  By reducing the volume of irrigation water applied to PRD 

treatments, canopy size and vigour are also reduced (Dry 1997; Dry and Loveys 

1998) resulting in a favourable balance between crop load and grapevine canopy 

capable of enhanced berry ripening and sugar accumulation (Dry 1997).  

Further, Coombe (1989) refers to the role of the plant hormone abscisic acid 

(ABA) in improving berry ripening.  Increased levels of ABA are found in plants 

grown under PRD irrigation in comparison to plants where the entire root system 

is irrigated at any one time (Dry 1997; Dry and Loveys 1998).  This represents a 

significant potential benefit of PRD irrigation since the technique may also 

hasten ripening via increased levels of ABA.  Several experiments consistently 

demonstrate that reduced soil moisture status results in a reduced ripening rate 

and lower sugar concentration and/or accumulation, (Hardie and Considine 

1976; Freeman et al. 1980; Williams and Grimes 1987; Naor et al. 1993; 

McCarthy 1997). 

 

Research to date has not demonstrated a clear relationship between soil surface 

cover and fruit maturity.  D. Hansen (pers comm) found berry sugar 

concentration was not affected by soil management and that berries from straw 

mulch treatments did not have lower °Baume levels than lower yielding 

treatments.  Conversely, Chkhartishvili & Bekauri (1979) found grape sugar 

concentration of mulched vines to be higher (18.8%) than non-mulched vines 

(16.4%).  Godden (1978) reported no differences in fruit composition for mulched 

and non-mulched treatments. 

 

2.6.2 Berry pH and Acid 
 

In general, the response of berry pH to soil moisture status is variable (Williams 

and Matthews 1990).  Berry pH increased with irrigation for Shiraz (Freeman 

1983), Carignane (Freeman and Kliewer 1983), Chenin Blanc (Vaadia and 
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Kasimatis 1961) but not Cabernet Franc (Matthews and Anderson 1988), 

Cabernet Sauvignon (Neja et al. 1977; Bravdo et al. 1985) or Thompson 

Seedless (Williams and Grimes 1987).  No pH response to irrigation was found 

for Chardonnay (Wildman et al. 1976), Colombar (Van Zyl 1984b) or Shiraz 

(McCarthy 1997).   However, Dry (1997) found that pH was significantly lower in 

PRD irrigated fruit, possibly due to the reduced canopy density associated with 

this treatment.  

 

A moderate reduction in titratable acidity (TA) always occurred with a significant 

water deficit when soil moisture status was measured (Van Rooyen et al. 1980; 

Van Zyl 1984) or when plant water status was measured (Bravdo et al. 1985).  In 

contrast, Smart and Coombe (1983) reported that a water deficit led to higher 

acidity.  The period between fruit set and veraison seems the most sensitive to 

water stress with respect to acidity (Van Zyl and Webber 1977; Van Rooyen et 

al. 1980a).  However, Freeman and Kliewer (1983), Naor et al. (1993) and 

McCarthy (1997) found that irrigation had no effect on berry TA. 

 

Using straw mulch resulted in higher TA than bare soil, although this difference 

was not found to be significant (Van Zyl and Van Huyssteen 1983). 

 

2.6.3 Berry Colour 
 

Irrigation has generally been found to be detrimental to the development of berry 

colour (Hardie & Considine 1976; Freeman 1983; Bravdo et al. 1985; Matthews 

and Anderson 1988) as it tends to promote the growth of larger berries with 

lower concentrations of colour pigments (McCarthy 1997).  Withholding irrigation 

from field grown Carignane vines resulted in an anthocyanin concentration 44% 

higher than that found in irrigated vines (Freeman and Kliewer 1983).   However, 

improvements in anthocyanin concentration with deficit irrigation are often 

achieved through berry weight loss.  While this may result in greater returns per 

unit crop, both yield and fruit quality affect vineyard returns.  Ideally, irrigation 

management should aim to maintain vine yield and improve quality, thereby 

maximising the returns to both grower and winemaker.    
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Reducing vegetative growth via PRD irrigation has been shown to increase 

bunch exposure and thus result in greater berry colour (Dry 1997; Stoll 2003).  In 

contrast, shaded canopies tend to produce fruit with less colour than fruit from 

more open canopies (Smart 1992).  PRD irrigation increases bunch exposure by 

reducing canopy size and thus improves berry colour compared to non-PRD 

irrigation (Dry 1997; Stoll 2000).  Dry (1997) reported an increase of 45% in 

anthocyanin concentration in PRD fruit without any change in berry weight, while 

Stoll (2000) reported an increase of 12% for Cabernet Sauvignon.  However, 

four year old Shiraz grown at Mildura showed a 28% increase in anthocyanin 

concentration in response to PRD, although this was not significant, even though 

the PRD berry weight was significantly less than the control treatment (Chalmers 

and Krstic 2003).  It is possible that a true PRD response, where a reduction in 

stomatal conductance tends to be associated with no change to leaf water 

potential (Dry et al. 1995; Loveys et al. 1998; Stoll 2000) was not generated in 

the Mildura experiment, as similar results were achieved by merely reducing the 

volume of irrigation applied. 

 

2.7  Salinity 
  

Salinity has become one of the major challenges facing the Australian viticulture 

industry as grapevines accumulate salt readily, either via the root system or 

through the leaves and as soils become more and more degraded.  Furthermore, 

the presence of sodium and chloride in Australian wines also presents a risk to 

the future of market access as current Office International de la Vigne et du Vin 

(OIV) regulations and the European Union stipulate limits on the amount of 

sodium and chloride permissible in wine.    

 

A significant percentage of Australian winegrape vineyards are irrigated, with a 

wide regional range in the salinity of irrigation water.  For example, in Sunraysia 

(NSW/Vic) and the Riverland (SA) irrigation water salinities during summer are 

generally in the 0.35-0.80 dS/m range.  The Padthaway region relies mainly on 

bore waters for irrigation which are predominantly in the range of 1.5-2.0 dS/m 

(Walker et al. 1998).  Cass et al. (1985) asserts that the concentration of salt in 

vineyard soils is increasing due to a reduction in irrigation water quality and 

quantity and that this may pose a threat to grapejuice and wine quality, vineyard 
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production and offsite pollution.  Avoiding over irrigation, adopting a slower rate 

of irrigation application and increasing the frequency of application are 

recommended to reduce rootzone salt accumulation.  By reducing the total 

amount of irrigation applied and by splitting the water application, it is possible 

that PRD irrigation may reduce salt accumulation in the rootzone (McCarthy 

1998).  However, Prior and Grieve (1986) demonstrated that soil salinity was 

lower in cases where greater amounts of irrigation water are applied and where 

irrigation was applied at frequent intervals.  This suggests PRD irrigation may 

increase levels of soil salinity as less water is applied and the applications may 

be frequent.  While PRD reduces vigour and saves water it does not allow 

leaching of the rootzone.  According to Boland et al. (1993) and Downey (1995) 

the absence of this leaching fraction can result in the temporary accumulation of 

salt in the rootzone and depending on soil type, climate, and water management, 

the salt present in the irrigation water may become concentrated 3-10 times in 

the rootzone (Downton 1985).  Investigation of the soil salinity profile beneath 

drippers showed that higher soil salinity occurred when a smaller volume of 

irrigation water was applied because salt was not leached from the wetted zone 

at the lower application rate (McCarthy 1981).  Many areas of South Australia 

have a restricted water supply available for irrigation, limiting the amount of extra 

water that can be applied as a leaching fraction (Downey 1995; Blesing and 

Tuffley 1977).   

 

The structure of soil mounds facilitates improved drainage of salts from the 

rootzone, assuming a sufficient volume of irrigation water can be applied 

(Downey 1995).  If a leaching fraction is not available, then the larger surface 

area of the mounds may act to increase soil salinisation by enhancing rates of 

surface evaporation.  During evaporation water is lost from the soil but salt is not.  

Therefore any management technique which reduces evaporation will 

consequently reduce the salt concentration near the soil surface (D. Hansen 

pers. comm.).   

 

It has been shown that surface mulch supports plant growth at reduced levels of 

irrigation (D. Hansen pers. comm.; Van Huyssteen et al. 1984; Eastham et al. 

1996).  Using mulch reduces evaporation of moisture from the soil surface and 

could, potentially, allow smaller volumes of irrigation water to be applied without 
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adversely affecting plant functions.  If irrigation water is saline, then mulch may 

reduce the amount of salt (via irrigation water) added to the soil in an irrigation 

season.  Straw mulch was found to still allow leaching of the profile by winter 

rainfall (Downey 1995). 

 

2.7.1 Effects of Salinity on Grapevine Growth and Production 
 

Maas and Hoffman (1977) rated grapevines as moderately sensitive to salt, 

based on the vegetative growth response of potted vines.  In contrast, mature 

grapevines were not found to be affected by long term irrigation with saline water 

(Prior et al. 1992b).   

 

In an experiment to investigate the relationship between poor quality irrigation 

water and soil salinity, Downey (1995) found a correlation between winter soil 

ECe and spring petiole chloride levels, suggesting that salt accumulation in vines 

is related to soil salinity.  In a three year experiment investigating the effect of 

sewage effluent on grapevines, McCarthy (1981) reported increased vegetative 

growth and yield after treatment with an increased irrigation rate regardless of 

the water quality.  However, the concentration of chloride and sodium in petioles 

increased to levels greatly in excess of those levels in vines irrigated with mains 

water.  Prior et al. (1992a) found Sultana petiole levels of sodium and chloride to 

be good predictors of yield which was substantially reduced by salinity from the 

second year of their 6 year experiment.  Vegetative growth was not reduced to 

the same extent as grapevine yield.  Salinity has been found to affect 

components of yield, in particular berry size and bunch number (Walker 1994).  

Hawker and Walker (1978) found that the timing of irrigation with saline water 

could affect berry size and saline irrigation water applied 10 days before 

flowering reduced berry size at harvest. 

 

The response of peach trees to RDI using saline irrigation water demonstrated 

that yield and vegetative growth were reduced at quite low levels of salinity 

(Boland et al. 1993).  This suggests RDI may not be suitable if the available 

irrigation water is saline.  In contrast, PRD does not involve a period of water 

stress so may be more suitable for use with saline irrigation water.  RDI vines 
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may be more likely to suffer the effects of salinity if they are already in a state of 

stress due to water deficit (Prior et al. 1992b). 

 

2.7.2 The Effects of Salinity on Berry Sodium and Chloride Content 
 

Sodium and chloride concentrations in grape berries are affected by soil salinity 

(Downton 1997c).  Grapevines accumulate salt to varying levels depending on a 

range of factors including soil type, environmental factors (especially climate) the 

irrigation schedule, vine health status, as well as the rootstock and scion 

combination (Walker 1994).   

 

Downton (1977a) found salt levels were high in red and white fruit irrigated with 

saline water and that this trend subsequently existed in the wine produced 

(Downton 1977b).  McCarthy and Downton (1981) reported that sodium and 

chloride levels in Shiraz wine were directly related to the level of irrigation 

effluent applied to the vineyard and that the level of chloride found in these 

effluent treated wines exceeded that permitted by the South Australian Food and 

Drug Act (1908-1972, amended 1973).  After four years of a 6 year experiment 

with Sultana, the TSS of grape juice began to decline. Juice TA was increased in 

five out of the six years for vines grown on the heaviest soils (Prior et al. 1992a).   

 

A review of South Australian grapes and wines in 1985, revealed that the sodium 

and chloride content of juice was similar to that found in the resulting wines, 

adding support to the view that these ions originate from natural processes in the 

vine and not from the winemaking process (Lee 1990).  A similar review of more 

than 1200 grape juice samples from a range of winegrape varieties grown in 

several major viticultural regions of Australia between 1989 and 1994 (Leske et 

al. 1997) reported that the maximum chloride concentration permitted in 

Australian wines exported to the European Community was reached or 

exceeded by 18 samples.  A high proportion of these juices originated from fruit 

grown in the Padthaway region where the irrigation water is generally classed as 

‘highly saline’ (Hart 1974).  Long-term irrigation with saline irrigation water 

showed (Prior et al. 1992) that the chloride concentration in grape juice 

exceeded the level where, if present in finished wine, would prohibit the wine 

from being sold in some overseas markets (Lee 1993).  
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2.8 Summary 
 
Unlike other irrigation strategies (such as RDI), aimed at reducing or controlling 

shoot vigour, PRD irrigation does not rely on the precisely timed application of a 

water deficit to achieve this control.  By imposing different soil moisture regimes 

on different portions of the root system some of the positive aspects of mild 

water deficit can be gained, e.g. reduced shoot vigour, without also suffering the 

negative consequences such as reduced yield (Dry 1997; Dry and Loveys 1998).  

In addition, by splitting the irrigation application, PRD irrigation allows significant 

water savings to be made (Dry 1997).  Applying less irrigation water, particularly 

saline ground water, may result in improved soil structure and lower salinity build 

up, while freeing up irrigation water for future vineyard development (McCarthy 

1998).   

 

Mounding soil to increase soil depth or volume has been shown to enhance 

grapevine growth and production (Saayman and Van Huyssteen 1980; Saayman 

1982; Eastham et al. 1996; Myburgh et al. 1996).  Successful management of 

soil, mounded or flat, to maintain a favourable level of soil moisture and reduce 

the irrigation requirement has been achieved through the use of surface mulch 

(Adem and Tisdall 1988; D. Hansen pers. comm.).   

 

Salinity has become one of the major challenges facing the viticulture industry as 

grapevines accumulate salt readily either via the root system or through the 

leaves leading to greater concentration of salts in fruit (Downton 1977b; Stevens 

1985).  Increasing soil salinisation from irrigation has the potential to degrade the 

quality of a large proportion of Australian produced wines and restrict the growth 

of Australian wine exports.  Therefore, further investigation is warranted into 

methods of reducing levels of sodium and chloride in soil, vines, fruit and wine. 

Research so far, into PRD irrigation, soil mounding and the use of mulch indicate 

there may be benefits for vine growth and production associated with 

combinations of these treatments, particularly in regions of Australia with shallow 

soils and saline irrigation water.  It is also possible that these three techniques 

will have a positive impact on the long term sustainability of the Australian wine 
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industry through the more efficient use of irrigation water and the reduction 

sodium and chloride levels in soil, vines, fruit and wine. 
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Chapter Three - General Materials and Methods 

3.1 Experimental site, location and soil description 
 

The experimental site was located at Padthaway, South Australia (Lat.36.6°S, Long. 

140.5°E) situated on the flat inter-dunal plain approximately 2 km west of the 

Padthaway Range and 2 km north west of the Padthaway township, elevation 

approximately 37 m.   The environment is described as cool, with a mean January 

temperature of 20.2°C and annual rainfall of 509 mm (Gladstones 1992). 

 

Established in 1998, the experiment was situated within a 6ha block of Vitis vinifera 

cv. Shiraz as part of an 1187 ha commercial vineyard.  The soil profile at this site is 

described by Maschmedt et al. (2002) as a ‘restrictive duplex with thin well 

structured topsoil’.  According to the Australian Soil Classification System (Isbell 

1996) it is a Calcic Yellow Chromosol.  In terms of the Great Soil Groups (Stace et 

al. 1968) it is a Yellow Solodic.  The soil profile is shown in Figure 3.1 (D Hansen 

pers. comm.) and consisted of a shallow loam (0-20cm) over clay (0-20cm) over 

limestone.  The total depth of soil varied from 0 to 50cm.  Figures 3.2 and 3.3 depict 

soil profiles in the flat and mounded treatments in July 1998.   

 

The vines in this block were cv. Shiraz, clone 1654, which were grafted onto Vitis 

vinifera cv. Sylvaner rootstock in 1991.  Vines were planted 1.8 m apart in 3.5 m 

spaced rows.  Irrigation was converted from travelling overhead irrigator to drip 

irrigation in 1997.  Irrigation, pest and disease control, soil management and 

fertiliser applications were carried out according to local accepted practice.  
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Soil Depth (mm) 
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Figure 3.1 Soil profile, mound dimensions and description of mounded soil (bold line) 
and traditional flat soil (dashed line) in the Padthaway Plain site. 
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Figure 3.2 Soil profile showing depths of horizons and grapevine root distribution 
prior to mounding. 
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Figure 3.3  Soil profile showing depths of soil horizons and grapevine root 
distribution after mounding. 
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3.2 Experimental Design 
 
Three main factors, irrigation method (standard or PRD), soil mounding (flat or 

mounded) and surface cover (bare or straw mulch) were combined into a 2X2X2 

factorial experiment.  Three replicates of each treatment were established (Table 

3.1) and 10 experimental vines within each replicate were tagged for data collection.   

 
Table 3.1 Description and combination of factors in each treatment. 
 

 Factor 
Treatment Soil 

Mounding 
PRD 
Irrigation 

Straw 
Mulch 

Mounded + Mulch + PRD irrigation (MMP)    
Mounded + Mulch + Control irrigation (MMC)    
Mounded + Bare + PRD irrigation (MBP)    
Mounded + Bare + Control irrigation (MBC)    
Flat + Mulch + PRD irrigation (FMP)    
Flat + Mulch + Control irrigation (FMC)    
Flat + Bare + PRD irrigation (FBP)    
Flat + Bare + Control irrigation (FBC)    
 
The experimental site was located within the northern half of the 6 ha Shiraz block 

and consisted of 21 rows, each 400 m in length.  Groups of three consecutive, 

randomly chosen rows were mounded using a specially designed blade mounted on 

an H6 bulldozer (Figure 3.4) in April 1998.  Irrigation treatments were randomly 

assigned to half rows and mulch treatments were randomly assigned to quarter 

rows within the irrigation treatments as shown in Figure 3.5.  Phalaris straw was 

applied to the mulched treatments at a rate of 20 t/ha in June 1998.  Irrigation water 

was applied either to only one side of the root system at any time (Figure 3.6A) in 

the PRD treatment, or to both sides (Figure 3.6B) in the control treatment.  Water 

meters measured the volume of irrigation water applied to the control and PRD 

treatments. 
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Figure 3.4 Bulldozer and mounding blade configuration. 
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The Effect of Soil and Irrigation Management on Grapevine Performance
Plan 
   mulch   flat soil 
   bare   half mounded buffer  
         Row  PRD   mounded    
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Figure 3.5 Experimental design showing treatment and replicate position. 
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Figure 3.6 Implementation of PRD irrigation where A represents PRD treatment and 

B represents the control treatment (Stoll 2000).
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3.3 Pruning 
 

Vine trunk circumference was assessed and used to choose vines of a similar 

capacity.  For all experimental vines, trunk circumference measurements were 

within 10 mm of the mean.  Pruning in this block was traditionally accomplished 

using tractor-mounted saws but it was decided to convert the tagged vines to hand 

spur pruned vines at the start of the experiment.  A count of shoots per vine 

throughout the block before pruning in winter 1998 showed that on average vines 

had around 60-70 shoots, from 40-50 spurs.  As a consequence, pruning level was 

set to 80 nodes as 40 X 2-node spurs.  All dead spurs and poorly positioned or 

weak spurs were removed prior to adjusting the final spur count in winter 1998.  A 

late change in experimental rows to satisfy the biometrical requirements meant that 

one replicate of the flat soil treatments was machine pruned.  Therefore, for the first 

season those vines had 40, single node spurs and this was corrected in Winter 

1999 when all experimental vines were hand spur pruned to 80 nodes. 

 

3.4 Weather data 

 

An existing automatic weather station onsite was used to record weather conditions 

at the experimental site.  Rainfall and temperature were logged every hour and the 

daily average used to calculate monthly means. Evaporation (mm) was recorded on 

a daily basis using Class A pan evaporation.  

  

3.4.1 Weather summary 1998-2001 
 

Based on average temperatures for the months September to March (Table 3.2) the 

third growing season was the warmest of the three years and the second season 

was the coolest.  The average monthly temperature for November 2000 as well as 

January and February 2001 was higher than previous years and would have lead to 

higher pan evaporation in those months compared to earlier seasons.  The pan 

evaporation recorded in November 2000 (Figure 3.9) did reflect the higher mean 

monthly temperature of that year (Figures 3.7, 3.8) but evaporation data was not 

recorded after this time due to a fault in the weather station. 
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Table 3.2 Growing season mean daily temperature 
(°C) 1998-2001. 
 1998/99 1999/2000 2000/01
September 13.2 12.7 12.6 
October 12.9 15 13.8 
November 15.3 14.5 19.1 
December 19.6 18.5 18.3 
January 22.6 20.1 24 
February 22.8 23.4 23.2 
March 17.4 18.5 17.5 
Average 17.7 17.5 18.5 
 
Rainfall in Padthaway occurs predominantly between autumn and spring (Figures 

3.7, 3.8 and 3.9). Year 2 was by far the wettest of the three seasons (Figure 3.8). 
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Figure 3.7 Monthly rainfall and pan evapotranspiration for Padthaway, 1998 - 1999. 
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Figure 3.8 Monthly rainfall and pan evaporation for Padthaway, 1999 - 2000. 
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Figure 3.9  Monthly rainfall and pan evaporation for Padthaway, 2000 - 2001. 
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3.5 Statistical Analysis 
 

Statistical analysis was carried out by Dr Brenton Dansie, University of South 

Australia, Adelaide.  The data were analysed using standard univariate analysis of 

variance techniques. In line with the design of the experiment, which was set up as 

three replicates of a split-split plot experiment, a standard split-split plot analysis of 

variance has been used for data collected on each of the split-split plots. This, for 

example, means that the error terms for the comparison of soil mounding 

treatments were obtained from rows or whole plots.  Error terms for the comparison 

of irrigation treatments were obtained from comparison of half rows or split plots and 

comparison of surface cover treatments were obtained from quarter rows or split-

split plots. Generally with this sort of design, the power of the comparison increases 

moving from the whole plot to the subplot and then to the sub-sub plot factor. For 

measures such as soil salinity which were obtained over time on the sub-subplots, a 

standard univariate repeated measures analysis of variance approach has been 

used to analyse the data.   
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Chapter Four - The Effect of Soil and Irrigation Management on Soil Moisture 
4.1 Introduction 
 
It is recognised that restricted soil volume limits plant root development and access 

to moisture and nutrients (Cockroft 1973; Saaymann & Van Huyssteen 1980; Cass 

et al. 1993; Rowe 1993; Henry 1993; Eastham et al. 1996).  The creation of raised 

soil beds and the application of surface cover have been found to have a positive 

impact on soil moisture levels and root development.  For example, Myburgh and 

Moolman (1991) reported an increase in topsoil depth and internal drainage after 

mounding a waterlogged soil.  While mounded topsoil can be prone to increased 

surface evaporation compared to a flat soil surface and therefore, be drier (Myburgh 

1994) Eastham et al. (1996) found that mounds facilitated the development of a 

denser root system which resulted in greater water uptake than vines grown on flat 

soil.  The application of cereal straw mulch did not improve the growth of vines on 

raised beds in the first year of the study by Eastham et al.’s (1996) study which may 

have yielded different results in subsequent seasons as roots developed under the 

mulch.  In contrast, Van Huyssteen and Weber (1980a, b, c) and Van Zyl and Van 

Huyssteen (1983) found that mulching with straw improved soil water conservation 

and lead to improved vine performance.   

 

The soil management techniques which increased the amount of water available to 

vines did so by increasing the available soil volume, soil water holding capacity  and 

vine root volume.  However, an increase in soil moisture has often resulted in 

increased vine vigour (Saaymann & Van Huyssteen 1980; Saaymann 1982; 

Eastham et al. 1996) which may not necessarily be desirable.  Many researchers 

have shown that irrigating a portion of plant roots at a time reduces shoot vigour 

(Zhang & Davies 1989; Davies & Zhang 1991; Gowing et al. 1990; McDonald & 

Davies 1996).  Dry (1997) found that by using PRD irrigation, less irrigation water 

was applied which reduced grapevine vigour and canopy growth but did not reduce 

yield.  Reducing the volume of irrigation water applied to vineyards by adopting the  

PRD strategy is therefore an attractive option for the Australian wine industry since 

irrigation water is often limited in quality and/or quantity.   
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Establishing soil mounds and applying a surface cover of Phalaris straw were 

expected to improve soil moisture holding capacity at this site.   Reducing the 

volume of irrigation water applied via PRD was expected to maintain favourable soil 

moisture levels with no adverse impact on vine root growth and development. 

 

4.2 Methods and Materials 
 
Soil structural characteristics, including bulk density, as well as root volume and soil 

moisture (Appendix I) were used to determine the volume of available water in each 

treatment.  Undisturbed soil samples were taken from soil profiles in March 1998 

and August 2000.  These  samples were placed on ceramic suction plates where 

they were weighed at a range of suctions from 10-60 kPa.  Disturbed soil samples 

were collected simultaneously and placed on pressure plates to simulate suctions of 

300 kPa and 1500 kPa.  Readily available water (RAW) was calculated from the 

water held in the soil between 10 and 60 kPa (Cass et al. 1998; McCarthy 1998).  

Total available water (TAW) was calculated from the water held in the soil between 

10 and 1500 kPa (Cass et al. 1998; McCarthy 1997).  Field capacity was assumed 

to be 10 kPa based on field measurements of volumetric water content 24 hours 

after the soil had been wet by rain.   

 

The RAW volume was calculated as the water in the soil between field capacity and 

60 kPa suction.  If the soil water content (SWC) was greater than the SWC at field 

capacity then the RAW volume was calculated as: 

 
RAWv = (θfc-θ60)(v). 
 
If the SWC was less than the SWC at field capacity then the RAW was calculated 
as: 
 
 RAWv = (θt-θ60)(v). 
 
where θfc is the volumetric soil water content at field capacity, θt is the volumetric 
soil water content at time t, θ60 is the volumetric soil water content at 60 kPa suction 
and v is the effective rooting volume. 
 
Similarly for TAW, if the SWC was greater than the SWC at field capacity then 
remaining TAW was calculated as: 
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TAWv = (θfc-θ1500)(v). 
 
If the SWC was less than the SWC at field capacity then remaining TAW was 
calculated as: 
 
TAWv = (θt-θ1500)(v). 
 
where θ1500 is the volumetric water content (m3 m-3) at 1500 kPa suction. 
 
Volumetric soil moisture monitoring was carried out weekly in the first two seasons 

using a Neutron Water Meter.  In year 3, measurements were collected every two 

weeks.  In December 1988 one aluminium access tube was installed in each 

replicate by augering a hole slightly larger than the 50mm access tube diameter.  A 

cement/kaolin slurry was poured into the hole and the sealed end of the access 

tube inserted, the slurry ensuring minimal air space between the soil and access 

tube.  Access tubes were only able to be installed to a depth of between 0.6m and 

0.8m due to the presence of limestone and were sited approximately 0.3 m from a 

vine and 0.3 m from an adjacent dripper. 

 

Gypsum blocks (Microscan Electronics of Adelaide, South Australia) were installed 

in December 1998 at 0.15 m and 0.3 m depths in one replicate of each treatment.  

These were used to monitor the drying and wetting cycles under PRD and time the 

switching of PRD irrigation lines.  Readings were logged at two-hourly intervals 

using a datalogger manufactured by Microscan Electronics.   Any values greater 

than 50% or less than 0% were removed before the means and standard error were 

calculated for each treatment.  
 
Soil samples were collected for root analysis at the beginning of the experiment, 

September 1998 and again, in April 2000.  Soil samples were collected on a grid 

approximately every 150 mm out from the base of the selected trial vine to the mid 

row.  A 100 mm diameter auger was used to collect a 150 mm deep sample from 

each sample point.  In September 1998 soil samples were collected from all 

treatments within the vine row approximately 0.3 m from a vine and 0.3 m from an 

adjacent dripper.  In addition, samples were also taken every 0.3 m into the mid row 

in one single line from the vine row.  In April 2000 soil samples were collected from 
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one site within the vine row, approximately 0.3 m from a vine and 0.3 m from an 

adjacent dripper.  Samples were also collected at 0.75 m and 1.5 m from the vine 

row adjacent to the 0.3 m sample in the mid row.  Soil samples were air dried as 

soon as possible in order to preserve roots.  The soil was washed through a 1 mm 

sieve followed by a 210 to 295 µm sieve leaving roots behind.  Vine roots were 

identified and the line intersection technique (Newman 1966) was used to measure 

the total length of roots in the sample. 
 
4.3 Results and Discussion 
 
4.3.1 Irrigation Scheduling 
 

Soil moisture monitoring equipment was not installed in the experimental site until 

December 1998, a month after irrigation commenced.  It is highly probable that 

during this early phase, when the timing of irrigation switching in the PRD 

treatments was carried out by visual assessment and extrapolating on the findings 

of previous research, a significant soil moisture deficit was experienced.   On 11 

December 1998 some defoliation of PRD irrigated grapevines was observed 

following a daily maximum temperature of 43°C recorded at the site weather station.  

Difficulties were experienced with the gypsum blocks each season.  Typically 

readings were not consistent across replicates in terms of response to irrigation and 

drying cycles and this  raises concerns about the accuracy of the irrigation 

scheduling and successful avoidance of periods of soil moisture deficit.   PRD 

irrigated grapevines experienced much greater soil suction than control irrigated 

grapevines. On 9 December 1999 (Figure 4.1) irrigation application switched from 

the North side (pink and red) to the South side (green and black) and this reduced 

the soil suction of the South side to approximately 34 kPa.  However, as irrigation 

was applied between the 9th and 14th of December, soil suction values continued to 

increase steadily as for the ‘dry’ North side and reached 95 kPa at 30 cm on 14 

December before the irrigation sides were switched again.    The soil remained 

much wetter for the control irrigation treatment during this time with soil suction at 

30 cm depth not exceeding 75 kPa (Figure 4.2).  RAW is traditionally calculated as 

the water held in the soil between field capacity and 60 kPa suction (Cass et al. 
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1998; McCarthy 1998).  Figure 4.2 suggests that a period of soil moisture deficit 

existed for the South side of the PRD treatment despite being irrigated between 9-

14th December 1999.  Maintaining rootzone water tension between 60-80 kPa was 

recommended by Hardie and Martin (1989) to reduce shoot growth and this concurs 

with the findings of Neja et al.  (1977) and McCarthy (1998) that vegetative growth 

is reduced when soil suction exceeds 60 kPa.  The Padthaway soil moisture data 

indicates this level of soil moisture deficit occurred repeatedly throughout the 

growing season and is likely to have had consequences for canopy growth (Chapter 

5).  The consistently lower yields experienced with PRD irrigation (Chapter 6) 

further suggest that a period, or periods, of soil moisture deficit were incurred each 

season so that, as one side of the rootzone dried out, the other side was not kept 

sufficiently moist to prevent a decrease in vine yield.  Typically soil suction reached 

values of between 200-350 kPa but was also measured at 1000 kPa (3 December 

1999, data not shown) in the flat + bare + PRD irrigated treatment. However, 

McCarthy (1997) asserts that berry weight is only sensitive to soil matric potential 

values of less than 500 kPa before veraison although it was acknowledged that this 

was an indicative guide only and should be tested in other climates and soil types.   

 

The practical difficulty in keeping the soil sufficiently moist during irrigation cycles 

may be explained by the soil attributes of the experimental site.  The soil profile is 

shallow, ranging in depth from approximately  200 mm to 500 mm (Chapter 3).  

Studies by Rowe (1993) and Henry (1993) show that the growth rate of grapevines 

is directly proportional to the volume of soil available to the root system and that this 

in turn influences the capacity of vines to absorb nutrients and moisture from the 

soil. Experiments conducted by Dry (1997) and Loveys et al. (1998) utilised sites 

characterised by much deeper soils with a similar or higher clay content compared 

to the Padthaway site in this study.  The Alverstoke vineyard (Waite Campus, 

Adelaide) soil was described by Northcote et al. (1975) as a ‘Hard Pedal Red 

Duplex’ and is deeper with a much greater clay content than the Padthaway site.  

No appreciable limestone was detected in the Alverstoke vineyard above 0.7 m 

depth.  As a consequence, root volume was not limited by any physical soil barriers 

and the greater water holding characteristics of the Alverstoke site allowed a longer 

period to elapse between switching the PRD irrigation without adversely affecting 
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vine yield.  On average, drying cycles at Alverstoke vineyard occurred every 10 

days compared to 5-7 days at the Padthaway site.   
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Figure 4.1 Soil suction measured in PRD irrigated soil mounds, December 1999 (D. 
Hansen pers. comm.). 
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Figure 4.2 Soil suction measured in control irrigated soil mounds, December 1999 
(D. Hansen pers. comm.). 
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4.3.2 Effect of Irrigation Method 
 
The highest volume of  irrigation water was applied in year 1 (Table 4.1) while the 

lowest was applied in year 2.  The control irrigation treatment received the greatest 

total volume of water in year 1 and the lowest in year 2.  In contrast, the PRD 

irrigation treatment received the greatest total volume of water in year 3 and the 

lowest in year 2 (Table 4.1).  However, these data are subject to limitations as they 

assume no loss of rainfall or irrigation water, due to through drainage below the 

zone available to plant roots, as defined by the depth of the neutron probe access 

tubes.  In addition, any surface water subject to runoff, particularly from the sloping 

sides of the mounds, was not accounted for in the data.  The placement of only one 

neutron probe access tube in each replicate, as described in 4.2, was assumed to 

accurately represent the pattern of soil moisture depletion for the entire rootzone.  In 

retrospect, a pair of probe tubes within each replicate, one on either side of the vine 

row, would have allowed a more detailed interpretation of the soil moisture status 

during irrigation and drying cycles. 

 
Table 4.1 The total depth of water received by the PRD and control irrigation 
treatments due to rainfall and irrigation 1998 - 2001. 
  PRD Irrigation 

Treatment 
Control Irrigation 

Treatment 
Season Rainfall 

(mm) 
Irrigation 

(mm) 
Total (mm) Irrigation 

(mm) 
Total (mm)

1998/99 392 222 614 399 791 
1999/00 489 106 595 179 668 
2000/01 435 190 625 270 705 

 
Overall, higher soil moisture levels were found for the control irrigation treatment 

than for the PRD treatment at both 0.2 m and 0.3 m depths for the first and second 

seasons (Figures 4.3 and 4.4).  While this difference was not significant, it is likely 

that the higher soil moisture levels experienced with control irrigation were the result 

of the greater depth of water applied to the control treatment than the PRD 

treatment each year.   Higher soil moisture levels in the control treatment could also 

be due to greater water uptake experienced by vines receiving PRD irrigation.  

However, studies by Dry (1997) over 3 seasons at 2 sites showed that on average, 
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water uptake was greater in control irrigated vines than PRD irrigated vines.  Soil 

moisture data was also collected during year 3 (Appendix II) and showed a pattern 

similar to that of year 1.  Soil moisture levels of the control treatment were higher 

than the PRD treatment early in the third season (20 December 2000) but this 

reversed from 31 January 2001 until 28 February 2001 when the irrigation volume 

was reduced prior to harvest.  Because statistical analysis was not carried out on 

this data it is not possible to confirm whether these differences were significant or 

whether an interaction between time and irrigation treatment occurred, as found in 

the two previous seasons. 

 

It is possible that evaporative moisture loss from the soil surface was greater for the 

control treatment than the PRD because the wetted surface area of the control 

irrigation was double that of the PRD.  Greater evaporative loss from the control 

treatment, relative to the PRD, may explain why the difference in soil moisture 

levels between the irrigation treatments was not significant.  Recent PRD research 

has been carried out with an alternative control treatment, where the same volume 

of water is applied to both irrigation treatments but the control receives half the 

volume on both sides of the vine root system (Stoll 2000; Chalmers and Krstic 

2003).  Results show that there was no reduction in soil moisture due to higher 

evaporation in the control treatment.  Krstic (pers. comm.) suggests that the impact 

of surface evaporation is neglible in comparison to the crop and cover crop 

transpiration component of soil moisture extraction. 

 

Grapevines have been found to develop a greater concentration of fine roots in 

deeper soil layers in response to PRD irrigation over several seasons (Stoll 2000) 

which may contribute to improved water stress avoidance.  In contrast, average root 

growth tended to be greater for the control treatment than the PRD treatment at 

Padthaway (D. Hansen pers. comm.) but the differences were not statistically 

significant.  Unlike the experimental site utilised by Stoll (2000) the depth of root 

growth at Padthaway was restricted by an impenetrable limestone layer at 

approximately 500 mm.  In addition, the conversion from overhead irrigation the 

previous season, to drip irrigation the year the experiment began may not have 

allowed the development of the two root zones necessary for successful 
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implementation of PRD (Kriedemann and Goodwin 2003). It is likely that long term 

overhead irrigation encouraged extensive root development in the midrow as no 

evidence of midrow soil compaction was found at this site (D. Hanson pers. comm.).  

As a result, PRD vines at Padthaway were likely to be less tolerant of water stress 

than the control vines.  
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Figure 4.3 Comparison of soil moisture between control and PRD irrigation 
treatments, 0.2 m depth, year 2 (D. Hansen pers. comm.). 
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Figure 4.4 Comparison of soil moisture between control and PRD irrigation 
treatments, 0.3 m depth, year 2 (D. Hansen pers. comm.). 
 
As a result of the placement of the neutron probe access tubes, increases in soil 

moisture were measured for the control treatment with each irrigation event but only 

when the north side was irrigated for the PRD treatment.  A significant interaction 

between irrigation and time occurred in years 1 and 2 at both 0.2 m and 0.3 m 

depths (Figures 4.5 and 4.7).  Both PRD and control irrigation treatments show 

similar trends throughout each season at both depths so data are presented for the 

0.2 m depth only.  These interactions are characterised by the difference in soil 

moisture levels apparent between the two treatments fluctuating throughout the 

growing season (Figure 4.6).   The treatments themselves did not result in a static 

trend in soil moisture levels in any season.  Instead, as the growing season 
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progressed soil moisture levels of the irrigation treatments varied in relation to each 

other.  In year 1 soil moisture tended to be similar or higher for control irrigation than 

PRD until 8 February 1999 when a strong peak in soil moisture content occurred in 

the control treatment (Figure 4.5).  The PRD soil moisture content at the same time 

was 21% lower than the control treatment (Figure 4.6).  The difference in soil 

moisture content between the two irrigation treatments did not equalise until 24 

February 1999 when the % difference in soil moisture was 0.  This result is not 

explained by a rainfall event, as only 4 mm of rain was recorded for the entire month 

of February in 1999 (Chapter 3).  It is possible that changes in vine water use of the 

irrigation treatments may have been involved in this interaction, although this 

parameter was not measured and previous research has not suggested such an 

outcome.  Furthermore, the canopy measurements made indicate the control 

treatment had a larger leaf area (Chapter 5) so these vines would have been 

expected to use more water than the PRD treatment and thus, record lower soil 

moisture levels.   
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Figure 4.5 The interaction between time and irrigation for soil moisture at 0.2 m in 
year 1. 
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Figure 4.6 The % difference in soil moisture of PRD relative to the control irrigation 
treatment at 0.2 m in year 1. 
  
Soil moisture levels were higher for PRD than the control treatment early in the 

second season (Figure 4.7) but this trend reversed mid-season.  The control 

treatment had similar or higher soil moisture levels than the PRD treatment between 

3 December 1999 and 28 January 2000.  Less irrigation was applied in year 2 than 

year 1 to both treatments (Table 4.1) and the canopy densities of the two irrigation 

treatments were more similar in the second season than in the first season (Chapter 

5).  Leaf area per shoot was lower in the PRD treatment than the control in year 2 

(Chapter 5) so it is possible that PRD vines used less water than control irrigated 

vines.  In addition, PRD has been shown to reduce transpiration rate per unit leaf 

area, relative to control irrigation, particularly under high vapour pressure deficit 

conditions (Dry 1997; Stoll 2000).  Soil moisture content was not often similar for the 

two irrigation treatments in year 2 (Figure 4.8).  PRD tended to be wetter than the 

control treatment in the early part of the second season, suggesting vine water use 

may have been less for PRD vines, although this was not measured.  The opposite 

occurred during the later part of the growing season when soil moisture was higher 

for the control treatment.  Recorded rainfall at the site in December 1999 (77.3 mm) 

was more than double the long term average (32.1 mm).  The soil moisture level 

remained higher for control irrigation compared to PRD through much of January 
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2000 when only 17% of the long term average rainfall was recorded, 3 mm and 17.8 

mm respectively.  If rainfall was responsible for the increased soil moisture of the 

control treatment relative to the PRD treatment in December, then the trend would 

be expected to vary through January when comparatively little rain fell.    
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Figure 4.7 The interaction between time and irrigation for soil moisture at 0.2 m in 
year 2. 
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Figure 4.8 The % difference in soil moisture of PRD relative to the control irrigation 
treatment at 0.2 m in year 2. 
 
Statistical interactions of this nature (Figures 4.5 and 4.7) have not been reported 

by other researchers (Dry 1997; Loveys et al. 1998; Stoll 2000) in deeper soils with 

higher water holding capacities.  While it is possible that the limited soil volume and 

water holding capacity of the Padthaway site may have lead to this interaction, such 

a conclusion can only be made following more comprehensive studies, which is 

outside the scope of this work.    

 

4.3.3 Effect of soil mounding 

 

The flat soil treatment was significantly wetter at 0.2 m depth than the mounded soil 

treatment in both years 1 and 2 (Figures 4.9 and 4.10).  This finding is consistent 

with the work of Myburgh (1994) who found that mounded topsoil tended to dry 

excessively due to higher evaporation from the increased surface area of mounded 

soil, relative to flat soil.  Eastham et al. (1996) on the other hand, reported greater 

water uptake by the denser root system of vines grown in mounded soil beds 

compared to flat soil beds and consequently lower soil moisture levels in mounds 

than flat beds at similar depths.   At 0.3 m depth no significant difference was found 

between the soil moisture levels of the flat and mounded treatments.  Comparison 
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of soil moisture levels between treatments at similar soil horizons (i.e. flat treatment 

at 0.2 m depth and mounded treatment at 0.3 m depth) shows the opposite trend.  

The mounded soil treatment was significantly wetter at 0.3 m depth than the flat soil 

treatment at 0.2 m depth throughout the first two seasons (Figures 4.9 and 4.10).  

The volume of soil at 0.3 m depth in the mound treatment was greater than that at 

0.2 m depth in the flat treatment, thereby allowing mounded beds to hold more soil 

moisture than flat soil at these depths.  In addition, mounds have been shown to 

have lower bulk density than flat soil (Myburgh and Moolman 1991) and this would 

also have contributed to water draining freely from the upper mound horizon 

through the 0.2 m depth to the 0.3 m depth.  Similarly, in year 3 the 0.2 m depth of 

the mounded treatment had a lower soil water content than the 0.3 m depth 

throughout the season (Appendix II) but statistical analysis was not carried out on 

these data. 
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Figure 4.9 Soil moisture in flat soil treatments compared with mounded soil 
treatments, year 1 (D. Hansen pers. comm.). 
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Figure 4.10 Soil moisture in flat soil treatments (0.2 m depth) compared with 
mounded soil treatments (0.2 and 0.3 m depth), year 2 (D. Hansen pers. comm.). 
  
Mounding soil into raised beds resulted in significantly higher yields per vine 

compared to vines grown in flat soil beds in the second and third years of the 

experiment (Chapter 6).   The yield from vines grown in mounded soil was also 

higher compared to flat soil beds in year 1.  However, this difference was not 

statistically significant.  Mounding soil had the greatest effect on available soil 

moisture due to greater fractional depletion of water (D. Hansen, pers. comm.) 

suggesting that grapevines grown in mounded soil took up more moisture from the 

soil profile than vines grown in flat soil beds, as demonstrated by Eastham et al. 

(1996).  Root length density increased significantly (P=0.02) with soil depth 
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indicating that grapevines in mounded soil beds developed a larger volume of roots 

than those grown in flat soil beds. In addition, mounded soil beds provided access 

to an increased soil volume compared to flat soil beds, so that vines grown in 

mounds had  better access to water and nutrients, as described by Eastham et al. 

(1996).  This effect would not be expected in the first year as roots were unlikely to 

have had time to fully grow into the newly created mounds, although this point is 

speculative because measurements of root growth were not made at the end of the 

first growing season. 

 
Several consistent interactions occurred with time for the soil mounding treatment in 

years 1 and 2 at both 0.2 m and 0.3 m depths as well as over comparative soil 

horizons.  As was found for the irrigation treatments (4.3.2) these interactions were 

characterised by fluctuations in the soil moisture differences between mounding 

treatments (Figure 4.12).  Figure 4.11 is a representative example of these 

interactions and shows that mounded soil generally had slightly lower soil moisture 

levels at 0.3 m throughout the season than flat soil (although differences were not 

significant).  However, this trend reversed later in the season between 17 January 

2000 and 28 January 2000 when mounded soil was wetter than flat soil.  Soil 

moisture measurements were only similar for the flat and mounded treatments on 

two occasions when the % difference was close to 0 (Figure 4.12) i.e. 10 November 

1999 and 10 December 1999.  Canopy measurements indicate that mounded vines 

had a greater leaf area and more shoots per vine than flat treatment vines (Chapter 

5) as well as lower %PAR.  It is likely that the larger canopy of the mound treatment 

resulted in greater vine water use than the flat treatment which would account for 

the lower soil moisture levels of the mounded treatment prior to 17 January 2000.  A 

possible explanation for the change in soil moisture levels after 17 January 2000 is 

not apparent from this study.   Although similar results are not widely reported in the 

literature, Saayman and Van Huyssteen (1980) pointed to soil variation and the 

questionable reproducibility of gravimetric soil moisture measurements as the likely 

reason for unexplainable soil moisture results at varying profile depths during 

several growing seasons.  Eastham et al. (1996) suggested that spatial water 

application in mounded soil may be important as vine canopies expand, increasing 
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their demand for water and soil moisture availability becomes critical, typically late 

in the growing season.   
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Figure 4.11 Interaction of soil management with time at 0.3 m, year 2. 
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Figure 4.12 The % difference in soil moisture of mounded soil relative to flat soil at 
0.3 m in year 2. 
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4.3.4 Effect of mulching 

 

Difficulties were experienced keeping the dry straw mulch in place for the duration 

of the experiment.  Due to the tendency for the mulch to blow away or roll off the 

mounds, it was difficult to ensure that the soil was covered uniformly and that the 

straw was of a consistent and adequate depth.   Despite this, soil with surface straw 

mulch was found to be significantly wetter overall than bare soil throughout years 1 

and 2 at both 0.2 m and 0.3 m depths (Figures 4.13 and 4.14).  When averaged 

over the major root depth (i.e. 0.2 m-0.3 m for flat soil and 0.2 m-0.4 m for mounded 

soil) soil moisture levels were found to be significantly higher under straw mulch 

than bare soil (Figure 4.15).  The increase in soil moisture levels with the application 

of mulch reported by Cass et al. (1993), Cockroft (1993) and Van Huysteen (1988) 

supports the results of this study.  Soil moisture data collected in year 3 also 

indicate that mulched soil was wetter than bare soil (Appendix II) but statistical 

analysis was not carried out.  

 

Grapevine canopy growth did not show a consistent response to mulch treatment, 

indicating that vines did not exploit the extra moisture available in the mulch 

treatment to develop bigger canopies than the non-mulched vines (Chapter 5).  

Root length density was significantly lower in the mulched + mounded treatment  

than either the bare + mound or bare + flat treatment by April 2000 (Figure 4.20) 

which was unexpected and contradicts the findings of Eastham et al. (1996) and 

Van Huyssteen and Weber (1980).  The upper layer of mounded soil had 

significantly greater root length density in the bare treatment than the mulched 

treatment (Figure 4.20).  The development of fewer roots in the mulch treatment 

may illustrate that those vines were unable to extract as much soil moisture as the 

bare treatment vines, resulting in similar shoot growth between the treatments and 

wetter soil under mulch.  If mulched vines had developed larger root systems than 

non-mulched vines, then higher water uptake levels would have been expected, 

resulting in drier soil under mulch. 

 
The rate of straw mulch originally recommended from previous research was 40 

t/ha for vineyards with 3.0 m row spacings (A. Cass pers. comm.).  However, due to 



50 

financial constraints, the Phalaris straw was spread at half the recommended rate in 

this experiment.  It is possible that by adhering to the recommended mulch rate the 

vine response would have been in accord with the results reported in other research 

(Godden 1978; Van Huyssteen and Weber 1980a, b, c; Van Zyl and Van Huyssteen 

1983; Adem and Tisdall 1988 and Eastham et al. 1996).  In addition, the higher 

application rate may have improved the longevity of the mulch in the field situation.   
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Figure 4.13 Comparison of soil moisture between bare and mulch covered soil at 
0.2 m depth,  year 1 (D. Hansen pers. comm.). 
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Figure 4.14 Comparison of soil moisture between bare and mulch covered soil at 
0.2 m and 0.3 m depths, year 2 (D. Hansen pers. comm.). 
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Figure 4.15 Comparison of soil moisture averaged over the major root depth for  
bare and mulch covered soil, year 1.  
 
Soil cover treatment was found to significantly interact with time in both year 1 

(Figure 4.16) and year 2 at  0.2 m depth.  In year 2 an interaction was also found for 

the 0.3 m depth (Figure 4.18).  While the mulch treatment was almost always wetter 

than the bare treatment, large fluctuations occurred in the magnitude of this 

difference during the first and second growing seasons (Figures 4.17 and 4.19).  In 

year 1 mulched soil was better able to maintain moisture levels than bare soil as the 

season progressed (4.17) and by 30 March 1999, approximately two weeks before 

harvest,  mulched soil was 14% wetter than the bare treatment.  Soil was also 

wetter in the mulch treatment, relative to the bare treatment, in year 2 (Figure 4.18).  

However, unlike year 1, the mulch treatment resulted in much higher soil moisture 

levels during the early part of the season than  later in the season.  For instance, 

soil was 17% wetter in the mulch treatment than the bare treatment on 3 December 

1999 and less than 1% on 24 February 2000 (Figure 4.19) approximately 3 weeks 

prior to harvest.  While vine water use was not measured in this experiment it is 

interesting to consider this interaction in view of the shoot growth measured in year 

2 (Chapter 5).  Early in year 2 the shoots of the bare treatment were longer than 

those of the mulch treatment.  It is possible that during this time the bare treatment 
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extracted more soil moisture than the mulch treatment, thus lowering the soil 

moisture content relative to the mulch treatment.  From early December 1999 

onwards the shoots of mulched vines were longer than those of non-mulched vines.  

Similarly, this may have been supported by greater water uptake in the mulched 

treatment which resulted in the reduction in soil moisture content, relative to 

October and November 1999.  It is not possible to do more than speculate as to 

whether there is a direct link between these observations and the vine response to 

the mulch treatments.    
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Figure 4.16 Interaction of soil cover on soil moisture over time at 0.2 m depth, year 
1. 
 



54 

-6

-4

-2

0

2

4

6

8

10

12

14

16

1/
22

/1
99

9
1/

24
/1

99
9

1/
26

/1
99

9
1/

28
/1

99
9

1/
30

/1
99

9
2/

1/
19

99
2/

3/
19

99
2/

5/
19

99
2/

7/
19

99
2/

9/
19

99
2/

11
/1

99
9

2/
13

/1
99

9
2/

15
/1

99
9

2/
17

/1
99

9
2/

19
/1

99
9

2/
21

/1
99

9
2/

23
/1

99
9

2/
25

/1
99

9
2/

27
/1

99
9

3/
1/

19
99

3/
3/

19
99

3/
5/

19
99

3/
7/

19
99

3/
9/

19
99

3/
11

/1
99

9
3/

13
/1

99
9

3/
15

/1
99

9
3/

17
/1

99
9

3/
19

/1
99

9
3/

21
/1

99
9

3/
23

/1
99

9
3/

25
/1

99
9

3/
27

/1
99

9
3/

29
/1

99
9

3/
31

/1
99

9
4/

2/
19

99
4/

4/
19

99
4/

6/
19

99

Date

D
iff

er
en

ce
 in

 S
oi

l M
oi

st
ur

e 
C

on
te

nt
 (%

)

 
Figure 4.17 The % difference in soil moisture of mulched soil relative to bare soil at 
0.2 m, year 1. 
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F igure 4.18 Interaction of soil cover with time at 0.3 m depth, year 2. 
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Figure 4.19 The % difference in soil moisture of mulched soil relative to bare soil at 
0.3 m, year 2. 
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Figure 4.20 Root length density in different soil management treatments at 
Padthaway, April 2000 (D. Hansen pers. comm.). 
 
4.4 Conclusions 
 

• At this site, irrigation scheduling using PRD was not able to be managed 

accurately enough to prevent periods of excessive soil moisture deficit 

occurring.  PRD irrigation resulted in lower soil moisture levels than control 

irrigation at all depths of the soil profile and in all seasons of this experiment. 

• Mounding soil resulted in higher soil moisture levels, greater vine root volume 

and fractional depletion of soil moisture compared to the flat soil treatment.  

This suggests that vines grown under mounded soil conditions experienced 

greater water uptake than vines grown in flat soil beds. 
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• Soil mulched with Phalaris straw was found to be consistently wetter than 

bare soil at both 0.2 m and 0.3 m depth in the first two seasons.  This is 

attributed to reduced soil evaporation since mulch did not increase vine root 

length density. 

• A combination of soil mounding, straw mulch cover and control irrigation 

resulted in the highest soil moisture levels. 
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Chapter Five - The Effect of Soil and Irrigation Management on Grapevine 
Vegetative Growth 
 
5.1 Introduction 
  
The size and health of the grapevine root system essentially governs grapevine 

shoot vigour (Richards 1983; Smart 1995).  It is generally accepted that, in order to 

produce high quality wine grapes, a moderate root volume is necessary.  The 

required root volume is dependant on several factors including soil characteristics, 

irrigation water quality, wine grape variety and canopy management.  There has 

been little research within Australia focusing on the relationship between soil 

limitations, soil management and the effect on grapevine canopy growth.  The effect 

of mounding on grapevine performance has been documented by Myburgh (1994), 

Adem and Tisdall (1988) and others who primarily investigated the amelioration of 

poorly drained or structured soils.  Eastham et al. (1996) reported the effects of 

mounding soil and the use of organic mulches on grapevine performance, although 

the duration of this study was only one growing season.  Godden (1978) 

investigated the response of vines to polyethylene mulch, while work by Adem and 

Tisdall (1988) described the impact of straw mulch on vine growth and 

development. 

 
Hardie and Martin (1989) interpreted the work of Neja et al. (1977) and Christensen 

(1975) as suggesting that vegetative growth is more sensitive than berry growth to 

soil moisture levels and that vigour control is possible by careful manipulation of soil 

water content without reducing yield. However, in experiments where shoot growth 

was significantly reduced by manipulating soil water content, there was a reduction 

in yield (Matthews and Anderson 1988, 1989; Goodwin and Jerie 1992; Poni et al. 

1993; McCarthy 1997). Reduction in shoot vigour may reduce canopy density and 

increase bunch exposure, which in some environments may have a positive effect 

on quality (Matthews and Anderson 1988; Dry 1997)  and/or vine yield (McCarthy 

1997).  Recently the development of PRD irrigation to manipulate vegetative growth 

while maintaining or improving grape quality without negatively influencing yield has 

been extensively reported (Dry 1997; Loveys et al. 1997; Stoll 2000).   Dry (1997) 

and Stoll (2000) reported that PRD irrigation resulted in a substantial reduction in 
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vegetative growth which significantly reduced canopy density and increased bunch 

exposure.   

 

Results from this experiment (Chapters 4 and 6) indicate that periods of excessive 

water stress were imposed each growing season.  Several previous studies have 

shown the effects of water stress on grapevine phenology to be variable.  Bud burst 

and veraison were shown by Shaffer and Anderson (1994) to be advanced by 

applying a soil moisture deficit, while maturity was delayed in the work by Smart and 

Coombe (1983) and Williams and Matthews (1990).  Research by McCarthy (1997) 

and Matthews et al. (1987) reported that an irrigation deficit had no influence on the 

dates of budburst, anthesis and veraison.   

 

In this experiment it was expected that vegetative growth would be greater for 

mounded and mulched vines than for those grown in flat, bare soil.  PRD irrigation 

was predicted to reduce vegetative growth compared to control irrigation.   

 

 5.2 Method and Materials 
 
The modified E-L scale (Coombe 1995) was used to define the following growth 

stages: budburst (E-L 4, Coombe 1995), full bloom (E-L 25, Coombe 1995), 

veraison (E-L 35, Coombe 1995) and harvest (E-L 37-38, Coombe 1995).    Vine 

phenology was assessed weekly in the treatments.  Treatments were deemed to 

have reached a particular growth stage once 50% of the assessed shoots had 

reached that particular phenological stage. 

 
After leaf fall in each year the number of mature shoots (i.e. lignified shoots) per 

vine in each plot were counted and the weight of prunings removed was recorded.  

Vines were then spur pruned to a target of 80 nodes per vine, predominantly as 2-

node spurs.  In 1998 a change in the rows selected for data collection meant that 

one flat soil bed row had already been machine pruned.  As a result this row had 

only 40 nodes per vine in year 1.  This was corrected at pruning in 1999 to 80 

nodes.   
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Light intensity within the canopy was determined by measurement of the 

photosynthetically active radiation (PAR) in the bunch zone with a ceptometer 

(model SF-80, Decagon Devices, Cambridge, UK) using the method described by 

Wolf et al. (2003).  Two readings were obtained per plot and the average 

determined.  Readings of ambient light were made at the beginning of PAR 

measurement and again after 8 and 16 plots had been measured.   

 

In years 1 and 2, the leaf area of 15 shoots was measured on the two treatments 

visually assessed as having the biggest difference in canopy.  The flat soil + bare 

soil + PRD irrigation (T1) was judged to have the smallest canopy while the 

mounded soil + straw mulch + control irrigation (T2) the largest.  Leaf area of the 

main and lateral leaves was measured on 15 randomly chosen shoots per treatment 

using the method described in Smart and Robinson (1991) page 25.  

 

Canopy volume of the experimental vines was measured each season at veraison 

(E-L 35, Coombe 1995).  One measurement of canopy height and canopy width 

was made over a 1m length of canopy in each plot to calculate the volume and the 

average for each treatment derived. 

 
5.3 Results and Discussion 
  
5.3.1 Vine Phenology 
 
Using the modified E-L scale (Coombe 1995) to define growth stages, no 

differences were identified in vine development between treatments in any year of 

the Padthaway experiment.  The date of budburst varied by 15 days (Table 5.1), full 

bloom by 5 days and veraison by 10 days over the three seasons.  The number of 

days between budburst and full bloom varied from 69 days in year 3 to 88 days in 

year 2.  The period between full bloom and veraison ranged from 64 days in year 2 

to 78 days in year 1.  There did not appear to be any consistent treatment effect on 

these intervals.  
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 Table 5.1 Dates of key phenological stages for vines in the Padthaway  
             experiment over three growing seasons. 

Stage E-L 
Stage 

Year 1 Year 2 Year 3 

Budburst 4 12/9/98 3/9/99 18/9/00 
Full bloom 25 26/11/98 30/11/99 25/11/00 
Veraison 35 12/2/99 2/2/00 3/2/01 
Harvest 37-38 16/4/99 22/3/00 28/3/01 

 
 
5.3.2 Effect of Irrigation Method 
 
The period of active shoot growth was found to be significantly longer for vines of 

the control irrigation treatment than the PRD irrigation treatment in the first season 

Table 5.2).  Similar effects on shoot growth have been reported by Dry (1997), Dry 

et al. (1998) and Stoll (2000).    The main shoots of PRD irrigated vines ceased 

growing on 8 February 1999 (Figure 5.1) whereas, the main shoots of control 

irrigated vines continued actively growing until 13 February 1999.  Shoots of control 

irrigated vines reached 64.3 cm on average, compared to 57.6 cm on average, for 

PRD irrigated vines in year 1 (Table 5.6).  In contrast to the findings of Dry (1997) 

shoot lengths of PRD and control irrigated vines were not significantly different in 

either year 1 or year 2.  They grew to only a fraction of the shoot lengths measured 

in the Waite experiment where the control treatment in 1993/94 and 1994/95 was 

296 cm and 193 cm respectively, compared to the PRD treatment in 1993/94 and 

1994/95 where the shoot length was 231cm and 154 cm respectively.  This is most 

likely attributable to the different soil profiles (Chapter 4) of the experimental sites 

and the lower node number retained at pruning in the Waite experiment.  Shoot 

vigour is inversely proportional to the number of shoots per vine and the number of 

shoots per vine is a function of the number of nodes retained at pruning 

(Clingeleffer and Sommer 1995).  Approximately 80 nodes per vine were retained 

each season in the Padthaway experiment, compared to a maximum of 50 nodes 

per vine in the Waite experiment.   
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Table 5.2 The average period of active shoot growth (days) for each factor in the 

first two seasons. 

Irrigation 
Year PRD Control % diff. Signif. 

1 93 119.7 -22 <0.01 

2 111.7 112.3 0 ns 

Soil Mounding 
1 107.5 101.2 6 ns 

2 112.2 111.8 0 ns 

Straw Mulch 
1 109.1 103.6 5 ns 

2 115.3 108.8 6 <0.05 

 

The methodology used to measure shoot length (5.2) may not have adequately 

accounted for shoot growth patterns after the loss of the shoot apex.  The length of 

the main primary shoot was measured until the apex ceased active growth or was 

removed by wind, physical damage or mechanical trimming.  The subsequent 

measurements were of the growth of the top-most lateral shoot only.  This may 

have biased the results because PRD has been shown to suppress lateral shoot 

growth (Dry 1997; Stoll 2000) compared to control irrigation.  More laterals were 

grown by control vines than PRD vines (Table 5.4) and the shoot length reported 

did not include all laterals grown by the main shoot.  A more accurate measurement 

of total shoot length and period of active shoot growth may have resulted if the 

growth of all laterals along the primary shoot, after the removal of the apex, had 

been measured. 

 
The comparatively short shoot lengths of both the control and PRD treatments at 

Padthaway suggest that shoot vigour was not problematic at this site and thus, any 

reduction in vigour may have had a detrimental effect on vine performance (Chapter 

6).  More shoots were grown by control irrigated vines than PRD irrigated vines in 

all 3 seasons (Table 5.3) although this difference was found to be significant only in 
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year 2.  Conversely, Dry (1997) did not find a significant difference in shoot number 

between irrigation treatments.  The rate of increase in shoot length was similar for 

control and PRD irrigated vines early in the growing season (Figure 5.1) which is in 

agreement with Stoll (2000) who found a response of shoot growth rate to PRD did 

not occur prior to flowering.  Applying an early season soil moisture deficit was 

found to reduce shoot growth (McCarthy 1997) and altering the seasonal timing of 

soil moisture deficit did not significantly alter the number of shoots per vine.  

However, unirrigated vines were found to grow significantly fewer shoots than fully 

irrigated vines. 
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Figure 5.1 Weekly measures of shoot length of PRD and control irrigated vines, 
year 1. 
 
Pruning weights for both irrigation treatments were highest in year 2 and lowest in 

year 1 which was not expected given that more irrigation was applied in year 1 than 

in year 2 (Chapter 4).  While rainfall was higher in year 2 compared to year 1, the 

total amount of water received by both irrigation treatments was still lower in year 2 

than in year 1.  Recent studies of deficit irrigation techniques (McCarthy 1997) 

report that early season soil moisture deficits lead to lower pruning weights.  It is 

possible that an early period of stress was experienced by vines in year 1 (Chapter 

4) due to inadequate soil water monitoring (a consequence of the late installation of 

soil moisture equipment) and this may account for the reduced pruning weights in 

year 1 compared to year 2.   
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Pruning weights responded to PRD each season with a significant reduction relative 

to control irrigated vines (Table 5.3).  The pruning weight of PRD irrigated vines was 

31% lower than control irrigated vines in year 1, 19% lower in year 2 and 27% lower 

in year 3 (Table 5.3).  These results agree with Dry (1997) and Stoll (2000) where 

PRD irrigated vines, receiving half the irrigation volume of the control irrigated vines, 

had significantly lower pruning weights than control irrigated vines.  This was mostly 

due to the effect on shoot weight, although part of the decrease was also 

attributable to shoot number per vine (Table 5.3).  Lower shoot weight in response 

to PRD was most likely due to a reduction in lateral shoot growth compared to 

control irrigated vines (Table 5.4).   

 

While lateral leaf growth was reduced for PRD irrigated vines compared to control 

irrigated vines in years 1 and 2 (Table 5.4) this comparison is derived from a 

combination of treatments and so no statistical analysis can be made.  In addition, 

lateral growth was measured in six plots only and it is not possible to know whether 

measurements made in other plots would have contradicted or supported these 

findings.  The time available allowed lateral growth measurement in the two most 

disparate treatments only.  This gave an indication of gross treatment differences 

but, in retrospect, more meaningful results and conclusions would have been 

provided by a data set taken from all plots.  Vines of both T1 and T2 responded to 

the drop in applied volume of irrigation in year 2 relative to year 1, by growing fewer 

main leaves in year 2.  However, PRD irrigated vines grew more lateral leaves in 

year 2 than in year 1, despite less water being applied in the second year and this 

may account for there being no significant difference in canopy fruit zone PAR in 

year 1 (Table 5.3).  Conversely, control irrigated vines produced 53% more lateral 

leaves in year 1 than in year 2.  The responses of both PRD and control irrigated 

canopies to the reduction in applied volume of irrigation in year 2 appear to have 

reduced the differences between the canopies with respect to density.  Recent 

studies have shown that in vines subjected to PRD a reduction in lateral shoot 

growth and consequently, leaf area and leaf layer number occurs (Dry et al. 1998; 

Stoll 2000).  Total leaf area per shoot at Padthaway was found to be higher for 

control irrigated vines than PRD irrigated vines (Table 5.4) in both year 1 and year 
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2.   The increase in PAR of PRD vines relative to control vines (Table 5.3) is further 

evidence that PRD irrigated canopies were less dense than control irrigated 

canopies.  These findings concur with those of Dry (1997) and Stoll (2000) who 

reported that PRD irrigated vines consistently had more open canopies than vines 

receiving control irrigation.     

 

The similarity in shoot growth rate between irrigation treatments does not 

necessarily indicate that vine capacity was similar between treatments.  The term 

‘vine capacity’ refers to the total production of a grapevine rather than the rate of 

shoot growth (Dry and Loveys 1998) which is more commonly termed ‘vine vigour’.  

The ratio of yield to pruning weight has previously been suggested as an indicator 

of vine balance (Smart and Robinson 1991) and the reduction in this ratio (Table 

5.3) in years 2 and 3, relative to year 1, signifies increasing vine vigour in the 

second and third season.  Excessive shoot growth can have detrimental effects on 

vine fruitfulness (May 1965), bunch exposure and disease management (Smart and 

Robinson 1991; Coombe and Dry 1992) through increased canopy density and 

shading.  However, light penetration into the canopy increased each year for both 

irrigation treatments (Table 5.3) at the bunch zone and suggests that the drop in 

vine yield:pruning weight ratio in years 2 and 3 was due to increased shoot vigour 

and not reduced yield per vine.  Greater canopy fruit zone PAR was measured 

within PRD irrigated canopies compared to control irrigated vines in all seasons but 

this difference was significant only in year 1.   
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Table 5.3 Pruning weight (kg/vine), fruit to pruning weight ratio, number of shoots 
per vine and bunch zone PAR for control and PRD irrigation over three seasons. 

Year 1 
Variable PRD Control % diff. Signif. 

Pruning Weight (kg per 
vine) 

1.07 1.55 -31 <0.01 

Yield (kg) / pruning 
weight (kg) 

5.7 5.5 4 ns 

Shoot number per vine 63.8 66.9 -5 ns 
Mean shoot weight (g) 17 23 -26 <0.01 
Bunch zone PAR (% 
ambient) 

19.12 9.61 99 <0.01 

Year 2 
Pruning Weight (kg per 
vine) 

1.55 1.91 -19 <0.01 

Yield (kg) / pruning 
weight (kg) 

2.6 3.5 -26 <0.01 

Shoot number per vine 62.6 66.9 -6 <0.05 
Mean shoot weight (g) 25 29 -14 <0.05 
Bunch zone PAR (% 
ambient) 

21.97 19.88 11 ns 

Year 3 
Pruning Weight (kg per 
vine) 

1.35 1.84 -27 <0.01 

Yield (kg) / pruning 
weight (kg) 

4.4 5.1 -14 ns 

Shoot number per vine 57.2 60.3 -5 ns 
Mean shoot weight (g) 24 31 -23 <0.01 
Bunch zone PAR (% 
ambient) 

36 31.58 14 ns 

 
The volumes of control and PRD canopies were not significantly different in any 

year (Table 5.5) possibly as a result of mechanical trimming carried out each 

season in late December.   

Table 5.4 Leaf area components of T1 (flat soil + bare soil + PRD irrigation) and T2 
(mounded soil + mulched soil + control irrigation) vines for two seasons. 
 Year 1 Year 2 
Variable T1 T2 T1 T2
Main leaf no. per shoot 12.8 13.5 6.8 11.3 
Main shoot leaf area (cm2) 1334 1400 688 1190 
Lateral leaf no. per shoot 9.2 49.6 16.9 23.3 
Lateral leaf area per shoot 
(cm2) 

292 2312 693 1105 

Total leaf area per shoot (cm2) 1626 3722 1381 2295 
Lateral/total area 0.18 0.62 0.50 0.48 
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Table 5.5 Canopy volume (m3) for each factor in the first two seasons. 

Irrigation 
Year PRD Control % diff. Signif 

1 1.24 1.5 -17 ns 
2 1.9 2.0 -5 ns 

Soil Mounding 
 Mound Flat % diff. Signif. 
1 1.46 1.27 -15 ns 
2 2.0 1.9 5 ns 

Straw Mulch 
 Mulch Bare % diff. Signif. 
1 1.29 1.44 -10 ns 
2 2.0 1.8 11 ns 

 
 
5.3.3 Effect of Soil Mounding 
 
Growing vines in mounded soil did not significantly impact on shoot length (Table 

5.6) or the number of days of active shoot growth (Table 5.2) in either years 1 or 2.  

This contrasts with work reported by Myburgh (1994) and Eastham et al. (1996) 

who found that shoot extension of vines was significantly greater in mounded soil 

than flat soil beds.  The number of shoots per vine was similar for the two 

treatments each year (Table 5.7) and only in year 2 did mounded soil produce 

significantly more shoots (P=0.052) than flat soil.  The soil mounds at Padthaway 

were wetter than flat soil and had a larger root volume which may have resulted in 

greater water uptake relative to vines grown in flat soil (Chapter 4).  This would be 

expected to give more conclusive results of improved vegetative growth compared 

to that measured in the drier flat soil beds.  However, Myburgh et al. (1996) found 

that shoot growth and pruning weight were not improved by mounding soil and 

attributed this to the still-limiting soil depth at that site.  The depth of the limestone 

barrier at Padthaway varied from 0mm to 500mm and mounding soil into raised 

beds increased the depth to limestone by 200mm.  The optimum canopy growth 

reported by Myburgh et al. (1996) was obtained from soil between 400mm and 

800mm deep.  Such soil depth was not uniformly available at Padthaway and this 

may have had a negative effect on vegetative growth.    
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Table 5.6 Average maximum shoot length (cm) for each factor over the first two 

seasons. 

Irrigation 
Year PRD Control % diff. Signif. 

1 57.6 64.3 -10 ns 

2 101.3 109.9 -8 ns 

Soil Mounding 
Year Mound Flat % diff. Signif. 

1 59.8 62.1 -4 ns 

2 106.4 104.8 15 ns 

Straw Mulch 
Year Mulch Bare % diff. Signif. 

1 64.8 57.0 14 ns 

2 110.1 101.1 9 0.054 

 

 

Pruning weights were similar in year 1 (Table 5.7) but significantly higher for 

mounded vines in the second and third seasons.  This is consistent with Myburgh 

(1994) who reported significantly greater shoot elongation and pruning weight when 

vines were grown in mounded soil, compared with a flat soil treatment.  The 

increase in pruning weight was due to the combined effect of shoot number per vine 

and shoot weight.  In years 1 and 2 mounded vines grew more and heavier shoots 

(Table 5.7) while in year 3 the significantly higher pruning weight of mounded vines, 

compared to the flat treatment, was due entirely to increased shoot weight as soil 

mounding resulted in fewer shoots than flat soil.  The increase in shoot weight was 

most likely due to increased lateral growth for mounded vines compared to the flat 

treatment (Table 5.4) which is supported by the bunch zone PAR measurements 

(Table 5.7).  PAR was lower in mounded canopies compared to the flat treatment 

each year, although this difference was significant only in years 1 and 3.  The ratio 

of fruit to pruning weight was highest in year 1 when pruning weights were lowest 

(Table 5.7).  Vine vigour increased in years 2 and 3, relative to year 1, as shown by 
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the higher pruning weights but this did not reduce light penetration into the bunch 

zone.  PAR was lowest in year 1 and highest in year 3 for both treatments.   

 

While mounded vines had fewer shoots in year 3 compared to other years, this did 

not impact on bunch zone PAR (Table 5.7).  Although lateral growth was not 

measured that season, the significant reduction in PAR of mounded vines was 

probably due to the observed greater amount of lateral shoot growth.   
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Table 5.7 Pruning weights (kg/vine), number of shoots per vine and bunch zone 
PAR index for mounded and flat soil treatments over three seasons. 

Year 1 
Variable Mound Flat % diff. Signif. 

Pruning weight (kg per vine) 1.38 1.24 11 ns 
Fruit weight (kg)/ pruning weight 
(kg) 

5.8 5.4 0.07 ns 

Shoot number per vine 67.2 63.6 6 ns 
Mean shoot weight (g) 20.5 19.5 5 ns 
PAR (% ambient) 9.6 19.2 -50 <0.05 

Year 2 
Pruning weight (kg per vine) 1.88 1.58 19 <0.052 
Fruit weight (kg)/ pruning weight 
(kg) 

3.4 2.8 21 <0.05 

Shoot number per vine 67.7 61.3 11 <0.052 
Mean shoot weight (g) 27.8 25.8 8 ns 
PAR (% ambient) 20.5 21.4 -4 ns 

Year 3 
Pruning weight (kg per vine) 1.65 1.64 0.006 <0.053 
Fruit weight (kg)/ pruning weight 
(kg) 

4.9 4.4 11 ns 

Shoot number per vine 57.6 60.3 -4 ns 
Mean shoot weight (g) 28.6 27.2 5 <0.05 
PAR (% ambient) 28.6 39 -27 <0.01 
 
 
Each year canopy fruit zone PAR was greater for vines grown in flat soil than those 

in mounded soil (Table 5.7) and this difference was significant in years 1 and 3.  

When compared at similar profile depths, soil moisture was greater in mounded soil 

than flat soil (Chapter 4) and this is likely to have promoted more lateral shoot 

growth and increased shading.  As expected, vines grown in mounded soil had 

more lateral leaves than non-mounded vines in the first two seasons (Table 5.4).  

Eastham et al. (1996) showed that the increase in shoot length measured in the 

mounded treatment was accompanied by an increase in the number and length of 

lateral shoots which produced larger canopies than those of the flat soil treatment.  

The Padthaway results suggest that while shoot extension was not affected by soil 

treatment, the growth of lateral shoots may have been greater in mounded soil.  

Mechanical trimming was carried out in late December each season and may have 

impacted on canopy volume which was similar for both treatments each year (Table 

5.5). 
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5.3.4 The Effect of Straw Mulch 
 
The application of straw mulch did not result in either significantly longer shoots 

(Table 5.6) or a longer period of active shoot growth (Table 5.2) in year 1.  In year 2 

shoots of mulched vines were significantly longer than the shoots of bare soil vines 

(P=0.54).  In addition, the period of active shoot growth was significantly longer for 

mulched vines than vines grown in bare soil (Table 5.3).  Soil under straw mulch 

was significantly wetter than bare soil in the first and second seasons (Chapter 4) 

and this would be expected to foster greater shoot elongation of mulched vines.  

However, the opposite occurred with more rapid shoot growth on bare soil vines 

than the mulched vines early in the second growing season.  This trend reversed 

mid-season and unlike the soil moisture results (Chapter 4), there was no significant 

interaction between shoot growth and time.  Previous research provides conflicting 

reports of the effect of mulch on grapevine shoot growth.   Soil surface cover was 

found to increase shoot growth by Godden (1978) and Van Zyl and Van Huyssteen 

(1983).  In contrast, mulching did not improve the growth of young vines (Eastham 

et al. 1996) where soil water availability was not limiting.  While these studies did 

not measure soil temperature, the application of surface mulch was found to lower 

soil temperature (Ludvigsen 1994) in a single season study, although vine growth 

was not limited by this.  Shoot growth has been reported to increase with soil 

temperature (up to an optimum soil temperature of 30°C, Woodham and Alexander 

1966; Kliewer 1975) and this may explain why, at Padthaway, shoot growth was 

greater in the bare treatment than the mulch treatment during the early part of the 

season.   The increased shoot growth of the mulch treatment compared to the bare 

treatment later in the season may be as a result of mulched soil becoming warmer.  

In addition, it is possible that the temperature of the bare soil may have increased 

during the season to the point where shoot growth was impeded. This suggestion is 

purely speculative as soil temperature measurements were not made. 

  

The presence or absence of straw mulch did not produce a consistent trend for 

pruning weight (Table 5.8).  Pruning weights of non-mulched vines were slightly but 

not significantly, higher than mulched vines in year 1 (Table 5.8).  In contrast, 
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mulched vines had slightly but not significantly, higher pruning weights than non-

mulched vines in year 2.  Only in year 3 were pruning weights significantly heavier 

for mulched vines relative to non-mulched vines.  This increase was due entirely to 

shoot weight, which was greater for mulched vines than non-mulched vines (Table 

5.8).  Lateral growth was not measured in year 3 but PAR was higher in the bare 

treatment than the mulch treatment so it is possible that there was greater lateral 

shoot growth in the straw mulch treatment and thus heavier main shoots.  The fruit 

to pruning weight ratio (Table 5.5) was highest for both treatments in year 1 

compared with years 2 and 3.  This is explained by the higher pruning weights in 

years 2 and 3, compared to year 1, indicating vine vigour was higher in the later 

years of this research.  In addition, vine yield was significantly greater in the mulch 

treatment in year 3 than the bare treatment (Chapter 6) and this also affected the 

fruit to pruning weight ratio.  However, greater vine vigour did not reduce light 

penetration into the bunch zone.  PAR was lowest for both treatments in year 1 

(Table 5.8) and highest in year 3. 

 

Canopies of mulched and non-mulched vines were of similar volume each year, 

probably as a result of mechanical trimming each December (Table 5.5).
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Table 5.8 Pruning weights (kg/vine), number of shoots per vine and bunch zone 

PAR index for straw mulch and bare soil treatments over three seasons. 

Year 1 
Variable Mulch Bare % diff. Signif. 

Pruning Weight (kg per 
vine) 

1.28 1.34 -5 ns 

Yield (kg)/ pruning weight 
(kg) 

6.1 5 22 ns 

Shoot number per vine 65.4 65.3 0.002 ns 
Mean shoot weight (g) 19.6 20.5 -0.04 ns 
PAR (% ambient) 11.7 17.1 -32 <0.05 

Year 2 
Pruning Weight (kg per 
vine) 

1.8 1.7 6 ns 

Yield (kg)/ pruning weight 
(kg) 

3 3 0 ns 

Shoot number per vine 63.5 65.5 -0.03 ns 
Mean shoot weight (g) 28.3 26 9 <0.05 
PAR (% ambient) 22.3 19.6 14 ns 

Year 3 
Pruning Weight (kg per 
vine) 

1.7 1.5 13 <0.05 

Yield (kg)/ pruning weight 
(kg) 

5 4.4 14 <0.05 

Shoot number per vine 58.6 59.3 -0.01 ns 
Mean shoot weight (g) 29 25.3 15 <0.01 
PAR (% ambient) 31.5 36.1 -13 ns 
 
 
Canopy bunch zone PAR was significantly greater for canopies of vines grown in 

bare soil than vines grown in mulched soil in year 1 (Table 5.8).  In year 2 PAR was 

higher for mulched canopies than non-mulched canopies and the reverse occurred 

in year 3.  However, these differences were not significant.  The number of main 

shoots per vine was found to be similar for both mulched and non-mulched vines 

each year (Table 5.8) although, mulched vines had more main leaves and a greater 

total main leaf area per shoot than non-mulched vines in years 1 and 2 (Table 5.4).   

More lateral leaves were grown by mulched vines than non-mulched vines in years 

1 and 2 (Table 5.4) as was expected with the higher soil moisture levels of mulched 

soil (Chapter 4) and this would have contributed to a denser canopy for mulched 

vines relative to non-mulched vines in year 1.  The canopy of mulched vines had a 

greater proportion of the total leaf area comprised of lateral leaf area (0.62) in year 
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1 than non-mulched canopies (0.18).  However, in year 2 the ratio of lateral leaf 

area:total leaf area was slightly less for mulched canopies (0.48) than non-mulched 

canopies (0.5).  This result, while difficult to explain and not statistically significant, 

does suggest that canopy density was higher for mulched vines in year 2 than non-

mulched vines.  

 

It appears that applying straw mulch in the first year only of this experiment did not 

have a positive effect on vegetative growth, even though soil moisture levels were 

found to be elevated under straw mulch when compared to bare soil.  This may be 

due in part to the growth and development of new roots at the soil surface which 

was not found to be significantly improved by the addition of straw mulch (Chapter 

4).  In a long term study Vitis vinifera (var. Colombar) responded inconsistently to 

the application of straw mulch at varying rates (Saayman 1982) with no statistically 

significant effect on shoot mass apparent.   That there was no consistent effect of 

mulch on grapevine canopy growth is possibly associated with the varying depths of 

straw mulch under vines and difficulty experienced keeping the mulch in place for 

the duration of this experiment.  In addition, the mulch may have resulted in lower 

soil temperatures than bare soil which slowed shoot growth in spring but enhanced 

it during summer when bare soil temperatures may have been detrimental to root 

activity. 

 
5.3.5 Interactions Between Factors 
 
There were no statistical interactions between treatments for any measures of shoot 

growth in any season. 

 
5.4 Conclusions 
 

• PRD irrigated grapevines ceased shoot elongation before control irrigated 

vines and produced fewer lateral leaves.  This resulted in greater fruit zone 

PAR than the control irrigation treatment.  The weight of prunings removed 
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from the control irrigation treatment was greater than the weight of prunings 

from the PRD irrigation treatment each year. 

• Mounding soil into raised beds had no significant effect on shoot length or 

growth rate.  Pruning weights were greater in the second and third seasons. 

Canopy PAR was lower for vines grown in flat soil relative to mounded vines.  

• The application of straw mulch did not consistently impact on canopy growth.  

While more lateral leaves were grown by mulched vines than vines grown in 

bare soil this led to reduced canopy PAR in years 1 and 3 only. 

• A combination of PRD irrigation and flat soil treatment gave the greatest 

reduction in vegetative growth while combining control irrigation and 

mounded soil resulted in the largest amount of canopy growth.  
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Chapter Six - The Effect of Soil and Irrigation Management on Grapevine Yield 
6.1 Introduction 
 

Soil management was suggested by Cockroft (1973) to be one of the most 

important methods of achieving improved vine production, particularly if irrigation is 

applied.  Two of the most effective soil management techniques recommended 

were mounding soil to increase soil depth and improve root development - and 

applying mulch - to reduce the loss of soil moisture from evaporation.  A four year 

experiment in a mature ‘Concord’ vineyard (Morris and Cawthon 1981) reported that 

vines grown in a deep soil had a higher yield per vine than vines grown in shallow 

soil.  Vine yield may be more responsive to soil management than vegetative 

growth.  Saaymann and van Huyssteen (1980) reported that growing vines in 

mounded soil resulted in a greater increase in yield than the corresponding increase 

in shoot growth.  Many experiments have shown that the application of both organic 

and inorganic mulches under the vine row increases vine yield (Godden 1978; 

Chkhartishvili & Bekauri 1979; Van Huyssteen and Weber 1980; Van Zyl & Van 

Huyssteen 1983; Adem & Tisdall 1988; Ludvigsen 1994; Webster and Buckerfield 

2003).  Data regarding which specific yield components are influenced by mulching 

the soil surface are not well documented.  The Padthaway experiment experienced 

greater soil moisture under mulch than for non-mulched soil and mulched vines had 

greater canopy density than non-mulched vines (Chapters 4 and 5).  However, no 

evidence was found that mulch increased the number of shoots per vine (and 

consequently bunches per vine).  D. Hansen (pers. comm.) found that the increase 

in vine yield under straw mulch in a vineyard at Langhorne Creek, SA was due 

entirely to larger berries while Creasy et al. (2003) report an effect of mulch on 

flower number per bunch although this did not translate into a significant yield 

difference. 

 

It has been shown that reproductive growth of grapevines is less sensitive to water 

stress than vegetative growth (Shafer and Anderson 1994; Nagarajah 1989).  

Manipulating vegetative growth through irrigation management strategies has been 

the objective of much recent research.  However, in most experiments where shoot 
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growth was significantly reduced there was also a significant reduction in vine yield 

(Hardie and Considine 1976; McCarthy and Staniford 1984; Matthews and 

Anderson 1988, 1989; Poni et al. 1993; McCarthy 1997).  Controlling vine vigour by 

imposing a water deficit is largely confined to the time between flowering and 

veraison but this corresponds with the phenological period shown to have the 

greatest effect on vine yield (Hardie and Considine 1976; Neja et al. 1977; 

McCarthy 1997). By halving the volume of water applied during irrigation yet 

maintaining yield, significant water savings can be made using PRD, resulting in 

improved efficiencies in vineyard production.  Dry (1997) reported that vegetative 

growth was substantially reduced with PRD irrigation but without incurring any yield 

penalty despite 50% less water being applied relative to the control treatment.  As 

described in Chapter 5, PRD irrigation has the potential to affect shoot growth at the 

Padthaway site, which is consistent with previous research on PRD (Dry 1997; Dry 

and Loveys 1998; Stoll 2002).   

 

Improving WUE is important not only from a grower’s perspective but also 

environmentally.  As irrigation water quality and volume become restricted in 

Australia, improvements in irrigation practices that increase irrigation efficiency will 

be central to the continued growth of the wine industry.  The potential of PRD 

irrigation to boost the WUE of irrigated viticulture maybe a valuable tool to ensure 

the long-term sustainability of the Australian wine industry.  In addition, the ability to 

reduce the irrigation requirement through applying mulch could lead to significant 

water savings and facilitate vineyard expansion without further depleting the water 

resource.      

 

 6.2 Methods and Materials 
 
Harvest date was set for the entire block by the winemaker of Wynns Estate, 

Coonawarra, South Australia.  Trial vines were hand harvested as close as 

possible, but prior to, this date for each of the three seasons reported. 
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At harvest, grapevine bunches were hand picked, counted and total fruit weight per 

vine measured for each of the 10 vines tagged in each plot of the trial to the nearest 

0.1kg.  From the total fruit harvested in each replicate, 5kg was collected (500g from 

each of the 10 vines) and frozen for potential micro-vinification research as part of 

another project.  Average bunch weight was calculated from the total fruit weight 

and number of bunches per vine.  The berry samples collected for compositional 

analysis (Chapter 7) were used to calculate average berry weight.  Berry number 

per bunch was derived from the average bunch weight divided by the average berry 

weight. 

 

6.3 Results and Discussion 

6.3.1 Effect of Irrigation Treatment 

 

Yields (kg/vine) of both irrigation treatments were lower in year 2 than in either 

years 1 or 3 (Table 6.1) and this may be due to the reduction in the volume of 

irrigation water applied in the second year compared to the other years (Chapter 4).  

Bunches were lighter in year 2 than the other seasons and had fewer berries, 

although berry weight was greatest in the second season for both irrigation 

treatments.   

 

PRD irrigated vines produced significantly lower fruit yields in all three seasons of 

this experiment than control irrigated vines (Table 6.1).  The greatest difference in 

yield per vine occurred in year 2 when PRD irrigated vines produced 40% less fruit 

than control irrigated vines.  The main component of vine yield affected by irrigation 

treatment was bunch weight (Table 6.1) which accounted for most of the yield 

reduction of PRD vines, relative to control irrigation, in all three seasons.  Bunches 

of PRD vines were 27% lower than bunches of control vines in year 1, 29% lower in 

year 2 and 35% lower in year 3.  Of all yield components, berry weight is the most 

sensitive to water stress (Smart and Coombe 1983; Williams and Matthews 1990) 

and as expected from the soil moisture data (Chapter 4) in this experiment, PRD 

vines had significantly lower berry weights each year (Table 6.1).  In year 1 PRD 
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berries were 18% lighter than control irrigated berries, 10% lighter in year 2 and 

25% lighter in year 3.  This finding is in stark contrast to similar research carried out 

by Dry (1997), Stoll (2002) and Chalmers and Krstic (2003) where no significant 

effect of PRD treatment on berry weight was observed and strongly suggests that 

the PRD treatment in this experiment resulted in significant water stress during the 

period between flowering and veraison when berry size is most affected by water 

availability (Hardie and Considine 1976; McCarthy and Staniford 1984; Matthews 

and Anderson 1988,1989; Poni et al. 1993; McCarthy 1997).   
 

Berry number per bunch was lower for PRD vines than the control treatment each 

season, although these differences were only significant in years 2 and 3.  In year 1 

PRD had 11% fewer berries per bunch, 21% in year 2 and 13% year 3 (Table 6.1).  

That PRD had 21% fewer berries per bunch than the control in year 2 – almost 

twice the percentage difference found in the other two years – may have been due 

to a carryover effect of a severe soil moisture deficit in year 1, coupled with a 

reduction in the volume of applied irrigation water in year 2 compared to year 1.  

Matthews and Anderson (1989) and McCarthy (1997) showed that a period of water 

stress prior to veraison in year 1 resulted in fewer berries per bunch in year 2 of 

their experiments.  Berry weights for both irrigation treatments were highest in year 

2, when berry number per bunch was lowest.  Poor weather conditions during 

flowering and fruit set in year 2 may have been the cause of the reduction in berry 

number per bunch which resulted in heavier berries.  However, this is speculation 

as flower numbers were not counted. 

 

Bunch number per vine was not significantly affected by irrigation treatment in any 

growing season (Table 6.1) a result typical of other PRD research (Dry 1997; Stoll 

2002; Chalmers and Krstic 2003).  However, PRD irrigation resulted in 15% fewer 

bunches per vine than control irrigated vines in year 2 which accounts for some of 

the yield reduction effect in that season.  This may have been a carryover effect of a 

severe soil moisture deficit in year 1 (Chapter 4) which reduced inflorescence 

initiation for year 2.  However, a review of the effects of water stress on vine 

fruitfulness by Smart and Coombe (1983) details inconsistent effects showing both 
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increases and decreases in fruitfulness can occur.  While the difference in bunches 

per vine at Padthaway was not found to be significant it is worth noting that in the 

same year PRD vines had 6% fewer shoots than the control and this difference was 

statistically significant (Chapter 5).  Vine fruitfulness was found to be slightly lower 

in year 2 compared to year 1 for both PRD (1.6 bunches per shoot in year 1, 1.4 

bunches per shoot in year 2) and control (1.6 bunches per shoot in year 1 and 1.5 in 

year 2) irrigation.  A reduction in the number of shoots per vine is not normally 

associated with PRD irrigation (Dry 1997; Stoll 2002) but has been reported with 

deficit irrigation (McCarthy 1997).  This further supports the suggestion that 

implementing PRD irrigation at this site led to excessive soil moisture deficits each 

season which in turn had a negative impact on grapevine growth and production.  

 

Typically, research aimed at reducing shoot growth by restricting the available soil 

moisture has also impacted on vine yield by limiting berry weight through the 

imposition of a soil moisture deficit, particularly between flowering and veraison 

when berry size is most sensitive to soil moisture stress (McCarthy 1997, 1998; 

Kliewer et al. 1983; Hardie and Considine 1976; Van Rooyen et al. 1980; Matthews 

and Anderson 1989; Grimes and Williams 1990; Stevens et al. 1995; Freeman et al. 

1980; van Zyl 1984a).  It appears that PRD irrigation at this site may have resulted 

in a period(s) of severe soil moisture deficit (Chapter 4).  As a result vine yields 

were significantly depleted compared to control irrigation in all three growing 

seasons.  Despite this, PRD resulted in higher water use efficiency than the control 

(fruit weight/volume irrigation) in years 1 and 2 (Table 6.1) although there was little 

difference between the two treatments in year 2 due to the reduction in yield and 

volume of applied irrigation (Chapter 4).  In year 3 the irrigation efficiency of the 

control treatment was slightly higher than the PRD treatment as 36% more fruit was 

produced in the control compared to the PRD and the volume of irrigation applied 

was increased relative to year 2.  This result contrasts with previous research on 

PRD irrigation which consistently reported greater irrigation efficiency for PRD 

irrigated vines than with control irrigation (Dry 1997; Loveys et al. 1998; Stoll 2002; 

Chalmers and Krstic 2003) and further highlights the yield penalty associated with 

PRD irrigation in the Padthaway experiment. 
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Table 6.1 Yield component data of PRD and control irrigated vines for three 
seasons. 

Year 1 
Variable PRD Control % diff. Signif. 

Fruit wt (kg/vine) 6.1 8.5 -28 <0.05 
Bunch no/vine 103.2 104.6 -1 ns 
Bunch wt (g) 59.5 81.1 -27 <0.05 
Berry wt (g) 0.9 1.1 -18 <0.01 
Berry no/bunch 65.8 73.6 -11 ns 
Fruit wt/vol. irrigation 
(t/ML) 

4.5 3.4 30 - 

Year 2 
Fruit wt (kg/vine) 4.0 6.7 -40 <0.01 
Bunch no/vine 86.6 101.6 -15 ns 
Bunch wt (g) 46.3 65.5 -29 <0.01 
Berry wt (g) 1.3 1.4 -10 <0.01 
Berry no/bunch 36.3 46.2 -21 <0.05 
Fruit wt/vol. irrigation 
(t/ML) 

6.2 6.1 2 - 

Year 3 
Fruit wt (kg/vine) 6.0 9.3 -36 <0.01 
Bunch no/vine 88.2 88.4 0 ns 
Bunch wt (g) 67.6 104.4 -35 <0.01 
Berry wt (g) 0.9 1.2 -25 <0.01 
Berry no/bunch 78.0 90.1 -13 <0.05 
Fruit wt/vol. irrigation 
(t/ML) 

5.1 5.7 -9 - 

 
In contrast to other research carried out on PRD irrigation a significant interaction 

occurred between irrigation and time for berry weight in years 1 and 3 (Figures 6.1 

and 6.2).  The trend in berry weight over time is similar in both seasons, i.e. there 

was no significant difference in the berry weights of the two irrigation treatments at 

the first measurement, 13 January 1999 and 6 December 2000.  However, as fruit 

maturation progressed the difference in berry weights between the two irrigation 

treatments increased such that by harvest (24 March 1999 and 28 March 2001) the 

control irrigated berries were 18% heavier than PRD berries in year 1 and 33% 

heavier in year 3.  This result appears to be peculiar to this experiment and may be 

due to the likely occurrence of at least one period of severe stress during each 

growing season.  The increase in the magnitude of difference in berry weights of the 
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irrigation treatments is perhaps indicative of the ongoing nature of the soil moisture 

deficit at this site (Chapter 4).   
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Figure 6.1 Plot of berry weight interaction between irrigation treatment and time, 
year 1.  
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Figure 6.2 Plot of berry weight interaction between irrigation treatment and time, 
year 3. 
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6.3.2 Effect of Soil Mounding 
 

Vines grown in mounded soil produced a higher yield compared to vines grown in 

flat soil beds in all seasons but this difference was only significant in the second and 

third years (Table 6.2).  In year 1 there were no significant differences in the major 

components of yield for either treatment.  Previous research has tended to involve 

the planting of young vines into mounded soil (Saayman 1982; Myburgh 1994; 

Eastham et al. 1996) and although vegetative growth was increased there was little 

or no yield to report in the first year.  However, increasing the available soil depth 

was found to improve vine yield in a mature Vitis labruscana cv. ‘Concord’ vineyard 

(Morris and Cawthon 1981) in each season of a four year experiment, although the 

soil management process involved artificially increasing or reducing the soil profile 

depth by levelling and redistributing the soil i.e. not creating soil mounds.  In the 

Padthaway experiment, vines grown in mounded soil developed a larger root 

volume than those grown in flat soil (Chapter 4). In addition, mounded soil beds 

provided access to an increased soil volume compared to flat soil beds, allowing 

mounded vines better access to water and nutrients.  This effect was not expected 

in the first year as roots had not had the time to fully grow into the newly created 

mounds.   
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Table 6.2 Yield component data of vines grown in mounded soil beds and flat soil 
beds over three seasons. 

Year 1 
Variable Mound Flat % diff. Signif. 

Fruit wt (kg/vine) 8.0 6.7 19 ns 
Bunch no/vine 112.5 95.4 18 ns 
Bunch wt (g) 70.4 70.2 0 ns 
Berry wt (g) 1.0 1.0 0 ns 
Berry no/bunch 70.3 69.1 2 ns 
Fruit wt/vol. irrigation 
(t/ML) 

4 3.4 18 - 

Year 2 
Fruit wt (kg/vine) 6.3 4.4 44 <0.05 
Bunch no/vine 103.6 84.7 22 <0.01 
Bunch wt (g) 60.8 51.7 18 ns 
Berry wt (g) 1.3 1.4 0 ns 
Berry no/bunch 45.3 38.3 18 ns 
Fruit wt/vol. irrigation 
(t/ML) 

7.2 5.0 44 - 

Year 3 
Fruit wt (kg/vine) 8.2 7.2 14 <0.05 
Bunch no/vine 85.6 88.7 -4 ns 
Bunch wt (g) 91.7 80.4 14 <0.05 
Berry wt (g) 1.0 1.0 0 ns 
Berry no/bunch 90.5 79.2 14 <0.05 
Fruit wt/vol. irrigation 
(t/ML) 

5.8 5.1 14 - 

 
The greater yield per vine for mounded vines, relative to flat treatment vines, in year 

2 was largely due to a significant increase in bunch number per vine (Table 6.2).  

Significantly more shoots were produced per vine resulting in heavier pruning 

weights for the mounded treatment than the flat soil treatment in year 2 (Chapter 5), 

probably because mounded soil was wetter than flat soil (Chapter 4) and able to 

support greater vine capacity. The benefits of maintaining a favourable soil moisture 

level on subsequent yield have been well documented (Neja et al. 1977; Freeman 

et al. 1979; Layne et al. 1981; Kliewer et al. 1982; McCarthy 1997).   Where soil 

moisture levels are limited in mounded soil, vine yields have been lower than those 

of the flat soil treatment (Hansen, pers comm).  In the Padthaway experiment 

mounded vines grew more shoots which resulted in significantly more bunches per 

vine and consequently, higher yields per vine than the flat soil treatment (Table 6.2).  

Yields of mounded vines were also significantly higher than the flat treatment vines 
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in year 3 (Table 6.2) however in contrast to year 2 this was due to heavier rather 

than more bunches per vine.  The higher bunch weights of mounded vines are 

possibly the result of a compensation effect triggered by the reduced bunch number 

(Coombe and Dry 1992).  However, in year 3 the flat treatment resulted in slightly 

more bunches per vine than the mound treatment but this was not significant.   

 

Shoots of mounded vines were not more fruitful than shoots of the flat treatment in 

any season.  Mounded vines produced 1.7 bunches per shoot in year 1 and 1.5 in 

years 2 and 3 compared to 1.5 for the flat treatment in year 1, 1.4 in year 2 and 1.5 

in year 3.  In contrast, Morris and Cawthon (1981) found that the shoots of vines 

grown in deep soil were much more fruitful than those grown in shallow soil in all 

years of their experiment and that this contributed to the higher yields from vines 

grown in deep soil. 

  

Berry weight was not significantly affected by soil mounding in any year but there 

were more berries per bunch for vines of the mounded treatment compared with the 

flat treatment each season (Table 6.2) although this difference was significant in 

year 3 only.  The self-regulating mechanism of grapevines which dictates the 

balance between shoot and fruit growth may have been responsible for the 

increased level of fruit set of the mounded vines relative to non-mounded vines in 

year 3, as percent fruit set tends to be inversely related to bunch number per vine 

within a season (Coombe and Dry 1992).  However, Morris and Cawthon (1981) did 

not find that vine yields were self-regulated but instead found not only more 

bunches per node for vines grown in deep soil compared to shallow soil but also 

more berries per bunch and greater berry weights in their four year experiment.  

Most previous research on the effects of soil mounding has not detailed the 

components of yield and vegetative growth improved by soil mounding (Saayman & 

Van Huysteen 1980; Saayman 1982; Myburgh 1994) but has instead reported the 

overall yield and vegetative growth (kg/vine) through improved root growth and 

development in the larger volume of mounded soil but it is not possible to speculate 

on which of the components was most affected.   
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WUE was higher for the mounded treatment than the flat treatment in all three 

seasons (Table 6.2) due to higher yields per vine, although the yield difference was 

significant only in years 2 and 3.  It appears that vines take at least one growing 

season to develop roots in newly mounded soil, but once this has been 

accomplished the greater soil volume of mounds can lead to increased efficiency of 

production through increasing vine yield compared to flat soil, without raising the 

volume of irrigation water applied.   

 

6.3.3 Effect of Straw Mulch 
 

The application of Phalaris straw as a soil mulch did not consistently influence vine 

yield at this site.  In year 1 vine yield was greater, although not significantly, for the 

mulch treatment than the bare soil treatment (Table 6.3).  Mulched vines had 

significantly (p=0.52) heavier bunches.  The   berries from the mulch treatment were 

slightly heavier than those of the bare treatment in addition to more berries per 

bunch for the mulch treatment.  This result agrees with research carried out by 

Hansen in 1995 (pers. comm.) which showed that the increase in cv. Semillon yield 

where straw mulch had been applied was due entirely to larger berries.  Most of the 

previous research reports a consistent increase in yield when mulches are applied, 

even in year 1.  For example, Adem and Tisdall (1988) reported that the yield of cv. 

Ruby Cabernet increased from 3 t/ha to 12 t/ha in the season immediately after 

straw mulch was spread.  Similarly, Ludvigsen (1994) found yield under straw mulch 

increased 68% compared to the non-mulch treatment in a cv. Riesling vineyard and 

Webster and Buckerfield (2003) reported 20% more bunches per vine in a young 

Shiraz vineyard in the same growing season that composted mulch was applied.  In 

contrast, vine yield was slightly higher, although not significantly, in the bare soil 

treatment in year 2 compared to the mulch (Table 6.3).  There were fewer berries 

per bunch for both treatments in year 2 compared with year 1 although the berry 

weights were higher (Table 6.3) in year 2 than in year 1.  While not significant, there 

were fewer bunches per vine in the mulch treatment than the bare treatment in year 

2 but the bunch weights of the mulch were heavier than the bare treatment due to 

significantly heavier berries (Table 6.3).  In the second year of their Adelaide Hills 
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study, Webster and Buckerfield (2003) reported a 30% increase in vine yield under 

commercially available composted mulch compared to the control treatment and 

this was mainly due to increased vine capacity, specifically higher bunch numbers.  

Unlike the Padthaway results, there was no difference in bunch or berry size for 

either treatment.  Commercial composted mulches are potentially more suitable for 

vineyard mulches than raw products such as Phalaris straw.  They are produced in 

a controlled fashion, in line with the Australian Standards for Composts, Soil 

Conditioners and Mulches AS-4454 (Standards Australia, 1999) to produce a 

consistent product of known grade, nutrient and pathogen status.  Potentially such 

products are more stable in situ than Phalaris which may account for the consistent 

yield effect reported in both years of the Adelaide Hills study.   

 

In year 3 vine yield was significantly greater for the mulch treatment compared to 

the non-mulched treatment (Table 6.3) due to more bunches per vine, and higher 

bunch weights as a result of a greater number of berries per bunch and heavier 

(although not significantly so) berries.  This result concurs with the findings of 

Webster and Buckerfield (2003) but contrasts with work by Hansen (pers. comm.) 

showing bunch number was not altered by the application of straw mulch.   

 

Difficulties were experienced keeping the dry straw mulch in place for the duration 

of the Padthaway experiment.  Due to the tendency for the mulch to blow away or 

roll off the mounds it was problematic to keep the soil uniformly covered and ensure 

that the straw was of a consistent and adequate depth.  This may be the reason 

why mulch did not have any effect on yield in the first two years of the trial.  In a 

long term study of tillage practices on vine performance Van Huyssteen and Weber 

(1980a, b and c) regularly re-applied the straw to the mulch treatment and reported 

consistently higher yields under mulch than any other treatment.  By the third 

season much of the straw mulch covering had disappeared, leaving large areas of 

bare soil surface which tended to form a hard crust.  This hard crust may have 

acted as a better barrier to evaporative loss of moisture from the soil surface than 

the straw.  Root length density was found to be less under mulch than in bare soil in 

the first two years of study (Chapter 4) indicating that the surface crust found in the 
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bare treatment may have provided a better soil environment for root growth and 

development than the mulch treatment.  A detailed New Zealand study on the 

impact of composted mulch on vine yield (Agnew et al. 2002) also reported that 

mulch did not have a consistent effect on vine yield.  Once again, mulch was not 

regularly re-applied to the experimental sites.  Site and management variability 

accounted for much of the yield increases reported and it was proposed that due to 

mild temperatures during flowering the control treatment did not decrease yield due 

to extreme plant stress as may be the case in Australia.  

 

Straw mulch resulted in greater WUE than the non-mulched treatment in years 1 

and 3 (Table 6.3) due to the higher yields recorded for the mulch treatment.  In year 

2 WUE was slightly lower for the mulch treatment because, while there was no 

significant difference in yield per vine for either treatment, the yield of the bare soil 

treatment was a little higher than the mulch.  WUE may have been improved in year 

2 if the Phalaris straw had been re-applied in winter 1999.  However, the cost of 

applying mulch annually would be prohibitive on a commercial scale and may not be 

returned to the grower through the increase in yield.  Investigation into more 

suitable mulch products may uncover materials better suited to long term soil 

surface cover. 
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6.3 Yield component data of vines grown in bare soil and mulched soil for three 
seasons. 

Year 1 
Variable Mulch Bare % diff. Signif. 

Fruit wt (kg/vine) 7.8 6.9 13 ns 
Bunch no/vine 105.2 102.6 3 ns 
Bunch wt (g) 73.4 67.2 9 0.052 
Berry wt (g) 1.1 1.0 3 ns 
Berry no/bunch 71.6 67.9 6 ns 
Fruit wt/vol. irrigation 
(t/ML) 

3.9 3.5 13 - 

Year 2 
Fruit wt (kg/vine) 5.3 5.4 0 ns 
Bunch no/vine 92.5 95.8 -3 ns 
Bunch wt (g) 57.6 55.9 3 ns 
Berry wt (g) 1.4 1.3 8 <0.01 
Berry no/bunch 41.3 43.0 -4 ns 
Fruit wt/vol. irrigation 
(t/ML) 

6.1 6.1 0 - 

Year 3 
Fruit wt (kg/vine) 8.7 6.6 33 <0.05 
Bunch no/vine 97.3 80.0 22 <0.01 
Bunch wt (g) 90.1 82 9 <0.05 
Berry wt (g) 1.0 1.0 0 ns 
Berry no/bunch 88.7 81.0 10 ns 
Fruit wt/vol. irrigation 
(t/ML) 

6.2 4.7 33 - 

 
6.3.4. Interactions Between Factors 
 
A significant interaction occurred for bunch weight between soil mounding and straw 

mulch in the first two years of this experiment (Table 6.4).  Bunch weight was 

highest in both seasons when mounding was combined with straw mulch but there 

was no other consistent trend for this data.  In year 1 the flat + bare soil treatment 

had the next highest bunch weight, followed by flat + mulch and mound + bare soil 

had the lowest bunch weight.  In year 2 bunch weight was higher in both mounded 

treatments compared to the flat treatments, although there was no significant 

difference in average bunch weight for the pooled mounded vine and flat vine data 

(Table 6.2 and 6.3) in either year 1 or 2.  The flat + mulch treatment had the lowest 

bunch weight in year 2.   
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Table 6.4 Bunch weights of soil management treatments in years 1 and 2.  Data 

with different letter superscripts in the same column indicate statistically significant 

differences between treatments.   

Treatment Year 1 Bunch Weight (g) Year 2 Bunch Weight (g) 

Flat + Bare Soil 71.3a 53.0a

Flat + Mulch 69.6b 46.6b

Mound + Bare Soil 62.9c 56.1c

Mound + Mulch 77.4d 62.0d

 

This interaction is difficult to explain and has not been reported elsewhere in the 

literature although, it has been discussed (6.3.2 and 6.3.3) that neither factor 

significantly affected bunch weight in years 1 or 2 and the lack of a cumulative 

influence on bunch weight would be accounted for by the strength of this interaction.  

It is possible that a combination of new root growth into the soil mounds in year 1 

and inconsistent mulch cover for the duration of this experiment may also have 

contributed to the interaction.    

 

The pattern of soil moisture content during the first two seasons (Chapter 4) may 

also be linked to the bunch weight interaction.  Soil moisture at similar horizons was 

found to be significantly higher throughout the first and second season in soil 

mounds (0.3 m) than in flat soil (0.2 m).  It should be noted that at 0.3 m depth 

mounded soil comprised a greater volume than the flat soil at 0.2 m.  In year 1 no 

significant difference was found between factors for average soil moisture over the 

major root depth.  However, mulch caused only the top 0.2 m depth of soil to remain 

wetter than bare soil. While mounds were wetter than flat soil overall, it is possible 

that below 0.2 m vine roots under mulch experienced a much drier environment and 

this affected the resultant bunch weights.  In year 2, the average soil moisture over 

the major root depth was greater for flat soil beds between mid-November and mid-

December.  This trend was reversed later in the season when mounded soil tended 

to be wetter from January through to early April.  This soil moisture dynamic was 

also observed in year 2 under mulch.  In December 1999 and January 2000 the 

average soil moisture in the major root zone was greater for bare soil than straw 
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covered soil.  Conversely, in February and March 2000 the average soil moisture in 

the major root zone was greater for mulched soil than bare soil.  Although mounded 

soil tended to be wetter overall than flat soil and straw mulch maintained higher 

levels of soil moisture than bare soil, this was not the case for the period around 

fruit set and this may have played a part in the occurrence of this interaction.  No 

significant interactions between the three factors occurred in year 3.  

 

6.4 Conclusions 
 

• PRD irrigation resulted in significantly lower yields than control irrigation in all 

three seasons. The lower bunch weights of the PRD treatment accounted for 

most of the difference in yields and  the number of berries per bunch as well 

as berry weight were reduced compared to the control treatment. 

• Greater WUE occurred with PRD irrigation in years 1 and 2 compared to 

control irrigation.  However, the ongoing yield penalty associated with PRD in 

this experiment greatly reduced the WUE of PRD irrigation at this site in 

years 2 and 3. 

• Yield per vine was higher for the mounded soil treatment than the flat 

treatment in all seasons.  This difference was a consequence of more 

bunches per vine in years 1 and 2, while in year 3 higher bunch weights 

accounted for the yield increase of mounded vines compared to the flat 

treatment.  

• Where soil depth limits vine growth significant efficiencies may be gained 

from mounding the inter-row soil under the vine row.  The increased yields of 

the mounded treatment, relative to the flat treatment, translated into greater 

WUE once the vine roots had established a network within the newly 

mounded soil.   

• A single application of straw mulch at the commencement of this experiment 

did not consistently improve vine yield or WUE.  Using a mulch product with 

greater longevity or regularly re-applying the straw may be necessary to 

uniformly enhance vine productivity. 
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• Vine productivity and WUE was greatest where control irrigation was 

combined with soil mounds while PRD irrigation in conjunction with flat soil 

resulted in the lowest yields per vine and the lowest irrigation efficiency.  
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Chapter Seven - The Effect of Soil and Irrigation Management on Berry 
Composition 
 
7.1 Introduction 

 

Applying PRD irrigation at this site resulted in periods of soil moisture deficit 

occurring each growing season (Chapters 4, 5 and 6) which reduced vine growth 

and yield.  In previous experiments PRD was shown to reduce vine vigour and 

canopy size thereby creating a favourable balance between crop load and canopy 

capable of enhanced berry ripening and sugar accumulation (Dry 1997; Stoll 2002; 

Chalmers and Krstic 2003).  The consequent increase in levels of the plant 

hormone abscisic acid (ABA) represents a significant benefit of PRD irrigation since 

ABA plays a role in improving berry ripening (Coombe 1989).  

 

The response of berry pH and TA to soil moisture status has been shown to be 

variable.  Greater available soil moisture tends to produce denser canopies and fruit 

from shaded canopies tends to have relatively higher pH (Smart 1992).  PRD 

irrigated vines with smaller canopies, have been found to have lower pH than vines 

which received twice the volume of applied irrigation (Dry 1997).  The reduction in 

canopy density that results from PRD is the most likely cause of changes in fruit 

quality components, e.g. Cabernet Sauvignon berries from PRD vines had 

significantly lower pH, higher anthocyanins and phenolics than the control treatment 

when bunch exposure in PRD vines was 170% that of control (Loveys et al. 1998). 

 

Chemical components of grape berries that contribute directly to flavour may be 

indicative of wine quality and their measurement may augment subjective 

assessments of juice and wine (McCarthy 1997).   Colour and phenolic content 

have become important quality components of red grape varieties.  Colour is widely 

used to test the effect of irrigation on fruit composition (Williams & Matthews 1990) 

and irrigation has generally been found to be detrimental to the development of 

berry colour (Bravdo et al. 1985; Freeman 1983; Hardie & Considine 1976; 

Matthews & Anderson 1988).   However, increases of up to 45% in anthocyanin 

concentration have been measured in PRD irrigated fruit, relative to control 

irrigation, without any change in berry weight (Dry 1997).   
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A direct relationship between soil management and fruit quality and composition 

has not been consistently reported in the literature.  Soil management techniques 

do affect available soil moisture and may, therefore, indirectly influence fruit quality 

and composition.  Williams and Matthews (1990) found that sugar accumulation 

was delayed when plant moisture status increased but that severe soil moisture 

deficits also delayed maturity. 

 

7.2 Methods and Materials 
 

Using the modified E-L scale (Coombe 1995) to define growth stages, weekly berry 

sampling was carried out between veraison (growth stage 35) and harvest (growth 

stage 38) in years 1 and 2.  From each replicate, 150-200 berries were collected by 

randomly plucking five berries, two from the top (shaded and exposed sides of the 

bunch), two from the middle (shaded and exposed sides of the bunch) and one from 

the bottom of bunches scattered throughout the canopy.  The same number of 

berries was collected from each of the 10 vines in each plot.  Deformed berries 

were excluded and care was taken to ensure berries were intact and not damaged 

by the sampling procedure.  During year 3 berry sampling was carried out only as 

fruit approached full maturity (growth stages 37 and 38).  This was because berry 

samples were only required for colour and ion analysis at similar levels of total 

soluble solids. 

 

The weight of 50 berries was recorded and berry weight derived by dividing the total 

sample weight by 50.  A 50-berry sample was frozen for subsequent anthocyanin 

and phenolic analysis.  In this experiment all comparisons between treatments were 

made with samples from treatments where the means were within 0.5 °Baumẽ.  

Therefore, samples were selected from different harvest dates.  Another 50-berry 

sample was frozen for subsequent analysis of berry ion content (Chapter 8).  The 

remaining berries were pressed and the juice collected for immediate determination 

of total soluble solids (TSS as °Baumẽ), TA and pH. 
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TSS, berry pH and TA were assessed as described by Iland et al. (2000).  Berry 

homogenate colour analysis was carried out by the method described in Appendix 

IV to measure anthocyanins and phenolics. 

 

7.3 Results and Discussion 
 

There was no significant treatment effect on the timing of flowering or veraison 

(Chapter 5) in any season.  A relationship has been found to exist between sugar 

concentration and the concentration of secondary metabolites in grape berries 

(Botting et al. 1996) hence treatments were compared at the same ripeness.   

 

7.3.1 Effect of Irrigation Treatment 
 

Berry sugar accumulation was not found to be significantly affected by irrigation 

treatment in any year of this experiment. However, an interaction between irrigation 

and time was found in years 1 and 2 (Figures 7.1, 7.2).  In year 1 sugar 

concentration was always slightly higher for berries of PRD irrigated vines than for 

those of control irrigated vines.  The volume of irrigation applied was highest in year 

1 (Chapter 4) and the control treatment received well in excess of the usual amount 

of irrigation applied to commercial vineyards at this site.  This trend is evidence of 

the delay in maturity often experienced when vines are irrigated (Smart and 

Coombe 1983).  However, as berries matured the difference in °Baumẽ between 

PRD and control irrigated vines lessened, perhaps due to defoliation of the PRD 

treatment which experienced excessive water stress.   In year 2 the °Baumẽ of the 

two treatments were initially similar but towards the end of the season, i.e. on 

29/2/00, 7/3/00 and 15/3/00, control irrigated fruit had higher °Baumẽ levels than 

the PRD irrigated fruit. This difference in °Baumẽ became progressively greater with 

time.   This interaction may have been due to periods of water stress and their 

timing in the PRD treatment, which resulted in vine defoliation (Hardie 1980).  Leaf 

loss during ripening results in grapevines with a reduced leaf area for carbohydrate 

synthesis and therefore slower sugar accumulation by berries can occur (Neja et al. 

1977; McCarthy 1997).  The control treatment did not defoliate and thus the rate of 
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berry sugar accumulation was greater during ripening than the PRD treatment 

(Figure 7.1, 7.2) in both years 1 and year 2. 
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Figure 7.1 The interaction between irrigation and time for sugar accumulation, year 
1. 
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Figure 7.2 The interaction between irrigation and time for sugar accumulation, year 
2. 
 
When compared at similar maturities, irrigation was found to have a significant 

effect on berry pH in all three seasons (Table 7.1) and on TA in the first season.  

Fruit from PRD irrigated vines had higher pH than control irrigated fruit at a similar 
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level of maturity.  This is in contrast to the findings of Dry (1997) and Stoll (2002) 

where a close correlation between pH and canopy density was observed.  Reduced 

canopy density, associated with PRD irrigation afforded greater sun exposure and 

gave rise to lower berry pH and higher TA (Stoll 2002).  In a single season 

experiment investigating the effects of PRD irrigation on Vitis vinifera L. cv. Shiraz 

at Mildura, Victoria (Chalmers and Krstic 2003) TA was significantly lower in fruit 

which received half the irrigation water of the control treatment.  However, a true, 

physiological PRD effect was not observed in all irrigation treatments and this may 

account for the unexpected TA results. Likewise, the TA of juice was higher in 

control fruit than PRD fruit at Padthaway (Table 7.1).  Although this result was 

significant only in year 1, Santos et al.(2003) also reported and increase in must TA  

in response to PRD irrigation relative to the fully irrigated treatment in Vitis vinifera 

cv. Castelão in the second growing season.  PRD irrigation resulted in significantly 

greater PAR than the control treatment (Chapter 5) in year 1 and this was expected 

to give rise to lower pH and higher TA values in PRD irrigated fruit.  While the 

higher pH values from PRD irrigation were unexpected in the Padthaway 

experiment, it is worth mentioning that the level of yield reduction reported in this 

study under PRD irrigation indicates periods of excessive water stress occurred 

each season and the response of pH to water stress has been shown to be variable 

(Williams and Matthews 1990).  
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Table 7.1 Fruit composition data of control and PRD irrigated vines for three 
seasons.  Fruit was harvested at the same maturity and results are pooled across 
factors. 

Year 1 
Variable PRD Control % 

diff. 
Signif. 

TSS (°Baumẽ) 12.6 12.4 2 - 
Titratable acidity (g/L) 6.1 7.1 -14 <0.01 
pH 3.6 3.5 -3 <0.05 
Berry weight (g) 1.0 1.1 -16 <0.05 
Total anthocyanins (mg/berry) 1.3 1.1 23 ns 
Total anthocyanins (mg/g berry mass) 1.2 1.2 3 <0.01 
Total phenolics (ab. units/berry) 1.0 1.0 0 ns 
Total phenolics (ab. units/g berry mass) 1.0 0.9 13 <0.05 

Year 2 
TSS (°Baumẽ) 12.5 12.8 -2 - 
Titratable acidity (g/L) 4.2 4.4 -5 ns 
pH 3.8 3.7 3 <0.05 
Berry weight (g) 1.3 1.4 -10 <0.01 
Total anthocyanins (mg/berry) 1.9 2.1 -11 <0.05 
Total anthocyanins (mg/g berry mass) 1.5 1.5 2 ns 
Total phenolics (ab. units/berry) 1.5 1.6 -10 <0.05 
Total phenolics (ab. units/g berry mass) 1.1 1.1 0 ns 

Year 3 
TSS (°Baumẽ) 12.8 12. 7 0 - 
Titratable acidity (g/L) 4.2 4.5 -5 ns 
pH 3.7 3.6 4 <0.05 
Berry weight (g) 1.0 1.3 -25 <0.01 
Total anthocyanins (mg/berry) 1.3 1.6 -22 <0.01 
Total anthocyanins (mg/g berry mass) 1.3 1.3 4 ns 
Total phenolics (ab. units/berry) 0.9 1.2 -22 <0.01 
Total phenolics (ab. units/g berry mass) 1.0 0.9 2 ns 
 
A significant interaction occurred between irrigation and time for berry pH in years 1 

and 2.  In year 1 (Figure 7.3) the pH of PRD irrigated fruit was greater than the 

control irrigated fruit during ripening and this difference was significant at harvest 

(Table 7.1).  An explanation for this interaction is not obvious and this result 

contrasts with those of Dry (1997) and Stoll (2000) who both reported a lower pH in 

the fruit of PRD irrigated vines compared to fruit from control irrigated vines. 
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Figure 7.3 The interaction of irrigation and time for berry pH, year 1. 
 
Irrigation was found to exert a significant influence over levels of secondary 

metabolites measured in all years of experimentation (Table 7.1).  The berries of 

PRD irrigated vines had more anthocyanins per berry than the control treatment, in 

year 1 but less in years 2 and 3.  The  levels of anthocyanins per gram berry weight 

were higher in PRD irrigated vines than control vines in all 3 seasons but this 

difference was significant only in year 1.  Previous research into PRD irrigation has 

consistently reported improved berry colour when the volume of applied irrigation is 

halved (Dry 1997; Stoll 2002; Chalmers and Krstic 2003; Santos et al. 2003) due to 

the increase in fruit exposure.  In line with this research, the significant increase in 

anthocyanin levels of the PRD treatment at Padthaway in year 1 is supported by 

increased PAR and fruit zone exposure (Chapter 5) in that same season.  However, 

unlike the other experiments, significant reductions in berry weight were 

experienced at the Padthaway site each season.  Therefore, it is unlikely that solely 

PRD was responsible for any increase in anthocyanin concentration.  Rather, the 

loss of berry weight associated with periods of water stress experienced by PRD 

irrigated vines produced higher concentrations of anthocyanins.  PRD irrigation 

resulted in significantly higher levels of phenolics per gram berry weight in year 1 

only (Table 7.1).  While this might be expected where PAR and fruit exposure is 
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significantly improved by a reduction in canopy density (Chapter 5) the increase in 

the concentration of phenolics in year 1, relative to the control, is most likely due to 

the significantly lower berry weights associated with PRD irrigation in this 

experiment.  Phenolic content was found to be significantly higher in control 

irrigated berries than PRD in years 2 and 3 (Table 7.1) which was unexpected.  

Previous PRD studies tend to report either an increase in secondary metabolites of 

PRD irrigated fruit compared to control irrigation (Dry 1997; Stoll 2002; Santos et al. 

2003) or that irrigation treatment had no effect on secondary metabolites (Chalmers 

and Krstic 2003).  This result is difficult to explain since a higher phenolic content in 

fruit from the control treatment has not previously been reported in PRD research.  

In fact, the increase in phenolics and general improvement in fruit quality, noted 

from that earlier research, appears to have been a major driver in the continuing 

investigation of PRD.     

 

7.3.2 Effect of Soil Mounding 
 

There was no significant difference in berry sugar accumulation of the fruit from 

vines grown in mounds or flat soil beds in any season.  However, a significant  

interaction between soil mounding and time was identified in 1999 (Figure 7.4).  

Berries of vines grown in flat soil beds had slightly higher °Baumẽ than those grown 

in mounded soil beds throughout the ripening period until just prior to harvest, when 

this trend reversed.  Interactions such as this are not common in the literature so 

the underlying causes are not obvious.  Soil mounds were generally wetter than flat 

soil beds throughout the season (Chapter 4) which may have caused delayed 

maturity of mounded vines.  Vines grown without soil moisture limitations can 

become photosynthetically inefficient (Smart and Coombe 1983) with low levels of 

PAR.  The fruit zone of mounded vines recorded significantly less PAR in year 1 

than flat soil vines and this may have contributed to the lower rate of sugar 

accumulation found in fruit of mounded vines between 23 February and 16 March 

1999 (Figure 7.4).  The reverse in this trend on 24 March 1999 is perplexing but 

may be accounted for by the drop in berry weight of the mounded treatment, relative 

to the flat treatment, just prior to harvest (Figure 7.5) thus leading to an increased 

concentration of sugar in the smaller berries of the mounded treatment.    
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At similar maturity levels the berry pH and TA were unaffected by soil mounding 

treatment in years 1 and 2 (Table 7.2).  However, in year 3 berries from vines grown 

in mounded soil had significantly higher pH compared to flat soil beds (Table 7.2).  

This difference may have been in response to the denser canopy of vines grown in 

mounded soil in year 3 as supported by the significantly lower PAR measurement 

reported that year (Chapter 5).  While PAR was also found to be significantly lower 

for the fruit zone of mounded vines in year 1 (Chapter 5) this, surprisingly, did not 

significantly affect the berry pH in that year.  However, a significant interaction 

between soil mounds and time was found in year 1 for berry pH (Figure 7.6) and 

may account for the lack of difference between treatments for pH that year (Table 

7.2).  Likewise, a significant interaction in year 2 between soil mounds and time for 

berry TA (Figure 7.7) may explain the lack of treatment effect in year 2, when PAR 

was similar for both treatments  (Chapter 5).  Very little information on the effect of 

soil mounding on berry composition exists in the literature.  In a one-year study of 

var. Chenin Blanc, Myburgh (1994) found no difference in the TSS and pH of musts 

from mounded or flat treatments.  Reporting on a long term experiment on var. 

Colombar, Saaymann (1982) suggested that the inconsistent treatment effects on 

must composition found might have been related to the complex interactions of vine 

yield, vigour and soil depth.  
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Figure 7.4 The interaction between soil mounding and time for sugar accumulation, 
year 1. 
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Figure 7.5 Average berry weight of the mounded and flat treatments during ripening, 
year 1. 
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Figure 7.6 The interaction between soil mounding and time for berry pH, year 1.  
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 Figure 7.7 The interaction between soil mounding and time for berry TA, year 2. 
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Table 7.2 Fruit composition data of vines grown in mounded soil beds and flat soil 
beds for three seasons.  Fruit was harvested at the same maturity and the results 
pooled across factors. 

Year 1 
Variable Mound Flat % 

diff. 
Signif. 

TSS (°Baumẽ) 12.6 12.4 2 - 
Titratable acidity (g/L) 6.8 6.4 6 ns 
pH 3.5 3.5 0 ns 
Berry weight (g) 1.1 1.0 6 ns 
Total anthocyanins (mg/berry) 1.2 1.2 -3 ns 
Total anthocyanins (mg/g berry mass) 1.2 1.2 3 ns 
Total phenolics (ab. units/berry) 1.0 1.0 5 ns 
Total phenolics (ab. units/g berry mass) 0.9 0.9 -1 ns 

Year 2 
TSS (°Baumẽ) 12.5 12.8 -3 - 
Titratable acidity (g/L) 4.5 4.37 4 ns 
pH 3.7 3.7 -1 ns 
Berry weight (g) 1.4 1.4 1 ns 
Total anthocyanins (mg/berry) 1.9 2.1 -11 ns 
Total anthocyanins (mg/g berry mass) 1.4 1.5 -8 <0.05 
Total phenolics (ab. units/berry) 1.5 1.6 -7 ns 
Total phenolics (ab. units/g berry mass) 1.1 1.2 -8 ns 

Year 3 
TSS (°Baumẽ) 12.9 12.6 3 - 
Titratable acidity (g/L) 4.2 4.4 -5 ns 
pH 3.7 3.6 4 <0.05 
Berry weight (g) 1.1 1.1 0 ns 
Total anthocyanins (mg/berry) 1.5 1.4 9 ns 
Total anthocyanins (mg/g berry mass) 1.4 1.3 7 <0.05 
Total phenolics (ab. units/berry) 1.1 1.0 4 ns 
Total phenolics (ab. units/g berry mass) 1.0 0.9 2 ns 
  
No significant difference was found in the anthocyanin content or concentration of 

berries from either the mound or flat treatment in year 1 (Table 7.2).  In year 2 fruit 

from flat soil beds had more anthocyanin per g berry mass than the mounded fruit 

(Table 7.2) with no difference in berry weight.  However, 2000/01 fruit from the 

mounded treatment had a significantly greater anthocyanin concentration than the 

flat treatment, again with no difference in berry weight.  In general berry colour 

development is promoted by drier soil conditions, such as those measured in flat 

soil beds (Chapter 4).  At similar °Baumẽ, the phenolic content and concentration of 

berries were not affected by mounding treatment in any season (Table 7.2).   
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7.3.3 Effect of Straw Mulch 
 

Sugar accumulation by berries was not significantly influenced by mulch treatment 

in either years 1 or 2.  At similar °Baume, ̃ mulch significantly affected berry 

composition and fruit quality only in year 2 (Table 7.3).  In year 2 TA was 

significantly higher for berries of mulched vines than the flat treatment.  Straw mulch 

also resulted in more shading in the fruit zone (Chapter 5) during the first two 

growing seasons but the PAR was significantly lower only in year 1, when no 

difference in TA was measured.  In a long term study, Van Huyssteen and Weber 

(1980c) also found that berry TA was higher in the straw mulch treatment than in 

clean cultivation treatments and this was  associated with increased shading as 

shoot growth and pruning weight were significantly higher where mulch was applied.  

This South African study included regular reapplications of mulch to trial plots which 

ensured mulch depth and cover were consistent each year.   

 

Irrigation studies have shown that vines grown in soils with non-limiting moisture 

levels tend to have lower anthocyanin in fruit than vines grown in drier soils (Bravdo 

et al. 1985; Freeman 1983; Hardie & Considine 1976; Matthews & Anderson 1988).  

Generous irrigation regimes often produce dense vine canopies which shade the 

fruit zone thus reducing the berry anthocyanin levels compared to vines grown with 

less irrigation (Smart 1992).  While both mulch treatments in the Padthaway 

experiment received the same volume of irrigation water, the soil under mulch 

tended to be wetter than the bare soil each year (Chapter 4) and this may have 

been expected to increase canopy density and fruit zone shading thereby reducing 

berry anthocyanin.  However, the influence of mulch on canopy growth varied 

between seasons (Chapter 5) a likely consequence of the problems experienced 

with keeping an even mulch cover for the duration of the experiment.  The effect of 

mulch treatment on berry composition and fruit quality was also variable and 

differences were found to be significant only in year 2, although there were no 

significant effects of mulch on PAR or pruning weight that year.  In year 2 vines 

grown in bare soil produced significantly smaller berries than those grown in mulch, 

at the same TSS.  This accounts for the significantly higher anthocyanin 

concentration found in berries of the bare treatment compared to the mulch 
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treatment.  Berry phenolic content and phenolic concentration were not affected by 

mulch treatment in any season (Table 7.3).   

 
Table 7.3 Fruit composition data over three seasons for vines grown in bare soil and 
soil with straw mulch applied.  Fruit was harvested at the same maturity and results 
pooled across factors. 

Year 1 
Variable Mulch Bare % 

diff. 
Signif. 

TSS (°Baumẽ) 12.6 12.5 0 - 
Titratable acidity (g/L) 6.7 6.6 1 ns 
pH 3.5 3.5 0 ns 
Berry weight (g) 1.1 1.0 4 ns 
Total anthocyanins (mg/berry) 1.1 1.2 -7 ns 
Total anthocyanins (mg/g berry mass) 1.2 1.2 -5 ns 
Total phenolics (ab. units/berry) 1.0 1.0 -3 ns 
Total phenolics (ab. units/g berry mass) 0.9 1.0 -5 ns 

Year 2 
TSS (°Baumẽ) 12.5 12.9 -3 - 
Titratable acidity (g/L) 4.7 4.2 12 <0.05 
pH 3.7 3.7 -2 ns 
Berry weight (g) 1.4 1.3 7 <0.01 
Total anthocyanins (mg/berry) 1.9 2.0 -5 ns 
Total anthocyanins (mg/g berry mass) 1.4 1.6 -9 <0.05 
Total phenolics (ab. units/berry) 1.6 1.5 5 ns 
Total phenolics (ab. units/g berry mass) 1.1 1.2 -3 ns 

Year 3 
TSS (°Baumẽ) 12.6 12.8 -2 - 
Titratable acidity (g/L) 4.3 4.3 0 ns 
pH 3.7 3.7 -1 ns 
Berry weight (g) 1.1 1.1 -4 ns 
Total anthocyanins (mg/berry) 1.4 1.5 -3 ns 
Total anthocyanins (mg/g berry mass) 1.3 1.3 0 ns 
Total phenolics (ab. units/berry) 1.0 1.1 -7 ns 
Total phenolics (ab. units/g berry mass) 0.9 1.0 -4 ns 
 
 
7.4 Conclusions 
 

• Berry sugar accumulation was not affected by any factor in any season. 

• Irrigation treatment had no effect on juice titratable acid, at the same 

°Baumẽ, but pH was higher in the PRD treatment than the control treatment.  

Anthocyanin concentration was generally higher in the PRD treatment than 
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the control treatment but this was most likely due to lower berry weights 

associated with PRD in this experiment and not a direct PRD effect.  PRD 

irrigation did not improve berry phenolics, relative to control irrigation, in any 

year. 

• Soil mounding and straw mulch treatments did not have a consistent 

influence on fruit composition or quality.    

• Improvements in yield gained from mounding or mulching were not 

associated with any reduction in fruit quality.  However, more detailed 

research is required if yield gains from these techniques are going to be 

augmented by assured levels of fruit quality.  
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Chapter Eight - The Effect of Soil and Irrigation Management on Soil and 
Grapevine Salinity 
 
8.1 Introduction 
 

One of the major influences on the chloride and sodium concentrations in 

grapejuice is the concentration of these ions in the soil solution.  Cass et al. (1985) 

assert that the concentration of salt in vineyard soils is increasing due to a reduction 

in irrigation water quality and quantity and that this may pose a threat to grape juice 

and wine quality, vineyard production and offsite pollution.  Grapevines are rated as 

moderately sensitive to salt by Maas and Hoffman (1997) based on the vegetative 

growth of potted vines.  Prior et al. (1992a) found the effect of saline irrigation water 

to be dependant on soil texture, with lighter soils having the least effect and heavier 

soils a more severe effect.  The visual effects of salinity on grapevine growth 

include a reduction in leaf size, necrosis and abscission of leaves, dessication of 

fruit, failure of fruit and annual wood to mature (Stevens 1985).   

 

PRD irrigation has the potential to become an important method for managing the 

problem of increasing soil and irrigation water salinity sustainably by improving 

water use efficiency.   However, irrigation leaching fractions have traditionally been 

applied to flush salt from the rootzone during the growing season.  Many areas of 

South Australia have a restricted water supply available for irrigation and this limits 

the amount of extra water that can be applied as a leaching fraction (Downey 1995; 

Amdel report).    

 

Drainage of salts from the rootzone can be improved by the use of soil mounds 

(Downey 1995).  However, irrigating without applying a leaching fraction may 

increase rates of surface evaporation and, therefore, soil salinisation.  Applying 

mulch to the soil  surface may reduce evaporation of soil moisture and also the 

concentration of salt near the soil surface (D. Hansen pers. comm.) allowing lower 

volumes of saline irrigation water to be applied without having a detrimental affect 

on plant growth and production or soil salinity. 
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8.2 Methods and Materials 
 
At the time of site establishment duplicate soil samples were collected from each 

soil horizon in order to characterize soil chemistry.  Samples were analysed using 

‘Option D’ by the South Australian Soil and Plant Analysis Service, Primary 

Industries and Resources, South Australia.   

 

A 50mm diameter soil auger was used to collect samples at 150mm depth intervals 

for salinity analysis.  In the first season samples were collected every 3 months from 

July 1998 to April 1999.  Samples were collected every 3 months from October 

1999 to March 2000 in the second season.  In the third season samples were taken 

in only twice, October 2000 and April 2001.  Soil samples were taken from within 

the wetted area under a selected dripper in each replicate.  The electrical 

conductivity of a one part soil to five parts distilled water solution  (EC1:5) was 

determined and saturation paste electrical conductivity (ECse) calculated.  Soil 

texture conversion factors for converting the EC1:5 solution to the electrical 

conductivity of a saturated paste (ECse) were taken from Cass et al. (1996).    

 

Petiole analysis was carried out on a composite sample collected from each 

treatment.  Sample times were flowering, berries pea-size and pre-harvest in years 

1 and 2.  In year 3 petioles were sampled at flowering and pre-harvest only.  Two 

hundred petioles were taken opposite the basal bunch and analysed for sodium and 

chloride concentration as described below (M. Treeby pers. comm.): 

a. Rinse petioles in rain water, blot dry and then oven dry in paper bags at 65°C 

for several days.  Grind dried samples to pass through 20µm sieve. 

b. Measure chloride on a Buchler Instruments Digital Chloridometer using an 

aqueous extract titrated with silver. 

c. Measure sodium in Spectroflame Inductively-Coupled Plasma Emission 

Spectrophotometer following digestion of the dried plant material in concentrated 

HNO3 for 12 hours at 125°C and dilution to a known volume. 
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Of the final two 50-berry samples frozen at harvest each season (Chapter 6) one 

from each replicate was selected for sodium and chloride analysis.  In years 1 and 2 

these samples were pressed and the clear juice analysed using the potentiometry 

methodology (Appendix III).  This method of sample preparation did not take into 

account  any salt which might leach from the berry skins during fermentation.  

Therefore, in year 3 samples were prepared using the method described by Iland 

(2001) and then analysed as for years 1 and 2, using the potentiometry method.   

 

8.3 Results and Discussion 
 

Soils of the experimental site were classified as moderately saline because their 

electrical conductivity (ECse) was greater than 4 dS/m (Cass et al. 1996).  Many 

types of plant are adversely affected if grown in moderately saline soils.  

Grapevines were shown by Maas and Hoffman (1977) to experience a drop in yield 

if grown in soil where the ECse reached 1.5 dS/m or higher. 

 

8.3.1 Seasonal Salinity Trends in Soil and Grapevines  
 

Initial soil analysis, carried out in July 1998 (Figure 8.1) showed that salinity was 

similar between depths and factors.  Measurements were only made in the 

mounded soil and flat soil beds because mulch and irrigation treatments had not 

been applied at that stage.  While flat soil beds had higher ECse than mounded soil 

beds at depths 2 and 3, analysis was carried out on an aggregate sample from all 

replicates thus the statistical significance of this data is not known. 
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Figure 8.1 Soil salinity in the flat and mounded soil beds, July 1998. 
 
Statistical analysis was made difficult by the limited amount of data for depth 1 

(Anew of mounded soil) and this, together with the high error terms associated with 

the data, should be kept in mind when interpreting these results.   

 

During the first season, soil and irrigation factors were not found to have a 

significant effect on soil salinity levels.  However, time and depth of soil were found 

to significantly influence ECse levels (P<0.01).  Figures 8.2-8.4 show that as the first 

growing season progressed soil salinity levels tended to increase, although in April 

1999 a slight drop in ECse compared to February 1999, was recorded at both depths 

2 and 3.  This may have been caused by the 24.9mm rainfall which fell during 

March 1999.  Soil at -0.15m (depth 2) was consistently more saline than soil at -

0.3m (depth 3) throughout the season.   
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Figure 8.2 Soil salinity at three depths (m) in the Padthaway site, December 1998. 
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Figure 8.3 Soil salinity at three depths (m) in the Padthaway site, February 1999. 
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Figure 8.4 Soil salinity in the Padthaway site, April 1999. 
 
Similarly, in year 2, only depth and time contributed significantly to differences in 

soil salinity (P<0.01).  Levels of soil salinity were higher at the beginning of year 2 

than they were at the  beginning of year 1.  This was most likely due to the lower 

rainfall recorded during winter months April-October 1999 i.e. 269 mm, compared to 

327 mm for the same period in 1998.  Soil ECse levels decreased at sample time 2 

(November 1999) compared to sample time 1 (September 1999) then continued to 

significantly increase throughout the remainder of the growing season (Figures 8.5 -

8.8).  However, by the end of year 2, soil salinity was lower than it was at the end of 

year 1.  The reduced amount of salt added via irrigation water in year 2 compared to 

year 1 is likely to have been a significant factor in this outcome.  The volume of 

irrigation applied in year 1 was 2.22 ML/ha and 3.99 ML/ha for PRD and control 

irrigation respectively.  Irrigation water salinity ranged from 2.25 dS/m in December 

1998 to 2.3 dS/m in March 1999.  This equates to the addition of 294 g/m2 of salt 

applied to the PRD irrigation treatment and 538 g/m2 to the control irrigation 

treatment.  In the second season the irrigation water salinity ranged from 2.32 dS/m 

in December 1999 to 2.3 dS/m in March 2000.   The PRD irrigation treatment 
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received 1.06 ML/ha of irrigation which represents the addition of 140 g/m2 of salt.  

The control treatment received 1.79 ML/ha of irrigation water, or 237 g/m2 of salt.   
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Figure 8.5 Soil salinity at three depths (m) in the Padthaway site, September 1999. 
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Figure 8.6 Soil salinity at three depths (m) in the Padthaway site, December 1999. 
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Figure 8.7 Soil salinity at three depths (m) in the Padthaway site, January 2000. 
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Figure 8.8 Soil salinity at three depths (m) in the Padthaway site, March 2000. 
 
 
The trend of increasing soil salinity with increasing depth, identified in year 1, was 

evident again in year 2.  Regardless of soil management or irrigation regime, soil 

salinity was consistently greater at depth 2 than depth 3.  While the volume of saline 

water applied in year 2 was less than in year 1, the pattern of application was 

similar, i.e. short, frequent irrigations.  These shallow irrigations appear to have 
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reached only depth 2 in the soil profile so that very little water or salt has reached 

depth 3 in either year of this trial.  In addition, evaporation from the surface of flat 

soil beds, while not measured, may have concentrated salt levels at depth 2, thus 

giving higher ECse results at the -0.15m depth.   

 

Pre-harvest petiole chloride levels were highest for all treatments in year 1, the 

season in which vines received the greatest volume of irrigation water, and lowest 

for all treatments in year 3 (Figures 8.9, 8.11 and 8.15).  Petiole chloride reached 

toxic or excessive levels (Reuter & Robinson 1997) by January in the first two 

season’s for all treatments.  In November 2000 petiole chloride levels were the 

lowest recorded and approximately half that deemed to be toxic or excessive.  This 

may, in part, be due to the higher rainfall (308 mm) between April and September 

2000 than the same period in 1999 when only 269 mm was measured.  As a result 

more salt may have leached from the rootzone in 2000. By March 2001 measured 

petiole chloride for all treatments was again above the level classified as toxic or 

excessive.  Chloride toxicity was evident by harvest each year on leaves of all 

treatments in this trial (Figure 8.16, photo of flat + mulch + PRD canopy on 22/2/99) 

in the form of marginal leaf burn.  Time had a significant effect on petiole sodium 

and chloride levels in all three years of this trial (P<0.01).  In year 2 the percentage 

of both the sodium and chloride present in petioles doubled between the November 

and March sample.  In the third season the percentage of chloride in petioles 

increased 4-5 fold between November and March. 

   

In a trend similar to that identified in petioles, juice samples collected at harvest 

from berries in year 1 contained higher concentrations of sodium and chloride than 

juice samples in either years 2 or 3 (Table 8.1).  This supports the findings of 

McCarthy (1981) that applying greater volumes of salt via increased irrigation, 

results in more salt being taken up by grapevines.  Juice sodium concentration was 

higher in year 2 than year 3 for all factors except bare soil cover which was found to 

contain almost 1ppm less sodium in year 2 than in year 3.  In contrast the chloride 

concentration of juice samples in year 3 was higher than that measured in year 2. 
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Table 8.1 Concentrations (ppm) of sodium and chloride in harvest juice samples at 
Padthaway. 

Sodium  1999 2000 2001 
 Flat 32.5 21.5 18.9 
 Mound 35.8 16.8 10.3 
 Bare 33.6 16.8 17.7 
 Mulch 34.8 21.6 11.5 
 Control 43.2 19.7 17.4 
 PRD 25.2 18.7 11.8 

Chloride Flat 276.5 204.3 232.5 
 Mound 319.3 218.9 259 
 Bare 281.7 234.5 259.8 
 Mulch 314.1 188.8 231.8 
 Control 305.3 222.6 265.1 
 PRD 290.5 200.7 226.4 

 
8.3.2 PRD vs Control Irrigation 
 

Earlier research has shown that irrigation treatment can have a significant impact on 

soil salinity (McCarthy 1981, 1998; Cass et al. 1985; Prior and Grieve 1986; Boland 

1993; Downey 1995).  Reducing the volume of saline irrigation water applied can 

result in less salinisation of the rootzone (Cass et al 1985.; McCarthy 1998) but the 

absence of an irrigation leaching fraction has also been shown to concentrate salt in 

the rootzone (McCarthy 1981; Boland 1993; Downey 1995).  In the Padthaway 

experiment, PRD irrigated vines received approximately 60% of the salt applied to 

vines irrigated with control irrigation each season.  The increased volume of control 

irrigation may have been expected to leach more salt from the soil than PRD 

irrigation, as suggested by the research of McCarthy (1981), Prior & Grieve (1986), 

Boland (1993) and Downey (1995) while less salt was applied through the reduced 

volume of PRD irrigation applications, which was found by McCarthy (1998) to 

reduce the accumulation of salt in the rootzone.  However, such an interaction 

between factors was not identified in the analysis of these data and the consistently 

higher ECse  at depth 2 compared to depth 3 for both treatments, indicates any 

leaching as a result of control irrigation is unlikely to have occurred. 

 

Pre-harvest (March) levels of sodium and chloride were greater in petioles of control 

treatment than those of the PRD treatment in all three seasons of this experiment 

(Figure 8.9a and b).  Research by McCarthy (1981) found that increasing the 



118 

volume of saline irrigation water applied did not significantly increase the levels of 

sodium and chloride in petiole tissue but applying the same volume of water with a 

greater salt load did result in such an increase.  It was shown that the lower 

irrigation volumes resulted in a highly salinised rootzone around the dripper, a result 

that was not found to occur in the Padthaway experiment.  At flowering (November) 

control irrigated vines had greater levels of sodium and chloride in their petioles 

than PRD irrigated vines, except in the first year of the experiment when irrigation 

had not yet commenced and no difference was found in the analysis.  Petiole 

analysis at veraison (January) in years 1 and 2 also resulted in higher levels of 

sodium and chloride in control irrigated vines compared to PRD irrigated vines, but 

not significantly so.  The level of chloride found in petioles of control irrigated vines 

was statistically higher than that detected in PRD irrigated vines in year 3 at both 

flowering and pre-harvest. 
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 Figure 8.9a Petiole sodium levels for irrigation treatments over three seasons.  
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Figure 8.9b Petiole chloride levels for irrigation treatments over three seasons. 
 
No significant interactions were found between irrigation and other factors in any 
season for petiole chloride and sodium percentage.   
  

Irrigation was the only factor to have a significant effect on juice ion concentration in 

year 1.   Sodium concentration was significantly greater for berries of control 

irrigated vines than those of PRD irrigated vines (Figure 8.10).  Similarly, chloride 

concentration was higher among berries of control irrigated vines in year 1 but not 

significantly.    Both juice sodium and chloride concentration were consistently 

higher in control irrigated berries but not significantly so in the other two years of 

experimentation.    Analysis of berry extracts in year 3 showed that control irrigation 

resulted in significantly higher levels of chloride per berry and per gram berry weight 

than PRD irrigation (Figures 8.14 and 8.15).  The sodium and chloride content of 

juice can be influenced by the quality and quantity of irrigation water applied 

(McCarthy and Downton 1981).  These Padthaway results show that reducing the 

amount of salt applied through irrigation can lead to significantly less chloride in fruit 

at harvest and potentially in wine which concurs with the findings of McCarthy and 

Downton (1981) and Lee (1990).  

 

In year 3 a strongly significant interaction (P<0.01) occurred between the irrigation 

and mulch treatments for berry extract sodium per berry (data not shown).  Applying 

mulch to control irrigated plots resulted in less sodium per berry than for bare + 
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control irrigated plots.  In contrast, straw mulch increased sodium per berry for PRD 

vines.  The amount of sodium per berry was the same for both irrigation treatments 

under mulch.  This interaction is difficult to explain but may be linked to the uneven 

mulch cover and distribution evident in year 3.  There were no significant irrigation 

interactions found for berry extract chloride levels in year 3. 
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8.10 Concentration of sodium and chloride in juice from irrigation treatments. 
 
8.3.3 Soil Mounds vs Flat Soil Beds 
 

The presence of soil mounds did not significantly affect soil salinity in any year of 

this trial.  While the structure of the mounds may have improved drainage to depth 

2, resulting in greater salt accumulation than at depth 1, as reported by Downey 

(1995) flat soil beds were also found to have higher soil salinity levels at depth 2 

than depth 3.  In the case of flat soil beds, greater salt accumulation at depth 2 may 

have been due to high evaporation occurring near the soil surface.  However, no 

measurements of soil evaporation were made to support this view.  Both mounded 

and flat soil beds tended to have more salt at depth 2 than depth 3 and this may 

have been due to the pattern of irrigation applications (8.3.1).   
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Pre-harvest petiole chloride percentage tended to be higher in vines grown in 

mounded soil compared to vines grown in flat soil, except in year 2 when the 

opposite trend occurred (Figure 8.11a and b).  
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Figure 8.11a Petiole sodium levels for mounded and flat soil beds over three 
seasons.  
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Figure 8.11b Petiole chloride levels for mounded and flat soil beds over three 
seasons. 
 
No statistically significant differences were found between the levels of sodium 

(Figure 11a) and chloride (Figure 11b) measured in petioles of vines grown in either 

mounded soil or flat soil beds in the first 2 seasons of this experiment.  Petioles of 
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vines grown in mounded soil were found to contain significantly more chloride than 

those of vines grown in flat soil in year 3.  The percentage of chloride measured in 

petioles in November 2000 was the lowest in any year of this study.  Consequently, 

the year 3 pre-harvest petiole chlorides showed a much greater increase in chloride 

uptake by the vines compared to the first 2 seasons.   
 

A significant interaction occurred in the second season between time and soil 

mounding (Table 8.2).  Grapevines grown in flat soil had lower levels of petiole 

chloride than grapevines grown in mounded soil in January 2000.  This trend was 

found to have been reversed by March 2000 when petiole chloride was higher in 

vines grown in flat soil beds compared to vines grown in mounded soil.    In year 3 a 

significant interaction with time was found for petiole sodium.  While only two 

samples were taken in year 3, the spring sample showed lower levels of sodium in 

petioles of vines grown in soil mounds than those of flat soil beds.  In March 2001 

the opposite result was found (Table 8.3).   These contradictory interactions are 

difficult to explain from the results of this study.  A more detailed examination of the 

interaction between soil properties and grapevine response to mounded soil beds is 

required to gain a better understanding of this complex system. 

 
Table 8.2 Average petiole chloride (%) of soil mounding treatments for year 2.  Data 
with different letter subscripts in the same column indicate statistically significant 
differences (P<0.01) between treatments. 

Sample date Flat Mound 
November  1999 1.08a 1,1a

January 2000 1.8b 2.0b

March 2000 2.8c 2.7c

 
 
Table 8.3 Average petiole sodium (%) of soil mounding treatments for year 3.  Data 
with different letter subscripts in the same column indicate statistically significant 
differences (P<0.01) between treatments. 

Sample date Flat Mound 
November 2000 0.6a 0.6a

March 2001 2.3b 2.5b

 
 
A consistent and significant trend did not emerge with respect to the influence of soil 

mounding on levels of sodium and chloride in juice (Figure 8.12).  In year 1 berries 
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of vines grown in mounded soil beds had higher sodium and chloride concentration 

than those of vines from flat soil beds, although, not significantly so.  In year 2 the 

concentrations of chloride was greater in berries sampled from vines in soil mounds 

compared to vines grown in non-mounded soil but the opposite trend occurred for 

sodium levels, although neither result was significant.  In year 3 the trend identified 

in juice ion concentration  was the same as that found in year 2  and again, was not 

significant.   
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Figure 8.12 Concentration of sodium and chloride (ppm) in juice samples from soil 
mound treatments.  
 
In year 3, berry extract chloride levels were found to be significantly higher in fruit 

from vines grown in soil mounds than in vines grown in flat soil beds (Figures 8.14 

and 8.15).  Fruit from vines grown in mounded soil also contained more chloride per 

gram berry weight compared to vines grown in flat soil but this was not significant.  

This finding may be due to a greater volume  of saline irrigation water being 

available to vines grown in mounded soil (Chapter 4).  

 

An interaction occurred between soil mounds and soil cover in year 1 for juice 

sodium (data not shown) as well as in year 3 (data not shown) for berry extract 

sodium.  Applying straw mulch to mounded soil resulted in berries with less sodium 

than was found in fruit from vines grown in bare, flat soil beds.  However, having 
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either straw mulch (without mounds) or only soil mounds (without straw mulch) 

resulted in even less sodium per berry and per gram berry weight than the presence 

of both.   The difficulties associated with keeping the mulch in place for the duration 

of the experiment have been noted.  Also, it is possible that salt may have leached 

from the mulch and increased levels of sodium and chloride in the soil, although this 

was not measured.  When combined with the increased drainage of salt through the 

soil mounds, the addition of salt leached from the mulch may have contributed to 

these two factors interacting in this way.   

  

8.3.4 Straw Mulch vs Bare Soil 
 

The use of straw mulch did not significantly affect soil salinity in either season 

(8.3.1).  Soil ECse levels were higher early in the growing season in areas where 

straw mulch had been applied.  While this trend was not statistically significant 

across seasons, the analysis of year 2 data was almost significant (P=0.098) and a 

better data set may have given more clarity to these results.  The greater ECse 

under mulch may have been caused by salt leaching from the straw following winter 

rains, although, this is speculative as no analysis was carried out on the ion content 

of the Phalaris straw. 

  

Petiole chloride percentage tended to be greater in vines with straw mulch applied 

compared to those grown in bare soil in years 1 and 2 (Figure 8.13b).  While this is 

in line with the trend in soil ECse identified in this experiment, neither finding was 

statistically significant.  In year 3 petioles of vines grown in bare soil were found to 

contain significantly more petiole chloride than those which had straw mulch applied 

(Figure 8.13b).  This finding supports the view that mulch may reduce evaporative 

moisture loss and therefore, salt concentration at the soil surface resulting in less 

salt uptake by  vines (D. Hansen pers. comm.).  Petiole sodium levels were not 

significantly different in vines with straw mulch compared to those grown in bare soil 

in any season (Figure 8.13a).  However, in year 3 an interaction between straw 

mulch and time was found to be significant (Table 8.4).  In November 2000 petioles 

of vines grown in straw mulch were found to contain more sodium than vines grown 

in bare soil, but in March 2001 the opposite trend was identified. 
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Figure 8.13a Petiole and sodium levels measured in vines grown in bare soil and 
mulched soil over three seasons.  
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8.13b Petiole chloride levels measured in vines grown in bare soil and mulched over 
three seasons. 
 
Table 8.4 Average petiole sodium (%) of straw mulch treatments for year 3.  Data 
with different letter subscripts in the same column indicate statistically significant 
differences (P<0.01) between treatments. 

Sample date Bare Mulch 
November 2000 0.6a 0.6a

March 2001 2.6b 2.3b

 
This interaction is in line with the trend found in soil salinity, where early season soil 

salinity was higher under mulch than in bare soil, although not significantly, in years 
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1 and 2.  As detailed earlier in this chapter, it is possible that winter rains leached 

salt from the straw leading to higher soil and petiole salinity early in the season.  

 

The presence of straw mulch was only found to significantly influence juice sodium 

in year 2 when berries grown with straw mulch had a higher concentration of 

sodium than berries of vines grown in bare soil.  Conversely, juice chloride 

concentration was found to be higher in berries of vines grown in bare soil 

compared to vines grown with straw mulch.    The leaching of salt from straw mulch 

has already been offered as an explanation for the higher soil and petiole salinity 

found early in the growing season under mulch.  If  this was indeed the case, it 

would also be expected to result in higher juice chloride levels in vines treated with 

straw mulch and not the opposite.   

 

In year 3 berry extract results (Table 8.5) showed that an interaction between 

irrigation and straw mulch occurred for sodium mg per berry and mg per g berry 

weight.  Fruit from control irrigated vines without straw mulch cover had the highest 

levels of sodium per berry followed by the control + bare and PRD + bare 

treatments.  The lowest level of sodium per berry was found in the PRD + mulch 

treatment.   The PRD + bare treatment had the highest level of sodium per mg berry 

weight.  

 

Table 8.5 Average levels of sodium found in berry extracts in year 3. Data with 

different letter superscripts in the same column indicate statistically significant 

(P<0.01) differences between treatments.    

Treatment Sodium per berry (mg) Sodium mg/mg berry weight 
Control + bare 0.03a 0.02a

Control + mulch 0.02b 0.02a

PRD + bare 0.02b 0.03b

PRD + mulch 0.01c 0.02a
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Figure 8.14 Levels of sodium and chloride per berry measured in berry extracts 
from all treatments, year 3. 
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Figure 8.15 Levels of sodium and chloride per gram berry weight measured in berry 
extracts from all treatments, year 3. 
 
By year 3 the straw mulch remaining in place was minimal and soil cover was 

inconsistent, particularly on soil mounds.  More conclusive results may have been 

obtained if the mulch had been maintained annually to a consistent area and depth. 
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Figure 8.16 Chloride toxicity on margins of leaves in the flat + mulch + PRD 

treatment, year 1. 

 

8.4 Conclusions 
 

• Soil salinity was not significantly influenced by any of the factors in this trial, 

in any year of study. 

• Soil salinity increased significantly over time and with soil depth. 

• Sodium and chloride accumulated to toxic levels in petioles each year. 

• PRD irrigation resulted in less sodium and chloride at harvest in both petiole 

tissue and juice compared to control irrigation. 

• Growing grapevines in mounded soil did not consistently nor significantly 

influence levels of sodium and chloride in either petiole tissue or berry juice.  

However, more chloride was found in berry extracts from vines grown in 

mounded soil than those grown in flat soil beds. 

• Straw mulch did not result in a consistent trend in the levels of sodium or 

chloride in petioles or juice. 
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Chapter Nine - General Discussion and Conclusions 

9.1 The background to the study 
 
This experiment had its origins in the findings of Dry (1997) and others that PRD 

irrigation could reduce the volume of irrigation water applied to grapevines during 

the growing season with minimal yield reduction and could also improve fruit quality.  

In areas where irrigation water is saline it has been shown that by reducing the 

volume of irrigation applied, the concentration of salt in the soil and root zone is 

reduced, which leads to less salt being taken up by vines (McCarthy 1982; Cass et 

al. 1985).  Where levels of sodium and chloride are high in fruit and juice this trend 

is likely to be found in any subsequent wine made from such grapes (Downton 

1977a, b; Lee 1990) and this could have serious implications for the Australian wine 

industry by limiting production and market expansion.  Limited soil depth has been 

shown to be detrimental to vine growth and production (Cockroft 1973; Saaymann 

and Van Huyssteen 1980; Richards 1983; Cass et al. 1993).  However, mounding 

the midrow soil into raised beds under vines has been found to effectively improve 

grapevine root development, which may in turn lead to improved vine capacity.  

Mounded soil can often be drier than flat soil beds (Myburgh 1994) but the 

application of surface mulch may negate this factor by reducing surface 

evaporation.  Increased soil moisture levels under mulch have been associated with 

greater vine vigour and yield (Saaymann & Van Huyssteen 1980; Saaymann 1982; 

Eastham et al. 1996).  Increased vine vigour is not always desirable as this can lead 

to shaded canopies with poor bunch exposure, resulting in reduced fruit quality.  

PRD irrigation has been well documented as a means of reducing vine vigour and 

canopy density and thus improving bunch exposure and the quality of fruit for 

winemaking (Dry 1997).  Because vines at the Padthaway site were of low vigour 

prior to the experiment, it was thought that combining PRD with soil mounding and 

straw mulch could mitigate any further reduction in vegetative growth.   
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The experiment established at Padthaway was designed to test the hypothesis: 

 

‘That combining soil mounding, straw mulch and partial rootzone drying (PRD) 

irrigation will improve grapevine growth and production and reduce levels of sodium 

and chloride in the vine.’ 

 

The Padthaway site was chosen for its shallow soil profile, mature Shiraz vines and 

saline irrigation water.   

 

9.2 Soil Moisture 
 
The shallow soil profile of this site made it difficult to accurately schedule irrigation 

and avoid periods of excessive water stress (Chapter 4) as the soil profile dried out 

quickly after irrigation.  Soil moisture levels were typically lower in the PRD 

treatment than the control treatment and at times reached levels of soil water deficit 

likely to impact negatively on both vine growth and yield (McCarthy 1997).  Soil 

water penetration has been found to be critical in the vine response to PRD.  It is 

necessary for part of the vine root system to remain well watered in order to avoid 

severe water stress conditions in the entire vine (Dry 1997; Stoll 2000).  In this 

experiment, repeated soil moisture deficits on the dry side in conjunction with 

inadequate moisture levels on the irrigated side resulted in growth and yield 

reductions in all seasons (Chapters 5 and 6).  Prior to establishing the experiment at 

Padthaway this vineyard had been irrigated by an overhead travelling irrigator.  It is 

likely that this encouraged extensive root development in the midrow as no 

evidence of midrow soil compaction was found at this site (D. Hansen pers. comm.).  

The conversion from water winch to drip just one year before the experiment started 

may not have allowed development of the two root zones per vine under the drip 

line necessary for successful implementation of PRD (Kriedemann and Goodwin 

2003).  In contrast, the control treatment had a larger root volume receiving 

irrigation at all times and so vines were not subject to the same severe water 

deficits.   
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Mounded soil beds tended to be wetter than flat beds in all seasons (Chapter 4).  In 

combination  with the greater volume of mounded soil, this was found to promote 

the development of a larger root system.  These results concur with those of 

Myburgh and Moolman (1991) and Eastham et al. (1996).   As such, vines grown in 

mounded soil had better access to moisture and nutrients than vines in flat soil 

beds, enabling them to support a larger vine canopy (Chapter 5) and higher yields 

(Chapter 6).   

 

Maintaining a uniform mulch cover was problematic for the duration of this 

experiment, although soil still tended to be wetter under straw mulch (Chapter 4).  

However, the increased soil moisture levels of the mulched treatment, relative to the 

bare treatment, did not translate into greater vine root growth.  Therefore, mulched 

vines were not able to fully utilise the soil moisture available to them as was 

suggested by the absence of vine growth and yield responses to the increase in soil 

moisture under mulch (Chapters 5 and 6).  These findings contradict previous 

research (Van Huyssteen and Weber 1980; Eastham et al. 1996) possibly because 

the rate of straw mulch applied in the Padthaway experiment was approximately 

half that recommended (A. Cass pers. comm.).  In addition, annual applications of 

Phalaris straw to maintain mulch depth and cover may have given more conclusive 

results.   

 

9.3 Vegetative Growth 
 

An important outcome of PRD irrigation is to limit canopy growth in favour of crop 

production.  The resultant smaller canopy improves light penetration into the vine 

and this can influence fruit quality as well as future cropping potential.  In this 

experiment all indices of vegetative growth were substantially reduced in response 

to PRD irrigation in all three seasons (Chapter 5).  The period of shoot extension 

and the number of lateral leaves produced by the PRD treatment were less than for 

the control treatment.  Pruning weights of PRD vines were lower than those of the 

control vines, due to fewer shoots of lower weight.  As a result PAR interception by 

the bunch zone was greater for the PRD treatment than for the control treatment.  

These findings support other research where significant reductions in vegetative 
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growth of PRD irrigated vines have been reported (Dry 1997; Loveys et al. 1997; 

Stoll 2000).  In particular, PRD irrigated vines have been found to have lower 

canopy density and greater fruit exposure than the control irrigated vines, which has 

been responsible for improvements in fruit quality.   

 

The increase in root volume, which occurred in the mounded treatment, resulted in 

greater vegetative growth than occurred in the non-mounded treatment.  However, 

this response was delayed until year 2 (Chapter 5) as the first growing season 

allowed vine roots to establish in the newly mounded soil.  Samples for root density 

analysis were collected in September 1998 and April 2000, at the beginning of the 

first growing season and the end of the second growing season.  Therefore, it is 

possible only to speculate as to the reasons for the delay in vine response to 

mounding, as measurements of root growth were not made between the first and 

second seasons.  The pruning weights of the mounded treatment were higher than 

those of the flat treatment each season due to mounded vines growing more 

shoots.  Furthermore, the shoots of the mounded treatment were heavier than the 

bare treatment shoots, most probably because mounded vines had more lateral 

growth, which is supported by lower PAR measurements for the mounded 

treatment.  Similarly, Saaymann and Van Huyssteen (1980), Saaymann (1982) and 

Eastham et al. (1996) also reported higher shoot mass per hectare with soil 

mounding compared to the flat treatment.  

 

Although the mulch treatment had higher soil moisture levels than the bare 

treatment, the effect of mulch on vegetative growth was variable and inconclusive 

(Chapter 5).  This result may be associated with the varying depths of straw under 

vines and the difficulty experienced keeping it in place for the duration of this 

experiment.  However, earlier research into the effects of mulch on vine 

performance (Godden 1978; Van Zyl and Van Huyssteen 1983) reported significant 

increases in vegetative growth in the first year.  In this experiment it is possible that 

the lack of root growth response to mulch restricted vine access to the improved soil 

moisture and nutrient conditions available under mulch and thus, limited vegetative 

growth.  Recent research has demonstrated that mulch can lower soil temperature 

without limiting vine growth (Ludvigsen 1994).  However, it is possible that low soil 
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temperature under mulch may have slowed root and shoot growth in spring at 

Padthaway.  In contrast, the temperature of bare soil may have increased through 

the season to the point where shoot growth stopped.  However, soil temperature 

measurements were not made so these points remain speculative.  Applying both 

the control irrigation treatment and soil mounding treatment resulted in the vines 

with greatest vegetative growth.   

 

9.4 Yield and Fruit Composition 
 

While PRD irrigation succeeded in reducing vine canopy growth, a consistent yield 

reduction also occurred at this site.  In contrast to much previous PRD research 

(Dry 1997; Stoll 2000) all components of yield, especially bunch weight and berry 

weight, were significantly reduced in response to PRD irrigation (Chapter 6).  Berry 

weight has typically been found to be the yield component most responsive to soil 

moisture deficit (Smart and Coombe 1983; Williams and Matthews 1990; McCarthy 

1997) and it is likely that periods of excessive water stress were experienced by the 

PRD treatment in the Padthaway experiment.  Fruitset was found to be significantly 

reduced in response to a severe water stress (Williams and Matthews 1990).  While 

fruit set was not measured in this experiment, the decrease in vegetative growth 

associated with PRD might have been expected to improve fruit set through 

reduced shoot vigour and better fruit zone exposure, thus resulting in higher bunch 

weights, had a more favourable soil moisture status been maintained.   

 

One of the major benefits of PRD irrigation is the improvement to be gained in 

WUE.  Because less irrigation water was applied to the PRD treatment than the 

control treatment, greater WUE was achieved with PRD irrigation in years 1 and 2, 

despite the consequent drop in yield.  Savings of between 30-50% have been 

consistently reported in PRD studies (Dry 1997; Loveys et al. 1997; Stoll 2000) with 

no loss of yield or reduction in fruit quality.  In the Padthaway experiment, similar 

savings in irrigation water were achieved with PRD but these were undermined by 

the yield penalty at this site.  However, this does not diminish the potential of PRD 

as a tool to deliver substantial improvements in irrigation efficiency.  Indeed, if the 
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reduction in berry size of the PRD treatment was associated with enhanced fruit 

quality which may have offset the financial loss associated with a reduced crop.   

 

Juice pH was found to be higher in the PRD treatment than the control treatment.  

Juice pH tends to be higher in fruit from dense canopies where bunch exposure is 

low (Smart and Robinson 1991).  The juice pH response to PRD irrigation found at 

Padthaway was unexpected because the PRD treatment had better bunch 

exposure than the control treatment as indicated by the reduced shoot and lateral 

growth and increased PAR (Chapter 5).  The substantial yield reductions of the 

PRD treatment (Chapter 6) compared to the control treatment indicate that periods 

of excessive soil moisture deficit were experienced and this has been found to have 

a variable effect on juice pH (Williams and Matthews 1990).  Berry anthocyanin 

concentration was enhanced by PRD irrigation but this was not due to better fruit 

exposure (Chapter 7) as documented by Dry (1997), Stoll (2000) and Santos et al. 

(2003).  Instead, the reduction in berry size consistently associated with PRD 

irrigation at the Padthaway site most likely accounts for the increased anthocyanin 

concentration of PRD irrigated fruit.  However, recent research (K. Bindon pers. 

comm.) suggests that the effect of berry size may be less than previously thought 

and that there is a direct effect of PRD on secondary metabolite concentration 

independent of berry size and bunch exposure.   

 

An increase in vine yield was associated with the mounded treatment relative to the 

flat treatment (Chapter 6).  This was primarily due to the increase in vine capacity of 

mounded vines compared to those grown in flat soil (Chapter 5), i.e. mounded vines 

grew more shoots than vines of the flat treatment, which resulted in more bunches 

per vine.  In addition, bunch weights were higher in the mounded treatment each 

year, due mainly to improved fruit set and more berries per bunch.  Fruitfulness 

might be expected to be lower in dense, shaded canopies but this experiment 

demonstrated the opposite response.  However, in a four year experiment, Morris 

and Cawthon (1981) reported that growing vines in deep soil resulted not only in 

higher vine fruitfulness than that of vines in shallow soil but also higher bunch 

weights, berry weights and more berries per bunch.  Shoot vigour in turn, can have 

an impact on fruit quality, principally through the effects of shading associated with 
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high shoot vigour and canopy density (Matthews and Anderson 1988; Dry 1997).  In 

the Padthaway experiment soil mounding did not affect fruit composition in year 1 or 

2 despite lower PAR values.  However, in year 3, berries from the mounded 

treatment had significantly higher pH compared to the flat treatment (Chapter 7) and 

a significantly lower PAR value.  Bunch weights of the mounded vines were also 

higher than those of the flat treatment.  WUE was higher for the mounded treatment 

than the flat treatment due to increased vine yields but this effect was delayed until 

the second growing season, by which time the vine root system had established 

itself in the mounded soil.   

 

In the first and third seasons mulch had a positive effect on the components of yield 

(Chapter 6) generally resulting in greater yields and WUE, although not always 

significantly.  In the second season the trend reversed but the differences between 

treatments were not significant.  Juice TA was found to be significantly higher for 

the mulched treatment than the bare treatment in year 2 (Chapter 7).  PAR was also 

lower for the mulched treatment, indicating greater shading of the fruit zone, but not 

significantly so.  In addition, berry anthocyanin levels of the mulch treatment were 

significantly lower than the bare treatment in year 2.  Canopy shading may have 

contributed to this result but the significantly lower berry weights of the bare 

treatment are more likely to account for this difference.  These inconsistent results 

are similar to those found for vegetative growth and may be due to the nature of the 

mulch used and irregular soil cover maintained during the experiment.   

 

A combination of control irrigation and soil mounds consistently gave the greatest 

vine yield.  There was no treatment effect on berry sugar accumulation (Chapter 7).  

Juice titratable acid and pH were similar for mounding and mulch treatments when 

compared at the same °Baumẽ.   

  

9.5 Salinity  
 

The level of soil salinity increased with soil depth and time each season (Chapter 8) 

while there was no treatment effect apparent.  Two methods for managing irrigation 

to reduce the impact of saline irrigation water have arisen from recent research.  
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One suggests that by reducing the volume but increasing the frequency of 

application, salt accumulation in the rootzone will be reduced (Cass et al. 1985; 

McCarthy 1998).  The other asserts that soil salinity is reduced where a greater 

volume is applied in the form of a leaching fraction (Prior and Grieve 1986).  The 

absence of a leaching fraction has been found to result in the temporary 

accumulation of salt in the rootzone (Boland et al. 1993; Downey 1995).  In the 

Padthaway experiment the PRD treatment received approximately 60% of the 

volume of irrigation water applied to the control treatment (Chapter 4) and although 

PRD irrigation did not reduce the ECse, less sodium and chloride were found in both 

petioles and juice at harvest than the control treatment (Chapter 8).  This result 

highlights the potential of PRD to contribute to better fruit and wine quality where 

the available irrigation water is of poor quality.  In addition, while maintaining low 

levels of soil salinity at this site requires adequate winter rains to regularly leach salt 

from the rootzone, applying less salt through the growing season will ultimately 

reduce the impact on groundwater salinity levels.   

 

While mulched soil was wetter than bare soil, this did not lead to a consistent 

increase in vine growth and production for mulched vines.  The absence of root 

growth in response to mulch may account for this and it may also have precluded 

mulched vines from fully accessing the available soil moisture.  Moreover, this may 

explain why there was no consistent trend in the levels of chloride and sodium in 

petioles and juice with mulch treatment (Chapter 8).   

 

9.6 Further Research 
 

The data indicate that PRD irrigation may not be a suitable technique to achieve the 

aims of this research at a site where soil volume is limited, even if soil mounds are 

established and surface mulch applied.  The accurate scheduling of irrigation at the 

Padthaway site was difficult and led to periods of soil moisture deficit in the PRD 

treatment which adversely affected vine yield.  Grapevine vigour was not 

considered to be problematic at the site prior to the establishment of this experiment 

and so the reduction in vigour in response to PRD irrigation was not an objective.  
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The establishment of soil mounds and application of straw mulch did not mitigate 

the de-vigourating influence of PRD irrigation on shoot growth.   

 

The problems associated with scheduling PRD irrigation at sites similar to the 

Padthaway vineyard require further research because, despite the negative impact 

on vine growth and production, the Australian wine industry has much to gain from 

irrigation treatments which can reduce the salt load in soils and consequently result 

in less salt uptake by vines and lower levels of sodium and chloride in wines 

produced. 

  

The finding of increased vine capacity and production, as well as improved irrigation 

efficiency associated with soil mounding should be pursued.   Where soils are 

shallow, the establishment of raised soil beds may play an important role in the 

sustainable expansion of viticulture to meet increased market requirements without 

further demand being placed on the supply of irrigation water.  In addition, further 

investigation of suitable, cost effective mulch products which might be used in 

commercial viticulture is warranted.  The reasons behind the inconsistent effect of 

mulch on vine growth and production require further examination in order to improve 

the use of mulch in vineyards to ensure that the wine industry benefits from the 

efficient use of the irrigation water resource.  Through the mechanism of increasing 

soil moisture levels, soil mounds and vineyard mulches have the potential to 

improve vineyard production and sustainability but this may also lead to reduced 

fruit and wine quality if vine balance is not maintained.  It is likely that any decrease 

in wine quality would be detrimental to the wine industry.  As such, any further study 

of vine parameters in response to these factors should not be carried out in isolation 

from the impact on resultant fruit and wine quality. 
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Appendices 
 
I. Soil water retention curve 
II. Year 3 soil moisture data 
III. The potentiometry methodology 
IV. The determination of red pigment (colour) and total phenolics of grape 

berries 
 
 
 
 
 
Appendix I. Soil water retention curve for Padthaway soil. 
 
Table 1.  Relationship between soil matric potential (kPa) and volumetric soil water content 
(cm/cm3) of three soil horizons from the Padthaway vineyard experimental site. 
Soil matric potential 

(kPa) 
Soil water content (cm/cm3) 

 5-10 cm 15-20 cm 40-45 cm 
10 (field capacity) 0.22 0.32 0.3 
60 0.2 0.26 0.28 
1500 (wilting point) 0.124 0.12 0.214 
 



Appendix II.  Year 3 Neutron Water Meter Measurements

flat mound
soil management 1 2

bare mulch
soil cover 1 2

control PRD
irrigation 1 2

depth (m) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
soil management soil cover irrigation rep 11/07/2000 27/09/2000 24/11/2000 20/12/2000 3/01/2001 17/01/2001 31/01/2001 14/02/2001 28/02/2001 14/03/2001

1 1 1 1 0.32 0.33 0.27 0.23 0.27 0.26 0.28 0.32 0.36 0.26 0.31
1 2 1 1 0.33 0.34 0.27 0.28 0.26 0.25 0.28 0.32 0.36 0.27 0.34
1 2 2 1 0.38 0.38 0.31 0.32 0.28 0.30 0.29 0.32 0.36 0.25 0.38
1 1 2 1 0.37 0.36 0.29 0.27 0.27 0.27 0.30 0.33 0.36 0.27 0.34
2 2 1 1 0.31 0.3 0.22 0.33 0.21 0.24 0.22 0.19 0.23 0.12 0.34
2 1 1 1 0.31 0.3 0.21 0.27 0.23 0.22 0.22 0.25 0.29 0.17 0.34
2 1 2 1 0.34 0.35 0.27 0.34 0.25 0.25 0.25 0.24 0.28 0.17 0.36
2 2 2 1 0.29 0.28 0.20 0.27 0.18 0.17 0.20 0.21 0.27 0.13 0.31
2 2 1 2 0.31 0.31 0.20 0.29 0.21 0.23 0.21 0.2 0.25 0.15 0.34
2 1 1 2 0.32 0.3 0.22 0.32 0.26 0.23 0.19 0.18 0.21 0.13 0.34
2 1 2 2 0.33 0.33 0.24 0.31 0.23 0.22 0.29 0.28 0.33 0.2 0.33
2 2 2 2 0.32 0.33 0.24 0.29 0.23 0.23 0.26 0.24 0.28 0.16 0.34
1 2 1 2 0.36 0.36 0.28 0.29 0.28 0.26 0.17 0.23 0.26 0.16 0.40
1 1 1 2 0.34 0.33 0.25 0.33 0.28 0.24 0.24 0.26 0.32 0.27 0.36
1 1 2 2 0.35 0.34 0.22 0.37 0.26 0.25 0.29 0.32 0.35 0.21 0.36
1 2 2 2 0.33 0.34 0.29 0.31 0.27 0.25 0.30 0.3 0.34 0.23 0.34
1 2 2 3 0.35 0.35 0.27 0.26 0.28 0.25 0.27 0.29 0.32 0.22 0.34
1 1 2 3 0.32 0.3 0.24 0.29 0.23 0.21 0.23 0.2 0.23 0.12 0.35
1 1 1 3 0.32 0.32 0.21 0.27 0.23 0.22 0.22 0.18 0.24 0.11 0.38
1 2 1 3 0.35 0.35 0.28 0.36 0.27 0.27 0.25 0.28 0.31 0.22 0.36
2 1 1 3 0.30 0.28 0.19 0.34 0.21 0.22 0.16 0.14 0.17 0.34
2 2 1 3 0.33 0.33 0.24 0.29 0.27 0.24 0.24 0.26 0.28 0.19 0.33
2 2 2 3 0.34 0.33 0.27 0.24 0.23 0.18 0.19 0.21 0.13 0.37
2 1 2 3 0.29 0.29 0.20 0.20 0.19 0.20 0.17 0.22 0.11 0.34

depth (m) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
soil management soil cover irrigation rep 11/07/2000 27/09/2000 24/11/2000 20/12/2000 3/01/2001 17/01/2001 31/01/2001 14/02/2001 28/02/2001 14/03/2001

1 1 1 1 0.32 0.27 0.22 0.26 0.23 0.30 0.34 0.38 0.3 0.36 0.36
1 2 1 1 0.34 0.26 0.26 0.25 0.24 0.28 0.33 0.36 0.29 0.41 0.39
1 2 2 1 0.39 0.31 0.3 0.30 0.27 0.33 0.38 0.43 0.33
1 1 2 1 0.34 0.29 0.27 0.27 0.27 0.31 0.36 0.39 0.32
2 2 1 1 0.35 0.26 0.35 0.22 0.28 0.28 0.3 0.33 0.23 0.38 0.38
2 1 1 1 0.32 0.23 0.26 0.25 0.22 0.25 0.31 0.33 0.25
2 1 2 1 0.35 0.29 0.31 0.26 0.27 0.31 0.33 0.38 0.27 0.38 0.36
2 2 2 1 0.32 0.22 0.27 0.22 0.21 0.23 0.27 0.32 0.2 0.37 0.38
2 2 1 2 0.33 0.24 0.29 0.25 0.24 0.26 0.28 0.33 0.22 0.39 0.38
2 1 1 2 0.34 0.27 0.31 0.27 0.27 0.28 0.3 0.33 0.23 0.39 0.38
2 1 2 2 0.34 0.27 0.3 0.26 0.24 0.28 0.32 0.37 0.27 0.38 0.38
2 2 2 2 0.35 0.29 0.3 0.26 0.27 0.31 0.32 0.37 0.26 0.39 0.37
1 2 1 2 0.41 0.33 0.26 0.32 0.31 0.30 0.34 0.37 0.29 0.45 0.45
1 1 1 2 0.36 0.31 0.31 0.31 0.27 0.29 0.34 0.37 0.34
1 1 2 2 0.36 0.30 0.34 0.25 0.25 0.31 0.37 0.41 0.31
1 2 2 2 0.36 0.31 0.31 0.29 0.30 0.32 0.34 0.39 0.31 0.40 0.4
1 2 2 3 0.35 0.26 0.27 0.25 0.23 0.30 0.35 0.39 0.29 0.38 0.38
1 1 2 3 0.35 0.28 0.26 0.27 0.27 0.29 0.32 0.36 0.24
1 1 1 3 0.37 0.28 0.29 0.29 0.27 0.26 0.29 0.34 0.23
1 2 1 3 0.36 0.29 0.34 0.28 0.27 0.30 0.33 0.38 0.3 0.42 0.41
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2 1 1 3 0.33 0.25 0.37 0.26 0.26 0.27 0.28 0.31 0.2 0.38 0.39
2 2 1 3 0.36 0.26 0.28 0.27 0.25 0.29 0.34 0.35 0.27 0.38 0.38
2 2 2 3 0.37 0.31 0.27 0.27 0.29 0.33 0.34 0.26 0.41 0.41
2 1 2 3 0.32 0.25 0.25 0.24 0.28 0.28 0.31 0.21 0.41 0.41

depth (m) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
soil management soil cover irrigation rep 11/07/2000 27/09/2000 24/11/2000 20/12/2000 3/01/2001 17/01/2001 31/01/2001 14/02/2001 28/02/2001 14/03/2001

1 1 1 1 0.31 0.27 0.25 0.32 0.32 0.41 0.3
1 2 1 1 0.31 0.29 0.28 0.26 0.29 0.34 0.4 0.3 0.41 0.41 0.32
1 2 2 1 0.36 0.43 0.46 0.37
1 1 2 1 0.34 0.36 0.43 0.36
2 2 1 1 0.33 0.38 0.29 0.30 0.37 0.4 0.43 0.31 0.38 0.38 0.33
2 1 1 1 0.30 0.34 0.4 0.3
2 1 2 1 0.34 0.33 0.30 0.29 0.36 0.4 0.43 0.36 0.37 0.38 0.32
2 2 2 1 0.31 0.3 0.29 0.27 0.29 0.34 0.39 0.28 0.37 0.38 0.32
2 2 1 2 0.31 0.33 0.33 0.32 0.32 0.37 0.4 0.33 0.40 0.39 0.33
2 1 1 2 0.31 0.34 0.33 0.30 0.33 0.38 0.42 0.31 0.42 0.41 0.34
2 1 2 2 0.30 0.31 0.27 0.27 0.33 0.37 0.43 0.32 0.37 0.37 0.33
2 2 2 2 0.33 0.31 0.31 0.35 0.4 0.43 0.34 0.38 0.37 0.33
1 2 1 2 0.39 0.41 0.46 0.39
1 1 1 2 0.32 0.37 0.39 0.45 0.39
1 1 2 2 0.33 0.32 0.42 0.47 0.39
1 2 2 2 0.36 0.33 0.32 0.36 0.4 0.44 0.36 0.38 0.39 0.34
1 2 2 3 0.28 0.27 0.25 0.33 0.38 0.41 0.31 0.38 0.38 0.30
1 1 2 3 0.3 0.34 0.39 0.43 0.35
1 1 1 3 0.32 0.35 0.43 0.44 0.34
1 2 1 3 0.32 0.32 0.31 0.30 0.34 0.35 0.42 0.34 0.42 0.41 0.34
2 1 1 3 0.31 0.39 0.32 0.33 0.33 0.39 0.4 0.31 0.38 0.38 0.32
2 2 1 3 0.29 0.31 0.30 0.28 0.32 0.37 0.42 0.31 0.36 0.38 0.32
2 2 2 3 0.37 0.34 0.35 0.35 0.4 0.45 0.36 0.40 0.42 0.38
2 1 2 3 0.33 0.36 0.41 0.33

depth (m) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
soil management soil cover irrigation rep 11/07/2000 27/09/2000 24/11/2000 20/12/2000 3/01/2001 17/01/2001 31/01/2001 14/02/2001 28/02/2001 14/03/2001

1 1 1 1 0.29 0.3 0.29
1 2 1 1 0.29 0.31 0.28 0.30 0.33 0.39 0.31
1 2 2 1
1 1 2 1 0.37
2 2 1 1 0.37 0.27 0.31 0.38 0.4 0.42 0.35 0.38 0.38 0.34 0.38
2 1 1 1 0.32
2 1 2 1 0.3 0.29 0.30 0.35 0.38 0.39 0.35 0.40 0.4
2 2 2 1 0.29 0.29 0.29 0.31 0.37 0.4 0.33 0.40 0.38 0.33 0.3
2 2 1 2 0.32 0.35 0.32 0.35 0.38 0.43 0.35 0.41 0.42 0.36 0.33
2 1 1 2 0.34 0.34 0.32 0.34 0.37 0.43 0.34
2 1 2 2 0.28 0.27 0.25 0.30 0.34 0.4 0.31 0.37 0.37 0.32 0.25
2 2 2 2 0.30 0.30 0.34 0.38 0.43 0.35 0.36 0.38 0.32
1 2 1 2
1 1 1 2 0.31 0.32
1 1 2 2 0.29 0.27
1 2 2 2 0.32 0.32 0.37 0.39 0.45 0.37 0.40 0.4 0.36
1 2 2 3 0.27 0.26 0.30 0.35 0.41 0.31 0.36 0.39 0.31
1 1 2 3 0.29
1 1 1 3 0.3 0.29
1 2 1 3 0.32 0.31 0.29 0.34 0.34 0.4 0.33
2 1 1 3 0.37 0.32 0.31 0.36 0.4 0.43 0.35 0.37 0.37 0.33 0.34
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2 2 1 3 0.32 0.29 0.32 0.35 0.4 0.33
2 2 2 3 0.36 0.35 0.38 0.44 0.47 0.4 0.43
2 1 2 3 0.38 0.37

depth (m) 0.6 0.6 0.6 0.6 0.6 0.6
soil management soil cover irrigation rep 11/07/2000 27/09/2000 24/11/2000 20/12/2000 3/01/2001 17/01/2001

1 1 1 1
1 2 1 1 0.30 0.31 0.4 0.32
1 2 2 1
1 1 2 1
2 2 1 1 0.28 0.31 0.37 0.4 0.42 0.35
2 1 1 1
2 1 2 1 0.30 0.35 0.4 0.32
2 2 2 1 0.32 0.31 0.31 0.34 0.4
2 2 1 2 0.34 0.31 0.34 0.34 0.42 0.35
2 1 1 2 0.37 0.35
2 1 2 2 0.26 0.25 0.28 0.29 0.37 0.3
2 2 2 2 0.28 0.27 0.32 0.34 0.39
1 2 1 2
1 1 1 2
1 1 2 2
1 2 2 2 0.34 0.33 0.35 0.36 0.41 0.36
1 2 2 3 0.27 0.26 0.30 0.35 0.42 0.31
1 1 2 3
1 1 1 3
1 2 1 3 0.33 0.34 0.38 0.33
2 1 1 3 0.32 0.31 0.33 0.38 0.4 0.35
2 2 1 3 0.33 0.32 0.4 0.33
2 2 2 3 0.39 0.41 0.47 0.4
2 1 2 3
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Appendix III.  The Potentiometry Method 
 
Equipment 
* Radiometer pH meter 
* Silver wire - 10 cm. of 99.99% (can be purchased from Crown Scientific) 
* Glass electrode 
* 0-10 m burette 
* Small magnetic stirrer and bars 
* 100 ml glass beakers 
* 50 ml volumetric pipette 
* Pasteur pipettes 
 
Reagents 
1. 0.1N Silver Nitrate   
 Make up from an ampoule. 
 This solution should be stored in a foil covered bottle and kept in a cupboard when not in       
 use. 
 Exposure to light causes the solution to turn a brown grey colour. 
2. 1+5 Nitric Acid 
 In a fume cabinet, carefully add 100 ml of conc. Nitric Acid to 500 ml of water. 
 Mix thoroughly. 
3. 200 ppm Chloride Standard 
 Accurately weigh 0.3297g Sodium Chloride. 
 Transfer the Sodium Chloride to a 1 Litre volumetric flask, half filled with distilled water. 
 Add 100 ml SVR to the flask. 
 Mix and top up the flask with distilled water at 20°C. 
 
Procedure 
1. Set up Radiometer pH meter with the silver wire and glass electrode connected to read in 
 ‘mV’. 
2. Pipette 50 ml of sample into a 100 ml beaker. 
 Add 5 drops of 1+5 Nitric Acid to the beaker. 
3. Record the initial "mV" of the sample. 

Stir the sample well throughout the test and record "mV" readings after each 0.1 ml   
addition of Silver Nitrate. 

 As the equivalence point is approached, the "mV" change per volume of Silver Nitrate 
 added increased rapidly, reaching a maximum at equivalence point.  
4. Repeat Steps (2) and (3) to obtain duplicate results. 
 Chloride (ppm) - ml Silver Nitrate x 71 
5. A 200 ppm Chloride standard should also be analysed, (using same method, substituting 

Chloride standard for the sample), as a procedure and solution strength check. 
 The Chloride result obtained should lie between 185-215 ppm. 
6. Store the electrode in distilled water when not in use.  
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APPENDIX IV 
 

DETERMINATION OF RED PIGMENT (COLOUR) AND TOTAL PHENOLICS 
OF GRAPE BERRIES 

 
IMPORTANT: TO FINISH BY 4PM YOU MUST START BY 10AM AT THE LATEST. 
Method 

1. Tare a beaker with a clean empty centrifuge tube in it on the balance. 
2. Thoroughly mix the homogenate in the vial by stirring and shaking. 
3. Take a scoop of approx. 1 -1.2 g of homogenate and transfer into the pre-tared 

centrifuged tube. 
4. Record the weight of homogenate taken on the record sheet. 
5. Add 10 mL (approx.) of aqueous ethanol (50%, pH 5.0) stored in the alcohol cabinet, to 

the centrifuge tube, cap the tube and mix the contents periodically by inverting the tube 
about every 10 minutes for a period of one hour. 

6. Centrifuge the tube and contents at 2500 rpm for 10 minutes. 
7. Using the Finnstepper hand pipette set at 5, with the 5.0 mL Finntip, transfer 0.5 mL of 

the supernatant into a capped tube along with 5 mL of 1M HCL (1.0N HCL) mix 
thoroughly and let stand for three hours.  (Need beaker of distilled water for cleaning 
Finnstepper between samples). 

8. Pour the remaining supernatant carefully into a measuring cylinder and record the total 
volume. 

9. Lamps D2 and W from the Spectrophotometer must be preheated for at least 30 minutes 
before use, so ensure that these are turned on after 2.5 hours waiting time has elapsed. 

 
Spectrophotometer Method 

1. Using quartz cuvettes, important to hold correctly and wipe down before being placed in 
the Spectrophotometer. 

2. Fill two cuvettes with distilled water (called blanks). 
3. Fill cuvettes almost to the top. 
4. Place the blanks in the Spectrophotometer, one at the back (which stays there for 

reference) and one at the front.  Close the lid, ensuring that the front tube is lined up with 
the light source. 

5. Set lamp selector to D2 lamp (preheated).  Pull preheat lever towards you, holding for 15 
seconds, then switch lamp on. 

6. Set wavelength to 280 nm. 
7. Turn ABS dial until the readout is zero. 
8. Remove front blank and replace contents with that from the first capped tube and place in 

Spectrophotometer. 
9. Take reading, writing the result on the record sheet. 
10. Pour contents of cuvette back in to capped tube and refill with the next one. 
11. Continue until all the readings at 280 nm have been completed. 
12. Refill front cuvette with distilled water and place in Spectrophotometer. 
13. Set lamp selector to W lamp (preheated). 
14. Set wavelength to 520 nm. 
15. Turn ABS dial until the readout is zero. 
16. Remove front blank and replace contents with that from the first capped tube and place in 

Spectrophotometer. 
17. Take reading; write the result on the record sheet. 
18. Pour contents of cuvette back in to capped tube and refill with the next one. 
19. Continue until all readings at 520 nm have been completed. 
20. Clean all equipment used thoroughly and place back in proper place. 
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