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PREFACE 

This is a report to the Dried Fruits Research and Development Council in fulfilment 
of the obligations associated with DFRDC funding of the project. It is not a 
publication, and as such the results should not be cited without permission of the 
authors. The results presented in this report arc being prepared for publication in 
appropriate scientific journals and other media. 
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1. Summary 

A field trial designed to test the effectiveness of a range of rootstocks in enhancing the 

salt tolerance of Sultana vines was conducted over a period of 6 years. The rootstocks 

were Ramsey, 1103 Paulsen, J17-69 and 4 hybrids from the CSIRO rootstock 

improvement program viz. A48, B3, C2 and Bl3. Own-rooted Sultana was also 

included. The vines were planted in spring, 1987. Low, medium and high salinity 

treatments, respectively consisting of0.39, 1.75 and 3.50 dSm-\ were applied, 

commencing December 1989 and terminating in April1995. The water use of Sultana 

on own roots and on Ramsey rootstock was also investigated during the final two 

years of the project using Greenspan sap flow sensors. 

The best performing rootstocks in terms of yield over the course of the trial period 

were Ramsey, 1103 Paulsen and B3. These were the three most vigorous rootstocks, 

and produced on average 55% higher yields than own-rooted vines at low salinity and 

124% higher yields at high salinity. Rootstock A48, having medium vigour, produced 

a mean yield which was approximately 40% higher on average than own-rooted 

Sultana at low salinity. The medium salinity treatment (1.75 dSm-1
) significantly 

increased yield of Sultana on Ramsey and B3 rootstocks. This may have been at least 

partly related to a salinity induced reduction in vigour (as assessed by pruning wood 

weights) and related effects on shoot fruitfulness at medium salinity compared with 

low salinity for both rootstocks. 

The yield response for own-rooted Sultana vines was closer to that predicted by the 

Maas and Hoffinan (1977) salinity- grapevine yield relationship than to the 
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relationship established by Prior et al (1977) in a previous DFRDC funded project 

which investigated the response of own-rooted Sultana to salinity. The yields of 

Sultana on Ramsey, 1103 Paulsen and B3 rootstocks were respectively significantly 

better than that predicted by the Maas and Hoffman ( 1977) relationship, which is based 

on the yield response to salinity of V. vinifera grapevines. 

The research demonstrated that chloride exclusion ability of rootstocks as determined 

in glasshouse screening tests is not a reliable indicator of salt tolerance of mature vines 

in the field, assessed in terms of growth and yield under saline conditions. A 

combination of high vigour and medium to high chloride exclusion ability appear to be 

the primary determinants of salt tolerance of grapevine rootstocks. 

Salinity had no major impact on berry sugar levels, as assessed by ~rix, or juice pH. 

Soil solution electrical conductivities at the low, medium and high salinity treatments 

generally remained above critical values necessary to counter the "sodicity hazard", 

which under certain conditions can lead to a dispersion of fine clays and a subsequent 

deterioration in soil water infiltration rates. 

The water use studies confirmed the accuracy of sap flow sensors when assessed by 

direct comparison of sensor readings with vine water use determined by manual 

methods. 



Studies in the field demonstrated a positive correlation between canopy size and 

grapevine water use and indicated that crop factors (Kc) generally applied for 

scheduling grapevine irrigations in Sunraysia may be too high. 
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In the trial site vineyard at Merbein, where irrigations were scheduled on the basis of 

maintaining tensiometer readings at 30cm depth above approximately -20 kPa, the 

limited water use data suggested overwatering of up to approximately 30-40%. A 

small related study, based on seasonal irrigation volumes applied and estimates of 

evapotranspiration in several vineyards in the Red Cliffs area, also indicated similar 

efficiencies/inefficiencies between drip, micro-sprinkler and flood irrigated vineyards. 

A more comprehensive study across a range of grower properties would be needed to 

confirm the generality of these observations. It is also recommended that research be 

undertaken to develop an irrigation scheduling system based on canopy cover and 

evapotranspiration, and that the study include all main components of the soil water 

balance in a range of vineyard situations, including the new sub-surface irrigation 

systems. 

Footnote : The latter components are being addressed through recent enhanced 

funding ofthe sub-surface irrigation project. 
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2. Background 

Research undertaken by A.M. Grieve and L. D. Prior with funding from the Dried 

Fruits Research and Development Council established the first definitive relationship 

under Australian conditions between yield of own-rooted Sultana and both irrigation 

water and soil salinity. Their study involved treatment of own-rooted Sultana vines for 

six seasons with salinity levels ranging from 0.37 to 3.47 dSm-1
. The vines were drip 

irrigated. It was shown that the effect of irrigation water salinity was most severe on 

vines growing in the most heavily textured soil and increased with time. The effect on 

yield was least on the lighter textured soils. For example, it was shown that an 

increase in salinity of irrigation water (ECi) from 3 50 to 400 J..LSm-1 would cause a loss 

ofbetween 0.01% and 3.4% depending on the soil texture and the number ofyears 

since the increase occurred. This is in contrast to earlier USDA work which showed a 

threshold salinity had to be exceeded before yield decline. Prior and Grieve could find 

no evidence of a threshold in yield response to salinity (Prior eta!., 1992). 

The Prior and Grieve study, however, looked only at own-rooted Sultana. In this 

study, we looked at the effects of rootstocks on salt tolerance of Sultana. 

2.1 Rootstock Assessment 

Comparative experiments on the effects of salinity on own-rooted and grafted Sultana 

grown in pots under glasshouse conditions indicates that vines on rootstocks e.g. 

Ramsey, exhibited a higher level of salt tolerance than own rooted Sultana. This 



suggests that rootstocks such as Ramsey will offer some protection against yield 

decrement (and loss in grower income) due to increases in irrigation water salinity 

because of their apparent greater tolerance of salinity compared with Sultana or any 

other V. vinifera varieties. The higher salt tolerance ofRamsey had not been verified 

under field conditions. 
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Thus, the project aimed to directly compare the salt tolerance of Sultana on own roots 

with Sultana on Ramsey under typical vineyard conditions as exist in the irrigated vine 

producing areas of the mid and lower River Murray. The results will enable more 

accurate assessment of the impact of salinity on dried vine fruit producers in these 

regions and should provide reliable information as to possible benefits of using Ramsey 

under saline conditions. 

Ramsey, however, is difficult to root and difficult to graft in comparison with other 

rootstocks. Vine management can also be a problem for scions on Ramsey. 

Recognising the need for alternatives to Ramsey, the rootstock improvement program 

of the Division of Horticulture has been aimed at selection and evaluation of hybrids 

with potential as salt tolerant rootstocks. 

The selection criterion for salt tolerance has been based on the plant's ability for 

chloride exclusion, which follows earlier work on glasshouse grown plants 

demonstrating a correlation between salt tolerance and ability for chloride exclusion. 

A further aim of the work therefore was to determine if chloride exclusion rankings 
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determined in glasshouse studies are a direct indicator of the vines salt tolerance in the 

field. 

The broader objective of the Division's grapevine rootstock improvement program has 

been to combine the salt and nematode tolerance of the American Vi tis species such as 

v. champini with as many of the other desired rootstock characteristics, such as 

phylloxera tolerance, lime tolerance, suitable vigour, ease of propagation and grafting 

etc. Based on chloride exclusion rankings various promising types have been 

identified. None have been fully screened for all desirable characteristics, such as 

nematode tolerance, phylloxera tolerance and salt tolerance. Since the primary 

characteristic in this study was salt tolerance, it was felt desirable to select a small 

number of promising salt tolerant types and to evaluate their performance under saline 

conditions in the field, and if satisfactory, move to screening for the other 

characteristics. 

A major objective of the project, therefore, was to compare the salt tolerance of own

rooted Sultana with Sultana grafted to the following rootstocks :-

-Sultana I Ramsey (V. champini) 

- Sultana I 1103 Paulsen (V. berlandieri x V. rupestris) 

-Sultana I Jl7-69 (V. champini x V. rupestris) 

-Sultana I Hybrid A48 

- Sultana I Hybrid B3 

- Sultana I Hybrid C2 

-Sultana I Hybrid D13 
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Hybrids A48 and C2 have been ranked as good chloride excluders and hybrids B3 and 

D 13 have been ranked as poor chloride excluders in glasshouse screening experiments. 

Hybrids A48, B3, C2 and D13 have also been selected from a population of 50 hybrids 

for their excellent rooting and grafting ability with Sultana scion. 

If chloride exclusion ability is shown to be a good indicator of salt tolerance in the 

field, the Division can then use the rapid glasshouse screening procedure for chloride 

exclusion ability as a reliable test to screen large numbers of hybrids and other 

promising species and varieties for salt tolerance. Faster screening would allow many 

more hybrids to be evaluated and will greatly increase the chance of finding a new salt 

tolerant rootstock. 

Indeed, it is possible that one or more of the four good chloride excluding hybrids to 

be evaluated in this project might have a satisfactory combination of salt tolerance and 

other desirable characteristics to make it/them suitable alternatives to Ramsey for 

vineyards where salinity is expected to be a problem. 

2.2 Water use 

Currently, about 14,000 ha (December, 1995) ofvariety Sultana are grown in the 

irrigated regions ofthe Murray-Darling Basin. Approximately 70% if vineyards are 

still irrigated by flood or furrow irrigation. These systems compound major problems 
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of drainage, waterlogging and salinity, particularly with the variable, heavier soils 

common to many vineyards. 

Water supply authorities are currently aiming to develop schemes of water on demand 

and gradually increasing rates and charges for water to recover the total cost of supply 

and reduce excessive irrigation. Thus, there is a need for grower adoption of cost 

effective, efficient, demand oriented irrigation technologies. 

The incorporation of a direct measurement of plant water status with a bio-sensor is 

critical for comparison of current water applications to water needs of the vine. 

Current methods for determining irrigation timing and amount involve either measuring 

the water content or water potential of the soil e.g. with tensiometer, neutron moisture 

probe etc. and start irrigation where readings reach a certain value, or by measuring or 

calculating the potential evapotranspiration (Epot) and supply irrigation water at a 

certain rate of it (called crop factorKc) e.g. 0.7. The major problem with 

measurement of soil water content or water potential for determining irrigation 

requirements is that these factors have to be measured in the rootzone. Vine root 

systems are more diffuse and usually deeper than those of annual crops which make an 

estimation of soil water content difficult. Another problem is that the measurements 

depend on soil type, which can be quite variable in many vine growing areas (e.g. 

sandy ridges may alternate with heavy loam). 

Because water use of Sultana vines will most likely be influenced by the rootstock, the 

various treatments available in this trial provide an ideal opportunity to trial the bio-
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sensor for monitoring sap velocity. The aims are to compare water use of Sultana on 

own roots and on Ramsey rootstock, to determine the influence of canopy size on vine 

water use, and to determine appropriate crop factors. 

3. Units 

The salinity units used in this report are deci-siemens per metre, abbreviated as dSm-1
. 

Readers may be more familiar with other units. The relationship between some of the 

commonly used units and dSm-1 is shown below:-

1000 EC (e.g. as published in Sunraysia Daily) = 1 dSm-1 

1000 EC (e.g. as published in Sunraysia Daily) = 1000 J..tSm-1 

1000 EC (e.g. as published in Sunraysia Daily) = 625 ppm 

1600 EC (e.g. as published in Sunraysia Daily) = 1000 ppm 
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4. Materials and Methods 

4.1 Rootstock Assessment 

In this study we compared the impact of salinity over a period of 6 years ( 1990-1995) 

on the growth, fruitfulness and yield of Sultana on own roots and Sultana on various 

rootstocks viz. Ramsey, 1103 Paulsen, J17-69, A48, B3, C2 and Dl3, drip irrigated 

with three salinity levels in the field at Merbein, Victoria. 

The vines were planted 2.5m apart in rows 3.3m apart in October 1987 in sandy loam 

soil, referred to as Coomealla sandy loam (Penman eta/, 1939). There were 6 rows of 

40 vines, with a single row of"guard" vines on each side. The vines were trained on 

standard T trellis with a single foliage wire. The two cane wires were placed at 1.2m 

height and 0.3m apart. The foliage wire was 0.3m above the cane wires. The vines 

were cane pruned to a maximum of 12 canes, if available. 

The vines were drip-irrigated with three 4 Lh.1 drippers per vine. They were 

established for the first two seasons (1987/88 and 1988/89) with water from the River 

Murray, having an average spring-summer salinity over the two seasons of 0.36 dSm·1
. 

Salinity treatments were commenced in December, 1989. Tensiometers were used to 

schedule irrigations, based on an increase in soil moisture tension of20 kPa at 30cm 

depth. The vineyard was not cultivated over the 5 year period of salinity treatments. 
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Each row of 40 vines consisted of 4 main plots of 10 vines, with the first and tenth vine 

in each plot being "guard" vines. The trial was laid out according to a split plot design, 

with salinity treatments assigned to the main plots of 1 0 vines, each arranged as 

randomised blocks and replicated eight times. Soluble nutrients, principally calcium 

nitrate and potassium nitrate, we~e applied through the drippers, adding 0.07 dsm·1 to 

each salinity treatment. Sodium chloride was added to the irrigation water to achieve 

the medium and high salinity treatments. Small amounts of calcium chloride and 

magnesium chloride were also added to maintain the irrigation water SAR (sodium 

adsorption ratio) below 15. The respective mean SAR values for the low, medium and 

high salinity treatments were 1.4, 8.6 and 14.7. The final salinity treatments consisted 

of(i) 0.39 dSm"1 (water from the River Murray plus added nutrients) (ii) 1.75 dsm·1 

(water of medium salinity plus added nutrients) and (iii) 3.50 dSm·1 (water ofhigh 

salinity plus added nutrients). The average salinity ofRiver Murray water for the 

spring-summer period over the five years of the trial (1990-94) was 0.32 dsm·1
. 

Irrigations were not applied during winter, when the vines were dormant, except after 

heavy periods of rainfall, when brief (15-30 min.) irrigations were scheduled to 

increase the TSS of the soil solution as a preventative measure in relation to the 

'sodicity hazard'. 

The eight treatment vines in each main plot consisted of an own-rooted Sultana and 

Sultana on one of seven different rootstocks, randomly assigned to the sub-plots of 

each main plot. The rootstocks were Ramsey, 1103 Paulsen, 117-69 and hybrids A48, 

B3, C2 and D13 . 
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An extensive range of sampling and analysis was conducted. Petioles were sampled at 

bloom time and laminae sampled at harvest for ion analyses. Berries were sampled at 

harvest for berry weight and grape juice analyses, including '13rix, titrateable acids, pH 

and ions. Vine yield and bunch weights were determined at harvest. Weights of first 

and second year pruning wood were determined in winter. Bunch and shoot numbers 

were determined in spring. Soils from the low, medium and high salinity sites were 

sampled in autumn. · Soil salinity sensors at 30 and 60 ern depth were used to 

continuously record soil salinity throughout the trial period. 

4.2 Water Use 

Water use studies were performed on Sultana on own roots and Sultana on Ramsey 

receiving the low salinity treatment as described above. Irrigations were scheduled by 

tensiometer with the aim ofkeeping soil water potential high (above approximately -20 

kPa). Two heat pulse sensors manufactured by Greenspan (Australia) were installed 

into the trunk of each vine at a depth of 15 rnrn. The two sensors in each trunk were 

about 40crn apart. Sensors were installed in three vines each of Sultana on own roots 

and Sultana on Ramsey. Sensor readings were taken every half hour during the day 

and night. The data reported are for season 1994-95. 

Sap flux values for the two sensors in each vine were averaged to give a single value 

per vine. 
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The sap flow sensors were also tested for accuracy by insertion into the trunks of large 

vines in tubs situated on automatic weighing scales. Readings obtained for the sap 

flow sensors were compared against actual water transpired as measured by daily 

weight loss from the tubs. 

Canopy development of grapevines was examined by measuring the leaf area index 

(LAl - total leaf area produced per unit land area) with a plant canopy analyser (LAl -

2000, LiCor, Nebraska, USA) following the procedure described by Sommer and Lang 

(1994). This measurement was performed in October, December and March. 

A small related study of water use in 2 micro-sprinkler and 2 flood irrigated vineyards 

in the Red Cliffs area was made using actual values for seasonal irrigation 

water applied in each vineyard and estimates of evapotranspiration based on 

transpiration data from the 1994-95 Merbein trial site. 
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5. Results 

5. 1 Rootstock Assessment 

5 .1. 1 Vine Growth 

Mean weights of first and second year pruning wood per vine are shown in Figures 1 a, 

b. Values for each rootstock and salinity treatment are averages for the five seasons of 

salinity treatments (1991-95). 

The first year pruning wood data (Figure 1a) shows the significantly higher pruning 

wood weights ofthe three most vigorous rootstocks viz. Ramsey, 1103 Paulsen and 

B3 compared with own-rooted Sultana. Rootstock 117-69 was of comparable vigour 

to Sultana, although its performance under salinity was poor, with 2 vine deaths at the 

medium salinity and 3 vine deaths at high salinity. Rootstocks A48, C2 and Dl3 were 

of intermediate vigour. Salinity reduced the weight of first year pruning wood for 

own-rooted vines and vines on all rootstocks. While the vigorous rootstocks (Ramsey, 

1103 Paulsen and B3) all experienced reductions in first year pruning wood weights 

with increasing salinity, it was notable that the pruning wood weights of these 

rootstocks at high salinity were several-fold higher than the pruning wood weights of 

own-rooted vines at both low and high salinity. It is likely that this was a factor in the 

better performance of vines on Ramsey, 1103 Paulsen and B3 at high salinity. It was 

especially notable that Sultana on rootstock B3 experienced the smallest reduction in 

first year pruning wood weights at medium and high salinity. In fact, rootstock B3 had 
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the highest weight of first year pruning wood at both the medium and high salinity 

treatments, indicating a level of salt tolerance, in terms of growth response to salinity, 

higher than that of Ramsey and 1103 Paulsen. 

The trends described for first year pruning wood were similar for second year pruning 

wood, with the exception that the reductions due to salinity were generally less marked 

(Fig. 1 b) . It was again notable that the vines on rootstock B3 experienced no 

reduction in weight of second year pruning wood with increasing salinity (Fig. 1b). 

The year to year variations in first year pruning wood weights for Sultana on own 

roots and Ramsey are shown in Figure 2. Similar comparisons could be made for the 

other rootstocks, but for brevity, the comparison between own-roots and Ramsey only 

is shown. The same applies to later comparisons made in the report. Most noticeable 

was the difference in response between the own-rooted and grafted vines. The grafted 

vines exhibited larger variations in year to year pruning wood weights compared with 

own-rooted vines. Pruning wood weights of own-rooted vines at all salinity levels 

appeared to decrease over the trial period, whereas no such trend was evident with the 

grafted vines. The reduction in pruning wood weights increased with increasing 

salinity level for grafted vines in all years except 1993, when Sultana on Ramsey at the 

medium and high salinity treatments had identical pruning wood weights (Fig. 2). 

5 .1.2 Shoot and bunch development 

All vines were pruned to a maximum of 12 canes, if available. The mean number of 

canes per vine is shown in Fig. 3a. The mean was generally around 9 - 11 canes for 
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each vine. Sultana on J17-69 had the least canes (8) when averaged across all salinity 

treatments, apparently related to its poor performance under salinity, with 2 and 3 vine 

deaths respectively at the medium and high salinity treatments. 

Numbers of shoots per vine is shown in Fig. 3b. Salinity had no significant effect on 

shoot numbers per vine or number of shoots per cane (data not shown). However, 

there were significant differences between rootstocks. Sultana on Ramsey, 1103 

Paulsen, A48 and B3 had the highest number of shoots per vine (116 - 12S) (Fig. 3b ). 

Sultana on own roots, C2 and Dl3 were intermediate (103 - 106) while Sultana on 

Jl7-69 had the least shoots per vine (90) (Fig. 3b). There were much smaller 

differences between rootstocks in number of shoots per cane. The number was similar 

for Sultana on own roots, J17-69 and A48 ( c.12) (Fig. 4). This was slightly higher 

than Sultana on Ramsey, 1103 Paulsen, B3, C2 and Dl3 (c.11.S) (Fig. 4). 

As with shoot numbers, there was no significant effect of salinity on the number of 

bunches per vine or bunches per cane. Again, however, there were significant 

differences between rootstocks. Sultana on B3 rootstock had a significantly higher 

number ofbunches per vine than the other rootstocks (Fig. Sa). The order of 

decreasing number ofbunches per vine was as follows :- Sultana on B3 > A48 = 1103 

Paulsen= Ramsey= own roots~ C2 > D13 > Jl7-69 (Fig. Sa). Bunches per cane 

numbers decreased in the following order:- Sultana on own roots = A48 = B3 > C2 = 

1103 Paulsen= Ramsey = D13 > 117-69. 
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Figure 7. Year to year variation in yield of Sultana on own 
roots and on Ramsey rootstock at low, medium and high 
salinity over the trial period (1991-95). 
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The indicator offruitfulness, ratio ofbunch numbers to shoot numbers, is shown in 

Fig. 6. Again, there were no significant differences between salinity treatments across 

all years. However, in some years in particular e.g. season 1993-94, there were 

significant differences between salinity treatments. Specifically, Sultana on Ramsey at 

medium salinity had significantly higher bunches per shoot and bunches per vine than at 

low salinity (data not shown). This effect is described and discussed by Walker et al. 

(1996). There were significant differences between rootstocks in ratio ofbunch 

numbers to shoot numbers. The order of decreasing fruitfulness was Sultana on own 

roots= B3 ~ 1103 Paulsen~ A48 ~ C2 =Ramsey= D13 > J17-69. 

5.1.3 Vine yield 

Vine yields varied considerably from season to season as shown for Sultana on own 

roots and Sultana on Ramsey in Fig. 7. Highest yields were recorded in 1992, a season 

in which Sultana yields in Sunraysia were close to the all time record. Lowest yields 

were recorded in 1993 and 1995 (Fig. 7), again corresponding with relatively low 

Sultana yields throughout the Sunraysia district in those years. 

Yield reduction with increasing salinity was evident for own-rooted Sultana in each 

year, although in some years there were only marginal differences between the salinity 

treatments. For example, in 1994 there was no difference between the low and 

medium salinity treatments and in both 1991 and 1993 there was only a very small 

difference between the medium and high salinity treatments (Fig. 7). The vines on 
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Ramsey rootstock showed a different response, with the medium salinity treatment 

out-yielding the low salinity treatment in all years, with the exception of 1993 where 

there was little difference between the treatments. Vines receiving the high salinity 

treatment in two years (1993, 95) gave yields identical to the low salinity vines, while 

in the other years yields were either lower (1991, 92) or higher (1994) than the low 

salinity vines (Fig. 7). 

Yield, expressed as average values per treatment for the 5 year trial period, are shown 

in Fig. 8. The only rootstock giving no significant differences in yield with increasing 

salinity was 1103 Paulsen. Own-rooted Sultana showed decreasing yield with 

increasing salinity. Sultana on C2 showed no reduction in yield at medium salinity, but 

experienced a significant reduction at high salinity (Fig. 8). Sultana on D 13 and A48 

experienced a significant reduction in yield at medium salinity, but suffered no further 

reduction at high salinity (Fig. 8). Sultana on Ramsey showed a significant increase in 

yield at medium salinity but experienced no reduction in yield at high salinity. Sultana 

on B3 showed significantly higher yields at both medium and high salinity emphasising 

a high level of salt tolerance. It did, however, experience one poor season ( 1992-93 ), 

apparently associated with the very wet spring when "wet feet" symptoms of chlorotic 

leaves were evident, carrying through to a very poor fruit set. Sultana on Jl7-69 gave 

the lowest yields of all rootstocks at all treatment levels, experiencing significant yield 

reduction at medium salinity and a lower, but not significantly lower, yield at high 

salinity (Fig. 8). The poor yield performance of Jl7 -69 at medium and high salinity 

was not surprising, given that 2 and 3 vines respectively did not survive the medium 
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and high salinity treatments. Clearly, the best rootstocks in the trial in terms of yield at 

all three salinity levels were Ramsey, 1103 Paulsen and B3. 

Berry weights were reduced with increasing salinity for Sultana on own roots and on 

all rootstocks (Fig. 9a). Own-rooted Sultana had the smallest berry weight at each 

salinity treatment compared with the other rootstocks, although at the high salinity 

treatment it was only marginally lower then berry weights for Sultana on A48. Sultana 

on Ramsey had the highest berry weights at each salinity treatment compared with the 

other rootstocks (Fig. 9a). 

Bunch weights decreased with increasing salinity for Sultana on own roots and on 

A48, B3, C2 and D13 rootstocks (Fig. 9b). There was no reduction in bunch weights 

at medium salinity for Sultana on Ramsey, but there was a reduction at high salinity. 

In contrast, Sultana on 1103 Paulsen and J17-69 rootstocks suffered reduced bunch 

weights at medium salinity, but no further reduction at high salinity (Fig. 9b ). 

The higher yields of Sultana on Ramsey, 1103 Paulsen and B3 rootstocks (Fig. 8) 

appeared to be largely associated with bigger bunch weights relative to Sultana on own 

roots and on the other rootstocks (Fig. 9b ). 

5.1.4 Petiole and laminae chloride and sodium concentrations 

Chloride concentrations in Sultana petioles at bloom time (November) were influenced 

significantly by rootstock, increasing in the following order at low salinity :- 1103 
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Paulsen < C2 < Ramsey < J17 -69 < A48 < D 13 < B3 < Sultana on own roots (Fig. 

1 Oa). Petiole chloride concentrations increased with increasing salinity for all 

rootstocks. At high salinity the order of increasing petiole chloride concentrations was 

as follows:- 1103 Paulsen= J17-69 < C2 =Ramsey< B3 = A48 = D13 <Sultana on 

own roots (Fig. 1 Oa). 

Bloom time petiole sodium concentrations were much lower than chloride 

concentrations for all rootstocks (Fig. 1 Ob ). Concentrations were highest in petioles of 

own-rooted Sultana and Sultana on C2 rootstock. Sultana on Ramsey, 1103 Paulsen, 

A48 and B3 rootstocks had the lowest concentrations, while Sultana on Jl7-69 and on 

D 13 were intermediate (Fig. 1 Ob ). 

Chloride concentrations in Sultana laminae at harvest (February) were also significantly 

influenced by rootstock, exhibiting a ranking identical to that for petiole chloride 

concentrations at bloom time at low salinity viz. :- 1103 Paulsen = Ramsey = C2 < 

117-69 ~ A48 = D13 = B3 <Sultana on own-roots (Fig. 11a). Laminae chloride 

concentrations similarly increased with increasing salinity for all rootstocks. At high 

salinity the order of increasing laminae chloride concentrations was as follows:- Jl?-

69 < 1103 Paulsen~ C2 = Ramsey < D13 < A48 = B3 <Sultana on own roots (Fig. 

11a). This differed slightly to the order of increasing petiole chloride concentrations at 

bloom time. Sultana on Jl?-69 showed no significant difference in laminae chloride 

between the low and medium salinity treatments (Fig. 11a). "Leafburn" symptoms 

were seen in laminae of own-rooted Sultana vines at high salinity from January to leaf 

drop in most years after 1990. No "leafburn" was evident in season 1989-90, the first 
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season of salinity treatments. This was not surprising, given the relatively low laminae 

chloride concentrations at harvest, 1990, compared with subsequent years (Fig. 12). 

As with petioles at bloomtime, laminae sodi.'Jm concentrations at harvest were much 

lower than chloride concentrations for all rootstocks. At low salinity there was no 

significant difference in laminae Na concentrations between any of the scion-rootstock 

combinations (Fig. lib). At high salinity, Sultana on C2 rootstock had the highest 

concentration, decreasing in the order :-Sultana on C2 >Sultana on own roots= Jl?-

69 =Ramsey> Dl3 ~ A48 = 1103 Paulsen= B3 (Fig. lib). 

Laminae chloride concentrations at harvest did not change markedly between 1991 and 

1994 for Sultana on Ramsey at low salinity (Fig. 12a). However, at medium and high 

salinity, there was a trend towards higher laminae chloride concentrations at harvest in 

the latter years of the trial. This trend was less evident for Sultana on own roots, 

which showed high laminae chloride concentrations in 1992 for all salinity treatments, 

and in 1993 for the medium and high salinity treatments, relative to the other years 

(Fig. 12a). Laminae sodium concentrations at harvest were much lower than chloride 

concentrations, showing few clear trends over the course of the trial period (Fig. 12b ). 

5. 1. 5 Grape Quality 

There was no significant impact of salinity on grape ~rix levels. Mean values for 

Sultana on all rootstocks for the five year tnal period were between 20 and 22.5° Brix 
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(Fig. 13a). Sultana on 117-69 had the highest '13rix, possibly associated with its low 

vigour and low yield. 
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Similarly, there was no significant effect of salinity on grapejuice pH. Mean values for 

all rootstocks for the five year trial period were between pH 3.3 and 3.4 (Fig. 13b ). 

Sultana on own roots had the lowest pH. 

Grape juice titrateable acids did, however, increase with increasing salinity for Sultana 

on own roots and Sultana on 117-69, A48, B3 and D13 (Fig. 14). Treatment mean 

values were within the range 5.0- 5.7 mgr1 for all rootstocks. 

Chloride concentrations in free-run juice ofboth Sultana on own roots and Sultana on 

Ramsey were variable from year to year and increased with increasing salinity, 

particularly for Sultana on own roots (Fig. 15a). However, the difference between the 

low and medium salinity treatments for Sultana on Ramsey was negligible (Fig. 15a). 

Sodium concentrations in free run juice of Sultana on Ramsey at high salinity tended to 

increase between the first and last year ofthe trial (Fig. 15b). The effect was less 

marked for the other treatments (Fig. 15b ). The increase in juice sodium with 

increasing salinity was evident for both Sultana on own roots and on Ramsey in all 

years (Fig. 15b ). 

Chloride and sodium concentrations in free-run juice expressed as means for the 4 year 

period (1991-94) are shown in Fig. 16. In all cases, concentrations increased with 
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increasing salinity. Chloride concentrations exceeded sodium concentrations for both 

Sultana on own roots and Sultana on B3 and Dl3 (Fig. 16a), while sodium 

concentrations were either close to or exceeded chloride concentrations for Sultana on 

Ramsey, 1103 Paulsen, Jl7-69, A48 and C2 rootstocks (Fig. 16b). Sultana on C2 was 

notable in that it had the highest sodium concentrations of all rootstocks (Fig. 16b). It 

was also notable that the ratio of chloride to sodium concentrations in free-run juice at 

harvest was generally much less than the ratio found in petioles at bloom time and 

laminae at harvest (Fig. 17). The large increase in ratio of chloride to sodium in 

laminae (at harvest) of own-rooted Sultana at low salinity between 1990 and 1991 

suggests that soil chloride at low salinity sites must have increased, possibly due to 

diffusion of salts in the soil solution, particularly in the deeper soil layers. Inter-row 

diffusion of salt in the top 1.2 metres of soil was prevented by a vertical sheet of thick 

plastic along the middle of each row. 

The effect of salinity level and rootstock on dried fruit colour and on processing and 

storage characteristics is the subject of another DFRDC project, CSH49, "Impact of 

grower practices on final dried fruit quality". This will be reported on in due course. 

5.1.6 Soil parameters 

An initial soil sample was taken in November 1989, prior to the commencement of 

salinity treatments in December, 1989. A sample was taken the following autumn 

(March, 1990) and then in autumn (March or April) for the years 1991-94. Samples 

were taken at four sites for each salinity treatment, from 30, 60 and 90cm depth at 
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each site, 1 - 2 days after a previous irrigation. Soil saturation pastes were prepared 

for determination of soil solution electrical conductivity, chloride, sodium, calcium, 

magnesium and sodium absorption ratio. The sodium absorption ratio of the soil 

solution is calculated as :-

SAR =Na/ >/ [Ca + Mg] 

where Na, Ca, Mg are the concentrations of ions expressed as mol m·3 . 
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Mean soil solution electrical conductivity (EC) values at each depth for each salinity 

treatment are shown in Fig. 18. At 30cm depth at the low salinity sites, soil solution 

EC remained at approximately 800- 1200 EC throughout the trial period. This was 2 

- 3 fold higher than the salinity of the irrigation water. At 30 em depth on the medium 

and high salinity sites, soil solution EC increased significantly between November 1989 

and March 1990, after which for the respective treatments it remained at approximately 

3000 EC and 5000- 7000 EC for the years 1991 - 94 (Fig. 18). These values were 

approximately 2 fold higher than the salinity of the irrigation water. The concentration 

effect between salinity of the irrigation water and salinity of the soil solution is to be 

expected, given that the soil samples were taken 1 - 2 days after an irrigation, during 

which time there would have been some evaporation of moisture from the soil and 

consequent concentration of salt. At both 60 and 90 em depth, the most notable 

feature in 1993 and 1994 was that soil solution EC at sites irrigated with low salinity 

was not greatly different from soil solution EC' s at sites irrigated with the medium and 

high salinity treatments. For example, at 60cm, approximate soil solution EC' s in 1993 
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and 94 at the low, medium and high salinity sites were respectively 3700-4600, 3400-

4600 and 5500-6600 EC. Similarly, at 90cm, approximate soil solution EC' s in 1993 

and 94 at the low, medium and high salinity sites were respectively 6000-6500, 4400-

5000 and 6000-7700 EC (Fig. 18). 

Chloride and sodium concentrations in the soil solution (Figs. 19, 20) followed similar 

trends to electrical conductivity (Fig. 18). At 30cm depth, at the low salinity sites, soil 

solution chloride and sodium remained at approximately 5 and 3 mM respectively 

throughout the trial period. This was 2 - 3 fold higher than the chloride and sodium 

concentrations of the irrigation water at low salinity viz. approx. 2 and 1.5 mM 

respectively, and is attributed to the concentration effect as described earlier. At 30cm 

depth at the medium and high salinity sites, soil solution chloride increased significantly 

between November 1989 and March 1990, after which for the respective treatments it 

remained at approximately 25 and 40 - 60 mM for the years 1991-94 (Fig. 19) . 

Similarly, at 30cm depth at the medium and high salinity sites, soil solution sodium also 

increased significantly between November 1989 and March 1990, after which for the 

respective treatments it remained at approximately 20 and 40mM for the years 1991-94 

(Fig. 20). The concentrations of chloride and sodium in the irrigation water at medium 

and high salinity were respectively 12-16 and 24-29 mM. Thus, the concentration 

effect at the medium and high salinity treatments was also of the order 2 fold for 

chloride and about 1.5 fold for sodium. It is notable that chloride concentrations were 

approximately double sodium concentrations at 3 Ocm depth at the low salinity 

treatments, but were similar at the medium and high salinity treatments. 
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As noticed at both 60 and 90cm depth for soil solution EC, soil solution chloride and 

sodium concentrations in 1993 and 1994 at _sites irrigated with low salinity water were 

not greatly different to values at comparable depths for the medium and high salinity 

treatments, although at high salinity values tended to be a little higher (Figs. 19, 20). 

For example, at 60cm, approximate soil solution chlorides in 1993 and 1994 at the 

low, medium and high salinity sites were respectively in the ranges 30-40, 30-40 and 

55-60 mM (Fig. 19). Similarly, at 90cm, approximate soil solution chlorides in 1993 

and 1994 at the low, medium and high salinity sites were respectively in the ranges 30-

50, 35-45 and 45-75 mM (Fig. 19). Moreover, at 60cm, approximate soil solution 

sodium concentrations in 1993 and 1994 at low, medium and high salinity sites were 

respectively 15-20, 23-30 and 35-50 mM, and at 90cm, values were respectively 33-

40, 30-38 and 45-60 mM (Fig. 20). 

The large increase in soil solution chloride between the low and high salinity treatments 

at 30cm depth, compared with the modest increase at 60 and 90cm depth, together 

with the large increase in petiole and laminae chloride between the low and high 

salinity treatments suggests that the majority of chloride accumulated by the vines was 

in water taken-up by roots in the upper parts (0-60cm) of the soil profile. 

Soil solution calcium and magnesium concentrations are shown in Figures 21, 22. 

Calcium concentrations were marginally increased at 30cm depth at the high salinity 

sites, relative to the low salinity sites (Fig. 21 ), whereas the effect was less evident with 

magnesium (Fig. 22). 
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Figure 2L Mean soil solution calcium concentrations 1- 2 days after an 
irrigation in November 1989 or late March- early April (1990-94) at 30, 60 
and 90 em depth under the low, medium and high salinity treatments. 
Values at each depth are means of four sites. Data for the 1991-92 low 
salinity treatment were not available at the time of preparing the report. 
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Calcium and magnesium concentrations at 60cm depth at the medium and high salinity 

sites did not change markedly between 1990 and 1994 (Figs. 21, 22). However, at 

90cm depth, there appeared to be a decrease in soil magnesium between 1990 and 

1994 (Fig. 22). The effect was less pronounced with calcium (Fig. 21). Most notable 

was that in 1993 and 1994, both calcium and magnesium in the soil solution at 60 and 

90 em depth at low salinity sites were higher than at comparable depth at the medium 

and high salinity sites. The difference was approximately 2 - 3 fold for calcium (Fig. 

21) and approximately 4- 5 fold for magnesium (Fig. 22). 

The sodium absorption ratio (SAR) of the irrigation water for the low, medium and 

high salinity treatments was 1.4, 8.6 and 14.7, respectively. The SAR of the soil 

solution also increased with increasing salinity (Fig. 23), reflecting the increase in SAR 

of the irrigation water. 

At 30cm depth, the soil solution SAR at the low salinity treatment was maintained at 

values of 1 - 3 throughout the trial period (Fig. 23). After an increase between 

November 1989 and March 1990, soil solution SAR's at the medium and high salinity 

sites were respectively 7.5- 12.5 and 12.5- 15.5 between 1990 and 1994. At 60 and 

90 em depth, soil solution SAR at the low salinity sites increased marginally towards 

the end ofthe trial period. At the medium and high salinity sites values at 60cm were 

generally highest between 1991 and 1994, the ranges respectively being 9 - 16 and 13-

21, while at 90cm values were highest between 1992 and 1994, with values for the 

medium and high salinity sites respectively in the range 9- 16 and 10- 19 (Fig.23). 



SAR 

Low salinity Medium salinity High salinity 
treatment treatment treatment 

(0.39 dSm-1
) 

-1 
(1.75 dSm ) (3.SJ dSm-1

) 

30cm 30cm 30cm 
25 

20 

15 

10 

5 

25 

20 

15 

10 

5 

90cm 
25 

20 

15 

F 10 

5 

89 00 91 92 93 94 89 00 91 92 93 94 89 00 91 92 93 94 

Year 

Figure 23. Mean soil solution SAR 1 -2 days after an irrigation in 
November 1989 or late March- early April (1990-94) at 30, 60 and 90 em 
depth under low, medium and high salinity treatments. Values at each 
depth are means of four sites. Data for the 1991-92 low salinity treatment 
were not available at the time of preparing the report. 
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Overall the soil solution SAR at the medium and high salinity treatments, respectively 

did not exceed approximately 16 and 21 atany depth (30, 60 or 90 em) (Fig. 23). 

These data are most important in considering the impact of irrigation water on soil 

physical structure. The higher the SAR of the irrigation water, and by implication, the 

SAR of the soil solution, the higher the "sodicity hazard". The term "sodicity" refers 

to the presence of sodium relative to calcium and magnesium in water or soil. In 

water, these ions are usually in the form of dissolved cations (Na+, Ca2+, Mg2
}. In 

soil, they may be in the dissolved form in the soil or adsorbed to the negative charges 

of the clays as so-called "exchangeable cations" (Cass et al., 1996). Soils are regarded 

as so die when sodium constitutes more than 10 - 15% of the adsorbed cations on the 

soil particles, which represent the soil cation exchange complex (Hart, 1974). 

Irrigation water SAR, and by implication soil solution SAR, in the range 12- 20 poses 

no major sodicity hazard provided the electrical conductivity of the soil solution is 

maintained at greater than 2900 EC (Ayers, 1977). It can be seen from Figure 24, 

which shows soil solution salinities at 30 and 60 em depth, continuously monitored 

using soil salinity sensors, that soil solution salinities under the high salinity treatment 

(3600EC) were maintained above 2900EC at all times during the year, even during 

autumn, winter and spring, when rainfall usually causes a "leaching effect" and 

reduction in soil solution EC. There were periods viz. the wet springs ofNovember 

1992 and November 1993 when soil solution at 60cm depth at the high salinity site 

dropped to values very close to 2900EC (Fig. 24). 
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Similarly, for the medium salinity treatment, soil solution salinities were for the most 

part maintained above 2900EC, with one exception, the wet spring ofNovember 1993, 

when soil solution salinity at 60cm depth appeared to drop to approximately 2500EC. 

However, this would appear to be a "borderline" case since it is not known whether 

this was sufficiently low to cause ·dispersion of fine clay particles, because the soil 

solution SAR at that time was closer to 10 - 12. 

It was notable that soil solution SAR at the low salinity sites rose to approximately 4 -

8 in 1993 and 1994 at 60 and 90 em depth (Fig. 23). However, soil solution electrical 

conductivity at these depths was maintained well above 1200EC in 1993 and 1994 

(Fig. 18). For SAR's in the range 3 - 6, Ayers (1977) suggests a salinity above 1200 

is required to prevent fine clay dispersion. 

Thus, while at times values were "borderline", it would appear that soil solution 

salinities were generally maintained above the level required to prevent significant 

dispersion of fine clays. The practice ofbriefirrigations with saline water after heavy 

rains in winter would have helped to maintain soil solution salinities above the critical 

values. Consequently, soil physical structure would appear to have been maintained in 

reasonable condition and soil water infiltration rates maintained at close to normal 

levels. This was supported by visual assessment. There was no significant pending of 

water at any point over the trial area, indicating no major negative impacts of salinity 

on infiltration rates of water into the soil. 
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The maintenance of irrigation water SAR values below 15 is possibly a major reason 

for the better yield performance of own-rooted Sultana in this study relative to the 

study ofPrior et al (1992). In their study, SAR of the irrigation water was not 

adjusted. Sodium chloride solution(> 99% NaCl) was used, containing traces of 

calcium and magnesium. There were no other additions of calcium and magnesium. 

Since the highest salinity treatments were similar between the trials viz. c. 3.5 dSm"\ it 

is likely the irrigation water SAR of the highest salinity treatment in the Prior et al 

study was higher than in our study. This may have adversely influenced the vine's 

sensitivity to salt at the higher salinity treatment, particularly on the heavier soil types. 

A strong interaction was found in their study between vine performance and soil 

texture, with yield being much lower in areas of heavier textured soil. On the lighter 

textured soils, their reported yield responses were closer to values predicted by Maas 

and Hoffinan (1977). 

A comparison of responses between the Pr~vr and Grieve (1992), Maas and Hoffinan 

(1977) and our study is shown in Figure 25. The Maas and Hoffman (1977) 

relationship between salinity and vine yield is based on Vitis vinifera growth data from 

non-field-grown vines, and not on yield per se. Nonetheless, the relationship between 

salinity and yield of own-rooted Sultana obtained in our study is closer to the Maas and 

Hoffinan (1977) relationship than it is to the Prior et al (1992) relationship. The yield 

response of Sultana on Ramsey, 1103 Paulsen and B3 rootstocks obtained in our study 

clearly demonstrates the beneficial effects of salt tolerant rootstocks in enhancing the 

salt tolerance of grapevines (Fig. 25). 
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5.2 Water Use 

5 .2.1 Daily Water Use 

Accuracy of the Greenspan sap flow sensors was tested by inserting sensors in mature 

vines growing in large tubs which were placed on heavy duty weighing scales. 

Evaporation from the soil surface of the tubs was minimised by covering with polymer 

beads, such that any water loss from the tubs was primarily due to transpiration. 

The sensors were shown to be very accurate when assessed over a period of eight 

days. A near perfect relationship was obtained between vine water use values 

determined using the sensors and using the weighing scales (Fig. 26). 

The sap flow sensors measured typical diurnal patterns in water use. The data shown 

in Fig. 27 ag~ for single vines. On a typical ~ay in late November, 1994, the Sultana on 

Ramsey vine commenced transpiration at about 6:30am. The own-rooted Sultana vine 

was slower to commence transpiration, showing an upsurge around 8:00am (Fig. 27). 

Transpiration ofboth vines started to decline at about 4:30pm. On the following day a 

similar pattern was evident with the own-rooted vine showing a delayed start to 

transpiration compared with Sultana on Ramsey (Fig. 27). Reference to other data 

showed that the delayed start-up in transpiration by the own-rooted vine in this case 

was not a general phenomenon. Reference to other data shows that individual vines 

vary in the times each morning that significant transpiration rates begin to be recorded. 

On the second day, it was notable that transpiration ofboth Sultana on Ramsey and 
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Sultana on own roots decreased sharply between 2:00 and 3:OOpm, possibly associated 

with a change in the weather conditions around that time. On both days the 

transpiration rate of Sultana on Ramsey was greater than that for Sultana on own-roots 

(Fig. 27). 

5.2.2 Seasonal Water Use 

The pattern of transpiration for both Sultana on Ramsey and Sultana on own roots 

throughout the entire 1994-95 season is shown in Figure 28. Transpiration of the drip 

irrigated vines was similar for the two rootstocks at the beginning of the season until 

the end of October (Fig. 28); from mid-November, vines grafted onto Ramsey 

increasingly had greater transpiration rates than own-rooted vines; the difference in 

daily rates oftranspiration between the rootstocks reached a maximum of0.4 mm at 

the end ofDecember. At peak rates of transpiration, Ramsey used 1.3 mm (or 11 

litres) per day compared to 1.0 mm (8.5 litres) for the own-rooted vines. The 

differences in transpiration rates between the two rootstocks began to fall after the 

fruit was picked in mid February, and was just 0.25 mm at the end of February. From 

mid-March onwards, transpiration rates steadily declined in both rootstocks until the 

end of the season, the decline was more rapid in own-rooted vines than those grafted 

on to Ramsey (Fig. 28). Total transpiration during the season was 192.4 mm (1584 

litres) for vines on Ramsey compared to 149.6 mm (1212 litres) for the own-rooted 

vmes. 
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The higher water use of Sultana on Ramsey rootstock relative to Sultana on own roots 

was related to the bigger canopies of the grafted vines. The relationship between sap 

flux per vine and leaf area per vine is shown in Figure 29. A significant correlation (R2 

= 0.773) was obtained. The vine canopy areas were measured in March, 1994. 

Because ofthe time ofmeasurerrient (postharvest) and seasonal factors, the leaf areas 

(5-10m2
) were lower than values previously reported for cane pruned own-rooted 

Sultana vines viz. 10-12m2 (Sommer eta!., 1995). 

In order to ensure that water applications during irrigation are matched with crop 

water requirements, the concept of crop factor (Kc) is frequently used. Crop factors 

are determined as follows :-

Kc= ET 
E pot 

Where:-

ET =Evapotranspiration 

Epot = Potential evaporation. 

Typical crop factors during peak season for grapevines are shown in Table 1 

Doorenbos and Pruitt (1984) recommended crop factors ofbetween 0.2 and 0.7, early 

to peak season, respectively, for grapevines during the growing season, which are 

similar to those reported in a study from California where the vines produced large 

canopies (Williams et al., 1992). These are much higher than the range 0.10 to 0.31 
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reported in a South African study by Van Zyl and Van Huyssten (1980). Prior and 

Grieve (1986) reported a range of0.20 to 0.70 for the Sunraysia district. 
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The water use data obtained for Sultana on Ramsey during the 1994-95 season (Figure 

28) are summarised in Table 2. The data were used to calculate the crop factor, Kc, 

on a monthly basis. The Epot values were determined by using the standard reference 

evaporation calculation for inland, south eastern Australia, as described by Meyer 

(1993). The soil evaporation component was determined using the model ofRitchie 

(1972). Soil evaporation ranged between 4 and 21 mm between October and March, 

these values being respectively 12% to 58% ofET. Mid-season (December

February) soil evaporation was in the range 24%- 30% ofET. Evapotranspiration is 

calculated as the sum of transpiration, as determined by sap flow sensors, and soil 

evaporation. The Kc values obtained were in the range of 0.17 to 0.26, notably lower 

than those recommended for grapevines in the Sunraysia district (0.55 - 0.60). 

To develop a clearer picture of vineyard water use, we obtained seasonal water 

application data for a four year period from two sprinkler irrigated and two flood 

irrigated vineyards, in addition to the drip irrigated CSIRO site at Merbein. Seasonal 

water applications over the four years averaged 5 71, 840 and 861 mm respectively for 

drip, sprinkler and flood irrigated vineyards (Table 3). Soil evaporation and vine 

transpiration data were not available for the sprinkler and flood irrigated sites. These 

values were estimated using (i) transpiration data from the Merbein 1994-95 (drip trial) 

for vines of similar LAI, and (ii) a soil evaporation figure of 65% ofET as determined 

at the end of the season in a flood irrigated vineyard at Red Cliffs. 
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Table 1. Examples of crop factor (Kc) values during peak season obtained from the 
literature. 

Kc Crop age Location Irrigation system 
0.55-0.60 Not known Sunraysia Sprinkler & flood 

0.71 3 years California Sprinkler & flood 

0.91 6 years California Sprinkler 

0.31 12 years S. Africa Over-head sprinkler 

Table 2. Summary of water use of 8-year-old vines of Sultana on Ramsey rootstock 
drip-irrigated with low salinity water (c. 390EC) at Merbein during the 1994-
95 season. 

Variable Sep Oct Nov Dec Jan Feb Mar Apr Total 
or 

(Mean) 
Epot (mm) 128 181 200 269 227 208 179 99 1491 

Irrigation (mm) 11 41 54 101 78 77 77 42 481 

Transpiration (mm) 2 13 25 38 37 31 30 18 194 

Soil evap. (mm) 31 18 13 12 21 16 4 7 122 

ET (mm) 33 31 38 50 58 47 34 25 316 

Ke 0.26 0.17 0.19 0.19 0.26 0.23 0. 19 0.25 {0.21) 
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Table 3 . Comparisons of irrigation water applied with evapotranspiration (actual 
transpiration by the vines plus soil evaporation) and estimates of ' excess water' 
for three vineyards. The drip irrigated vineyard is the Merbein trial site 
described in this report, while the other vineyards are in the Red Cliffs area of 
the Sunraysia district. 

Irrigation 
system 

No. Vineyards No. of Mean water 1ET 2Excess 

Drip 

Micro
Sprinkler 

Flood 

1 

2 

2 

seasons applied (mm) 
4 571 

4 840 

4 861 

1 ET =transpiration (sap flow) + soil evaporation 

(mm) 
3316 

4414 

2 Excess = (irrigation - ET)/irrigation) x 100, less 10% for leaching fraction 
3 Figure for 1994-95 season 

(%) 
35 

41 

42 

4 An estimate, based on transpiration data from the Merbein 1994-95 (drip trial) for 
vines of similar LAI and a soil evaporation figure of 65% ofET as determined at the 
end of the season in a flood irrigated vineyard at Red Cliffs. 

Allowing for a leaching fraction of 10%, the results indicated that 35% to 40% of the 

water applied was "excess" and likely to flow into the agricultural drains and/or to 

groundwater. The data in Table 3 do not include rainfall. For the drip irrigated 

vineyard at Merbein, rainfall during the study period totalled 173 mm, a substantial 

part of which fell as light drizzle and contributed more to soil evaporation than to 

transpiration. Including rainfall in the water balance for the Merbein site increased the 

"excess" by approximately 7%. The results also suggested that pressurised systems 

such as drip or sprinkler may not necessarily be more efficient than flood . Efficiency 

clearly depends on the operator and particularly on the scheduling methods used. 
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6. Conclusions 

6. 1 Rootstock Assessment 

• The best performing rootstocks in terms of yield over the course of the trial period 

were Ramsey, 1103 Paulsen and B3. These were the three most vigorous 

rootstocks. On average, they produced 55% higher yields than own-rooted vines 

at low salinity and 124% higher yields at high salinity. 

• Rootstock A48, having medium vigour, produced a mean yield which was 

approximately 40% higher than own-rooted Sultana at low salinity. 

• The medium salinity treatment (1. 75dSm-1
) significantly increased yield of Sultana 

on Ramsey and B3 rootstocks. This may have been at least partly related to a 

salinity induced reduction in vigour (as assessed by pruning wood weights) and 

related effects on fiuitfulness at medium salinity compared with low salinity for 

both rootstocks. 

• Testing ofphylloxera and nematode tolerance ofB3 and A48 rootstocks should be 

undertaken, as a matter of priority. 

• Rootstock Jl7 -69 was a poor performer at all salinity levels. 
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• The yield response for own-rooted Sultana vines was closer to that predicted by 

the Maas and Hoffman (1977) salinity-grapevine yield relationship than to the Prior 

eta/. (1992) relationship. 

• Yields of Sultana on Ramsey, 1103 Paulsen and B3 rootstocks were significantly 

better than that predicted by the Maas and Hoffman (1977) relationship, which is 

based on the yield response to salinity of V. vinifera grapevines. 

• Rootstocks A48 and B3 were 'medium' chloride excluders relative to the 'high' 

chloride excluders, Ramsey and 1103 Paulsen. 

• Chloride exclusion ability of rootstocks as determined in glasshouse screening tests 

is not a reliable indicator of salt tolerance of mature vines in the field, when 

assessed in terms of growth and yield under saline conditions. 

• A combination of high vigour and medium to high chloride exclusion ability appear 

to be the primary determinants of salt tolerance of grapevine rootstocks. 

• There was no major impact of salinity on grapevine 0Brix or pH. 

• Soil solution electrical conductivities at the low, medium and high salinity 

treatments generally remained above critical values necessary to counter the 

"sodicity hazard", which can lead to dispersion of fine clays; the critical soil 

solution EC values were 1200 EC for the low salinity treatment, where soil 
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solution SARs reached 5 - 6, and 2900EC for the medium and high salinity 

treatments where soil solution SARs reached 12- 20. 

• Caution should be used regarding use of medium and high salinity water in 

commercial vineyard operations. There is a danger that soils may become sadie 

and consequently may break down with loss of soil strength and aeration and may 

become prone to more frequent waterlogging. Refer to Cass et al. (1996) for 

management of vineyards under saline soil conditions. 

6.2 Water Use 

• A positive correlation exists between canopy size and grapevine water use. 

• Limited data suggests overwatering in the vineyard studied of up to approximately 

30-40%. 

• A more comprehensive study across a range of grower properties would be needed 

to confirm the generality of these observations. 

• The potential benefits of pressurised irrigation systems such as drip and sprinkler 

appear yet to be realised in a general context, with the limited study indicating 

similar efficiencies/inefficiencies between drip, micro-sprinkler and flood irrigated 

vineyards. Efficiency would appear to depend primarily on the operator and 
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scheduling method used. Again, a more comprehensive study is needed to confirm 

the generality of these observations. 

• The recommended crop factors used for grapevines in Sunraysia may be too high. 

It is recommended that research be undertaken to develop an irrigation scheduling 

system based on canopy cover and ET. 

• A more comprehensive study is needed to include monitoring of all main 

components of the soil water balance in a range of vineyards under different 

cultural practices such as fertilisation, cover crops, water quality and irrigation 

systems including the newer sub-surface systems (drip and low pressure). 
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7. Communication and Technology Transfer 

Outcomes arising from the work have been communicated through a variety of means:-

Field Day: The "Research 94" Field Day, Merbein, December, 1994, on 

the trial site. Over 300 growers were in attendance. 

• Dried Fruit News: Two articles:-

• Workshop: 

(i) Salt tolerant rootstocks for Sultanas. February, 1995, p.14. 

(ii) Walker, R. R., Blackmore, D. H. and Clingeleffer, P.R. 

(1996). Salinity - vine vigour interactions and their effects on 

fruitfulness and yield of Sultana on Ramsey rootstock and on 

own roots. Submitted for publication, January, 1995. 

October 1994, Mildura. 

"Management of Sultana on Ramsey rootstock for dried fruit 

production". About 70 industry invited participants were in 

attendance. 

• Direct information transfer : 

Research updates and trial site inspection by various groups e.g. 

DFRDC, FlvllT, Sunraysia Community Salinity Management 

Group, and growers (as groups and individuals visits). 



• Publications : 
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# Cass, A., Walker, R. R. and Fitzpatrick, R. W. (1995). 

Vineyard soil degradation by salt accumulation and the effect on 

vine performance. Proc. Ninth Au st. Wine Industry Tech. 

Conference, July 1995, Adelaide, in press. 

#Further papers in preparation. 
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