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Project Aims 

• To develop a vigour index to assist interpretation of petiole nutrient analysis. 

• To establish soil nutrient availability guidelines for dried vine fruit production. 

• To develop petiole sap tests for nitrate and potassium in Sultanas. 

• To study grapevine crop responses to iron, zinc and growth retardant sprays. 
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1. Executive Summary 

Vine vigour index 
The water and nitrogen (N) supply of Sultanas on own roots and Sultanas on Ramsey 
rootstock were manipulated to produce differences in vine performance and shoot 
vigour. Shoot vigour was assessed as shoot internode lengths and winter pruning 
weights, which was related to vine performance. A range of winter pruning weights 
was established above which no further improvements in vine performance occurred, 
and below which improvements in shoot vigour were associated with improvements 
in vine performance. Shoot vigour benchmarks based on internode lengths at 
flowering were then established using the winter pruning weight ranges. A group of 
internodes related more strongly to winter pruning weights rather that individual 
internodes. 
Interpretation tables for the macronutrients (N, P, K, Ca, Mg and S) were compiled 
that incorporated the aggregate length of a group of internodes (internodes 5 to 8) at 
flowering, as well as the petiole nutrient ranges identified previously. The tables are 
embellished with possible interpretations using the treatment responses and the larger 
viticultural knowledge base. The degree of embellishment varies reflecting the level 
of knowledge. 

Soil nutrient guidelines for Sultana grapevines in Sunraysia 
Studies were carried out to develop a soil sampling method, establish tentative soil 
nutrient standards and determine the relationship between soil and petiole nutrient 
concentrations in vineyards. The tentative fertiliser rates required to correct nitrogen 
deficiency in Sultana grapevines were also determined. All the studies were carried 
out in vineyards where Sultanas on own-roots or on Ramsey rootstock were grown. 
The soil nutrient measurements were limited to nitrate, phosphate and potassium. It is 
suggested that a composite sample using 20 soil cores (diameter 40 mm, depth 30 em) 
collected near the vine trunk in early spring be used for soil analysis. The tentative 
soil nitrate nitrogen, phosphate and potassium standards for Sultana grapevines on 
Ramsey rootstock are: 1.3 - 2.6 mglkg, 10.4- 15.4 mg kg-1 and 0.9 - 1.2 meq 100g-1 

respectively. The standards for own rooted Sultanas were only slightly different. The 
relationships between soil nutrient availabilities and petiole nutrient concentrations 
were not strong. Tentative N fertiliser rates required to correct severe N deficiency in 
own-rooted and Ramsey rootstock Sultana grapevines are 54 and 74 kg of N ha-1 

/, 

respectively. 

Petiole sap test for nitrate and potassium in Sultana grapevines 
A sap test has been developed to measure petiole nitrate and potassium 

concentrations in Sultana grapevines. Sap extraction was carried out after freezing the 
petioles to cause cell rupture. The thawed samples were macerated along with water 
in a blender. Merck RQflex® test strips were used to measure nutrient levels and the 
test strip colour intensity was measured using the RQflex® reflectometer. The 
regression coefficient (r2

) values for the relationship between nitrate and potassium 
measured using the sap test and conventional analysis were 0.94 and 0.86 
respectively. A sample of between 150 and 200 petioles is required. Nitrate and 
potassium concentrations showed slight non-uniform diurnal variations between 
0800h and 1600h (Eastern Summer Time). However, in salt affected vines the 
potassium levels declined markedly after 1000 h. The effect of diurnal nutrient 
variations on the test results can be eliminated by collecting petioles between 0800h 
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and 0930h. The increase in petiole dry weight percent during the season should be 
taken into account when sap test results are converted from fresh to dry weight basis. 

Grapevine crop response to iron, zinc and growth retardant sprays 
Severe Fe deficiency markedly reduced the yield in Sultana grapevines. Sprays of Fe 
chelate (Fe EDT A: iron ethylene diamine tetra acetic acid) did not increase the yield 
in mildly or severely Fe deficient Sultanas. Pre-flowering Zn sprays did not increase 
the bunch weight or the yield in Sultanas on Ramsey rootstock. Similar results were 
observed with Gordo on own roots and on Schwarzmann rootstock. Zinc sulphate and 
commercial Zn products were used. Also, a pre-flowering growth retardant spray 
applied to Gordos did not increase the yield. 
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2. Vine vigour index 
by 

Michael Treeby, CSIRO Plant Industry- Horticulture Unit, 
Merbein Laboratory, River Avenue, Merbein VIC 3505. 

Introduction 
Petiole nutrient concentrations at flowering are the accepted norm for assessing vine 
nutrient status in the dried fruit industry. Considerable effort has gone into removing 
the arbitrariness of the original interpretative standards based on Thompson seedless 
growing in the San Joaquin Valley of California. The standards used by the dried 
vine fruit industry for interpretation are based on data that reflect the relationship 
between vine nutrient status and vine performance. 

Plant tissue nutrient concentrations are a reflection of soil nutrient availabilities, 
uptake and transport processes, plant nutrient reserves and growth conditions prior to 
the time of sampling. The latter influence encompasses light, temperature and water 
availability. Thus, depending on the nutrient, grapevine petiole nutrient status at 
flowering is affected by nutrient management during the previous season, nutrient 
management in the current season and growth conditions from bud burst to flowering. 

As levels of any plant nutrient increase within cells and tissues several responses are 
possible: 

• if the nutrient is widely used in metabolic processes, a growth response may occur 
provided other factors, such as water and light are non-limiting, 

• growth increases in order to prevent potentially toxic concentrations in tissue 
occurring and 

• other nutrients are accumulated to a lesser degree to prevent the total tissue 
mineral load increasing to toxic concentrations 

As levels of any plant nutrient levels decrease within cells and tissues growth is 
limited if metabolic processes are restricted or water relations disturbed. 

Growth responses are seldom proportional over the entire range of availability for any 
particular nutrient because environmental factors and the availabilities of other 
nutrients will also seldom vary in exactly the same manner. Therefore, tissue 
concentrations of any particular nutrient per se may not necessarily positively identify 
a nutrient limitation or excess without the confounding effect of relative growth being 
taken into account. 

This proposition raises the issue of what is a desirable level of growth, a question that 
lies at the core of an on-going problem for the dried vine fruit industry, namely, shoot 
vigour control. A lack of control over shoot vigour, particularly Sultana on Ramsey, 
in the recent past led to industry concerns with the long term use of Ramsey for dried 
vine fruit production. Nutrient supply, particularly N, was thought to be linked to the 
problem, but there was no objectively derived data to establish cause and effect. 

In comparison to annual crop plants, growth of woody perennial crops, such as 
grapevines, is less quantified. This probably stems from the logistical and financial 
difficulties associated with measuring biomass of large plants. Growth of grapevines 
is more often described indirectly by quantifying leaf areas , light interception, shoot 
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length, winter pruning weights etc. A desirable level of vigour in grapevines is often 
expressed in terms of a fresh crop weight to winter pruning weight ratio. The 
relevance of such a ratio to modern dried vine fruit production technologies such as 
summer pruning/trellis drying is unknown 

Incorporating relative growth into the interpretation of petiole mineral nutrient 
concentrations requires quantifying the relationship between growth and nutrient 
concentrations. Clearly, in order to achieve this aim, vine growth needs to be 
manipulated over as wide a range as possible. The largest influences on vine growth 
under local conditions are water availability, rootstock and N supply. The trial 
described in this report manipulated these 3 variables to quantify the relationship 
between vine growth and apparent nutrient status, as indicated by petiole nutrient 
levels at flowering. The growth measurements form the basis for a growth descriptor 
or index that allows the confounding effect of growth to be minimised or removed 
during interpretation of petiole nutrient data. 

Materials and Methods 

Experimental site 
A 1 hectare patch of Sultana on own roots and Sultana on Ramsey rootstock located 
on the Australian Dried Fruits Association's vineyard on Koorlong Avenue, Irymple, 
was used in the trial. The site had a westerly aspect. The site had originally been set 
up to study the effects of various irrigation management strategies and water delivery 
systems. Plastic sheeting buried in trenches down the rows separated the root systems 
of adjacent rows. Since the end of that trial the site had been watered by overhead 
sprays. The vines were cane pruned and trained to a 40cm T 1.2m off the ground. 
The vine rows were 3.35m apart and the vines were spaced 2.44m apart within the 
rows. 

There were 17 rows each containing 26 vines. The patch was divided up into 3-vine 
plots. Each plot contained either Sultanas on own roots or Sultanas on Ramsey 
rootstock. Each plot was separated from other plots within the row by at least 2 vines, 
and each plot had at least 1 vine with the same rootstock at each end of the plot. Plots 
at each end of the site were at least 1 vine away from the end of rows. This 
configuration allowed 68 3-vine plots, which were grouped into 5 blocks of 12 plots, 
as shown in Figure 1. Each block contained an even number of own roots plots and 
Ramsey plots. The remaining 8 plots were used for supplementary measurements, but 
did not take part in the main trial. The original water supply infrastructure was re
configured to enable 2 water supply regimes to be imposed. 

Treatments 
Two additional treatment factors, in addition to the existing rootstock treatment, were 
imposed on the site. 

Nitrogen was supplied at annual rates equivalent to 0, 40 or 80 kg ha·1 i 1 as 
ammonium nitrate (NH4.N03). On a per vine basis, this amounted to 0, 12 and 23 g N 
i 1

• TheN was supplied to individual vines in 4 equal applications: 2 pre-flowering, 1 
post-flowering and 1 post-harvest. TheN was placed beneath each dripper and 
immediately watered in with a light irrigation. 

Two water supply treatments were imposed during the period of rapid shoot growth: a 
well watered control and a restricted water supply. Soil moisture tensions were 
monitiored at 3 depths (30, 60 and 90cm) by means of 4 sets of tensiometers installed 
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in the 0 kg N ha-1 treatments/control and restricted water treatments: 1 set in an own 
roots plot and 1 set in a Ramsey plot. The restricted water supply treatment received 
no water during the pre-flowering period other than rainfall and the small amount of 
irrigation water needed to dissolve and move the N fertiliser into the rootzone. The 
entire patch was watered by overhead sprays from flowering to leaf fall. 

Figure 1. Field plan of ADF A Block trial site showing block and plot layout and 
treatments imposed. The plots coloured yellow did not form part of the trial. 
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The trial was thus a complete factorial combination of 2 rootstocks by 3 N supply 
treatments by 2 pre-flowering water supply treatments, in a randomised complete 
block design. 
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Measurements 
Growth, fruitfulness and yield 
The number of canes wrapped down each winter was recorded. 

Two shoots per vine were tagged in early spring. One shoot was 4 buds from the 
crown and the other shoot was 10 buds from the crown. The internode lengths of each 
shoot were recorded weekly during the rapid shoot growth period, and every 2-3 
weeks thereafter to mid-April. Measuring days did not corrospond across seasons 
with the exception of flowering. 

Merbein Bunch Counts (MBC) were recorded in October of the last two seasons, and 
bunch to shoot ratios were recorded in the first season. 

Leaf area indices (LAI) were recorded 4 times during each season, but the 4 sets of 
measurements did not necessarily correspond chronologically between years due to 
inclement weather, cloud cover and instrument availability. 

Vine yields, berry weights and berry maturities were measured in late February. 

Pruning weights were measured in July/August each year. Total pruning weights 
were recorded in the first year of the trial , but in the second and third years, the weight 
of 1-year-old and 2-year-old wood were measured separately. 

Vine nutrient status 
Twenty leaves and petioles were collected at 50% cap fall in each season from the 3 
vines in each plot. The samples were washed in an acidified solution of de-ionised 
water with several drops of detergent, rinsed in 2 separate rinses of de-ionised water 
and blotted dry. Petioles were then separated from blades, individual petioles lengths 
were determined and the fresh weights of leaves and petioles were measured before 
oven drying at 60°C in a fan-forced oven. Sample dry weights were then determined 
and the sample ground to pass a 20J..tm sieve. Sub-samples (200 mg) were digested in 
concentrated HN03 for 12 hours at 128°C, diluted and P, K, Mg, Ca, S, Na, Al, Mn, 
Fe, Cu, Zn and B concentrations determined on a Spectroflame ICP. Chloride 
concentrations were determined on 20 mg sub-samples using a Cotlove 
Chloridometer, and N levels were determined on 100 mg sub-samples using a Leco 
FP2000 Nitrogen Analyser. 

Statistics 
All data were analysed using Genstat 5 Release 3 (Payne et al. 1993) and Release 4. 
Lotus-123 and Excel were used for data compilation manipulation, and Sigmaplot 
Version 4.01 was used for some regression analyses and graphics preparation. 

Analyses of variance on treatment, including year, main effects and interactions were 
carried out. 

Results 

Water supply 
Cumulative water supply to each water supply treatment/rootstock combination for 
each season is presented in Figure 2. 

The control plots received on average the equivalent of 1.5 ML ha·1 during the period 
of rapid shoot growth and the restricted water treatment plots received 0.24 ML ha·1 

during the same period. On average all plots received approximately 6.3 ML ha·1 in 
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the period following flowering to leaf fall, giving average annual water supply totals 
of 7.8 and 6.6 ML ha-1 for the control and restricted water supply treatments, 
respectively. 

Figure 2. Cumulative water supply to experimental plots on ADF A block for each of 
the three years of the trial. 1- 1996197 
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Fixed point growth measurements 

Rootstock, Nand water supply main effects for the trial's second and third seasons are 
presented in Table 1 Season (year) significantly affected every fixed point growth 
measurement carried out. Rootstock affected all parameters measured with the 
exception of number of nodes per vine. Nitrogen supply had significant effects on 
pruning weights, nodes and shoots per vine, but did not affect the number of suitable 
canes for wrapping down or the proportion of nodes to burst or the number of shoots 
per burst node. Water supply affected the number of nodes per vine and the 
proportion of those nodes to burst, as well the weight of2-year old and total pruning 
wood. Interaction terms were generally non-significant 

Table 1. Rootstock, N supply and water supply main effects on fixed point growth and 
selected Merbein Bunch Count parameters for Sultana vines. An asterisk indicates a 
significant (P=0.05) difference between own roots and Ramsey or between the water 
treatments, and different superscripts within the N treatments indicate a significant 
difference between means at P=0.05. An absence of an asterisk or superscript indicates 
that there was not a significant effect. Data from 2"d and 3rd seasons of trial. 

Main Effect 
Rootstock Nitrogen (kg ha-· t ) Water 

Response Own roots Ramsey 0 40 80 High Low 
Canes vine-• 14.4 15.1 * 14.4 14.9 15.0 15.0 14.5 
Nodes vine-1 216 229* 214A 224AB 2308 229 217* 
Burst nodes vine -I 159 165* 154 164 166 160 163* 
% burst nodes 73.4 71.9* 72.3 73.5 72.3 70.1 75.2* 
Shoots vine-1 161 170* 157A 1698 1708 164 166* 
Shoots burst node-1 1.01 1.03* 1.02 1.03 1.02 1.03 1.02 
1 y-o pruning wood vine-1 0.876 1.36* 0.976A 1.168 1.218 1.18 1.06 
2-y-o pruning wood vine-1 0.969 1.29* 1.02A 1.198 1.198 1.24 1.02* 
Total pruning wood vine-1 1.85 2.65* 2.00A 2.358 2.408 2.42 2.08* 
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With the exception of the proportion of nodes present to burst, Sultanas on Ramsey 
had significantly higher mean values for each of the parameters measured in 
comparison to Sultanas on own roots. Nitrogen supply was associated with more 
nodes and shoots per vine, but this was not due to more canes being suitable for 
wrapping down, or a greater proportion of nodes bursting, respectively. Pruning 
weights were significantly increased by N supply, but there was no significant 
difference between 40 and 80 kg N ha-1 f 1

• Low water supply during the period of 
rapid shoot growth was associated with lower node numbers per vine, but this was not 
due to fewer canes being suitable for wrapping down. Low soil water status during 
the rapid shoot growth period was associated with a higher proportion of nodes 
bursting, and hence marginally more shoots per vine in comparison to the well 
watered control vines. Pruning weights were depressed by the withholding of water 
during the rapid shoot growth period. 

Canopy development and light interception 
Due to the differences in the number of days from budburst to days when shoot 
measurements were collected each season, it is not possible to compare between 
seasons. Across seasons, the only common day of measurement was flowering. 

The results of the analyses of variance presented in Tables 2 and 3 indicate that, 
overall, days after budburst was a significant influence on total shoot length and the 
number of internodes per shoot. In one of the three seasons (1996/97) there was a 
significant days after budburst by water supply interaction term for both shoot length 
and number of nodes per shoot. Nitrogen supply was a significant factor in both 
responses in two of three years, and water supply was significant in all three seasons. 
Rootstock was not a significant factor in accounting for variation in shoot length or 
node numbers in any season, but did interact strongly with water supply during the 
first two seasons and with both water and N supply in the final two seasons to affect 
node numbers. 

Table 2. Summary of analyses of variance for shoot length for each season. ***· 
significant at P=O.OOI, **·significant at P=0.01, * · significant at P=0.05; ns=not 
significant. 

Season 
Source of variation 1995/96 1996/97 1997/98 
Days after budburst (DaBB) *** *** *** 
Rootstock ns ns ns 
DaBB *rootstock ns ns ns 
N *** ns * 
DaBB*N ns ns ns 
Water *** ** ** 
DaBB*Water ns * ns 
Rootstock*N ns ns ns 
Rootstock*Water ns *** ns 
N*Water ** ns *** 
Rootstock*N*Water ns ** ns 

Mean shoot lengths and node numbers for each of the 3 seasons of the trial are 
presented in Figures 3 and 4, respectively. 
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Shoot growth appeared to cease during the 1995/96 season in the week prior to the 
measurements carried out on the 80th day after budburst. In contrast, shoot growth in 
the next two seasons ceased between 60 and 70 days after budburst. In the last two 
years of the trial, shoots reached an average length of approximately 550mm. 

Figure 3. Mean Sultana shoot lengths during growing season for each of three 
growmg seasons. 
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Table 3. Summary of analyses of variance for node numbers per shoot for each season. 
***· significant at P=O.OOI, **· significant at P=D.01, * · significant at P=0.05; ns=not 
significant. 

Season 

Source of variation 1995/96 1996/97 1997/98 

Days after budburst (DaBB) *** *** *** 

Rootstock ns ns ns 

DaBB *rootstock ns ns ns 

N ** ns ** 

DaBB*N ns ns ns 

Water ns *** ns 

DaBB*Water ns *** ns 

Rootstock*N ns ns ns 

Rootstock*Water * *** ns 

N*Water ** ** ** 

Rootstock*N*Water ns *** * 

During the 1995/96 season shoots were still producing new nodes and leaves 100 days 
after budburst. In the subsequent two years new nodes and leaves were not produced 
from 60 days after budburst. Shoot growth from this point to the cessation of shoot 
growth would have been by internode elongation. From the beginning of 
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measurements to approximately 55-60 days after budburst, a new node appeared 
every 5-6 days and the shoots grew at a rate of approximately 9.5 mm dai1

• 

Figure 4. Mean node numbers per shoot for each of three growing seasons. 
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O.ys after budburst 

The interactive effects of days after budburst and water supply on node numbers per 
shoot for the 1996/97 season are presented in Figure 5. The number of nodes per 
shoot was unaffected by water supply during the pre-flowering period. However, 
from the onset of flowering, shoots from vines well watered prior to flowering 
produced at least an extra 2 nodes per shoot. Shoots on vines not receiving irrigation 
prior to the end of rapid shoot growth ceased growth at or about flowering. Similar 
responses were observed for shoot lengths (data not presented). Shoot lengths and 
node numbers at flowering, the common measuring date across seasons, are dealt with 
in more detail in a following section. 

Figure 5. Interactive effects of days after budburst and water supply during the rapid 
shoot growth period on node numbers per shoot for Sultana vines during the 1996/97 
season. Vertical bar represents LSD at P=0.05. 
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Days after budburst 

Summaries of analyses of variance for leaf area per vine for each of the three seasons 
are presented in Table 4. Days after budburst and rootstock were significant 
influences on leaf area in each season. Nitrogen and water supply significantly 
affected leaf area in the second and third seasons of the trial. There were few 
significant interactions: days after budburst in the first and third season, rootstock by 
water supply in the second and third and nitrogen by water supply in the third season. 

G:\groups\Nutritoa\A_DONNA\ADFA\toui\Vinr vigour index.dCK': 26 M1y, 1999; P•g~ 1S of S7 



Table 4. Summaries of analyses of variance for Sultana vine leaf area indices (LAI) 
for each of 3 seasons. ***·significant at P=0.001, **·significant at P=0.01, *· 
significant at P=0.05; ns=not significant. 

Season 
Source of variation 1995/96 1996/97 1997/98 
Days after budburst (DaBB) *** *** *** 
Rootstock *** *** *** 
N ns * *** 
Water ns *** *** 
DaBB *rootstock ns ns ns 
DaBB*N ns ns ns 
Rootstock*N ns ns ns 
DaBB*water * ns *** 
Rootstock*water ns * * 
N*water ns ns ** 
DaBB*rootstock*N ns ns ns 
DaBB *rootstock*water ns ns ns 
DaBB *N*water ns ns ns 
Rootstock*N*water ns ns ns 
DaBB *Rootstock*N*water ns ns ns 

The interactive effects of days after budburst by water supply on LAI in the third 
season of the trial is presented are Figure 6. The data suggest that peak leaf area per 
vine occurred approximately 115 days after budburst, or on or about December 30. 
The effect of restricting water supply during the period of rapid shoot growth became 
significant between 55 and 93 days after budburst. Leaf areas were not significantly 
different at the last measurement. The regression equations fitted to the two sets of 
means account for 97 and 96% of the variation in leaf area per vine during the season 
for the well watered and restricted water supply treatments, respectively. 

Figure 6. Interactive effects of days after budburst and water supply during the 
period of rapid shoot growth on LAI for Sultana vines during the 1996/97 season. 
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Days after budburst 
Across sampling days and in all seasons, Sultanas on Ramsey had 10-40% higher leaf 
areas per vine in comparison to Sultanas on own roots (data not shown). In addition, 
across all sampling days in the last two seasons of the trial, vines supplied with N, 
irrespective of rate, had approximately 10% more leaf area than vines not supplied 
with N (data not shown). 
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Shoot lengths and internode numbers and lengths at flowering 

Internode and shoot lengths and node numbers were all recorded at flowering, 
allowing an analysis of variance across years. A summary of the analyses of shoot 
lengths and node numbers is presented in Table 5. Nitrogen supply significantly 
affected shoot length at flowering: shoots on vines supplied with N were significantly 
longer at flowering than shoots on vines not supplied with N (Table 6). The 
significant increase in shoot length was not due to more internodes. Increasing N 
supply from 40 to 80 kg ha-1 i 1 was not accompanied by a significant increase in 
shoot length at flowering 

Table 5. Summary of analyses of variance for shoot length and node numbers per 
shoot at flowering. ***·significant at P=O.OOl, **·significant at P=O.Ol, *· 
significant at P=0.05; ns=not significant. 

Response 
Source of variation Shoot length Nodes shoof 
Year *** ns 
Rootstock ns ns 
N *** ns 
Water ns ns 
Year*stock ns ns 
Year*N ns ns 
Rootstock*N ns ns 
Year*Water ns ns 
Rootstock*water ns ns 
N*water ns ns 
Y ear*rootstock*N ns ns 
Y ear*rootstock*water ns ns 
Year*N*water ns ns 
Rootstock*N*water ns ns 
Y ear*rootstock*N*water ns ns 

Table 6. N supply main effects on Sultana shoot lengths at flowering. Different 
superscripts indicate significant differences between means at P=0.05. 

0 
40 
80 

Shoot length (em) 

The effect of the treatments applied on individual internode lengths at flowering is 
summarised in Table 7. Year effects were significant for the first 4 internodes, but 
generally non-significant for subsequent internodes. Rootstock, N supply and water 
effects were generally non-significant for internodes 1-16. Nitrogen supply, rootstock 
by N supply and rootstock by water interactions were significant for internodes 17 and 
18. 

The interactive effects of rootstock and N supply on mean length of internode 18 at 
flowering are presented in Table 8. Internode 18 length was maximum for Sultanas 
on own roots when supplied with N, irrespective of the level. The length of internode 
18 for Sultana on Ramsey rootstock increased significantly as N supply increased 
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from 40 to 80 kg ha-1 i 1
• Internode 18 of Sultanas on Ramsey rootstock receiving 80 

kg N ha-1 i 1 were significantly longer than the other rootstock!N supply 
combinations. 
Table 7. Mean individual internode lengths at flowering and summaries of analyses of 
variance for individual internode lengths at flowering. ***· significant at P=0.001, **· 
significant at P=0.01, * · significant at P=0.05; ns=not significant. 

Source of variation 

Root- Root-
Root-

Inter- Length 
Year 

Root-
N Water stock* stock* 

N* stock* 
node (rnm) stock water N* 

N water 
water 

1 4.9 *** ns ns ns ns ns ns ns 
2 11.8 *** ns ns ns ns ns ns ns 
3 29.3 *** * ns ns ns ns ns ns 
4 45.8 * * ns ns ns ns ns ns 
5 55.7 * ns * ns ns ns ns ns 
6 62.4 * ns * ns ns ns ns ns 
7 70.0 ns ns * * ns ns ns ns 
8 61.7 ns ns * ns ns ns ns ns 
9 51.7 ns ns ns ns ns ns ns ns 
10 48.4 ns ns ns ns ns ns ns ns 
11 45.4 * ns ns ns ns ns ns ns 
12 41.2 ns ns ns ns ns ns ns ns 
13 38.9 ns ns * * ns ns ns ns 
14 35.2 ns ns ns * ns ns ns ns 
15 28.1 ns ns ns ns ns ns ns ** 
16 22.0 * ns ns ns ns * ns *** 
17 15.0 ns ns ns * ns * ns *** 
18 9.6 ns * ns ** * * *** *** 
19 6.8 ns * * ns *** * ns *** 
20 4.5 * ns ns ns ns ns ns *** 

Table 8. Rootstock and N supply interactive effects on Sultana mean internode lengths 
of internode 18 at flowering. Different superscripts indicate significant differences 
between means at P=0.05. -- .:-

Rootstock 
Own roots 

Ramsey 

0 
5.~ 

6.8AB 

40 80 
10.21:) 
16.6c 

A summary of analyses of variance of treatment effects on lengths of aggregates of 
internode lengths is presented in Table 9. Year was a significant influence on the 
lengths of aggregates of internodes that include internodes 4 and lower. As main 
effects, rootstock, nitrogen and water were significant in only 6, 43 and 0 of the 55 
analyses, respectively. With the exception of the year by N supply by water supply 
interaction, most interactions were non-significant. The year by N supply by water 
supply interaction was significant for aggregates of internodes that included 
internodes 3 to 9. 
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Table 9. Summaries of analyses of variance for aggregates of internode lengths at flowering. ***· significant at P=O.OO l, **· significant at P=O.O l, *·significant at 
P=0.05; ns=not significant. 

Internode Source of variation 

Year* Year*N Stock* 
Year* 

start end Year Stock N Water Year* y *N Stock* Stock* N* Year* Stock* 
Stock ear N stock*N stock* N* N* water water *water water water water 

1 1 *** ns ns ns ns ns ns ns ns ns ns ns ns ns 
1 2 *** ns ns ns ns ns ns ns ns ns ns ns ns ns 
1 3 *** ns ns ns ns ns ns ns ns * ns ns ns ns 
1 4 *** * ns ns ns ns ns ns ns ns ns * ns ns 
1 5 *** * ns ns ns ns ns ns ns ns ns * ns ns 
1 6 *** ns * ns ns ns ns ns ns ns ns * ns ns 
I 7 *** ns * ns ns ns ns ns ns ns ns * ns ns 
I 8 *** ns * ns ns ns ns ns ns ns ns * ns ns 
I 9 *** ns * ns ns ns ns ns r'ls ns ns ns ns ns 
1 10 *** ns * ns ns ns ns ns ns ns ns ns ns ns 
2 2 *** ns ns ns ns * ns ns ns * ns ns ns ns 
2 3 *** ns ns ns ns ns ns ns ns * ns * * ns 
2 4 *** * ns ' ns ns ns ns ns ns ns ns * ns ns 
2 5 *** ns ns ns ns ns ,, ns ns ns ns ns * ns ns 
2 6 *** ns * 

. ns ns ns ns ns ns ns ns ** ns ns 
2 7 ** ns ** ns ns ns ns ns ns ns ns * ns ns 
2 8 * ns ** ns ns ns ns ns ns ns ns * ns ns 
2 9 * ns ** ns ns ns ns ns ns ns ns ns ns ns 
2 10 * ns ** ns ns ns ns ns ns ns ns ns ns ns 
3 3 *** ns ns ns ns ns ns ns ns ns ns * ns ns 
3 4 *** ns * ns ns ns ns ns ns ns ns * ns ns 
3 5 ** ns ns ns ns ns ns ns ns ns ns ** ns ns 
3 6 *** ns ** ns ns ns ns ns ns ns ns ** ns ns 
3 7 * ns ** ns ns ns ns ns ns ns ns * ns ns 
3 8 * ns ** ns ns ns ns ns ns ns ns * ns ns 
3 9 * ns ** ns ns ns ns ns ns ns ns ns ns ns 
3 10 * ns ** ns ns ns ns ns ns ns ns ns ns ns 



4 4 *** * ns ns ns ns ns ns ns ns ns ns ns ns 
4 5 * ns * ns ns ns ns ns ns ns ns * ns ns 
4 6 * ns * ns ns ns ns ns ns ns ns * ns ns 
4 7 * ns ** ns ns ns ns ns ns ns ns * ns ns 
4 8 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
4 9 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
4 10 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
5 5 ns ns * ns ns ns ns ns ns ns ns ** ns ns 
5 6 ns ns * ns ns ns ns ns ns ns ns * ns ns 
5 7 ns ns ** ns ns ns ns ns ns ns ns * ns ns 
5 8 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
5 9 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
5 lO ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
6 6 ns ns * ns ns ns ns ns ns ns ns * ns ns 
6 7 ns ** * ns ns ns ns ns ns ns ns ns ns ns 
6 8 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
6 9 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
6 lO ns ns * ns ns ns ns ns ns ns ns ns ns ns 
7 7 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
7 8 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
7 9 ns ns * ns ns ns ns ns ns ns ns ns ns ns 
7 10 ns ns * I 

ns ns ns ns ns ns ns ns ns ns ns 
8 8 ns ns ** ns ns ns ns ns ns ns ns ns ns ns 
8 9 ns ns * ns ns ns ns ns ns ns ns ns ns ns 
8 10 ns ns * ns ns ns ns ns ns ns ns ns ns ns 
9 9 ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
9 10 ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
10 10 ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
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Fruitfulness and Yield 

Rootstock, N supply and water supply main effects on the remaining MBC parameters and 
yield components are presented in Tables 10 and 11, respectively. Over the two seasons 
analysed, year did not influence the Merbein Bunch Count measurements, but did play a 
significant role in most components of yield. Significant year by water supply and rootstock 
by water supply interaction F -probabilities were observed for all MBC measurements. 

Table 10. Rootstock, N supply and water supply main effects on Merbein Bunch Count 
parameters for Sultana vines. An asterisk indicates a significant (P=0.05) difference between 
own roots and Ramsey or between water treatments, and different superscripts within the N 
treatments indicate a significant difference between means at P=0.05. An absence of an asterisk 
or superscript indicates that there was not a significant effect. · 

Main Effect 

Rootstock Nitrogen (kg ha-1 i 1
) Water 

Response 
Own 

Ramsey 0 40 80 High Low 
roots 

Bunches vine-1 62.9 49.4* 49.3A 60.28 58.98 66.0 46.3* 

Bunch:shoot ratio 0.389 0.294* 0.31~ 0.3618 0.349AB 0.400 0.282* 

Fruitful nodes vine-1 59.5 47.4* 47.8A 56.98 55.78 61.8 45.1 * 

Fruitful shoots vine-1 59.7 47.7* 48.1A 57.28 55.98 62.2 45.2* 

% total nodes fruitful 27.3 20.8* 22.1A 25.78 24.2AB 27.0 21.1 * 

% burst nodes fruitful 37.4 29.1 * 30.8 35.1 33.8 38.5 28.0* 

% fruitful shoots 37.0 28.4* 30.5 34.4 33.2 37.8 27.5* 

Bunches node-1 0.288 0.217* 0.228A 0.2728 0.256AB 0.288 0.216* 

Bunches fruitful shoof1 1.04 1.03 1.02A 1.048 1.048 1.05 1.02* 

Sultana vines on Ramsey had, with the exception of bunches fruitful shoof1
, significantly 

lower MBC measurements than Sultanas on own roots over the 2 seasons assessed and 
analysed. Overall, approximately 6% and 8% less of the total nodes and the nodes that burst 
were fruitful on vines on Ramsey in comparison to vines on own roots. In addition, Sultanas 
on own roots had approximately 29 bunches per 100 nodes compared to 22 bunches per 100 
nodes for vines on Ramsey. 

Supplying N in the vineyard was generally associated with higher MBC measurements in 
comparison to vines not supplied with N. The proportions of burst nodes and shoots that 
were fruitful were not significantly affected by N supply. There was some evidence of a 
negative effect of high N supply on some MBC measurements: bunch to shoot ratios, % total 
nodes fruitful and the number of bunches per node were all marginally lower at 80 kg N ha-1 

i 1 in comparison to 40 kg N ha-1 i 1
• 



1".,,· 

Withholding water during the rapid shoot growth period resulted in significantly lower MBC 
measurements. The effect of withholding water during this period was roughly comparable 
to the effect of Ramsey rootstock on the MBC measurements. 

Table 11. Rootstock, N supply and water supply main effects on fixed point growth and 
sel~cted Merbein Bunch Count parameters for Sultana vines. An asterisk indicates a significant 
(P=o.05) difference between own roots and Ramsey or between the water treatments, and 
different superscripts within the N treatments indicate a significant difference between means at 
P=0.05. An absence of an asterisk or superscript indicates that there was not a significant effect. 

Main Effect 

Rootstock Nitrogen (kg ha·1 y-1
) Water 

Response 
Own 

Ramsey 0 
roots 

40 80 High Low 

Brix 22.2 22.1 * 22.2A 21.48 21.38 20.5 22.7* 

Berry weight 1.27 1.45* 1.41 1.32 1.35 1.56 1.16 

Bunch weight 0.271 0.355* 0.299 0.316 0.325 0.388 0.239* 

Berries bunch-1 210 250* 205A 2418 2458 256 205* 

Fresh yield vine-1 17.9 17.5 14.8A 19.18 19.38 24.6 10.8* 

Dry yield vine-1 3.84 4.00 3.34A 4.198 4.238 5.28 2.56* 

Dry yield bearer-1 1.24 1.17 1.03A 1.31 8 1.278 1.65 0.751 * 

Dry yield ki1 1-y-o wood 4.77 3.48* 4.04 4.24 4.10 5.42 2.83* 

Dry yield kg-1 total pruning 2.14 1.64* 1.84 1.94 1.87 2.45 1.32* 

Berry and bunch weights and the number of berries per bunch were lower for Sultanas on 
own roots in comparison to Sultanas on Ramsey. Sultanas vines on Ramsey rootstock did not 
yield more, on a whole vine basis or bearer basis, and had lo~er yields when expressed on a 
weight of 1 year old pruning wood or total winter pruning weight. Berry maturity was 
retarded by an average of 0.1 '13rix in Sultanas on Ramsey compared to Sultanas on own 
roots. 

Berry maturity was also retarded by N supply: grapes off vines supplied N were 
approximately 0.8-0.9'13rix lower than grapes off vines not supplied N. More berries per 
bunch contributed to significantly higher yields of vines supplied with N in comparison to 
vines not supplied with N, both on whole vine basis and per bearer basis. There was no 
significant effect ofN supply on yields of Sultana vines when expressed on a weight of one 
year old or total pruning pruning wood. 

Withholding water during the period of rapid shoot growth decreased berry size by 
approximately 30% from 1.6 g berry-1 to 1.2 g berry-1

• This response, along with 50 fewer 
berries per bunch, contributed to a 40% reduction in bunch weights and an approximately 
50% reduction in yields, irrespective of the method of expression. 
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Petiole nutrient concentrations and total nutrient levels 

Petiole macronutrient concentrations and total levels on a per petiole basis at flowering were 
analysed in order to identify parameters by which the confounding effects of the treatments 
and the synergistic and antagonistic effects that nutrients have on each other could be 
removed during interpretation of petiole analysis data. A summary of analyses of variance 
carried out petiole dry weights and macronutrient concentrations and total levels in petioles at 
flowering are presented in Table 12. 

Table 12. Summaries of analyses of variance for petiole dry weight and macronutrient 
concentrations and total levels in petioles at flowering ***·significant at P=O.OOl , **· 
significant at P=0.01, *·significant at P=0.05; ns=not significant. 

Source of variation 

Root- Root-
Variate Year 

Root-
N Water stock stock 

N* 
stock 

*N *water 
water 

Petiole DW *** *** * ns ns ns ** 
N % * *** *** ns ns ns ns 

total *** *** *** ns ns ns ns 
p % *** *** *** ns ns ** ns 

total *** *** * ns ns ns ns 
K % *** *** * ns ns ns ns 

total *** *** ns * ns ns ** 
Ca % *** *** * ns ns ns ns 

total *** *** ** * ns ns * 
Mg % *** *** *** ns ns ns ns 

total *** ns *** ns ns ns ns 
s % *** *** ns ns ns ns ns 

total *** *** ns ns ns ns * 

Root-
stock* 

N* 
water 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Year was a significant factor in all variates analysed. Rootstock was not a significant effect 
for total Mg levels only, and N supply was not a significant factor for total K levels and %S 
and totalS levels. Water supply was significant for tota~ K and Ca levels only . . :._ .. 
Petiole from vines on Ramsey were approximately 15% larger than petioles from vines on 
own roots. Petioles from vines receiving N, irrespective of rate, were 8% larger than petioles 
from vines not receiving N, and this response was not observed in petioles from vines not 
receiving water during the period of rapid shoot growth. Petioles from vines on Ramsey had 
higher concentrations ofN, P, K, Ca and Sand lower concentrations ofMg in comparison to 
petioles from vines on own roots. Total nutrient concentrations followed the same trend with 
the exception that total Mg levels were similar in petioles from vines on own roots and vines 
on Ramsey rootstock. Nitrogen supply significantly increased both concentrations and total 
levels of N, Ca and Mg in petioles, and decreased P concentrations and levels and K 
concentrations. Water supply during the period of rapid shoot growth was associated with 
lower K levels and higher Ca levels in comparison to petioles from vines not receiving water 
during this period. Petiole P concentrations of vines on Ramsey rootstock were unaffected by 
water supply during the period of rapid shoot growth, petioles from vines on own roots not 
receiving water during this period had significantly lower P concentrations than petioles from 
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vines on own roots that were well watered during this period. Petiole total K levels were 
increased by N supply in well watered vines and decreased in vines not receiving water 
during the period of rapid shoot growth. Nitrogen supply also increased petiole total Ca and 
S levels in well watered vines, but had no effect on Ca levels and decreased S levels in vines 
not receiving water during the period of rapid shoot growth. 

Vine performance and shoot vigour 

To this point the focus has been on the combined effects of rootstock, N supply and water on 
vine growth, performance and petiole nutrient concentrations at flowering. Water supply 
during the period of rapid shoot elongation was seen to be a major influence on how grafted 
and ungrafted Sultanas grew and produced dvf. The restricted water supply treatment was 
valuable in that it demonstrated that shoot vigour could be constrained by water supply, and 
as such answers, in a semi-quantitative manner, a question implicit in the project's objectives: 
is water supply an important factor in vigour management of Sultana vines under local 
conditions. 

However, the treatment represented an extreme, and for purposes of defining a suitable level 
of vigour that can be related back to some readily quantifiable aspect of shoot growth at 
flowering, further analyses should be confined to data originating from the well watered 
treatment. 

Both yields per vine and shoot vigour, as indicated by total pruning weights were increased 
by N supply (Table 13). However, the response appeared to be different: yields per vine did 
not increase significantly as N supply increased from 0 to 40 kg ha'1 y"1 or from 40 to 80 kg 
ha·1 y"1

, but yield of vines receiving 0 kg ha·1 y"1 were significantly lower than the yields of 
vines receiving 80 kg ha·1 y"1

• Conversely, total pruning weights increased significantly with 
each increment inN supply. These responses toN supply can be used as the basis for the 
pruning weight versus yield of dvf per vine response curve, which will allow definition of a 
suitable level of shoot vigour, as indicated by total pruning weight, above which further 
increases in yields are unlikely. 

Table 13. Nitrogen supply main effects on dvfyields and total pruning weights per vine for 
the well watered plots only. Different superscripts within rows indicate significant 
differences between means at P=0.05. 

kg dvfvine·i ii 
kg total pruning wt vine·1 y"1 

0 
5.43A 
1.8~ 

40 
5.83AO 
2.21 8 

80 

Regression analysis was carried out on N supply by rootstock dvfyields means and total 
pruning weights of the well watered vines over the three years of the trial. 

A cubic polynomial function: 

y = -3.45 + 11.8x- 4.55i + 0.541x3
, 

where y = dvf yields per vine per year and x = total pruning weight per vine per year, gave an 
r value of 0.29, and predicted maximtun yields at a total winter pruning weight of 2.03 kg 
vine-1

• 
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A modified Gaussian peak function gave a stronger correlation co-efficient of 0.51, and 
predicted that optimum yields would be obtained between pruning weights of 1.45 and 2.75 
kg vine·1

• The mid point of these extremes is approximately 2.1 kg vine-1
, which is very close 

to the optimum pruning weight predicted by the cubic polynomial. 

Both types of relationships predicted peak yields of 6.25 kg dvf vine-1
• 

Shoot vigour and internode lengths at flowering 

The identification of a nominal level of shoot vigour, as indicated by total prur1ing weight, on 
a whole population basis allows definition of suitable levels of average shoot vigour, as 
indicated by individual internode lengths or aggregates of internodes, internode numbers or 
shoot lengths, at flowering. Significant product moment correlation co-efficients for total 
prur1ing weights versus individual internode lengths and aggregates of internode lengths are 
presented in Table 14. Significant negative correlations between internode lengths and total 
prur~ing weights occurred for the aggregates of internodes 1 to 3 and 2 to 3. Significant 
positive correlations occurred for the aggregates of internodes 4-7,4-8,4-9, 5-6, 5-7, 5-8, 5-
9, 6-6, 6-7, 6-8, 6-9 and 7-7. Clearly, the lengths of internodes 2 and 3 are important 
contributors to the negative correlations and internodes 6, 7, 8 and 9 are important in the 
positive correlations with total pruning weight. 

Table 14. Significant (P=0.05; n=90) product moment correlation coefficients (r) for total 
pruning weight per vine versus lengths of aggregates of internodes at flowering using well 
watered plots only. 

Last 
internode 

FirSt internode in aggregate 
m 

aggregate 

1 2 3 4 5 6 7 8 9 10 

1 -0.17 
2 -0.21 
3 -0.23 -0.22 -0.21 
4 
5 
6 0.16 0.19 - 0.20 
7 0.15 0.19 0.21 0.21 0.19 
8 0.15 0.16 0.17 0.20 0.22 0.22 0.20 0.17 
9 0.15 0.16 0.19 0.19 0.19 0.17 
10 0.15 0.17 0.18 0.17 0.15 

The nature of the relationship between total pruning weight and the aggregate length of 
internodes 5 to 8 and 6 to 8 were further quantified by regression analysis. Simple cubic 
polynomial functions had significant r values of 0.487 and 0.481 for the aggregate lengths of 
internodes 5 to 8 and 6 to 8, respectively, and total prur~ing weight. Using the range of 
prur1ing weight-1.5 to 2.8 kg vine·1 y"1-shown to be associated with superior vine 
performance-ranges of aggregate lengths for internodes 5 to 8 and 6 to 8 at flowering were 
calculated from the cubic polynomial functions to be 211 to 305 mm and 168 to 241 mm, 
respectively. These estimates could be rounded off to 210 to 305 and 170 to 240. 
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Internode lengths and petiole nutrient concentrations 

Product moment correlation co-efficients for petiole dry weights and nutrient concentrations 
at flowering and the sums of the lengths of aggregates of internodes 5 to 8 and 6 to 8 are 
presented in Table 15. Petiole dry weights were significantly positively correlated with the 
aggregate lengths of internodes 5 to 8 and 6 to 8. Significant positive correlations were also 
detected between %N and %Mg and the aggregate lengths of internodes 5 to 8 and 6 to 8. 
Significant negative correlations were observed between petiole %P and the aggregate 
lengths of internodes 5 to 8 and 6 to 8. · 

Table 15. Product moment correlations for petiole macronutrient concentrations and 
aggregate lengths of internodes 5 to 8 and 6 to 8. Asterisks indicate significant correlation 
co-efficients (**: significant at P=O.O 1 ;*: significant at P=0.05). 

Aggregate of internodes 
5-8 6-8 

Petiole dry weight 0.94** 0.93** 
·%N 0.93** 0.93** 
%P -0.87* -0.88* 
%K -0.62 -0.62 
%Ca -0.81 0.81 

%Mg 0.84* 0.85* 
%S -0.68 -0.69 

Table 16. Product moment correlation matrix for petiole dry weight and petiole 
macronutrient concentrations. Asterisks indicate significant correlation co-efficients (**, 
significant at P=0.01; *,significant at P=0.05). 

Variate 
Petiole 

dry weight 
%N %K %Ca %Mg %P 

Petiole dry weight 
%N 0.90** 
%P -0.81 * -0.93** 
%K -0.39 -0.57 0.65 
%Ca -0.87* 0.93** -0.75 -0.29 
%Mg -0.70 0.92** -0.93** -0~80 0.73 
%S -0.77 -0.83* 0.58 0.13 -0.97** 0.60 

%S 

Intra-nutrient antagonistic and synergistic effects can also be identified by simple correlation 
studies. This type of analysis allows nutrient interactions to be identified that may not 
necessarily be due to the treatments applied per se. Product moment correlation co-efficients 
for petiole dry weight and the petiole macronutrient concentrations are presented in Table 16. 
Petiole dry weight was significantly positively correlated with %N, but significantly 
negatively correlated with %P and %Ca. In the case of %Ca, this suggests that although N 
supply was associated with higher Ca concentrations, the extent of the stimulation of petiole 
dry weight was relatively greater. The negative correlation between petiole dry weight and 
%P, on the other hand, is possibly caused by the depression ofP uptake by N supply. The 
positive correlation between petiole dry weight and %N suggests that dry matter 
accumulation was limited by N. The concentration ofN was significantly negatively 
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correl.ated with %P and %S, and significantly positively correlated with %Ca. Phosphorus 
was significantly negatively correlated with %Mg and %Ca was negatively correlated with 
%S. The poor correlation between %N and %K is of interest because N supply was 
associated with decreased %K and increased petiole dry weight and %N. A possible 
explanation for this could be that the relative increases of petiole dry weights and N 
concentrations were not proportional to the decrease in %K, suggesting that the effect of N 
slipply was on K uptake primarily. 

The parallels in the response to rootstock of petiole dry weights and N, P, K, Ca and S 
concentrations and levels suggest that these differences are due to the ability of Ramsey 
rootstock to take and transport more of these nutrients in comparison to Sultana roots. The 
larger petioles may be a result of better nutrient transport to the shoots, as indicated by the 
higher levels of nutrients present, but the higher concentrations suggest that other factors 
must also be involved. The effect ofN supply on petiole dry weight suggests that this factor 
is important in this regard. The significant N supply by water supply interaction term 
indicates that N supply has no beneficial effect if water is limiting. The observation that N 
supply significantly increases petiole %N, total N levels and petiole dry weight suggest that 
there are other factors constraining dry matter accumulation. The depressing effect ofN 
supply on P concentrations and total levels suggests that P may have become limiting in 
terms of dry matter accumulation 

Discussion 
The objective of the project was to develop the means by which the confounding effect of 
vine vigour could be accounted for during the interpretation of petiole analysis data. The 
approach adopted was to manipulate water supply during the period of rapid shoot growth 
and N supply in order to affect shoot growth as well as petiole nutrient concentrations of 
Sultanas on own roots and Sultanas on Ramsey rootstock. The treatments imposed had 
significant effects on Sultana performance, shoot growth and petiole nutrient concentrations. 
These three broad categories of responses were used to, firstly, identify a suitable level of 
shoot vigour, based on total pruning wights, above which further increases in vine 
performance were unlikely. Secondly, to describe the relationship between shoot vigour and 
an accessible measurement of shoot vigour at flowering, and, thirdly, identify benchmark 
values for this measurement of shoot vigour at flowering based on this relationship. 

These three steps can be briefly summarised as follows: --

• Yields of dried vine fruit per vine are not improved when vine vigour, as determined by 
total pruning weight, increased above 2.8 kg vine-1

• 

• Variation in the aggregate length of two groups of internodes on shoots at flowering 
accounted for approximately 50% of the variation in winter pruning weight. 

• The relationship suggested that the aggregate length of internodes 5 to 8 and 6 to 8 at 
flowering needed to be between 210 to 305 and 170 to 240 mm, respectively, for winter 
pruning weights, and hence shoot vigour, to be optimal. 

Based on these conclusions, an interpretative framework can be derived that takes into vine 
vigour, as indicated by aggregate internode length. Because of the nature of the treatments 
imposed and the data collected, the framework can also be embellished to take into account 
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intra-nutrient synergistic and antagonistic effects, and include other measures of vine 
performance. 

The framework is best presented as a series oftables--<>ne for each macronutrient. Similar 
tables could be developed for the rnicronutrients, but some of the data needed to embellish 
these tables, e.g. fruit set with respect to B, was not collected. Clearly, the knowledge base 
on which each table is developed will vary from nutrient to nutrient. For example, there are 
far more published data in the literature regarding the relationship between vine N and vine 
performance than there is regarding the relationship between vine S and vine performance. 
Thus the level of embellishment will vary between tables to reflect this. It should also be 
noted that the basis for the shoot vigour index was a data set collected from one site only. 
Validation of shoot index over other sites with advanced trellis designs should be conducted 
to ensure widespread applicability. The aggregate length of internodes 5 to 8 were used in 
preference to 6 to 8 because the margin of error was likely to be lower when measuring more 
rather than less internodes. 

A brief discussion of each table follows: 

Nitrogen!fable 17. As stated above, many niore data are available to assist interpretation of 
petiole N concentrations. Under local conditions N is the most frequently limiting nutrient in 
terms of vine productivity and shoot vigour. The other treatment imposed, namely restricted 
water supply during the period of rapid shoot growth, also affected shoot vigour and cropping 
levels. Thus clear inferences regarding the cause or causes of low petiole N can be drawn 
from the shoot vigour measurements in conjunction with relatively arbitrary N supply levels. 
The latter point warrants elaboration. Nitrogen was supplied to the vines in the trial using 
drip irrigation. It is reasonable to conclude that the efficiency of use of that supplied N is 
likely to be high. Thus, the arbitrary division ofN supply levels into <40, 40-80 and >80 kg 
ha·1 y'1 is reasonable under the conditions of the trial. Under alternative irrigation and soil 
management regimes, different N supply levels may be required to achieve the same outcome 
in terms of vine N status. Therefore, the arbitrary divisions used may be viewed as the lower 
end of the scale. 

Phosphorusffable 18. Petiole P levels were sensitive to water supply during the flowering to 
veraison period, and the cause of low petiole P can also be inadequate irrigation. The 
arbitrary P supply divisions are based on estimates of P removals from a highly productive 
local vineyard. Ten kg of elemental P ha-1 approximates· to 125 kg of single strength super 
phosphate ha-1

• The low mobility ofP in alkaline calcareous soils means that P moves down 
the soil profile very slowly. Thus, consistent, on an annual basis, supplies ofP are probably 
required to maintain an approximately constant movement of P down the profile. Hence, 
Table 18 makes reference to consistency ofP supply from year to year. The negative 
relationship between petiole N concentrations (and hence N supply) and petiole P 
concentrations is reflected in the tentative interpretations for low petiole P-high N supply 
can contribute to low petiole P, as can low P supply and inadequate irrigation. 

Potassium/Table 19. Due to the different adequate K ranges for Sultanas on own roots and 
Sultanas on Ramsey rootstock-identified as part of Project CSH38-generic ranges are used 
for the test results. This is further justified by the observation that there did not appear to be 
any differences in the way the grafted and ungrafted vines responded toN supply or the 
irrigation treatment in terms of petiole K concentrations. 
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Table 17. Interpretative framework for Sultana petiole %Nat flowering. Total N supply 
may comprise mineral N fertiliser or cover crop N. Arrows indicate increases or decreases in 
inputs relative to current levels, and the size of the arrow gives some indication ofthe relative 
change from the status quo. 

%N 

< 0.85 

0.86-
1.4 

> 1.4 

<40 
40- 80 

> 80 

< 40 

40- 80 
> 80 

< 40 

-lO- 80 

> 80 

Aggregate length of internodes 5-8 

< 210 

tN, tH20 
Timing? Leaching? 
inadequate irrigation? 
Timing? Leaching? 
Inadequate irrigation? 

Other limiting factor?, ·N, 
tl-hO 

Other limiting factor?, il 1~0 
ilhO, Timing? Leaching? 

iH~O, other limiting 
nutrient? 
i lbO, N03-N >2000 ppm 
- Fe deficiency? 
tll20 

210-305 > 305 

tN tN, .J-H20 
Timing? Leaching? .J-H20 

.J, N, Timing? Leaching? Timing? Leaching? 
.J-H20 

Cover crop & soil ~IhO 

management critical to 
maintain N levels 

../ JbO 
Timing? Leaching? Timing? Leaching? 

.N,HbO 

..!.. mineralisation ..!.. mineralisation, 
-1-1 • ~o 

. N . N, -1- 11 ~0 

Timing? Leaching? .N tN, tii20 

Table 18. Interpretative framework for Sultana petiole %P at flowering. Phosphorus supply 
levels based on annual removals of 10 kg ha-1 y· . Arrows indicate increases or decreases in 
inputs relative to current levels, and the size of the arrow gives some indication of the relative 
change from current practice. 

%P 

< 

0.36 - 0.42 

> 0.43 

kg P ha-1 

-1 y 

10-20 

> 20 

< 10 
10 - 20 

> 20 

< 10 

10-20 
> 20 

< 210 

tH20 ( esp. own roots), 
~N?, steady P supply year 
to year? 
.J-P, tH20 

iP 
Other limiting nutrient? 
.J-P, tihO, ;,N 

P, other limiting 
nutrient? 
Other limiting nutrient? 
tP, other limiting nutrient'? 

210- 305 

~N, steady P supply 
year to year? 

iP 
../ 
.J-P, ~N 

iP, steady P supply 
year to year'? 
.P, -N 
.,J..p -N , 

> 305 

• 
iP, tlhO 
.J-IhO 
.J-P, .N, .J-IhO 

Steady P supply 
year to year'? 
.P, .N, tlbO 
tP, .N, ..!..11 ~0 
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Table 19. Interpretative framework for Sultana petiole %Kat flowering. Generalised ranges 
used due to differences in values between Sultanas on own roots and Sultanas on Ramsey 
rootstock. Arrows indicate increases or decreases in inputs relative to current levels, and the 
size of the arrow gives some indication of the relative change from the status quo. ">>" is 
used to indicate that the relative change in one input should be greater that the change in the 
other input. 

Aggregate length of internodes 5-8 
Range < 210 210- 305 > 305 

Calciumffable 20. Knowledge regarding the relationship between petiole Ca levels and vine 
growth and productivity is not as advanced as for N, P or K. The tentative conclusions in 
Table 22 reflect that lack of depth in the knowledge base, and apart from the inferences that 
can be drawn from the treatments' effects, other options to manipulate petiole Ca levels are 
relatively proscribed. Applying gypsum to help improve petiole Ca status is based on the fact 
that this soil ameliorant will improve the contribution of Ca to the soil's cation exchange 
capacity. There are no data available to indicate the effect of calcium-containing fertilisers 
such as calcium nitrate. The use ofK-containing fertilisers to help reduce excessive petiole 
Ca is based on the negative correlation between petiole Ca and petiole K. This is a well 
documented relationship in many plant species and is the result of antagonism between K and 
Ca at the uptake level. Some evidence of this was observed as part of Project CSH38. 

Table 20. Interpretative framework for Sultana petiole %Ca at flowering. Arrows indicate 
increases or decreases in inputs relative to current levels, and the size of the arrow gives some 
indication of the relative change from the status quo. A soil cation exchange capacity 
measurement should be conducted to validate low petiole Ca concentrations. The "+gypsum" 
refers to a once off application. 

Aggregate length of internodes 5-8 
% < 210 210- 305 > 305 

< 1.1 

1.2- 1.4 i l bO ./ ..1- lbO 
• > 1.5 i K, i ii20 i K i K . ..1-1 bO 

Magnesiumffable 21. Petiole Mg concentrations were influenced by both N supply and 
irrigation treatment, and negatively correlated with petiole P and K concentrations. Low 
petiole Mg concentrations and low vigour could possibly be addressed by increasing N 
supply because petiole Mg concentrations were positively correlated to shoot vigour which 
responded to N supply as did petiole Mg concentrations. On the other hand, optimum vigour 
coupled with low Mg concentrations would most probably by most efficaciously be 
addressed by considering foliar Mg concentrations. 
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Table 21. Interpretative framework for petiole %Mg at flowering. Arrows indicate increases 
or decreases in inputs relative to current levels, and the size of the arrow gives some 
indication of the relative change from the status quo. 

Aggregate length of internodes 5-8 
%S < 210 210 - 305 > 305 
< 0.3 +foliar Mg 

0.4 - 0.5 Other limiting ../ J..IhO 
factor?, i i hO, i N 

• > 0.6 t K, iii~O. ·N i K t K, -l-1 1 ~0 

Sulphurffable 22. Sulphur is probably the least studied macronutrient in terms of grapevine 
growth and productivity. Nonetheless Project CSH38 identified an adequate range for petiole 
S concentrations for optimum productivity provided S residues had been adequately removed 
from the surface of the petiole. Extrapolating from broad acre cropping experiences and 
drawing inferences from the effect of the treatments on petiole S concentrations, general 
conclusions can be drawn regarding the cause or causes and therefore the most appropriate 
means of addressing the deficiency. It should be noted however that the whole area of 
grapevine S nutrition is relatively unexplored. 

Table 22. Interpretative framework for petiole %Sat flowering. Arrows indicate increases 
or decreases in inputs relative to current levels, and the size of the arrow gives some 
indication of the relative change from the status quo. Very high petiole S concentrations (> 
~0.15%) are most probably due to S applied to the foliage that has not been removed by 
washing. 

% 
< 0.07 

Aggregate length of internodes 5-8 
< 210 

iN, tHzO, 
+gypsum?, tsulphate 
ferti lisers (potassium 
sulphate, single 
strength super)? 

210 - 305 
+gypsum? 
tsulphate fertilisers 
(potassium sulphate, 
single strength super)? 

> 305 
..L.HzO, +gypsum?, 
tsulphate fertilisers 
(potassium sulphate, 
single strength super)? 

0.08-0.09 i ii20, ·N ../ J-11:!0 
• >0. 1 iN ·N -1. 11 ~0, .N 

Conclusion 
The trial carried out produced a set of responses that are, in conjunction with the outcomes of 
Project CSH38 and the larger knowledge base, the basis of the interpretation tables that 
incorporate shoot vigour. The establishment of desirable levels of shoot vigour and the 
linkage with a set of particular internode lengths at flowering allows dvf producers the means 
of assessing vigour and interpreting petiole analysis more efficaciously. The interpretation 
tables based on the petiole ranges and the shoot vigour index established in Project CSH38 
and CSH53, respectively, represent a major improvement in the management tools at 
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producers' disposal, but validation ofthe vigour index on more sites and on advanced trellis 
is required to ensure widespread applicability. 

The interpretation tables can lead to conclusions that are still relatively qualitative, but are 
more quantitative than conclusions reached on the basis of petiole analysis alone. The 
grapevine nutrition knowledge base is being expanded in the area ofN dynamics, and this, 
coupled with work on dried vine fruit quality and N, represent the next logical area for 
advancing grapevine nutrition management to a more quantitative basis. 
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Introduction 
Petiole analysis at flowering is the best method of diagnosing grapevine nutrient deficiencies 
and excesses, but can only be used to determine soil nutrient status if there is a close 
relationship between petiole and soil nutrient concentrations. The relationship between these 
two variables for grapevines is not known and is unlikely to be strong because other factors 
such as soil moisture tension, root density and nutrient interactions. For example, potassium 
deficiency commonly occurs in Sunraysia due to inadequate irrigation (Nagarajah, 1989). 
Also, high salt concentrations in the soil may reduce the uptake of potassium and phosphorus 
(Prior et al., 1992). Likewise, phosphorus absorption can be reduced when soil mycorrhiza, 
which assist phosphorus absorption, are killed off by plant protection chemicals. 
Consequently, nutrient deficiencies can occur even when the soil contains adequate nutrient 
supplies. Another factor that would weaken the relationship is that grapevines draw on 
nutrients stored in the root and shoot systems. 

The above considerations support the use of soil analysis to assess soil nutrient status. A 
standard soil sampling method and appropriate soil standards are not available for viticultural 
soils. Soil nutrient concentrations are highly variable, both inherently and due to 
management inputs such as fertiliser use, crop removal, cultivation and irrigation. To develop 
a soil sampling method, information on the vertical and lateral distribution of nutrients in the 
vine row, number of soil cores required for a composite sample, seasonal variation in soil 
nutrients (Brown, 1993) and the rooting patterns of grapevines is needed. The rooting 
patterns of own-rooted and Ramsey rootstock Sultana grapevines are now known (Nagarajah, 
1987). 

Fertiliser rates cannot be estimated from soil analyses. Currently this is largely a matter of 
guesswork in Sunraysia, with long term fertiliser response trials required to obtain precise 
information. In the short term, estimates of tentative fertiliser rates can be obtained by 
determining the fertiliser rate required to increase petiole nutrient levels from deficient to 
adequate concentrations. Annual rates to maintain vines in the adequate range would clearly 
be less than the rates needed to correct a deficiency. The fertiliser rate required to correct 
nitrogen deficiency is a priority because surveys have shown that nitrogen deficiency is the 
most common deficiency in Sunraysia (Nagarajah, unpublished results). Some early work in 
Sunraysia indicated that Sultana vines needed 50 kg ofN kg ha-1 i 1 (Alexander 1957). Since 
this early work, considerable improvements in soil management, irrigation methods, trellis 
design and the use of rootstocks has occurred. Nitrogen at 40 kg ha-1 i 1 (Conradie and 
Saayman, 1989) and 56 kg/ha (Spayd et al., 1993) are recommendations from more recent 
overseas trials. 
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Investigations were carried out to develop a method of soil sampling, establish soil nutrient 
standards and determine the relationship between soil and petiole nutrient concentrations in 
vineyards. The investigation was limited to soil nitrate, phosphate and potassium. The rate of 
N fertiliser required by N deficient grapevines was also estimated. 

Materials and Methods 
The investigations were carried out using soil cores (diameter 40 mm) collected from 
commercial vineyards. Unless otherwise stated, soil cores were collected at 30 em distance 
from the vine trunk, perpendicular to the vine row, and 15 cores (30 em depth) were used for 
a composite sample. The cores were air-dried and mixed in a cement mixer prior to 
collecting a subsample for grinding and measurement of macro-nutrient availability. Soil 
nitrate and available phosphate and potassium were measured using the methods ofRayment 
and Higginson (1992), Olsen eta/. (1954) and Tucker (1974), respectively. 

Vertical and lateral distribution of nutrients in the vine row 

Soil cores were collected from eight vineyards in mid-September 1995. In each vineyard, 30 
soil cores were collected to a depth of 90 em, at 30 and 90 em distances from the vine trunk. 
The 30 and 90 em positions will be referred to as the trunk and middle positions respectively. 
These cores were collected from every second vine along a vine row. Each soil core was then 
divided into 30 em segments and the 30 segments from each position/depth were combined to 
form a composite sample. It was considered that a composite sample from 30 soil cores 
would provide a reliable estimate ofthe nutrient concentration at each position/depth. 

Number of cores required for a composite sample 

Soil cores were collected from five vineyards in mid-September 1995. In each vineyard 30 
cores were collected at random from five vine rows with uniform soil texture. The individual 
soil cores were dried and the nutrient concentrations measured. The results were used to 
calculate the coefficients of variation and determine the error in using 20 soil cores for a 
composite soil sample. 

Seasonal variation in nutrients 

Soil cores were collected in spring (October), summer (December), autumn (March) and 
winter (July) in 10 vineyards over two years commencing from spring 1996. In each 
vineyard the soil cores were always collected from the same row of 15 vines. 

Relationship between soil and petiole nutrient concentration 

Soil and petiole samples were collected in 100 vineyards for three seasons commencing in 
spring 1995. Fifty vineyards had Sultanas on own-roots and the balance had Sultanas on 
Ramsey rootstock. The soil cores and petioles opposite the basal cluster position were 
collected in mid-October and early November, respectively, from the same row of 15 
grapevines. The petioles were dried at 60°C and ground to a powder. The concentrations of 
N03-N, P and K were determined spectrophotometrically and by ICP using the methods of 
Rayment and Higginson (1992) and Zarcinas and Cartwright (1983) respectively. The 
relationship between soil and petiole nutrient concentration was determined by calculating 
the regression coefficient. 
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Soil nutrient standards 
Tentative soil nutrient standards were established using petiole and soil nutrient data of the 
100 vineyards. Initially, from each season's petiole nutrient data vineyards which had 
adequate nutrient levels were selected using the petiole nutrient standards of own-rooted and 
Ramsey rootstock sultanas (Robinson eta/. , 1997). Thereafter, the mean soil nutrient 
concentration (± 2 x standard error) for the selected vineyards was calculated. These values 
were the soil nutrient standard for each season and the mean value for the three seasons was 
the tentative soil nutrient standard. They are tentative standards because the values were not 
based on long term fertiliser/crop response trials. 

Rate of fertiliser required to correct nitrogen deficiency 
The trial was carried out on vineyards that had nitrogen deficient own-rooted or Ramsey 
rootstock Sultanas. These vineyards were selected from the 100 trial vineyards on the basis 
of petiole analysis data. The number of vineyards used in each year were: 1996, Sultana on 
own roots (3) and Sultana on Ramsey (2); 1997, Sultana on own roots (2) and Sultana on 
Ramsey rootstock (5). In each vineyard, nitrogen was applied as ammonium nitrate to four 
groups of ten vines at 0, 25, 50 and 75 kg N ha-1• The fertiliser was applied in late August 
and petiole N03-N concentration measured in early November (flowering). The fertiliser was 
rinsed down into the soil profile by either irrigation and/or rain before petiole nitrate was 
measured. 

Results and Discussion 
The vertical and lateral distribution of nutrients in the soil profile in early spring are shown in 
Tables 1 to 3. 

Table 1. Vertical and lateral distribution of nitrate nitrogen (mg/kg) in the soil profile in eight 
vineyards. Mean of 30 soil cores. Data for Vineyard 1 (bracketed) were eliminated from 
analysis of variance on the basis of Dixon's test for outliers (Rohlf and Sakal, 1981 ). 
Different superscripts indicate significant differences between depth means at P=0.05. 

Depth (em) 
0-30 30-60 60 - 90 

Vineyard Trunk Middle Trunk Middle Trunk Middle 
(1) (21.0) (12.0) (19.0) (5.8) (19) (3.6) 
2 4 .8 4.6 0.1 0.1 0.1 0.1 
3 0.4 2.2 0.1 0.4 0.3 0.2 
4 0.7 0.3 0.2 0.3 0.2 0.4 
5 0.4 0.3 0.1 1.4 0.1 0.1 
6 0.7 0.3 0.2 0.1 0.4 0.1 
7 0.9 2 0.1 0.1 0.1 0.1 
8 0.8 2.1 0.1 0.1 0.1 0.1 

Depth 1.5A 0.28 0.28 

means 

Analysis of variance indicated that N03-N, P and K availabilities were higher in the top 30 
em than at the two lower depths. There were no significant differences between the two lower 
depths. Markedly higher P availability in the top 30 em was expected, as the relatively 
immobile phosphate ion (derived from fertilisers and decomposing plant material) 
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accumulates as immobile calcium phosphates at or near the point where it first enters the soil 
solution. However, nitrate concentrations were also higher in the top 30 em by the same 
order of magnitude as phosphate concentrations. The site of sample collection did not have a 
significant effect on that nitrate, potassium and phosphate concentrations, and there was no 
significant interaction terms with depth of sample collection. Based on these analyses, 
collection of soil cores for nutrient measurements should be from the top 30 em. This depth 
will cover the high root density zone in Sultana grapevines (Nagarajah, 1987). Similar 
vertical distribution ofN03-N (Cameron et al. 1971), P (Bolland,1992; Malhi et al., 1992) 
and K (Cameron et al., 1971; Nguyen et al., 1989) have been reported in non-irrigated 
cropping soils To standardise the position of collection it is suggested that soil cores be 
collected near the vine trunk. 

Table 2. Vertical and lateral distribution of phosphate (mglkg) in the soil profile in eight 
vineyards. Mean of 30 soil cores. Different superscripts indicate significant differences 
between depth means at P=0.05. 

Depth (em) 
0-30 30-60 60-90 

Vineyard Trunk Middle Trunk Middle Trunk Middle 
1 11 9 0.5 0.5 0.5 0.5 
2 11.5 12.3 0.5 0.5 0.5 0.5 
3 15.6 15.5 6.3 10.9 0.5 5.9 
4 5.5 4.1 0.5 0.5 0.5 0.5 
5 3.1 7.9 0.5 0.5 0.5 0.5 
6 8.9 22 0.5 3.4 0.5 3.1 
7 3.4 5.4 0.5 0.5 0.5 0.5 
8 11.3 14.4 1.4 1.5 0.5 0.5 

Depth 10.1A 1.88 1.08 
means 

Table 3. Vertical and lateral distribution of potassium (meq/1 00 g) in the soil profile in eight 
vineyards. Mean of 30 soil cores. Different superscripts indicate significant differences 
between depth means at P=0.05. 

Depth (em) 
0-30 30 - 60 60-90 

Vineyard Trunk Middle Trunk Middle Trunk Middle 
1 1.2 0.9 0.8 0.6 0.7 0.7 
2 1.2 1 0.6 0.6 0.6 0.6 
3 0.5 0.5 0.6 0.5 0.6 0.6 
4 0.7 0.7 0.6 0.5 0.6 0.5 
5 1.0 1.0 1.0 0.9 0.8 0.8 
6 0.7 0.8 0.5 0.4 0.7 0.5 
7 0.5 0.5 0.3 0.3 0.3 0.2 
8 0.9 0.9 0.6 0.7 0.5 0.6 

Depth 0.8A 0.68 0.68 
means 
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Coefficients of variation ofN, P and K availabilities in soil cores collected from five 
vineyards are presented in Table 4. 

Table 4. Mean nutrient concentration and coefficient of variation for 30 soil cores from each 
of five vineyards. 

N03-N (mg kg- ) P(mg kg-) K (meq 100g- ) 

Vine-
Coefficient Coefficient Coefficient 

Mean of Mean of Mean of 
yard 

Variation Variation Variation 
1 1.4 55 9.2 32 0.8 21 
2 1.3 34 3.7 28 0.5 12 
3 4.4 62 16.6 88 1.3 15 
4 5.2 44 8.6 37 0.7 13 
5 2.1 43 3.1 37 0.9 12 

The availabilities of nitrate and phosphate show more variation than potassium. The results 
of the study were used to calculate the error in using 20 soil cores from a vineyard for a 
composite sample (Snedecor and Cochran, 1972). This would result in 95% confidence 
intervals for the means of± 23 %, ± 18 % and ± 7%, respectively, for N, P and K. The soil 
samples for the study were collected from an area of uniform soil texture. However, within 
any vineyard there can be marked changes in soil texture and separate soil samples should be 
taken for each soil texture. 

The seasonal changes in nutrient levels are shown in Figures 1 to 3. Due to similarities in the 
trends over the 10 vineyards sampled, data from only five out of the 10 vineyards are 
presented. 

Figure 1. Seasonal changes in soil nitrate nitrogen concentrations in 5 vineyards over two 
seasons. 
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Increases in N03-N and P availabilities were observed when fertilisers were applied to either 
the grapevines or the cover crops. For example, vineyards 1, 4 and 5 in Figure 1, and 
vineyards 1, 3 and 5 in Figure 2. The duration of elevated Nand P availabilities was much 
shorter for N than for P. The relative ease with which nitrate compared to phosphates can be 
leached by irrigation and rain water may account for this difference. Potassium availability 
did not change even when K fertiliser was applied and could be due to fixation in clay 
minerals (Ross eta/., 1989). This study did not show whether it is best to collect the soil 
cores in spring, summer, autumn or winter for soil analysis. To standardise the time of 
collection, it is suggested that the cores be collected in early spring to coincide with the start 
of nutrient absorption (Conradie, 1980). 

Figure 2. Seasonal changes in soil phosphate concentrations in five vineyards over two 
seasons. 
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The relationships between soil and petiole nutrient concentrations were generally neither 
consistent nor strong (Table 5). 

The best relationships were observed for soil and petiole phosphorus in rootstock Sultanas. 
Therefore, when petiole analysis indicates P deficiency, soil analysis may assist verifying that 
low soil P is the cause of the problem. The reasons for the weak correlation for N and K 
were discussed earlier. 

The data base was used to estimate tentative soil nutrient standards, which are presented in 
Table 6. Long term fertiliser response trials are needed to either conftrm or adjust these 
standards. 

The rate ofN required to raise petiole N03-N concentration from 0 to 850 mg kg·1 in own 
rooted and Ramsey rootstock Sultanas were 54 and 74 kg ha·1 y·1

, respectively. A petiole 
N03-N concentration of850 mg kg·1 was selected because it is at the mid-point ofthe 
adequate range of 500 to 1200 mg kg-1 (Robinson eta/., 1987). The larger root systems and 
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higher shoot vigour of rootstock vines relative to own rooted vines may account for the 
higher N requirements. Long term fertiliser trials are needed to confirm or adjust these 
tentative fertiliser rates. These rates are the estimates of the rates needed to bring deficient 
vines to adequate levels, and do not indicate "steady state" rates. 

Figure 3. Seasonal changes in soil potassium concentrations in ftve vineyards over two 
seasons. 
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Table 5. Product moment correlation coefficients (r2) for the relationships between soil and 
petiole nutrients in own rooted and Ramsey rootstock Sultana vines for three years. 

Year 
Soil N03-N vs Soil P vs Soil K vs 
petiole N03-N petiole P petiole K 

Sultana - own roots 
1995 0.16 0.28 0.28 
1996 0.13 0.02 0.05 
1997 0.30 0.14 0.05 

Sultana on Ramsey rootstock 
1995 0.15 0.54 0.00 
1996 0.47 0.29 0.02 
1997 0.00 0.25 0.00 

Table 6. Tentative soil N03-N, P and K standards for Sultana vineyards 

Rootstock 

own roots 
Ramsey 

3.9-6.5 
1.3- 2.6 

11.4-20.1 
10.4- 15.4 

0.8 - 1.1 
0.9- 1.2 
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Conclusions 
The following method should be used to take out the guesswork in using fertilisers in 
vineyards. Initially, petiole analysis should be used to determine nutrient status in grapevines. 
It should be followed by soil analysis to determine whether a change in fertiliser management 
or some other management input are required. 

Figure 4. Effect ofN fertiliser rate on the petiole N03-N concentration ofN deficient Sultana 
grapevines. Total number of vineyards: Sultana (5), Sultana/Ramsey (7). Mean values 
across two seasons used to estimate relationship. Regression equations for Sultana on own 
roots and Sultana on Ramsey are y = 15.79x andy= 11.44x respectively, where y =petiole 
N03-N concentrations at flowering and x =kg N ha-1 f 1
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4. A petiole sap test for nitrate and potassium in Sultana 
grapevines 

by 

S. Nagarajah 
Sunraysia Horticultural Centre, P.O.Box 905, Mildura, Vic 3502; Australia 

Introduction 
Sap tests have been developed to measure nutrient concentrations in a number of vegetable 
crops, e.g. potato (Vitosh and Silva, 1996; Williams and Maier 1990), tomato (Lyons and 
Barnes, 1987), cabbage (Scaife and Stevens, 1983), cauliflower (Kubota eta!., 1996) and 
capsicum (Olsen and Lyons, 1994). Such tests are inexpensive and give rapid results, but a 
literature search revealed that there are no rapid tests for nutrients in leaf sap of perennial 
horticultural crops, including grapevines. 

Sap tests in vegetables have been used mainly to measure nitrate concentrations (Prasad and 
Spiers, 1984; Lyons and Barnes, 1987; Coltman, 1987; Kubota eta!., 1996). However, 
potassium concentrations have also been measured in a few studies (Rosen eta/., 1996; 
Hochmuth, 1994). Merckoquant® or Merck® test strips have been used to measure sap 
nitrate concentrations (Lyons and Barnes, 1987; Williams and Maier, 1990), and Merck 
RQflex® test strips are now available to measure a number of nutrients other than nitrate and 
potassium. The advantage of using RQflex®test strips is that the colour intensity of the test 
strip can be measured using the RQflex® reflectometer. Ion specific electrodes have also 
been used to measure both nitrate and potassium concentrations (Kubota et al., 1996; Rosen 
et a/., 1996). Sap nitrate concentrations measured using test strips and ion electrodes have 
given comparable results (Scaife and Stevens, 1983). Interference by other ions present in 
solution is a major problem that limits the use of ion-specific electrodes at present. 

If sap nutrient concentrations show diurnal variation the time of sample collection will be an 
important contributor to variation in test results. Diurnal variation in nitrate concentrations 
has been observed in beets (Minotti and Stankey, 1973) and tomatoes (Coltman, 1987), but 
not in cereals (Papastyliano, 1995). It is not known whether grapevine nutrient 
concentrations show diurnal variation. · - .: · 

Grapevine sap test results can be expressed either on a fresh or dry weight basis. It is 
desirable to express the results on a dry weight basis because of the difficulty in ensuring that 
water loss from fresh samples is non-existent or minimised, particularly in a commercial 
context. In addition, the fresh to dry weight conversion factor will change during the season 
because secondary thickening will increase petiole dry matter relative to petiole water. The 
latter value is needed to express results on a dry weight basis. 

A sap test for nitrate and potassium concentrations in Sultana grapevines was developed. The 
nutrient extraction method, its accuracy, sample variation, the number of petioles which must 
be collected for an accurate test, diurnal variation in nutrients and the effect of leaf growth on 
petiole dry weight percent were investigated. 
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Materials and Methods 
Sap extraction from grapevine petioles is problematic. With soft tissue a garlic press can be 
used to squeeze out the sap. The same method cannot be used with grapevine petioles 
because of their fibrous nature. This difficulty was overcome by freezing the petioles to 
cause cell rupture and then thawing and macerating in a blender with water. 

The studies were always carried out using petioles (50g) collected from opposite the basal 
cluster position in Sultana grapevines. The petioles were collected and packed in plastic bags 
and stored in a freezer ( -1 0°C) at least overnight before maceration. Frozen samples were 
thawed in an oven at 25°C and macerated in a blender using the following standardised 
conditions: 

• petiole and distilled water temperature: 25°C, 
• petiole weight to water volume ratio: 1:4 (i.e. 50g petioles: 200ml water), 
• maceration time: 30 seconds. 

Maceration was carried out in a Semak® bar blender using maximum speed (Semak Australia 
Pty Ltd. , P. 0. Box 128, Ballarat, Victoria 3350). The petiole extract was filtered through 
cotton wool prior to measurements being ca.ITied out, and the petiole residue dried at 80°C so 
that the results could be expressed on a residue dry weight basis. Nitrate and potassium 
concentrations in the extract were measured using Merck's RQflex® test strips. The test strip 
colour intensity was measured in a Merck RQflex® reflectometer (Merck Pty. Ltd., 207. 
Colchester Road, Kilsyth, Victoria 3137). The concentration ranges for nitrate and potassium 
test strips were 5-225 and 250-1200 mg r 1

, respectively. Appropriate dilutions to the extract 
were made when the nutrient concentrations exceeded the test strip range. Each packet of test 
strips were separately calibrated using standard solutions of nitrate or potassium and the 
regression equations used to convert RQflex® meter readings to nutrient concentrations. The 
nitrate and potassium values were converted to mg kg·1 or% of dry weight basis. These units 
match those used by Robinson et a/. ( 1997) for petiole standards. Unless otherwise stated, 
nutrient measurements were always made using five 50g samples of petioles, i.e. five 
replicate measurements per treatment. 

The effect of freezing on the sap test result was determined using petioles from three 
vineyards. Nutrients in fresh samples were measured immediately after collecting the petioles 
and compared with petioles stored in a freezer overnight before nutrient levels were 
measured. - ·'" 

A nutrient recovery study and comparison of nutrients measured using the sap test and 
conventional analysis were used to check the accuracy of the sap test. In the case ofthe 
recovery method, known quantities of nitrate or potassium were added to petiole sap extract 
arid the resultarit concentrations estimated using test strips. Nitrate and potassium 
concentrations used in the study were 12.5, 25, 50 and 75 mg/1 and 100, 200, 250, 300, and 
375 mg/1 respectively. The petiole sap extract used in this study was prepared using the 
standardised method described above. Comparisons of sap tests and conventional arialyses 
for nitrate arid potassium were made using 80 and 50 samples, respectively, collected from 
local vineyards at flowering. Each sample ( 1 OOg) was mixed and divided into two equal 
halves. One half was used to measure nutrient levels using the sap test while the other half 
was oven dried at 60°C, ground to a powder and nitrate and potassium measured by 
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conventional analysis using the methods of Rayment and Higginson (1992) and Zarcinas and 
Cartwright (1983), respectively. 

Sample variation was determined using petioles from five vineyards. In each vineyard 
petioles were collected from five rows which had both uniform soil texture and reasonably 
uniform shoot vine vigour. About 2 kg of petioles were collected and thoroughly mixed. The 
bulk petiole sample was used to prepare thirty two 50g subsamples for nutrient 
measurements. The test results were used to calculate the coefficient of variation and to 
determine the number of samples required for the sap test. 

Diurnal variation in nutrient levels was studied by collecting petioles from 0600h until 1600h 
at two-hour intervals. Petioles were collected from three vineyards, and were also collected 
on different days for the study. 

Data on changes in petiole dry weight percent were obtained by measuring fresh and dry 
weight of 100 petioles collected from 1st October 1997 until 17th March 1998 at about 14-
day intervals in 13 vineyards. 

Results and Discussion 
Freezing petioles prior to maceration significantly increased the extraction of nitrate and 
potassium from petioles from two out of the three vineyards (Table 1). This result indicates 
that petioles should always be frozen prior to maceration because the use of fresh petioles 
may sometimes lead to apparently low nutrient values. An advantage of freezing petioles is 
that it offers the flexibility of storing petiole samples and carrying out the sap test at a more 
convenient time. 

Table 1. The effect of freezing petioles N03-N and K extraction from petioles collected from 
three vineyards (dry weight basis). F-, without freezing; F+, frozen and thawed. 

N03-N, mg kg· 1 K,% 
Vineyard F- F+ LSD, P=0.05 F- F+ LSD, P=0.05 

1 494 818 194 2.44 3.78 0.19 
2 836 997 169 1.50 1.60 0. 12 
3 1772 2453 587 1.39 1.62 0.06 

Results of the nutrient recovery study are presented in Table 2. At low levels of added 
nitrate, recovery was in excess of the addition, possibly indicating the error in the test strips 
and giving some indication of the strips' reliability at low concentrations. At higher levels of 
added nitrate, the recovery of nitrate was satisfactory, indicating that colour development in 
the nitrate test strip was not markedly affected by other chemicals present in the petiole sap 
extract. In contrast, the low recovery of potassium suggests possibly that colour development 
in the test strip was interfered with by other compounds in the extract or that this technology 
is at this stage not as well advanced as that of the nitrate test strips. 

The r2 value for the relationship between added nutrients and measured nutrient 
concentrations in sap extract for both nitrate and K was 0.99. The high r2 value indicated that 
the test strip method can be used to measure nitrate and K concentrations in the petiole sap 
extract. This was confirmed by comparing nitrate and K measurements made using the sap 
test and conventional analysis (Figures 1 and 2). Nitrate measurements made using both 
methods closely agreed-r2 value of 0.94. However, K measurements using the sap test and 
conventional analysis did not appear to correlate as well. Measurement of K concentrations 
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by atomic absorption or atomic emission spectroscopy is a well tested technology, and so the 
comparatively poorer correlation may be due to the K test strips for the reasons alluded to 
above. Nevertheless, a r2 value of 0.86 forK indicates that the sap test is still of practical 
value because of the consistent linear relationship between the two methods. The regression 
equations presented in the two graphs could be used to convert sap test results to the 
conventional analysis results, with the proviso that the conversion is used only on samples 
taken at flowering. 

Table 2. Comparison of quantities of nitrate and K added to grapevine petiole extract and 
concentrations measured(± se) using the test strips. Bracketed figures indicate amount 
recovered as a percentage of that added. 

Nitrate, mg r' K, mgr' 
Added Measured Added Measured 

12.5 17.3 ± 0.9 (138%) 100 64 ±2 (64%) 
25.0 25.4 ±2.0 (102%) 200 131 ±4 (66%) 
50.0 49.1 ±0.8 (98%) 250 175 ±8 (70%) 
75.0 72.7 ±1.6 (97%) 300 197 ±4 (66) 

- - 375 237 ±8 (63%) 

The sap test results on 32 samples from each of five vineyards are shown in Table 3. The 
coefficient of variation for nitrate was very high in Vineyard 3 and this may be an extreme 
case. The results were used to calculate the predicted error (P=0.05) in using 3 or 4 samples 
for the sap test (Snedecor and Cochran, 1972). The predicted errors are: nitrate- 3 samples, 
28- 107%; 4 samples, 18- 68%; K- 3 samples, 23- 50%; 4 samples, 15- 32%. Three or 
four samples would be equivalent to 150- 200 petioles because each fresh petiole weighs 
about 1 g. The number of petioles is higher than 100 petioles recommended by Robinson et 
a/. ( 1997) when nutrients are measured by conventional analysis. The petioles for this study 
were collected from grapevines growing in uniform soil in each vineyard. However, within 
any vineyard there will be marked changes in soil texture. Separate petiole samples should 
be collected to cover these changes. 

Table 3. Mean nitrate-Nand potassium (dry weight basis) and coefficients of variation 
(CoV) measured using 32 (50g) petiole samples collected from 5 vineyards. 

Nitrate-N Potassium 
Vineyard mgkg- CoV - % • CoV 

1 760 13 0.85 9 
2 1243 18 3.69 13 
3 386 42 3.47 20 
4 1021 17 2.10 12 
5 587 11 1.35 7 

The diurnal variations in nitrate and K levels in three vineyards on different days are shown 
in Figures 3 and 4. Both nitrate and potassium concentrations commonly showed slight non
uniform fluctuations between 0800h and 1600h. The highest fluctuation occurred in 
Vineyard 2 where the potassium level dropped to about half its value after mid-day. The 
reason for this could have been the problem of salt toxicity in this vineyard. The combined 
effects of low potassium levels in salt affected vines (Prior eta/., 1992) and the increase in 
vine water stress during the day (Smart and Coombe, 1983 ) may account for the low 
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potassium concentrations after mid-day. The effect of diurnal variation in nutrient 
concentrations on the test results can be reduced by collecting petioles between 0800h and 
0930h. 

Figure 1. Relationship between petiole N03-N measured using the sap test and conventional 
analysis (dry weight basis). Data for 80 petiole samples. 
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Figure 2. Relationship between petiole potassium measured using the sap test and petiole 
potassium measured conventional analysis (dry weight basis). Data for 50 petiole samples. 
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Figure 3. Diurnal variation in nitrate nitrogen levels in petioles collected from 3 
on different days. Standard errors are indicated by vertical lines. 
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Figure 4. Diurnal variation in potassium levels in petiole collected from 3 vineyards on 
different days. Standard errors are indicated by vertical lines. 
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Figure 5. Sultana petiole mean dry matter percentage from October 1997 to March 1998. 
Vertical bars indicate standard error for each mean. 
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The petiole dry weight percent increased from about approximately 6 to 12% from October 
1st until early January in 1997/98 and did not change thereafter (Figure 5). This change 
should be taken into account when converting sap test results from fresh to dry weight basis. 
The conversion factor decreases from 16 to 8 during the season. 

The sap test developed in the present study is now recommended for measuring nitrate and K 
concentrations in Sultanas at flowering. The nitrate test will be particularly useful to 
viticulturists in Sunraysia. Recent surveys have shown that nitrogen deficiency, and to a very 
much lesser extent excess nitrogen, are the main nutrient problems in Sultanas in Sunraysia 
(Nagarajah, unpublished results). Nitrogen deficiency may be associated with lower 
productivity (Cook, 1966; Conradie and Saayman, 1989; Neilsen et al., 1987), while excess 
N may promote shoot growth, increase bunch shading, and increase the potential for bunch 
disease outbreaks. Thus, a rapid and inexpensive sap test would be useful to monitor vine 
nitrogen levels and allow appropriate corrective action. 

At present these two sap tests can only be used for Sultana at flowering time because nutrient 
standards are only available at this stage of growth (Robinson et al., 1997). This limits the 
full benefit of tests. Additional nutrient standards are needed for pre-flowering, veraison and 
pre-harvest. The pre-flowering standard could be used to determine nutrient deficiencies 
very early in the season and to apply remedial fertilisers to allow the vine more time to 
absorb added nutrients prior to flowering and berry setting. Likewise, veraison and pre
harvest standards could be used to determine nutrient deficiencies for remedial action late in 
the season. This information is needed to plan post-harvest and the following season's 
fertiliser programs. 

Conclusion 
Sap tests for nitrate and potassium have been developed for industry. The sap test method of 
nutrient level measurement should now be expanded to include phosphate, sodium and 
chloride. Evaluation is needed on the use of the sap test developed for Sultana vines to 
measure nutrients in other grapevine varieties as well. Subsequent work showed that the sap 
nitrate test was satisfactory for testing Chardonnay grapevines (Nagarajah, unpublished 
results). It is probable that the test 
can be adapted for other perennial crops where there are similar needs for nutrient 
monitoring. 
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5. Grapevine crop response to iron, zinc and growth retardant 
sprays 

by 

S. Nagarajah 
Sunraysia Horticultural Centre, P.O.Box 905, Mildura, Vic 3502, Australia 

Introduction 
The calcareous soils in Sunraysia can induce micro-nutrient deficiencies in non-tolerant 
plants. The micro-nutrient most frequently limiting is iron (Fe). Iron deficiency is also 
known as "lime-induced iron chlorosis" (Nagarajah, 1985). Symptoms include pale green, 
yellow or even white terminal leaves, but the veins remain green, and symptom distribution is 
not uniform across a vineyard. Conditions that favour Fe deficiency are heavy soil texture, 
cool wet springs and/or excess irrigation. High rates of N fertiliser induce Fe deficiency by 
stimulating growth, thereby increasing the Fe needs beyond available supply. Control 
measures include avoiding over-irrigation, not applying high rates of Nand P fertilisers, 
drilling or injecting Fe compounds into the trunk and applying Fe chelates either as sprays or 
to the soil. (Wallace and Hemantaranjan, 1995). These control measures are relatively short
lived, with long term control obtained through the use of lime tolerant rootstocks such as Vitis 
berlandieri and its hybrids (Spiegel-Roy, 1979) and Fercal rootstock (Pouget and 
Ottenwaelter, 1983). The effect of Fe deficiency on grapevine yields has not been 
documented in Sunraysia, and the efficacy of, and response to, Fe chelate sprays has also not 
been determined for dried vine fruit varieties. 

Zinc (Zn) deficiency is also considered a problem in Sunraysia. This is an important 
deficiency because Zn deficiency can decrease yield through reduced fruit set (Cook, 1966, 
Christensen and Jensen, 1978). The deficiency symptoms include reduced shoot and leaf 
size, distorted leaves, chlorotic leaves, and blades with reduced basal lobes (Nagarajah, 
1989). In Sunraysia such symptoms have only been observed in mature grapevines affected 
by glyphosate weedicide damage. Nursery vines can also show the symptoms, and this is 
thought to be associated with the particular use of soil fumigants (Nagarajah, 1989). In both 
situations the death of soil mycorrhiza needed for Zn absorption is the likely cause of Zn 
deficiency. The bunch symptoms are poor fruit set and straggly clusters with fewer berries of 
uneven size. These symptoms are sometimes seen on Muscat Gordo blanco. There are no 
visible symptoms of mild Zn deficiency. 

The control measures are spraying Zn to cane pruned varieties or painting pruning cuts with 
Zn compounds in spur pruned varieties (Cook, 1966). Studies in Sunraysia have shown non
consistent yield responses to Zn by Muscat Gordo blanco (Orton, 1949) and Sultanas 
(Alexander and Woodham, 1964). Following this early work, applying pre-flowering Zn 
sprays is a common practice in Sunraysia. Since the early studies, considerable improvement 
in soil management, irrigation methods, trellis design and the use of rootstocks has occurred. 
Further, since these earlier studies adjuvant technology has advanced considerably, and a 
wide variety of formulations are available. However, no new studies have been carried out to 
determine whether Zn sprays are beneficial when applied to grapevines grown under 
improved management regimes. A commercially available growth retardant is also used in 
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Sunniysia to improve fruit set in Muscat Gordo blanco, but there is no experimental evidence 
on its effectiveness. 

The influence of Fe deficiency on yield, yield response ofFe deficient vines to Fe chelate 
sprays and yield responses to pre-flowering Zn and growth retardant sprays were 
investigated. 

Materials and Methods 
Sultana and Muscat Gordo blanco vines growing on commercial Sunraysia vineyards were 
used in all the trials. Fe, Zn and growth retardant sprays were applied in early spring to 
single vines with a guard vine on either side. All treatments were replicated ten times and 
arranged in randomised blocks. Agral 600 at 0.01% was used as the wetting agent and the 
control vines were sprayed with water containing the spreader. A motorised mist-sprayer 
(Hardie ®) was used to apply sprays to runoff. At harvest, fresh weights of grapes were 
recorded, ~rix in the berry juice measured. The latter values were used to calculate the 
yields of dvfusing the conversion ratios ofGmcarevic (1973). The effects of Zn and growth 
retardant sprays on bunch weight were assessed by recording the weight of 25 individual 
clusters from each experimental vine at harvest. Analysis of variance was used to determine 
treatment differences. 

Iron studies 

Severely Fe deficient and mildly Fe deficient own rooted Sultana vines were used. On 
severely Fe deficient vines, most of the leaves showed Fe deficiency symptoms and cane 
growth was reduced. In mildly Fe deficient vines only a few terminal leaves showed Fe 
deficiency symptoms. The trial was carried out over two seasons commencing in 1996/97. 
Severely iron deficient Sultanas 
Two studies were carried out using severely Fe deficient Sultanas. In 1996/97, data on the 
effect of severe Fe deficiency on crop weight was obtained using ten pairs of severely Fe 
deficient vines and healthy vines. The pairs of vines were close to each other in the same row 
or an adjacent row. In 1997/98, the yield response to FeEDTA (Fe ethylene diarnine tetra 
acetic acid) was obtained using ten pairs of severely Fe deficient vines. One vine in each pair 
was sprayed three times with Fe chelates at 0.1% (w/v) on 8, 17 and 31 October 1997. The 
non-sprayed vine was the control. 
Mildly iron deficient Sultanas .:. 
Mildly Fe deficient vines were used to determine crop response to FeEDTA sprays applied 
either at different concentrations or multiple sprays at a low concentration. The treatments 
were: 1996/97, FeEDTA at 0, 0.10, 0.15 or 0.20% (w/v) sprayed on 12 October 1996; 
1997/98, one, two or three sprays ofFeEDTA at 0.10% (w/v) applied on 8, 17 and 31 
October, 1997, respectively. 

Zinc and Growth retardant sprays 

The Sultana Zn trial was carried out on Sultanas grafted on Ramsey rootstock in 4 vineyards 
over 3 seasons commencing in 1995/96. The Muscat Gordo blanco Zn trial was carried out in 
3 vineyards over 2 seasons commencing in 1996/97. The Muscat Gordo blanco vines were on 
own roots in 2 vineyards and on Schwarzrnann rootstock in the third vineyard. A 
commercially available growth retardant was included in the Muscat Gordo blanco trial. The 
trial vines did not show any shoot Zn deficiency symptoms. However, the Muscat Gordo 
blanco vines did show cluster symptoms resembling those caused by Zn deficiency. In the 
Sultana trial, Zn sulphate at two concentrations and four commercially available Zn products 
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were tested. The commercial Zn products, referred to as Zn 1, Zn2, Zn3 and Zn4, were used at 
label rates. Znl was used every year and the other Zn products were used either for one or 
two years. Zn treatments were: 1995/96, Zn sulphate (ZnS04) at 0.1 and 0.2%, Znl and Zn2; 
1996/97, ZnS04 at 0.2%, Zn1 , Zn3, and Zn4: 1997/98, ZnS04 at 0.1 and 0.2%, Zn1 and 
Zn3. The Zn treatments used on Muscat Gordo blanco vines in both seasons were the same 
as those used on Sultana vines in 1997/98. The growth retardant was sprayed on Muscat 
Gordo blanco at label rates. 

Results and Discussion 
Yields of dvf from healthy and severely Fe deficient sultanas were 4.78 and 1.52 kg/vine, 
respectively [LSD (P=0,05) = 1.2]. These data demonstrate that sultana yields are depressed 
by severe Fe deficiency. The calculated crop dry weights in non-sprayed and FeEDTA 
sprayed severely Fe deficient vines were 3.0 and 3.5 kg/vine respectively [LSD (P=0,05) = 
0.7]. It is evident that FeEDTA sprays applied to severely Fe deficient vines made no 
significant difference to dried fruit yields in the season in which the vines were sprayed. In 
addition , chlorotic leaves did not re-green after the FeEDT A sprays. The lack of response in 
terms of leaf re-greening suggesting that FeEDT AI Agral 600 formulation was not associated 
with trans-cuticle Fe movement. In addition, yields of dvf from the severely Fe deficient 
non-sprayed vines were twice that of the vines used to estimate yield loss due to severe Fe 
deficiency. This suggests that the vines used in the Fe spray trial were not severely Fe 
deficient. 

Fe EDT A sprays applied to mildly Fe deficient vines either at three concentrations (Table 1) 
or as multiple sprays at a single concentration (Table 2) did not significantly increase dried 
fru it yields in the season in which the sprays were applied. FeEDT A at 0.15 and 0.20% 
caused mild leaf scorch. 

Table 1. Effect of Fe chelate sprays at three concentrations on the calculated crop dry weight 
in mildly Fe deficient Sultanas 1996/97. 

FeEDTA (%) 
0 0.1 0.15 0.20 LSD, P=.05 

kg dvf vine·' 3.4 4.0 3.7 4.2 1.1 

Table 2. Effect of multiple Fe chelate sprays at 0.1 % on the calculated crop dry weight in 
mildly Fe deficient Sultanas (kg/vine), 1997/98. 

Number of sprays 
0 1 2 3 LSD P=.05 

kg dvf vine·' 5.1 4.5 4.8 4.6 1.0 

Until an effective foliar Fe spray is formulated, a number of management practices should be 
used to control Fe deficiency. These include avoiding excess soil moisture levels during 
spring, not applying excess nitrogen or phosphorus fertilisers and not applying excess rates of 
weedicides. Excessive herbicides may reduce populations of soil micro-organisms needed 
for Fe absorption and induce Fe deficiency (Bavaresco and Fogher 1996). Perret and Koblet 
(1990, 1996) suggests that Fe deficiency can sometimes be associated with reduced root 
growth, which decreases synthesis of root hormones such as cytokinins. When reduced root 
growth is the causative factor, steps should be taken to correct it. Two common causes of 
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reduced root growth in Sunraysia are heavy soil texture and insufficient irrigation. In the 
case of heavy soil texture, own rooted vines should be replaced with rootstock vines to 
improve root growth in these soils (Nagarajah 1987). The rootstocks currently used in 
Sunraysia were not selected for lime tolerance but for salt and nematode resistance. 
Nevertheless, these rootstocks will have a better root system than own rooted grapevines. 
Inadequate irrigation can be readily rectified. 

There were no seasonal differences in the Sultana and Gordo Zn trials, and, therefore, only 
the 1997/98 results are presented. Pre-flowering Zn sprays did not increase the crop weight 
or the cluster weight in Sultanas (Table 3) or Gordos (Table 4), either in individual vineyards 
or across all vineyards. Similar results were observed with growth retardant sprays on 
Gordos (Table 4). 

Table 3. The effect of pre-flowering Zn sprays on the calculated crop dry weight and cluster 
weight in Sultana on Ramsey rooststock 1997/98. 

S~ra~ treatment 

Vineyard Control 
ZnS04 ZnS04 

Zn1 Zn3 
LSD 

0.10% 0.20% (P=0.05) 
kg dvfvine·1 

1 8.1 8.8 7.9 7.9 7.6 1.4 
2 8.9 8.3 8.7 8.5 7.9 1.5 
3 7.2 7.0 7.2 8.0 7.3 1.4 
4 8.7 8.8 8.2 9.1 8.7 1.7 

Mean 8.2 8.2 8.0 8.4 7.9 0.6 

g cluster·/ 

1 302 311 335 300 329 45 
2 375 381 331 349 342 72 
3 343 344 344 343 401 45 
4 327 328 349 321 356 69 

Mean 337 341 340 328 357 30 

Absence of a crop response to Zn sprays indicates that Zn deficiency is not a problem in these 
varieties. This conclusion must be qualified because fungicides containing Zn were used in 
the trial vineyards. Therefore, it is still possible that there was a "hidden hunger" for Zn and 
the fungicide corrected that deficiency. Nonetheless, the trial results show that additional pre
flowering sprays were not needed under current management practices. 

Conclusions 
The calcareous soils in Sunraysia may induce Fe deficiency which markedly reduces yield 
when the deficiency is severe. Iron chelate sprays did not have any beneficial effect in the 
season in which the sprays were applied, and management practices have been suggested as 
control measures. Pre-flowering Zn sprays did not increase the yield in Sultanas. Similar 
results were observed when pre-flowering Zn or growth retardant sprays were applied to 
Muscat Gordo blanco. 
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Table 4. The effect of Zn and growth retardant sprays on the calculated crop dry weight and 
cluster weight in Muscat Gordo blanco, 1997/98. t, on Schwarzmann rootstock; *, on own 
roots. 

S12ray treatment 

Vineyard Control 
ZnS04 ZnS04 

Zn1 Zn3 
Growth LSD, 

0.10% 0.20% retardant P=0.05 
kg dvfvine·1 

1t 7.7 8.2 8.0 7.5 7.5 7.5 0.8 
2* 4.8 5.1 5.6 5.4 4.7 5.3 0.8 
3* 3.7 3.8 3.9 3.8 3.6 3.5 0.8 

Mean 5.4 5.7 5.8 5.6 5.5 5.4 0.4 

g cluster·1 

1t 204 174 201 210 202 228 28 
2* 236 246 259 242 231 265 28 
3* 225 230 227 205 212 220 28 

Mean 222 217 229 219 215 238 24 
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6. Summary of Key Outcomes 

e Nitrogen supply increased shoot vigour and cropping levels by 18% and 26%, respectively. 

• Shoot lengths of Sultana on Ramsey responded more to increasing N supply than shoot 
lengths of Sultana on own roots. 

• Nitrogen supply effects on dvfproduction vine-1 was due to 
e more nodes vine-1

, 

e more shoots vine-1, 

• higher bunch: shoot ratio, 
• more fruitful shoots vine-1, 

• more bunches fruitful shoof1 and 
• more berries bunch-1

• 

e Water stress during the period of rapid shoot growth reduced shoot vigour by 14%, as well 
reducing 

e leaf area vine -I 
• node numbers shoof1 and 
e shoot length 

• Water stress during the period of rapid shoot growth reduced cropping levels by 
approximately 50% due to: 

e decreased nodes vine-1
, 

• fewer bunches vine -I, 

• lower bunch: shoot ratio, 
• fewer fruitful shoots vine-1 

• fewer bunches node-1 and shoof1 and 
e fewer berries bunch-1

• 

• The aggregate length of internodes 5 to 8 at flowering correlated with shoot vigour, as 
measured by total winter pruning weight, which related to vine performance enabling 

• low, adequate and high vigour to be defined, and 
e interpretative tables relating petiole analysis to vigour to be compiled. 

• A representative composite soil sample should consist of 20 cores collected near vine tnmks 
in early spring. 

• Tentative adequate soil N03-N, P and K availability ranges for Sultanas on Ramsey 
rootstock are 1.3-2.6 mg kg-1, 10.4-15.4 mg kg-1 and 0.9-1.2 meq 100g·1, ranges for Sultanas 
on own roots were very similar 

• Extraction of nutrients from fresh petioles for rapid sap tests was improved by freezing and 
thawing the sample. 

• The Merck RQflex® reflectometer N03-N measurements of sap extracted from petioles at 
flowering correlate well with conventional spectrophotometric measurements. Potassium 
measurements using test strips did not correlate as well. 

e Error due to diurnal variation can be minimised by collecting petioles between 08~ and 
0931b 
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e Severe Fe deficiency reduces Sultana grapevine cropping levels by 70% in comparison to 
healthy vines, but Fe sprays had no effect in the season applied. 

e Zinc sprays (zinc sulphate or commercial formulations) applied to Sultanas on Ramsey 
rootstock had no effect on dvf yields. 
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