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EXECUTIVE SUMMARY

The Riverland of South Australia produces 359 of Australia’s wine grapes and in the past has
predominantly supplied the lower priced cask wine market. The region can very efficiently produce grapes
for the $5-6 a bottle market which is showing rapid expansion in export sales. However a major vineyard
rehabilitation program is required as more than a third of the plantings are at the end of their economic
life and need to be replanted with vines of better varieties, grafted onto nematode tolerant rootstocks and
trellised to allow mechanisation.

There has been little previous commercial experience in the region of the use of grafied vines for grape
production and the possible effect of rootstocks on grape quality is of great concem to winemakers and
growers. As it is essential that grafted vines are used in the replant situation, it is crucial that suitable
medium vigour rootstocks are identified to produce grapes for quality wine production.

This report summarises the results from six trials of the varieties Chardonnay, Chenin Blanc, White
Frontignac, Muscat Gordo, Ruby Cabernet and Merlot which were established on Riverland grower
vineyards in 1983 to evaluate 7 motstocks. All trials were minimally pruned. Yield and quality
parameters were determined for 3 or more years.

Rootstocks identified as suitable for vineyard rehabililation (in order of decreasing vigour) are Ramsey,
140 Ruggeri, K51-40 and 101-14. Characteristics of these rootstocks are discussed. As a result of this
work, large mother vine plantings of these rootstocks have been established by the South Australian Vine
Improvement Committee for use by industry.

To further refine rootstock recommendations for soil types, the Riverland Vine Improvement Committee
has sponsored the establishment of another 12 trals of these rootstocks (each of the scions Cabemet
Sauvignon, Shiraz, Chardonnay and Semillon planted on 3 different soil types).

Also, wineries are considering planting one hectare evaluation areas of varieties on these rootstocks (o
allow commercial size fermentations of grapes produced on different rootstocks to be compared.
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GRAPE AND WINE RESEARCH AND DEVELOPMENT CORPORATION

FINAL REPORT FOR TERMINATED PROJECT

1. Project Information ang Objectives

Project Title: The effect of vine rootstocks on grape yield and quality in a wam high yielding
imigated area.

Project Number: DAS6GW

Organisation: South Australian Depanment of Agriculture

Location: Loxton Research Centre

Supervisor: P.R. Nicholas

Commencement Date: 1" July 1988

Completion Date: 30" June 1991

Project Objectives:

- To investigate the relationship between rootstock/seion/cropload/wine quality for six varieties and

eight rootstocks.

- To use this information 1o develop vineyard rehabilitation strategies for warm high yielding
trrigated areas,



2. Background

The Riverland of South Australia produces 35% of Australia’s wine grapes and in the past has
predominantly supplied the lower priced cask wine market. The region can very efficiently produce grapes
for the $5-6 a bottle market which is showing rapid expansion in expor sales. However, a major vineyard
rehabilitation program is required as more than a third of the plantings are at the end of their economic
|ife and need to be replanted with vines of better varieties, grafted onto nematode tolerant rootstocks and
trellised to allow mechanisaton.

In 1982, both growers and winemakers were consulted about future research needs to provide the necessary
information required for vineyard rehabilitation and it was considered that the identification of the most
suitable rootstocks was of prime importance. There had been little previous commercial experience in the
region of the use of grafted vines for winegrape production and the possible effect on quality was of great
concern (o winemakers. Growers were concerned that by choosing a high vigour rootstock, the grapes
produced might not be of acceptable quality to winemakers. Asitis essential that grafted vines are used
in the replant situation, it wes considered very important that suitable medium vigour rootstocks be
identified.

A range of rootstocks had beenl introduced into South Australia and following a series of carly trials’,
spme of the rootstocks were discarded and 7 rootstocks wern selected for further trials as shown below:-

I ROOTSTOCK | ROOTSTOCKS ROOTSTOCKS W\
I PARENTAGE | DISCARDED AFTER | SELECTED FOR |
I FARLY TRIALS |  FURTHER TRIALS ||
| v. champini | Dog Ridge ]_Ramsey

— B e | — —'I‘

| V. champini, V. riparia N | K51-40, K51-32

|||_ v, champini, 1613 | Harmony, 1613 Freedom |

i___ ST

_Jrl(]]—lﬂl. Sﬁl'ﬁlrz_mﬂ _|
. 140 Ruggen _|||
IR ]__ L A N W

AL e = |

| V. ipai, V. rpest sd

|| V. berlandieri, V. rupestris

5BB Kober, 5A Teleki,

|
) B!
| v. Berlandieri, V. riparia |

3, Methods

Six new trials (randomised blocks with 10 replicates and 3 vine plots) were established on Riverland
STOWET vineyards in 1983, containing the rootstocks selected for further trials and own rooted vines.
Varicties used in the trials were Chardonnay, Chenin Blanc, White Frontignae, Muscat Gordo, Ruby
Cabernet and Merlot. Dog Ridge was substituted for 140 Ruggeri in the Muscat Gordo trial. All trials
were minimally pruned.

In years 1989-91 (and earlier years in some trials), yield/vine, bunches/vine, bunch weight, berry weight
and berries/bunch were determined. Also the maturity and quality parameters - Brix, pH, titratable acid,
tartrate, malate, potassium and sodium were recorded from 100 berry samples taken from the central vine
in each plot. For red varieties, a further 100 berry sample was taken from each plot to determine
anthocyanins and total phenolics by a method suggested by P lland (pers. com.). Small lot wines were
made for organoleptic assessment at the University of Adelaide, Roseworthy Campus from the Ruby
Cabernet and Chardonnay irials, The rootstocks Ramsey, 140 Ruggeri and Schwarzmann (3 fermentation
replicates per rootstock) were tested in gach trial,

Sixty leaf petioles were taken per vine at flowering for all the rootstocks in the Ruby Cabemet and
Chardonnay trials 10 assess the effect of roolstocks on the nufritipnal status of the vines.
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4. Results

Ruby Cabernet Trial

1. Effect of rootstocks on yield
Yield: annual yield daga i given in table 1 and moistocks are ranked by average yield for years
1986-91 in table 2. Ramsey gave a significany ¥ higher average yield (36,97 tha) than any other

rootstock and 140 Ruggeri £ave a significantly higher average yield than the remaining rootstocks.
Freedom gave the lowest yield (20.66 tha).

Components of vield: tables 3-6 show that increased bunches per vine was the major contributor
to higher yield,

2 Effect of rootstocks on Jjuice composition
Brix: 101-14 gave significantly higher Brix in all years except 1988 and Ramsey gave
significantly lower Brix in all years (table 7),

pH: K51-32, K51.40, Schwarzmann and Freedom gave significantly higher PH in years 1988-9]
and Ramsey and 140 Ruggeri gave significantly lower pH (table 8),

Titratable acid: Ramscy gave significantly higher titratable acid in years 1987-90 and
Schwarzmann and Freedom significantly lower titratable acid (table 9).

Tartrate: Ramsey ang 140 Ruggeri gave significantly higher tartrate in years 1987-90 (table 10).

Malate: Ramsey, K51-40 and K51-32 gave significantly higher malate in years 1987-91 and
Schwarzmann significantly lower malate (table 11),

Potassium: effects were minor (table 12),
Sodium: Freedom gave significantly higher sodium in years 1987-90 (table 13).

3 Effect of rootstocks gn phenolics
Anthocyanins: 101-14, K51-32 and Freedom gave significandy higher anthocyanins (colour) in
all years. Ramsey and 140 Ruggen gave significantly lower anthocyanins in all years - except
1989 when 140 Ruggen was similar 1o other rootstocks (table 14),

Total phenolics: showed trends similar 1o anthocyanins (table 15).

4. Effect of rootstocks on wine quality
Sensory evaluation: wines were made from Ramsey, 140 Ruggeri and Schwarzmann vines for
3 years. There was no significant difference in wine scores between rootstocks in any of the years.

5. Effect of rootstocks on nutrients in petioles
(Compared with the standards of Robinson?)
Nitrate: Ramsey gave significantly higher nitrate in all years (table 16). Nitrate was generally in
the adequate 1o high range.



=

Phosphorus: Freedom gave significantly lower phosphorus which was in the marginal 0 deficient
range in all years (table 17). Phosphorug was otherwise generally adequate.

Potassium: Ramsey gave significantly higher potassium in all years (table 18). Potassium was
generally adequate.

Calcium: generally adeguale (table 19).

Magnesium: 101-14 and Schwarsmann gave significantly lower Magnesium which was in the
marginal range in all years (table 20). Magnesium Was otherwise generally adequate.

Sodium: not excessive (table 21).
Chloride: K51-40 and Freedom gave significantly higher chloride in all years and 101-14, 140
Ruggeri and Schwarzmann significantly lower chioride in all years (table 22). However, chioride

level was generally noi EXCESSIVE.

Zine: was marginal for all rootstocks in 1988, adequate in 1989 and marginal 10 adequate in 1990
{Lable 23).

Manganese: was marginal to deficient in all years with Freedom particularly deficient (1able 24).

Merlot Trial
Effect of rootstocks on yield
Yield: annual yield is given in table 25 and rootstocks are ranked by average yield for years 1989-
91 in table 26. Ramsey gave 2 significantly higher average yield (12.25 t/ha) than any other
rootstock, There was 0o significant difference in average yield of the other rootstocks.
Components of yield: tables 27-30 show that the higher yield of Ramsey is predominantly due
1o more bunches per ving, but bunch weight and berry weight were also significantly larger for
Ramsey in all y2ars.

Effect of rootstocks on juice composition
Brix: effects were minor (lable 31).

pH: Freedom gave 4 significantly higher pH in 1991 and Ramsey a significantly lower pH in both
years recorded (table 32).

Titratable acid: Ramsey gave d significantly higher titratable acid and a significantly lower pH
in 1991 (table 33).

Tartrate; effects were minor (table 34).

Malate: effects were minor (table 33).

Potassium: Freedom gave significantly higher potassium in 1991 (table 36).
Spdium: Freedom gave significantly higher sodium in 1991 (table 37).

Chloride: K51-40 and Freedom both gave significantly higher chloride in the year recorded (table
38).

Aens 10 wod



Effect of rootstocks on phenolics

Anthocyanins: Ramsey (the highest yielding stock) also gave significantly lower anthocyanins in
both years (table 39). There was generally low vigour in this trial, so that differences in colour
between medium yielding rootstocks was less likely to occur,

Total phenolics: showed trends similar 1o anthocyanins (table 40).

Chardonng ¥ Trial

Effect of rootstocks on vield

Yield: annual yield data is given in table 41 and rootstocks are ranked by average yield for years

1986-91 in table 42, There was np significant difference in dverage vield between Ramsey (20,21
R

t/ha), 101-14 (18.30 tha) and 140 uggeri (18.28 yha) and ng significant difference ip average
vield between the Femaining rootstocks.

Components of yield: tables 43-45 show that increaseq bunches per vine was the major factor
contributing 1o higher vield,

Effect of rootstocks on Juice composition

Brix: although there Was no major effect of Iootstock on Brix, Ramsey did give significantly lower
Brix in all years (table 47),

PH: Freedom and Schwarzmann gave significantly higher PH in all years (table 48).

Titratable acig: Ramsey, K51-40 and K51-32 gave significantly higher titratable acidity and
Schwarzmann significantly lower litratahle acidity in all years (table 49).

Tartrate: effec was minor (table 50),
Malate: K51-40, Freedom and K51-32 gave significantly higher malate in aJ) years (table 51).
Potassium: Freedom £ave significanty higher potassium in all years (table 32).

Sodium: Ramsey, K51-40 and Freedom gave significantly higher sodium in all years with the
exception of K51-40 in 1987 (table 53).

Effect of rootstocks on wine quality

Sensory evaluation: wines were made from Ramsey, 140 Ruggeri and Schwarzmann vines for
3 years. The influence of rootstock on wine score was negligible. However, this trial is Planted
in a shallow soil and vigour was generally low, particularly as the vines were minimally pruned,
In a higher vigour situation (e.g. in a light sandy soil), there may have been 2 greater chance of
recording differences between rootstocks,

Effect of rootstocks on nutrients in petioles
Nitrate; Ramsey gave significantly higher nitrate in an years (table 54). Nitrate was generally in
the adequate to high range.

Phosphorus: as with Ruby Cabemnet, Freedom gave significantly lower phosphorus which was in
the marginal range in all years ((able 35). Phosphorus was otherwise generally adequate,

Potassium: Freedom Zave significantly higher potassium in al years (table 56). Potassium was
generally adequate.



Caleium: 101-14 gave significandy lower calcium in all years (table 57). Calcium otherwise was
generally adequate.

Magnesium: Ramsey and K.51-40 gave significantdy higher magnesium in all years. As with Ruby
Cabernet, 101-14 and Sl arzmani gave significantly lower (but adequate) magnesium in all years
(table 58). Magnesium Wwas generally adequate.
Sodium: not excessive (table 39).
Chloride: as with Ruby Cabemnet, K51-40 and Freedom gave significantly higher chloride in all
years and 1011-14, 140 Ruggeri and Schwarzmann gave significanty lower chloride in all years
(table 60). Chloride was generally not excessive.
Zine: generally adequalc (table 61).
Manganese: generally marginal 1 deficient in years. 1988 and 1989 and marginal to adequate in
1960 (table 62).

White Frontignac Trial
Effect of rootstocks on yield
vield: annual yicld daia is given in table 63. Rootstocks arc ranked by average yield for years
1088-91 in table 64, Ramscy gave a significantly higher average yield (24.73 /ha) than any other

rootstock, Freedom gave the lowest (18.96 had.

Components of yield: tables 65-68 show that increased bunches per vine was the major
contrbutor to the high yield of Ramsey.

Effects of rootstocks on juice composition
Brix: 101-14 gave significantly higher Brix in all yedrs and Ramsey gave significantly lower Brix
in all years (lable £9).

pH: Freedom gave significantly higher pH in all years and Ramscy gave significandy lower pH
in all years (table T70).

Titratable acid; Ramsey gave significantly higher titratable acid in all years (table 71).
Tartrate: Ramsey gave significantly higher tarrate in all years (lable T2

Malate: K51-40 gave significantly higher malate in all years and Sehwarzmann gave significantly
lower malate in all years (1able 73).

Polassium: K51-40 gave signi ficantly higher potassium in all years (lable T4).
Sodium: effect Was minor (table 73)

Chloride: K51-40 and Freedom gave significantly higher chioride (1able T6)-

(1505-219.wpd



Chenin Blanc Trial

Effect of rootstocks on yield

Yield: annual yield data is given in table 77 and rootstocks are ranked by average yield for yedrs
1985-90 in table 78. There was no significant difference in average yield between the highest
yielding rootstocks Freedom (40.6 t/ha), 101-14 (38.46 yha), Ramsey (3835 tha) and
Schwarzmann (38,15 tha) and no significant difference between the remaining rootstocks.

Components of yield: lables 79-82 show that increased bunches per vine was the major factor
contributing to incredsed vield.

Effect of rootstocks on Juice composition

Brix: as it was necessary to evaluate this trial prior to the area being machine harvested cach year,
berry samples were 1aken ear] icr than desired, Brix differences were minor (table 83).

pH: Freedom and 101-14 gave slight, but significantl y higher pH in both years (table 84).
Titratable acid: differences were minor (labie 85),

Tartrate: differences were minor (table 86).

Malate: Freedom and K51-40 gave significantly higher malate in both years (table 87),

Potassium: differences were minor (table §8),

Sodium: differences were minor (table 89).

Muscat Gordo Trial
Effect of rootstock on yield
Yield: annual yield data is given in table 90 and rootstocks are ranked by average yield in table
91. There was np significant difference in average vield between the highest yielding rootstocks
101-14 (32,31 yha), Ramsey (29.98 v/ha) and K51-40 (29.65 t/ha),

Components of yield: lables 92-95 show that increased bunches per vine was the major factor
contributing to higher vield.

Effect of rootstocks on Jjuice composition
Brix: 101-14 and Freedom gave significandy higher Brix in al] years (table 96).

PH: Freedom and Dog Ridge gave significantly higher pPH in all years (table 97),

Titratable acid: K51-40 and K51-32 gave significantly higher titratable acid in all years (table
98).

Tartrate: Ramsey gave higher tartrate in all years (table 99,
Malate: Dog Ridge and K51.32 gave higher malate in all years (table 100).
Potassium: Freedom and Dog Ridge gave the highest potassium in all years (table 101),

Sodium: effect was miner {table 102),



5. Discussion

Following is a summary of rootstock characteristics derived from the trials and pmviously published
information.

Ramsey

Vigour: Ramsey is considered a high vigour rootstock in Australia’ and South Africa® and was observed
{0 be the rootstock with the highest vigour in the trials.

Yield: Ramsey gave d significantly higher averdge yield than any other rootstock in the Ruby Cabemel,
Merlot and White Frontignac trials and was one of the significantly highest yielding in the Chardonnay.
Chenin Blanc and Muscal Gordo trials.

Juice composition: the high yigour and high yield of Ramsey are often associated with delayed maturity
(lower Brix) as was shown in the Ruby Cabemet, Chardonnay and White Frontignac trials.

Ramsey lended to give 2 lower pH in the Ruby Cabemet, Merlot and White Frontignac trials possibly due
to delayed maturity. The titratable acidity was higher for Ramsey in the Ruby Cabemet, Merlot,
Chardonnay and White Frontignac rials, This was associated with higher lanrate in the Ruby Cabemel
and White Frontignac trials.

In these trials Ramsey did not give a higher juice potassium compared with other rootstocks as has been
previously reported’.

Berry phenolics: for the red varieties, Ruby Cabemct 4nd Merlot, Ramsey generally gave greatly reduced
anthocyanins (colour). Thus it may be preferable to use another rootstock for red yarieties.

Nutrients in petioles: Ramscy gave higher nitrate than the other rootstocks in the Lwo trials sampled
(Ruby Cabernet and Chardonnay) and higher potassium in the Ruby Cabemnet trial.

Soil salinity: Ramsey 18 considered very tolerant (o high soil salinity in Australia® and South Africa®.
Soil water-logging: Ramsey 1S considered moderately susceptible 1o soil water-logging in spring in South
Africa®. There wasno problem in these trials, bul occasionally it has been seen as a problem at other siles

in the region - particularly in young Vines.

Lime induced chlorosis: Ramsey is considered moderately tolerant 10 lime in the seil®. There was no
incidence in any of the trials, Mmost of which had free lime in the soil.

Nematode resistance: Ramsey is resistant to Meloidogyne species in Australia® and South Africa®.
Phylloxera resistance: Ramsey is moderately resistant to Phylloxera in Australia’ and South Africa’,

Crown gall resistance: Ramsey is susceptible 10 CrOwD gall’ but galling can be mostly eliminated by hot-
water-treatment of cuttings prior to bench grafting or nursery plaming”.

Compatibility: Muscal Gordo and Ramsey have been previously reported as incompatible’ and this

problem has heent secn 4l some sites in the region. However, no incompatibility was observed with
Ramsey in the Muscat Gordo trial or in any other trials,
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General comments: as shown in previous trials in the region, Ramsey can be considered the benchmark
rootstock for high yields. It is a high vigour rootstock which often causes delayed maturity. It may be
suitable for use with high yielding varieties like Colombard to be used in the cask wine market. Although
it may also be satisfaclory for use with premium varieties like Chardonnay and Semillen, in some
situations it may be mare difficult to manage the vines for the production of premium quality wines than
with some other rootstocks, The use of Ramsey with red varieties particularly Shiraz should be questioned
because of possible reduced coloyr.

140 Ruggeri

Vigour: 140 Ruggeri is considered a high vigour rootstock in France®” and South Africa® and wis
observed to be almost as vigorous as Ramsey in the trials,

Yield: 140 Ruggeri was one of the significantly highest yielding rootstocks in the Chardonnay trial and

one of the significantly second highest yielding in the Ruby Cabemet, Merlot, White Frontignac and
Chenin Blang trials.

Juice composition: 140 Ruggeri did not delay or advance maturity (Brix) compared with the other
rootsiocks. In the Ruby Cabemet trial, 140 Ruggeri gave significantly lower pH and higher tartrate.

Berry phenolics: 140 Ruggeri gave reduced anthocyanins (colour) in the Ruby Cabemet trial.
Nutrients in petioles: 140 Ruggeri gave lower chloride in both trials sampled.

Soil salinity: 140 Ruggeri is considered resistant 1o high soil salinity in South Africa® and chioride uptake
was low in these trials,

Soil water-logging: 140 Ruggeri is considered moderately susceptible {o soil waterlogging in spring in
South Africa and to have a low tolerance in France’. There was no problem in these trials.

Lime induced chlorosis: 140 Ruggeri is very highly resistant 1o lime induced chlorosis in France?
(IPC>50). There was no problem at any of these sites.

Nematode resistance: 140 Ruggeri is highly resistan 10 Meloidogyne species in France®, but it is
susceptible in South Africa® ang moderately resistant in Australia®

Phyloxera resistance: 140 Ruggeri is resistant 10 Phylloxera in Australia’, France’ and South Africa®,
Crown gall resistance: 140 Ruggeri is susceptible o crown gall®,

Compatibility: no incompatibility was observed in the trials,

General comments: 140 Ruggeri was almost as Vigorous as Ramsey but did not cause delayed maturity.
Yield was generally equal 1o Ramsey or equal second to Ramsey. In the Ruby Cabemnet trial it gave a
significantly lower PH and reduced colour similar to Ramsey, It may, however, be safer 1o use for red

wine production than Ramsey and should be a good rootstock for use in premium white wine production.
Chloride uptake is low.



K51-40
Vigour: K51-40 was observed to have moderate to high vigour in the trials.

Yield: K51-40 was one of the significantly highest yielding rootstocks in the Muscat Gordo trial and was
one of the significantly second highest yielding in the Merlot, Chardonnay and Chenin Blanc trials.

Juice composition: K51-40 generally did not delay or advance maturity (Brix) compared with other
rootstocks, It gave higher malate in the Ruby Cabemet, Chardonnay, White Frontignac and Chenin Blanc
trials and higher chloride in the iials for which this was recorded (Merlot and White Frontignac).
Berry phenolics: K51-40 gave reduced colour in some Years in the Ruby Cabemel trial.

Nutrients in petioles: K51-40 gave higher chloride in both trials sampled.

Soil salinity: K51-40 may be more susceptible than other roatstocks to soil salinity due to higher chloride
uptake.

Soil water-logging: information is limited, but there was no problem in these trials.
Lime induced chlorosis: there was no incidence in any of the trials.

Nematode resistance: K51-40 is resistant 1o meloidogyne in Australia’.

Phylloxera resistance: K351-40 resistance is unknown.

Crown gall resistance: K51-40 is very susceptible 1o crown gall. Although galling can be reduced by
hot water treatment, it can still be a problem (local nursery experience).

Compatibility: no incompatibility was observed in the trials.

General comments: K51-40 was almost as vigorous as 140 Ruggeri. Itdid not cause a delayed maturity
(Brix). Yield was gither cqual to Ramsey or equal second o Ramsey (almost so for Ruby Cabernet). It
may be safer o use for red wine production than Ramsey and should be a satisfactory rootstock for
premium white wine production, The higher chloride uptake and high degree of susceptibility to crown
gall are disadvantages.

101-14

Vigour: 101-14 is considersd to have moderate (0 low vigour in Erance’ and South Africa’ and was
observed to have moderate vigour in the trials.

vield: 101-14 was one of the si gnificantly highest yielding rootstocks i the Chardonnay, Chenin Blanc
and Muscat Gordo trials and was one of the significantly second highest yielding in the Merlot and White
Frontignac trials and almost in this group for the Ruby Cabernet trial.

Juice composition: 101-14 gives carly maturity in Erance’. In the Ruby Cabemel, White Frontignac and
suscat Gordo trials it also gave earlier maturity (Brix) than the other rootstocks, but this was generally
not associated with a higher pH or potassium.

Berry phenolics: in the Ruby Cabemet trial, 101-14 and K51-32 generally gave higher colour than the

other medium to high yielding rootstocks (i.e. excluding Schwarzmann and Freedom which were lower
yielding in this trial).
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Nutrients in petioles: 101-14 gave lower magnesium in both trials sampled. This was also seen ip an
carlier Colombard trial in (he region. It also gave lower chioride in both trials,

Soil salinity: 101-14 is resistant to high soil salinity in South Africa® ang chloride uplake was low in these
trials,

Sail water-logging: 101-14 is resistant to water-logging in South Afries® and is moderately tolerant in
France’, There was no problem in these trials.

Lime induced chlorosis: 101-14 is only moderalely resistant to lime induced chlorosis in France®
(IPC<10). There was no incidence in any of the trials.

Nematode resistance: 101-14 is highly resistant 1o meloidogyne in France’, moderately resistant in South
Africa and moderately resistant in Australia®,

Phylloxera resistance: 101.14 is resistant 1o Phylloxera in France® and South Africa*.
Crown gall resistance: 101-14 IS resistant to crown gall®
Compatibility; no incompatibility was observed in the (rials.
General comments: 107-14 has only moderate vigour, but yield was either equal 1o Ramsey or equal
second to Ramsey (almost so for Ruby Cabemet). Ina recently published South African rial" it was
stated that 101-14 showed potential as a growth-limiting cultivar, consistently producing relatively high
vields with salisfactory grape composition associated with low pruning masses. Similar results were found
in the Ruby Cabemet 1rial where reduced Vigour appears to be giving better frui €xposure and hence better
composition and colour. 101-14 in these trals is giving earier maturity than the other rootstocks.
Growers are presently concemed about the delayed maturity of Ramsey and are looking for a rootstock
which does not cause this, 101-14 also gives low chloride uptake. It appears ideally suited for premium
Quality wine production - particularly for red wines, However, limited testing should proceed before there
is widescale planting of the rootstock.

K51-32
Vigour: K51-32 was observed to have moderae vigour in the trjals,
Yield: K51-32 was one of the significantly second highest yielding rooistocks in the Merlot, White
Frontignac, Chenin Blanc and Muscat Gordo trals. I was one of the significantly lowest vielding in the
Chardonnay trial.

Juice composition: K51.37 generally did not advance or delay maturity (Brix) compared with other
rootstocks,

Berry phenolics: in the Ruby Cabemet tral, K51-32 and 101-14 generally gave higher colour than the
other medium to hi gh yielding rootstocks,

Nutrients in petioles: ef fects were minor.
Soil salinity: chloride uptake was similar to Ramsey,
Soil water-logging: information is limited hut there was no problem in these trials.

Lime induced chlorosis: there Was no incidence in any of the trials,



Nematode resistance: K51-32 is resistant to meloidogyne in Australia’.
Phylloxera resistance: K51-32 is resistant in Australia’.
Crown gall resistance: K51-32 is susceptible to crown gall (local nursery expernience).
Compatibility: no incompatibility was observed in the trials.
General comments: al yield data suggest that K51-32 should be phased out and 101-14 used where a
edium vigour rootstock is required.

Freedom
Vigour: Freedom is considered 1o have low 10 moderate vigour in South Africa’. Atthe trial sites vigour
was observed to Tange from low to moderate i the shallow soil in the Ruby Cabernel trial 1o high
{(equivalent 10 Ramsey) in a deep ¢and in the Chenin Blanc trial.
Yield: Freedom was one of the significantly highest yielding rootstocks in the Chenin Blanc trial and one
of the significantly second highest yielding i the Merlot trial. It was ofie of the significantly lowest

yielding in the Ruby Cabernel, White Frontignac and Muscat Gordo trials.

Juice composition: Freedom gave slightly advanced matunty (Brix) in the Ruby Cabernel and Muscal
Cordo trials (but was alsa lowest yiclding in these trials).

Frecdom gave higher pH in the Ruby Cabemet, Mertot, Chardonnay. White Frontignac, Chenin Blanc and
Muscat Gordo trials, 1t gave higher potassium in the Merlot, Chardonnay and Muscat Gordo trials, higher
sodium in the Ruby Cabemnet, Merlot and Chardonnay trials and higher chioride in the trals for which this
wis recorded (Merlot and White Frontignac).

Berry phenolics: although Freedom like 101-14 gave higher colour in the Ruby Cabernet trial it was much
lower yielding.

Nutrients in petioles: Freedom gave lower phosphorus, higher polassium and higher chloride than the

other rootstocks.

Spil salinity: Freedom may e more susceptible than other rootstocks 1o soil salinity due 10 higher chloride
uptake.

Soil water-logging: information is limited, but there was no problem in these trials.
Lime induced chlorosis: there was no ‘ncidence in any of the trials.

Nematode resistance: Freedom is resistant 10 meloidogyne in Australia’.
Phylloxera resistance: Ereedom is resistant i Australia’.

Crown gall resistance: Frecdom is resistant (0 crown gall’,

Compatibility: no incompatibility was observed in the trials.

General comments: Freadom should be phased out. It gives poor yields in shallow soils and high juice
pH, potassium, sodium and chipride. Phosphorus uplake was tow in the trials sampled.

'y 505210 wpd



Schwarzmann
Vigour: Schwarzmann was one of the significantly second highest yielding rootstocks in the Merot, White
Frontignac, Chenin Blanc and Muscat Gordo trials. It was one of the significantly lowest yielding in the
Ruby Cabemet and Chardonnay trials.

Juice composition: Schwarzmann generally did not delay or advance maturity (Brix) compared with other
rootstocks, but had a lower titratable acid in the Chardonnay tral,

Nutrients in petigles: Schwarzmann gave lower magnesium and lower chloride in both trials sampled.
Soil salinity: Schwarzmann may be resistant to soil salinity due to lower chloride uptake.

Soil water-logging: information is limited, but there was no problem in these trials.

Lime induced chlorosis: there was no incidence in any of the trials.

Nematode resistance; Schwarzmann is resistant 1o Meloidogyne in Australia’,

Phylloxera resistance: Schwarzmann is resistant in Australia®,

Crown gall resistance: Schwarzmann is resistant to crown gall (local nursery experience).
Compatibility: no incompartibility was observed in the trials.

General comments: Schwarzmann should be phased out and possibly replaced by 101-14 (also a V.
riparia, V. rupestris cross) which gave higher yields in these trials.

13 95«05-219.\\'11:]



Further work

Tie Riverland Vine improvement Commitiee wishes 10 further evaluate these rootstocks and has sponsored
he establishment of another 12 rootstock trials of Cabemnct Sauvignon, Shiraz, Chardonniy and Semillon
i Ramsey, 140 Ruggeri, K5 1-40 and 101-14 with each scion on 3 different soil Lypes.

Also, several wineries are caonsidering planting one hectare evaluation arcas of varieties On ese rootstocks
to allow commercial siz€ fermentations of 2rapes produced on different rootstocks 1o be compared.

Large mother yine plantings ol these rootstocks have been established by the South Australian Vine
fmprovement Commitiee for larger scale industry eyaluation.

7. Publication

The Ruby Cabemel trial results will be pubﬁsh-:,d in a scientific journal. publication of 100 copies of this
report has heen financed DY the Riverland Vine lmprovement Committee for general distribuaon.
Rooistock recommendations arising from the work will be incorporated into @ Wine Grape Production
Manual being produced by P.R. Nicholas with GWRDC funding For Australia wide distribution. Further
publicity will be given in the Australian Grapegrower and Winemaker and regional press.

8. Acknowledgments

1 thank M. Wishart, D. Kimber, 5. proud, L. Biggins, B. Tonkin and G. Roberts for providing vineyards
and maintaining the trials, A, Ewart from the University of Adelaide, Grape and Wine Research Unit for
making and ovaluating the wines and J. Mawby and M. Biggins for dedicated iechnical Assistance.
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Tatile 12 LIrec 1: Effect of ! of mutstr.:-cks on Ruby Cabernet yield (kg/vine)

X 1986 ' 1990 1991

Ramsey ‘ 18.15

‘Table 2: Effect of nmtslucks on Ruhy (‘abernel averdge yield (1986-91)
_—_'1

|—'__'—____—

-

Ramsty
140 Ruggen
101-14 5 Al : _1||

K51-40

K51-32 % 1I]
Schwarzmann | | 21_.33 i ‘h
Fr!je-dnm ), - 1397 d - |
(ywn roots 7,14 __c___!l:']

\LLSD (p:ﬂﬂﬁ} 158 ] : |

Tahle 3 El‘t&ct nf rnntsmcks on Ruhy Lahernel bunchesa‘vme

| 1931 1933 1989
|Ramse,~_,r :m’*n a 4?51 5 R

| 14{} Ruggeri 313; a | 3408 b

]_____,——
| 10114 2159 ab laqﬁu w |5

\i K51-40 T2e00 abc | 3182 cd
|| xs1-32 kL l 2009  cd
B Bt

||_~_ = T
|| Schwarzmant 2473 W |?.124 ¢

e | 1632 de
ll\l Own T00IS 599 d I|_11U,4 i

lL LSD (p=0.05) 05) | ¢ ‘I 4?3 __\_ET._E_

(E05-21%wpd



Table 4: Effect of rootstocks on Ruby Cabernet bunch weight (g)

1987 1988 1989 1990 1991
Ramsey 765 a |644 b | 1074 ab |69 a | 573 ap |
| 40Ruggeri | 702 ab | 663 abc | 1047 ab | 98 =@ | ez a
| 101-14 626 b 550 ¢ 139 a |50z b |483 ge
| K510 779  a | 665 abc (1068 ab | 599 a | $70 &b
| ks1-32 650 b | 738 b | 1135 a |553  ab | S44  bed
Schwarzmann | 66.1 b 78.7 a 1086  ab 48.5 cd 54.7 bc
Freedom 28 b |56 c |1046 b |45 d | 494  cde |
Own rools 69.3 ah 54.5 C 96.7 b 48.7 C 48.0 e

LSD (p=0.03) | 9.1 125 15:1 62 6.2

Table 5: Effect of rootstocks on Ruby Cabernet berry weight (g)

1987 1988 1989 19490 1991

Ramsey 1.26 4 _ 1.16 a 1.04 ab 142 a 1.09 ab
140 Ruggen 1.25 abh ].IS_ a 1.09 o 1.38 a 1.17 a
101-14 ..1‘]3 cd 1.035 bec 1oe a 123 b 0.946 ¢

| K3140 1:2% ab 1.14 a 1.01 be 1.36 a 1.11 ab
K51-32 _l,{]ﬂ & 1,12 ah 1.01 abc 1.23 b .93 i
Schwarzmann | 1.18 be 109 ab 1.03 ab 1113 b 093 c
Freedom 115 cd 098 [ (.95 cd L7 b 096 c

| Own roots 1.07 de 0.85 d 0.50 d 1.18 b L.03 bc

i LSD (p=0.05) | 0.08 0.08 !].ICEH 0.11 0.13 =

Table 6: Elfect u_l‘ rootstocks on Ruby Cabernet berries/bunch H

| 1987 1988 1989 14990 1991

| Ramsey 80.7 abc | 554 be 1033 ab 40.2 ab 523 ahe

| 140Rugger | 5590 be | |573 b |968 b |438 a |32 e

| 101-14 3506 be 324 C 1055 ab 41.0 ab 5135 ¢
K351-40 Bl.6 ab 584 bc 1069 ab 443 a 51.5 ¢
K51-32 654 a _ 67.1 ab 1z3 ‘a | 454 a 550 a

_Schwanmann 6.2 be | ?2.2_ a 1053 ab |-414 ab 58.1 ah__
Fessdon | 548 < ||| sea ke 106 46 | 360 b | 524 ke
Own roots 651 a [631 abe | 1055 ab |[418 @b | 471 ¢
LD (p=0.05) | 72 1.7 ! 15.8 6.1 6.5




e 7: Effect of rootstocks on Ruby

amsey
140 Ruogger
101-14
AN e
5140

e

K51-32

| gehwarzinant

‘ Frecdom :
| Own 1005 ]| 15.47 cd

| _,___,—_
'k 18D (p=0.03) \ D&l

e ——— ——

le————

_T.EEIS a |I a2 A
.87 d .71 ab

=\

2

——

———— —_—— —

Table 8: Effect of rootstocks oD Ruby Cabernet juice pHi
e | 1989 i

"

557 b 376 €

|
o i
[ 1o Rgeer | 343 rECNE =
l' 101-14 b _\Eﬁ b ]'73.‘63

b

ol
n_ﬁlfﬁ___ljﬂﬁ__ e a |3W 2
Lo |35 * s | o LS

\| gehwarzmani ) ]
I||I Frecdom 370 4 | 395
|| el e
| Ownr 358 b 3.3
I e L e
| LsD 0.05 | 006
= —_—_—:-___—: e

Table 9: E on Ruby Cabernet juice titratable acid (g1}
ﬁi T s | ¥¥ 5 1990 1991
| A e e IR e
||I Ramsey 8.56 a l' j A5 : %
I

140 Ruggen
||_,_o.—'—'_—-—— et
| 101-14 [gas e |80 ab
— B e
| K140 e b |18
| o b L ——
| K51-32 _Tiiz___‘_’“_d_l_lg_S___Ei_T
| schyarzmem S [
|'__.__._._—_ ISR e R e
| Freedom g @ | 6T de
— __——_—__—lf—_—_—_—_—
| Own 1005 741 & | 638 g
|I S M _—-_1|— e
| LsD {p—:ﬂ.ﬂﬁ}L{},ﬂ.‘: | 061 \
0505-21wpd



1987 1988

LY

Table 10: Effect of rootstocks on Ruby Cabernet Juice tartrate (gl
J—_——‘——_‘—_—‘__'_——\_._‘______‘_‘__,_
Ram

6.70 a 5i53
140 Ruggeri .44 abc

|
[0 Ton w
19w b Jop

] Schwarzmann 6.53 ab 4,89 ¢ 546

Freedom 6.29 be m 4.584 C 6.45 cd I 5.60

| Own roots 6.12 c 532

K51-32

Schwarrmann

od | 4956 be | 5705 b
| 5406  be | s394

Own roots 45,73 e 4733 ) 52.11 d

/LLSD (P=0.05) | 3.17 ’ 3.77 417



Table 13: Effect of rootstocks on Ruby Cabernet juice sodium (mM}

r l 1987 1988 1989 | 1990 1991 P
dR_amsﬂ 217 be 339 bed 1.67 be 3.11 ab 2.00
140 Ruggeri | 2.39 abe | 332 cdd 2,79 be 2.83 b 2.00
I{i 14 222 abc | 305 d 1.68 b 295 b 200
El-ﬂm 255 ab 344 bed L&8 be 3.00 ab 2.00
| K51-32 | 2,50 abe | 372 abe 445 ab | 31l ab 1.88
Schwarzmann | 205 c 3.56 abed | 1.00 C | 311 ab 1.94
Freedom 2.67 a 4.11 & 6.68 ;] 333 g 21 b
Own roots 228 abe | 3.83 ab | 1.12 [+ 278 b 1.83
\ED (p=0.03) | 046 (.38 iﬂ.!nﬁ 0.35 ns J
Table 14: Effect of rootstocks on Ruby Cabernet berry total anthocyanins (ALY
1987 1988 1989 r 1990 1991
Ramsey 994 c 142 d 0A.5 ¢ 75.5 b 39.0 g
_MD Ruggen | 923 ¢ 1053 od 1203 b 746 b _ 928 de |
101-14 1280 b 1763 ab 1239 b | 104 a 1166  ab |
K140 19« 1220 ab 1336 b B1.2 b 06.5 cde
| K51-32 143._9_ a 1181  be _118.3 b 1128 & 74038 Lo
‘Schwarzmann | 93.1 C 1168 bed | 1254 b 1071 a 1046  hed
- Ercedom 1204 b 1333 a 1356 b 1051 = 108.1  abe
Own 10018 i31.2  ab 135 a f)ﬂ_ a 1183 .a 1169  ab |
LLSDE':G'DS} E 135 . 1?.?___ __13.91 14.0 |
Ta_ble 15: Effect of rootstocks on Ruby Cabernet berry total phenalics (AL) -
i | 1987 1988 F 1989 1990 1991 —|
|| Ramsey | 1203 d 140.1  d 1115 ¢ 019 ¢ | 1423 ¢
‘ 140 Rugger | 1216 d 1432 o | 1365 b 006 ¢ 1453 b |
101-14 150,01 abe | 1628 be [ 1370 b 1320 b 1625 abe
‘ K51-40 1257 d |1_56D bed | 1513 b 148 ¢ 1434 ¢
K51-32 w9y a 154.0 Ei__ 1340 b | 1343 _ah Iﬁﬂ oot iy
|_Schwan:mann 1380 cd [a49 ca |1sis b |1421 ab | 1553 abe |
\ Freedom l ld%}:ﬂ_;ﬁc 1687 b | 1519 b_ | 137.0 ab | 1517 abc |
w‘ﬂm rooks || 1587 _ab I 1960 a 1860 a | 1505 a | 1657 ab |
||_L5D (p=0.03) || 19.1 _lL 2.7 195 I| 168 |_ e ‘]|




! Freadnm 018

| Own roo 022 4
ED (p=0.05) 0.05

——————

Table 18: Effect

s ¢

|
L L5D (0=0.05) | 026

—______:1_




{ ble 19: Effect of rootstocks on Ruby Cabernet petiole calcium %o

o 1948 1989 1990
Ramsey 1.87 ah 2.0 g 195 bed
140 Ruggeri 1.74 [ 1.80 d 183 bed |
&1-1 .4_ L.77 he 204 c 1.7 cde
K51-40 iET ab 226 a 2.34

a
K51-32 1.92 a 2.9 be | 2.00 b
. Schwarzmann | 161 d 1.70 d 1.70 de

b

| Freedom 193 8 [221 ab [203
| Chwn TOOLS 1.49 & 1.46 e 1.42 e
| LSD (p=0.05) | 0.10 0.12 0.30

| Table 20: Effect of rootstocks on Ruby Cabernet petiole magnesium %

| [|=_ 1988 ] 1949 1990 I
Ramsey 0.39 C 0.37 e 032 el
140 Rugge_t_i_ 0.44 4 041 h 041 ab |
101-14 (.28 d 0.28 d 025 e
K51-40 038 ¢ 0.45 a 0.45 a
K51-32 0.40 be 037 C .37 be

Sehwarzmann | 0.28 d 0.27 d 0.24 e

Freedom 0.42 ab 042 ab (.33 ol

Own FooLs 043 aby .36 i 0.29 de

LSD (p=0.05) | 0.03 0.04 0.06 J

=

Table 21: Effect of rootstocks on Ruby Cabernet petiole sodium %

1988 1989 1990 —|
Ramsey 010 e |0i4 ¢ |007 d
_14{} Ruggeri | 0.11 de | D.14 c 0.08 ed
131-14 0,10 de | 0.18 ab .10 L
l K51-40 011 cd l 0.15 . 0.08 cd
K513 010 de | 016 be |009 b

|| Schwarzmann | 0.12 be | |G ab | 0.10 b

|| Freedom I| 0.12 b | 020 a | 010 b

Own roots |EJ.1S a 0.18 ab 0.19 a

|ILLSD (p=0.03) I| e |I 0.03 0.01




Ramsey

140 Rugger
101-14
K51-40

KSI 4[3
K51 32

0.21
.28
0.74




sle 25: Effect of rootstocks on Merlot yield {(kg/vine)

1989 1990 l 1991

lamsey 7.36 a 1318 a2 1808 a

140 Ruggen | 4.33 b 830 b 1047  be |
K51-40 327 b 7.03 b 1206 b |
K51-32 2.26 b 6.7 b 1050 be ‘
Freedom R b 743 b 824 c _|
Schwarzmann | 2,67 b 577 b 9.20 g _‘
LSD (p=0.05) | 213 2.55 2.41 |'|

Fable 26: Effect of rootstocks on Merlot average yield (1989-91)

| kg/vine f tonnes/ha §|
Ramsey ] 1287 a [ 1225 a
140 Ruggen 770 © 733 b
K51-40 745 b 7.10 b |
K51-32 £.51 b Elﬁr b
Freedom 6.26 b 5.96 b
Schwarzmann | 5.88 b 5.59 b
LSD (p=0.05) | 2.03 1.94 e, I

| e

Table 27: Effect of rootstocks on Merlot bunches!vine

T _l 1989 _199{1 j | SIS
(Ramsey 836 a |13 a 1803 a |
| 140 Ruggi | ST b HE.3 b 134.1 _b_
| K51-40 470 b 934 b _r 1432 b |
K51-32 352 b 876 b 1221 b
Freedom 443 b 1017 b 136 b
Schwarzmann | 46.3 _b #3.1 b 1214 B _‘
lED (p=0.05) | 25.1 263 E:i_ L

AEHE 110 el



Table 28: Effect of rootstocks on Merlot bunch weight ()

1989 1990 1991

Ramsey 874 a 98.4 ! 89.0 a
140 Ruggenr 87.3 ab 93.0 ab 5.6 be
K51-40 74.1 abc | 74.9 be B4 be
K51-32 68.5 [ [k T84 be B6.1 b
Freedom 69.9 be | 741 ¢ 6.6 d
Schwarzmann | 57.7 B 74.3 £ 750 c
LSD (p=0.05) | 174 18.6 10.1

Table 29: Effect of rootstocks on Merlot berry weight (g)

[ _ 1990 1991

Ramsey 1.19 a 115 a

40 Ruggeri 1.14 ab K13 ab

K51-40 1.16 ab 108 be
K51-32 1.17 ab 1.05 b
Freedom 1.12 b 1.04 X

Schwarzmann | 1.14 ah 1.05 be
LSD (p=0.05) | 0.06 (.08 |

Table 30: Effect of rootstocks on Merlot berries/bunch
I ) T

1990 1991

Ramsey 828 a 85.2 a

140 Rugger BLS ah 67.6 ed

K51-40 £4.5 c 783 ab
K51-32 67.2 atc | 823 a
| Freedom 664 be 59.1 d

| Schwarzmann | 65.7 be 713 he
l L3D (p=0.05) | 16.1 95




Table 31: Effect of rootstocks on Merlot juice TSS ("Brix)

1990 1991
Ramsey 24.3 b 230 b

140 Ruggeri 24.7 ab 232 b

K51-40 248 ab 236 ab
K51-32 252 a 233 ab
|| Freedom 252 i 239 a

Schwarzmann | 24.8 ab 234 ab
| LSD (9=005) | 05 0.7

Table 32: Effect of rootstocks on Merlot Jjuice pH

199¢ 1991

Ramsey 3.50 be 377 d
140 Ruggen 348 [ 381 ¢

] K51-40 354 ab 3.84 be
K51-32 3.56 i 183 be
Freedom 3.533 ab 305 a
Schwarzmann | 3.55 a 3.85 b
LSD (p=0.03) | 0.4 | 0.04 N

Table 33: Effect of rootstocks on Merlot juice titratable acid g1y

L 19590 1991
Ramsey 523 a 540 a
140 Ruggerni 5.06 ab 4.96 b

'_I{Sl—4ﬂ .08 ab 506 b
K51-32 4.99 ah 5.0 b
Freedom 5.16 a 4.54 d |
Schwarzmann | 4.90 b 4.74 C
LSD (p=0.05) | 0.30 0.19




Table 34: Effect of routstocks on Merlot juice tartrage (gl
= o T e

140 Ruggen
K51-40

K351-32
Freedom

Table 36: Effect of rootstocks on Merlot juice Potassium (mM)

1990 1991 |
|Ram$ev 4326 5660 4 (

Nomn |

140 Ruggen 46.54 4
K5140 4549 : b

K51-32 | 4654

45.54 6525 o |

Schwarzmann

mj_“_—_____—__'_____ﬁl




Table 37: Effect of rootstocks on Merlot juice sodium (mM)

1990 1991

_Rﬂmse:,r T.29 4.87 b
140 Ruggeri 7.46 4.81 b
K51-40 .80 4.50) b
K51-32 6.99 388 c
Freedom 7.41 5335 a
Schwarzmann T_SE 4.75 b
LSD (p=0.05) | ns .56

T_able 38: Effect of rootstocks on Merlot berry chloride (me/l)

1991

Ramsey 319 d

140 Ruggerd 337 cd

K51-40 4.15 a

Schwarzmann | 3.41 cd

Freedom 4.14 ah
K51-32 3.68 be
LSD 0.45

Table 39: Effect of rootstocks on Merlot berry total anthocyanins (AU)

1990 1991

Ramsey 859 c 4913 b

140 Ruggeri 96.2 ab 5900 a

K51-40 94.1 be 56.59 ab
—

K51-32 95.0 b | 6L7% a

Freedom 1041 & 3838 a

Schwarzmann | 953 Iy 61.68 a
LSD (p=0.03) | 88 5.54




’ Own roots 5.34 b
L03) [ 2
[£06009 [ 26

Table 42: Effect of rootstocks gn Chard{:nnn;f average yield ( 1986-91)

kgivin T b

16,38

— o

JL_L_EE_ {p_zﬂ.ﬂS} | 196

AE S ETR



able 43: Effect of rootstocks on Chardonnay bunches/vine

Bumeey

101-14

_14& Ruggeri

K51-40 731

Freedom 762 b | 1682

| K51-32 ‘ 636
Schwarzimann 0.7 b

\ Own roots 675 | | 1545 ‘ 1602 ¢ 1943 ¢
32.7 358 318
| —-——_—i—_—_—_'—'_ I — —_—

h LSD (p=0.03)

on Li‘l.lrdﬂnnu}' bunch weight {g)

Table 44 E!Tuct of rootstocks

il —
n_ 1987 | 1988 1989 |
\ Rams-:e}'__ 113U G40

101-14 1159 4b 100.5

140 Ruggeri

K51-40

Frecdom | 032
e _|.-—
Ks132 J_‘}EA

| Own roots |g00 o

. “ LSD {p-.-l}ﬂi] 12 135
— T — —— _I__

Table 45: Pﬁecl of ruutstucks on C Ch-ardunnuy hen'v we|ghi {g)

V_

| ¥51-32

|| ?:a{.hwarzmann | 121

| o
Gwn rmLs i _|_ B
| 0. ﬁ
llL <l ( 3 “”?___.:___L_“E_____ s

(508219 wpd



Table 46: Effect of rootstocks on Ch

ardonnay berries/bunch

’_ 1987 1983 1989 1990 1991 ]
Ramsey 96.8 a 923 ab 92.5 334 a 96.1
101-14 98.2 a 101.1 a 869 T4.4 ab G944
140 Ruggerd 05.7 a 1003  ab B9.1 78.0 ab 99,8
K51-40 B7.6 ah 916 ab 85.8 774 ab 956
Freedom 88.7 aby G8.9 ab 857 707 ab 91.6
K51-32 78.2 b 1047 3 Bo.8 758 ab 916
Schwarzmann | 854 ab 48 g 91.2 66.5 b 99.8
Cwn roots 756 b 85.1 b 879 H44 a 938
I LSD (p=0.05) | 14.1 15.2 ns l6.6 ng J
Table 47: Effect of rootstocks on Chardonnay TS8 (°Brix)
1 1987 1988 1989 1990 1991 ]
Ramsey 4280 b 1949 ¢ 2247 % 2328 Kk 2561 e
101-14 2340 ab 2053 B 23.11 ahe | 23.82 ab 26.15 cde
140 Ruggeri 2323 ab 216 bc 2348 ab 23.06 c 2640 bc
K51-40 2380 a 2118 a 2364  ab 2381  ab 2107 a |
Freedom 2287 b | 2006  be 2209 be 23.05 C 26.82 ab
K51-32 2348 ab 2009 b 2350 ab 2394 a 2574 de
Schwarzmann | 2347  ab 1968 ¢ 2375 & 317 ¢ 2644 abe
Own roots 22B4 b 2042  ab 2305  abc | 23.06 ¢ 26.28  bed
I_LS].'J (p=0.05) | 0.66 | 0.73 D.?Z_ 0.62 0.64 ]
Table 48: Effect of rootstocks on Chardonnay pH
r 1987 1988 14989 1990 1991 _I
Ramsey 3500 B0 365w |3 w3z . 391 ahe
101-14 X56 a 3.68 bc 342 ed 3.30 b 3.89 bc
i 140 Ruggeri 3.50 c 3.64 ed 341 d 331 ab 3.88 cd
K5140 3.56 a 37 b 343 cd 3.34 ab 3.82 ab
_Frcednm .57 a 3.78 a 349 i B33 ab 393 a_ |
?51—32 3.54 ab 3.66 c 345 abc | 335 a 3.88 cd
_é;chwammann 357 a 71 b 347 ah 35 a 391 abc_
Own roots 357 abc | 3.60 d 337 e 324 [ 3.85 d
| LSD (p=0.05) | 0.035 0,04 r 0.04 0.05 B 004 J_




‘able 49: Effect of rootstocks on Chardonnay titratable acid ()

) 1987 | 1988 1989 1990 1991
Ramsey 779 a 7.4 ab 7.19 ab 7.39 ab 5.58 ab
101-14 T42 bed | 689 bed | 694 be 696 bed | 533 c
140 Ruggeri 729 ed 6.64 de 7.11 ah 6.75 cd 540 be
K51-40 753 abe | 7.02 ab 7.23 i 740 a 5.62 a
Freedom 7.54 abe | 6.74 ede: |1TOL ab 7.14 abe’ | 552 abo
K51-32 7.59 ab T2 a 7.10 ab 7.52 a 5.68 a
Schwarzmann | 7.16 d 6.60 @ 6.70 C 6.53 d 5.31 +
Cran rools 7.32 bed | 696 be 7.03 ab 133 ab 5.44 abc

IL_SD E{}.DS} 0.28 027 _ 0.28 (.44 022 [

Table 50: Effect of rootstocks on Chardonnay tartrate (/) L e
r 1987 1988 1989 1950 1991

- Ramsey 6.52 ab 559 ab 6.81 a .40 ab 1_524
101-14 644 ab 600 ah 670 ab 6.45 ab 629
[MORugge | 667 a | 601 ab |681 a |643 ab 6.12
K310 | 6.52 ab | 3,79 ab 6.50 b 6.25 b 6.30

| Freedom 633 b |572 b |65 b |615 b |63
_'_Ki 1-32 6.37 b 3.82 ab .66 ab _ 631 ab 6.24
Schwarzmann | 6.39 an 603 i 6.53 b 6.30 b 649
{wn rools 6.39 ab .04 a 6.72 ab | 665 a 6.21
LsD (p=0.05) | 0.27 0.30 0.26 I 035 ns |
Table 5]:_Effect of rootstocks on Chardonnay malate _[gi

' 1987 i 1933 19849 19490 1991
Ramsey 378 b 480 bc 385 ‘a 4,00 a 3176 ab
101-14 AT aE 472 od 3531 bt 3.55 b 338 C
140 Ruggeni | 3.37 e 4.0 ¢ 327 [ 319 c 349 be
K51-40 4.07 ab 5.09 ab 379 ab 4.18 a 339 a ‘
Freedom 415 a 5.30 a 4.01 a 395 a 383 a

| k5132 396 @b |sSo08 cab |33 & |42 & |38 & |
Schwarzmann | 342 c 4.56 _ cd 340 e 3.35 be | 337 &
Own roots | 343 c 445 de __3.32 s 3.5 b \ 145 b |
LSD (p=0.05) | (.28 030 I 0,32 | 0.33 |! .31

8

PN L e |



[ 101-14 485

| 140 Ruggeri 44.2
I k5140

|| Own roots 46.8
} LED (p=0.05) | 23

} RMI%F\/\‘\

|
| 10114
a

[ ——

130 Ruggeri
’ K51-40




Jle 53: Effect of rootstocks on Chardonnay petiole phosphorus G
S5 Raer Y

1990

lamsey
e
(01-14 ; !
___',_—
140 Ruggeri | 0.43 a | 048 a 037 2 N
K51-40 0.28 ef 034 cd
Freedom 0.18 g | 0.26
K51-32 037 cd

Own TOOLS

LSD (p=0.09)

0.05

Chardonnay petiole potassium %

e

Table 56: Effect of ro-::-tstm.ks

Chwn rools

LSD (p=0.0 ;
| LSD =005) | 028

Tabie 57: ]:.i‘fec'l of rootstocks on Chardonnay petiole calcium %
_,__,_,—_,_,—_'_'_:_.—'_j

1988 —I 1989 1990
G || S~ 4o S

R
2 4 |1 'cd\

119 4 [ 126 |

140 Ruggr:n
|@ﬂ 153 @ 1.36
Ereedom 121 e | 124 ;"C_ J
Ks1-32 & Ly | 1z b Tli‘? b 4||
Ehwarzmann 1.18 d 1 25
| Oiwn rooLs | 13 _d 1 m
|L LD (p=0.05 LGE um | 007 nm J

p505-219.wpd




Table 58: Effect of rootstocks on Chardonnay petiole magnesium %

[ 1933 1989 1990 ]
Ramsey 0.68 a 0.56 b 0.52 b
101-14 045 d 0.37 e (.37 ¢ ¥
140 Rugger | (.63 ab 0.56 ab 0.49 be
K51-40 0.67 a (162 a (.57 a i
Freedom 0.57 bc 0438 d 0.47 cd
Ks1-32 (.56 C 0.54 be 043 d
Schwarzmann | 047 d 0.36 e 0.36 e
Cwn roots (.56 be 0.50 cd 0.38 £
LSD (p=0.05) | 0.07 .06 0.05

Table 59: Effect of rootstocks on Chardonnay petiole sodium %

1988 1989 1990
Ramsey 0.14 a 0.18 a 0.15 a
101-14 0.07 b 0.12 b 0.06 b
140 RUg_gerf (.09 b 012 b 0.06 b
K51-40) 0.08 b 0.13 b 0.13 i
Freedom 0.09 b (.15 ab 0.07 b
K51-32 0.07 b 012 b (.08 b
Schwarzmann | 0.15 a 0.13 ab 0.09 b
Own roois 0.08 b 0.13 b 007 b
| LSD (p=0.05) | 0.0 0.03 |. 0.4 |

Table 60: Effect of rootstocks on Chardonnay petiole chloride %

—
1988 | 1989 1990
Ramsey 045 g 041 £ 0.68 cd
101-14 0.19 d 0.18 d 0.27 e

140 Ruggerd | 0.15 d 0.1t d 0.10 e

KS51-40 0.88 a 1.01 a 1,33 a
Frecdom 0.78 b 0.76 b 0,849 be
K51-32 042 ¢ 0.33 (& 051 d

Schwarzmann | 0.12 d 0.12 il 0.16 e

Own roots 0.78 b 091 a 0,92 b
LSD (p=0.0%) | 0.10 0.11 0.23




Fable 61; Effect of rootstocks on Chardonnay petiole zine pg/g

1988 1989 1990

i Ramsey 3730 ab | 6750 a [ 4850 ¢ |

| 101-14 3100 be |5L10 b |4900 ¢ |
;_14ﬂ Ruggeﬁ 4270 a 5390 b 5690 b

__ KS1-40 2500 cd | 3960 ¢ | 4510 ¢
Freedom 2970 ¢ | 4990 b | 4340 ¢

| Ks1-32 2210 d | 4690 be | 4630 ¢ |
Schwarzmann | 3120 b 51.70 b 4450 ¢ |

| Own roats 4230 @ 7080 & 8110 @
LSD (p=0.05) | 748 | 9.10 7.24

Table 62: Effect of rootstocks on Chardonnay petiole manganese pg/g

F 1984 1989 1990
Ramsey 1449 b 1530  be 2150 e
101-14 19.80 1570 be 337 a
140 Ruggen 1900 a 1950 & 260 b
K51-40 2080 a 1720 ab 2680 b |
Freedom 1400 b 1590  be 2340 cde

_KS! 32 16230 b 410 ¢ 2550 «cod
Schwaremann | 1950 a %90 a 30100 b
Own roots 1378 b 1359 € 22700 de

,i LSD (p=0.05) | 2.30_ 268 3:51

Table 63: Effect of rootstocks on White Frontignac yield (kg/vine)

| 1984

1991

i

3.70

1988 149940
Ramsey 7.12 a 3310 a 1563 a 2494  a
Schwarzmann | 7.49 a 30.50  ab 14.16 . ab 1890 b
K31-32 844 a 2844  bed | 1602 -a 18,08 b
| 101-14 8.63 E 2864 1460 ab 1636 b
140 Rupgeri | 692 a |2790 ‘bed | 1350 b | 1805 b
K51.40 650 ab | 2677 «d |1421 @ |1701 b
(| Freecdom TAR a 2546 d 1061 ¢ 1838 b
Owni FO0LS 409 b 1893 e B.97 [+ I_IS,EB b
246

LSD (p=0.05)

| 3.14

1.98




Table 64: Effect of rootstocks on Whige Frontignac average yield (1988-91)
e Sy

kg/vine tonnes/ha

Table 65: Effect of rootstocks on White Frontignag buncheg/vine
e Ty

[ St

140 Ruggeri
|| K51-40
| Freedom

Own roots

be ;
Schwarzmann | 2160 4 214.4
2173 a

} 179.6
101-14 2009 ap | 1797

/ Freedom

|1 Own roots




‘Table 67: Effect of rootstocks on White Frontignac berry weight (g)

| | 1989 1990 1991
Ramsey 160 be | 165 be | 217  abc
Schwazmann | 154 ¢ | 194 a | 207 «d
K51-32 167 ab | 169 be | 218 b
101-14 168 &b |116 b |[221 @b
JORugges | 163 b |17 b 230 &
K51-40 174 a 159 ¢ |225 @b

| Freedom 163 be |15 b |20 o
Owm roots 159 be 1.71 be 199 d
LSD (p=0.05) | 0.11 0,15 0.14 |

Table 68: Effect of rootstocks on White Frontignac berries/hunch

'_'j— ] 1989 l| 1990 1991
iam_scy 1220 _I 968 be 1065 ab |
Sfﬁuaﬂanﬂ 1417 a 11&9 a _ 1068  ab
K3 1—3‘2_ 1308 ab 1067 _ﬂh 94.0 tl-c_
IUI—M_ 1256 b 1692.1 ab | 97.1 bc_

i 140 Ruggeri 1241 be 1002 ab E.L‘I b
K51-40 1078 d 097 ab ﬂ _
F_m::dum - 1133 ol 3&2_ c | 965 be |
Own rooks 1217 be 11153 & 1144 a

|\ESD {p=0.05) | 13.1 __IE____hE ol AL

ahle £9: Effect of roumtutka on Whlte anilgna{: juma- TS5 (°Brix}

I —
T 1989 19490 149491 _—l
Ramsey

13'. 10 d 24.24 bed | 19.05

]

|S¢!\wan'.mann 1890 cd | 2259 cd | 2094 @b

| Ks1-32 1941 bc | 2345 d | 2070 b
| 101-14 20.13  ab l. 65 ab | 2161 a |
|] 140 Ruggeri '] 1872 cd | 2401 ¢ \ 3054 b

bed
| ks10 | 2026 ab | 2424 bed | 207 ab

| Frecdom | 1937 be | 2554 o | 2036
|| Qwn roots lzn 52 4 | U39 ke |iﬂ.:13

' LSD (p=005) 0.97 | 091 101
= Lo

ol

[IE— e ———

e YO il



Table 70: Effect of rootstocks on White Frontignac juice pH
— T FTORNERAL juice: i

Own rools 3.21 be 315 b 347 b

/ KS]—d[] ?Gﬂ abc 6.66 ahc

F'rt.,edum | 6.33 d 682 d | 6.44 be

| Own rools : : 7 6.7
L‘ LSD(p=0.05) | 0.44 Ltuz | oa




ible 73: Effect of rootstocks on White Frontignac juice malate (g/1)

1989 1990 1991

‘ Ramsey 267 d 627 & 407 a
Sehwarzmann | 2,735 cd 4383 d 346 b

| iz 207 be | 612 db | 398 a

| _‘1[11‘14 274 cd 539 c 302 b

| 140 Ruggeri | 267  d 556 ¢ |36 b

| K31-40 3.16 ab | 6.53 a | 397 a
Freedom e | d 513 be in ab
Own rools 2.06 e 446 d 234 c

LLSD (p=0.0%) | 0.29 0.5 0.33

Table 74: Effect of rootstocks on White Frontignac juice potassium (mM)

1989 1990 1991 *
Ramsey 3050 ¢ 5422  ahe 4250 abe
Schwarzmann | 41.06 b | 5305 ke | 4L11 R
K51-32 3983 & 5539 abc | 45.11 a2
101-14 4011 ¢ 5350 abc | 4089  bed
140 Ruggeri | 4094 be | 54.28 abc | 3939 ed |
K5140 4361 ab | 5633 a 4339 ab |
Freedom 44,83 a | Sﬁﬁ ab 39.72 h'.".d_
Own [oDls BT ® 5261 ¢ 3711 d
LSD (p=0.05) | 2.95 _. 320 | 303 |

Table 75: Effect of rootstocks on White Frontignac juice sodium (mM)

1989 1990 1 e =
Ramsey 0.00 056 ab | 111 a
Schwarzmann | 0.00 1.00 a 1.05 ab
Ks1-32 044 |05 b | 083 be
101-14 |' 0.50 045 b |077 ¢ |
140 Ruggeri | 0.00 067 ub 116 4 |
K51-40 ] 0,06 056 ab | 111 a ‘
Freedom | 0.00 .84 ab | 12 & _|
Own Toos n:r.m__ | (73 ab 1.{}_5 ab |
| LSD @=005) |ns (.52 n.zat____J

T TP PR |



Table 76: Effect of rootstocks on White Frontignac Jjuice chioride (me/l)

1991

! Ramsey .56 cd
Schwarzmann | Q.40 d
K31-32 0.35 cd _|

. 101-14 0.47 cd

l 140 Ruggen 0.37 d

| K51-40 1.27 a |
Freedom (.83 be
Craen roots 112 ah
LSD {p=0.05) | 0.37

Table 77: Effect of rootstocks on Chenin Blane yield (kg/vine)

1 1985 1986 1957 1933 1989 1990

Freedom 2573 =& 3132 a 32.17  ab 3799 g 4401 ab 5243 a
101-14 2286  ab 2594 b 3360 a 3549 ab 44£¢ a 4930 ab
Ramsey 2231  ab 3033 a Fack ) G v 3742  a 4318  ab 4888  ab
Schwarzmann | 2296  ab 2624 b 3499 a 353 ab 4221 b 4843 ab
K51-32 2494 ab 2576 b 3251 ab 3280 e 4164 abc | 4680 b
140 Rug_guri 2158 b ?5_.44 b 2914 e 348 ab 4187 abc | 4684 b
K31-40 22.32 ~ab 2566 b 31.13.  cabe | 3147 ¢ 3983 b 47,57  ab
Crwen ooty 1543 « 2508 b | 2691 ¢ 3235 he LT 4180 ¢
L3D {(p=0.05) | 3.96 . 307 4,29 3.36 | 4.31 : 4.94

Table 78: Effect of rovtstocks on

Chenin Blanc average yield (1985-90)

—

2.56

kg/vine tonnes/ha
Freedom 3728 =a 4060 a
101-14 3532 ab | 3846 ab |
Ramsey I ‘3522 ah 3335 ab
Schwarzmann | 3503  ab 3815  ab
K51-32 3407 b }?, 19 b
140 Ruggern 3328 b 36.25 b
K51-40) 33.{]? b i34 b
Ownroos | 3003 ¢ | 3271 o
| LSD (p=0.05) | 2.35 |




bunches/ vine

reedom

———— i

{01-14

Ramsey

H}l-ﬁ- ;i
Ramsey n7r
Sehwarzmann | 119.6

1199
1194
117.5

Crwn rools N 1174

| LSD (p=095) |

'I__—

Table 31 I:I‘f-:u nf rontsmcka on Chenin Blanc berry weight ()
e

Ramsey

Sehwarsmann

I %5132

| =
||P1D Rugzer
| K51-40

0505215 pd




Table 82: Effect of rootstocks on Chenin Blane berrles’bunch

1989 15‘90—_|
Freedom 872 ab B34 c
101-14 818 h___ 836 C
Ramséy 856 ab 290 b
Schwarzmann | 834 ab 510 abe
K51-32 BE.6 ab | 98.6 a
140 Rugger 84.0 ab 89.3 be
K5140 858 ab 91.0 abe
Own roots 91.0 a 047 ab |
i L3D (p=0.05) l 9.0 J 8.4 :]

Table 83: Effect of rootstocks on Chenin Blanc juice TSS (*Brix)
otz iy )

| 1989 i 1990
Freedom 11782 b 17.47 abc
101-14 1852  ab - 17.53 abe
Ramsey 1832  ab 17.32 be

Schwarzmann | 19.06 a 17.92 ah

K51-32 18.52 ah 17.42 bic
= |
140 Rugger 18.84 a 18.26 a
K51-40 18.55 ab 16.9] C
Own roots 18.87 a 1788 ah
I—LS—D {P=G.[}S} E = {l_s —_—_é.

Table 84: Effect of rootstocks on Chenin Blanc juice pH

|_ 1959 | 1990 TI
Freedom 3.08 a 3.02 a
101-14 306 ab [ 300 ap |
Ramsey K2 c 294 e
Schwarzmann | 3.08 il \reee e
| K51-32 3.03 be |29 de |
140 Ruggen | 3.04 be 297 cd |
_El—d{] | 305 ab | 296 de
Own reots | 3.02 & 2.54 e
LE] Ezﬂ.ﬂj} 0.03 . 0.03 ]




5: Effect of rootstocks on Chenin Blanc juice titratable acid (g

ble 85:

1989 _’ 1990
Fresdom _I 11.08 & | 1106 ¢
101-14 E:‘:_ _tlL o
Ramsey |

B 19 b [ nmM b_l|
@ b |ue o |

Schwarzmann
10.56  ab |, 1148  be

140 Rugger l 1031 b | 1 ¢
K51-40 _I 1042 -ab ] 1207 a \

1020 b | 1129 be |

Ohwin Tools

LSD (p=0.05) | 0.69

Table Mﬁecl of rum'stoﬁ on Chn:ni_n_lllnﬁ juice tarirate (/)
| 1989 19490 \|
Freedom 655 _L +‘E_a_
o |63 b e b
Ramsey | 662 s | 725 a

ch wmmnn 6.3? T.16 a

_— b I R e ——
ks132  |645 b | 728 a__|
b | |

4{} Rugym ﬁ 659 b 7.0 a _|
6.4&1 b |_?E'._ w \
o8 a |4 o |
LSD (p=095) | 027 ____I_Ui ]

Table 87: ffeci of rootstocks on Chenin Blane juice malate (g/1)
— — ____|

Schwarzmann | 536

|| Ks1-32 | 3%
| 140 Ruggeri | 527
5.?5

| Cwn rools 5{}6
LSD (p=0.05) | 0.

ks 110 sl




Table 88: Effect of rootstocks on Chenin Blane
— T TUMSOC)

Table 89: Effect of rootstog

- 1989 1990

Freedom 40.95 a 4283 g

101-14 3878 bBe 37.33 b ¥

Ramsey N 37935 bed 4044  gp ]
[ Schwarzmann | 3030 . 41.00  ab

K51-32 3733 cd 40.28 ah

140 Ruggen _lfwﬁ_ﬂﬂl bed 40.50 ab |

K51-40 39.56 ab j?.iﬂ a

Own roots _3'-&';3 d 3872 ab "
|_|_L5D ©=005) | 166 | 46|

[ 1989 1990
Freedom 0.17 C 0.11 ab
101-14 .56 ab 0.536 b
Ramsey 0.22 be 0.36 a
Schwarzmann | 0,34 abg 0.56 b

Bt il [ Lot =k Bl SN S
K51-32 .56 i 0.11 ab

— ] A
140 Ruggeri 0.11 c | 0:22 ah
K51-40 0.34 abe 0.17 ah
Own roots 011 c | 022 ab
LSD (p=0.05) | 0.33 045 /
L'—___ _|___||____

Table 90: Effect of rootstocks on Gordo yield (kg/vine)

Juice potassium (mM)

ks on Chenin Blane juice sodium (mM)

B 1988 | 1989 1990 1991 |
101-14 1556 a 2685 a 1876 x4 31.14 a_ |
Ramsey 1396  ab 2631 & 1967 a 25.71 be
K51-40 1562 3 2324 ake 17.93 4N 27.93 ab

_[{‘;32 1275  ab 2338 ab 1733  a 2793 ab

_Schwarzrnann 1283 ab [ 4235 ‘& 1935 4 2399 b
Freedom 1160 b 1960 ¢ 1749 g 211 ¢
Dog Ridge 6.16 C 1412 d 1787 =& 2?£ _ab
Own roots 8.00 c 13.03 4 1260 b 1616 @

l__LS_D (p=0.05) | 3.03 4 ii__ el 3.80 448 _JL




Table 91: Effect of rootstocks on Gordo average yield (1988-91)
v R —————

Tahic 92 I:H‘ec:t s:rf ruutsm-ckrs on Gordo bunches/vine

(}\’-Eﬂﬂ_ﬁ 585
\|_ LSD (p=0.05) | 19.5

Table 93: Effecl.'

L_Etmhuy

|| K51-40

| 190.7

» '1_84-_6__

05219 wd



1991

.57 ab
359‘_ C [}
356 ab
3.55 ab
Schwarzmann 374 _a—_

Freedom m 379 a
Dog Ridge | 23 b 4.19 ab
Own roots 2.00 e 3.67 cd 340 b

L 0.18 | 031 024

LLSD-{p:D,[}S} L:,m



le 97: Effect of rootstocks on Gordo juice pH

—_—

fable 98: Effect of rootstocks on Gordo juice titratable acid (2/1)
____ﬁ______.________

m-Lks on C G-:}n;lu juice tartrate (g

—_——

19491

Tnble 9) Effect uf ruuts'
( T 1989 |_ 1990

101-14 iam cd Jrs.,aa

Ramsey | 632 be 582

| Ks1-40 go1 ¢ | 380 b
K51-32 621  bed [ 5.08 b
Sohwiramann l 6.35 53“ b

—————
Freedom 609 hu:i [sm 4 |548 b 4
Dog Ridge | 602 504 @ 574 b
s |Bag el 5E |ss8 b |
___l R —— e ——— \
LSD 2 0.69 038
| LSD (=005 | © 1 S - I

(1505-219.wpd




T

able 100: Effect of rootstocks on Gordo juice malate (g/])

1939

101-14

|
e —
_ Ramsey 240 _b_ 246 c 3.02 d

K51-40 290 i 345 a 4.06 be
K51-32 295 a 3.11 432
—

Schwarzmann 230
e e R |

it R N
Freedom

—

' Dog Ridge

Own roots

LED

6550 a
ab 63.72  ab { 36.11

Dog Ridge

Own roots 4322 ¢ 5867  ab 46.83  de
287 8.27 igv




Appendix

iidelines for nutrient concentrations in grapevine petioles at flowering

Nutrient Deficient | Marginal | Adequate High

==

Nitrate (%) <0.15 015022 | 022-053 >0.53
Phosphorus (%) <0.15 0.15-0.20 0.2-0.46 >0.46
Potassium (%) <10 1.0-1.5 >1.5
Calcium (%6) Y225
Magnesium (%) <02 0.2-03 =03
Sodium (%)
Ciloride (%)

Zinc (mg/kg)
Manganese (mg/kg)

0505-219.wpd



