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Abstract

The key objective of the project was to compare fleeformance of 8 rootstocks (1103 Paulsen, 140
Ruggeri, 110 Richter, Ramsey, Borner , Merbein 5489, Merbein 6262, Merbein 5512) and an own
rooted control using Cabernet Sauvignon as the scion vaifiéty trial was setip using a replicated,
randomised deigin and viticulture data collection occurred over three seasons 2014/2015,
2015/2016 and 2018/2019 with smadit wines produced in 2019. The trial showed that rootstock
has a significant effect ongld, vine vigour and wine style. It also highlighted plo¢ential of new

rootstocks Merbein 5489, Merbein 5512 and Borner for the Limestone Coast region.



Executive Summary

The Coonawarra Rootstock Trial established in 2009, is adomgpartnership béveen
Coonawarra Vignerons, Treasuryri@Estates and Vinehealth Australia and is the only

formally-managedootstock trial of this type in South Australia.

The aim of this trial is to increase the level of knowledge on rootstock performance in the dmmest
Coast by comparing 8 rootstocks (NMein 5489, Merbein 5512, Merbein 6262, 140 Ruggeri, 1103
Paulsen, Ramsey, Borner, 110 Richter) and an own rooted control on the principle soil type of the
Coonawarra. The trial was setup to facilitate scientific ysial with both a randomised, replicate

section of seven rows from which three years of viticultural measures have been recorded, as well as
27 commercially managed rows. Viticultural data collection was undertaken in the 2014/2015 (V15),
2015/2016 (V16and 2018/2019 (V19) growing seasonsnévnaking was completed in the V19

season.

It is recognised that increased knowledge of rootstock performance in the region will help growers in
the Limestone Coast be more confident in making a rootstock selectanglappropriate for their
site. This will in turn increase rootstock use in the Limestone Coast and ultimately provide greater

biosecurity preparedness from the threat of phylloxera.
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potentialin the regionandthis shouldprovideimpetusfor commerciablantingsof theserootstocks.

It must be stated however that the Merbein rootstocks have been hard to access by industry

because the establishment of mothervinand subsequent distribution hagen limited to two

nurseries only. The current model for the supply of these CSIRO developed rootstocks needs to be
reviewed to allow for wider access by industry to ensure that there is broader uptake on the

significantindustry investment into the devepment of theseootstocks.

Overall the trial results showed that the influence of rootstock on vine vigour was a key factor in
explaining vine performance related to yield, wine quality and style and has highlighted the
challenges of managing a replicat&al with rootstocks which inherently impart different levels of
vigour to the scion. If one were to take a narrow view of the trial results, then it would be possible
to quickly dismiss some of the rootstocks in thialtas not suitable to the climaticonditions in the
Coonawarra. However, it was the homogenous management regime, coupled with the climatic

conditions that led to theelativelypoor performance of the higher vigour rootstocks. Further trial



work needgo be undertakerto understand how the high vigour/drought tolerant rootstocks can be

consistently managed for quality outcomes under the conditions of the region.



Background

Australia has some of the oldest grapevines in the world.ifrtpsrtant resouce has remained due

to the absence of many of the damaging pests and disease impacting vineyards overseas. One of
these pests is grape phylloxera, a small insect pest that damages vines by feeding on their roots.
Vine death can result aftexpproximately iive years. There is no chemical or biological control for
phylloxera and the only mechanism grape growers can employ to combat phylloxera is to plant vines
grafted to American rootstocks. Grafted vine material however comes at a costeafsa2.5 times

that of own rooted materiat $4,000 per hectare for own roots compared with grafted vines

$10,000.

With the acknowledgement of a rise in phylloxera detections in Australia over the last 10 years,
particularly associated with the outbreak the Yarra Vadly in Victoria, grape growers are starting to
look at planting or replanting a proportion of their vines to grafted vines as an insurance policy. This
activity is occurring in conjunction with heightened awareness and adherence to betgrac
farmgate hyiene practices to prevent phylloxera and other pests and diseases from entering at the

property level.

Rootstock use in the grape and wine industries is not just to combat pests such as phylloxera or
nematodes. Rootstocks can also be uasdriticulturattools to help improve drought tolerance,
manipulate vine vigour, provide tolerance to saline, calcareous or acidic soils and reduce potassium
uptake (Dry, 2007). With high awareness by viticultural industries of the effects of climatesohiang
grape prodation, growers are placing more value on drought tolerance and water use efficiency in

situations where water for agricultural use is becoming éesslable.

Coonawarra, like other regions in South Australia, has had a low levielesfplanted to rootsick.
Currently the region has 13.1% area under vine planted to rootstocks (source: Vinehealth Australia).

Rootstock use is not dissimilar across the rest of the Lime<Goast.

The Coonawarra Rootstock Trial established in 20@8ldagterm partnershipbetween
Coonawarra Vignerons, Treasury Wine Estates and Vinehealth Australia and is the only

formally-managedootstock trial of this type in South Australia.

The trial was setup to facilitate scientific analysis, with both a ramded, replicated secin of
seven rows from which three years of viticultural measures have been recorded, as well as 27

commercially managed rows. The trial includes eight rootstocks and an own rooted control. The



rootstocks are: Merb&i 5489 (M5489), Merbein 5512 (M5512), Mein 6262 (M6262), 140

Ruggeri, 1103 Paulsen, Ramsey, Borner, 110 Richter and own roots.

Viticultural data collection was undertaken in the 2014/2015 (V15), 2015/2016 (V16) and 2018/2019
(V19) growing seasons. Winaking was completed in the V19 seas@ng grapes from the

randomised section only



Aim
The aim of this trial is to increase the level of knowledge on rootstock performance in the Limestone

Coast by comparing the 8 rootstocks and own rooted contraherprinciple soil type of the

Coonawara across the randomised row$his will be achieved with:

€) Scientific assessment through viticultural data collection and winemakiv.én
(b) Field walks that allow growers and winemakers the opportunityisoally compare,
contrast and assess performanbetween rootstocks and own roots in a commercial
setting.
Increased knowledge of rootstock performance in their region will help growers in the Limestone
Coast be more confident in making a rootstock setecthat is appropriate for their site. This i
turn increase rootstock use in the Limestone Coast and ultimately provide greater biosecurity

preparedness from the threat of phylloxera.

Data collection across the three seasons has also provided thertymity to evaluate performance
of rootstocksunder different seasonal conditions. This will help develop knowledge on which
rootstocks may be better suited for tackling issues related to climate change including reduced
access to water, increased tempéuire across the growing season and increasestfand heat

wave events.

Thereare still perceptions within some parts of the wine industry that grafted vines cannot
producethe wine quality reflective of the character of the region and so an additicaal of this
trial is to enhance the awarenesstbe ability of grafted vines to reflect the desired quality and

style of the region.

The trial has also provided the opportunity to evaluate the performance of some rootstocks that

have yet to be widely plaad in commercial vineyards including Borner,28@, M5512 and M5489.

The final aim of this trial is to raise the profile of the Limestone Coast as a centre of excellence for

grapevine rootstock knowledge.



Methodology

Site description

Location and planting details A . o A 3
The trial is located on Treasury \8in 9 A G 6 Sa W! f SEFYRSNJ +AyS&l NRQ Ay

and vines were planted across two seasons. In November 2009, the treatments 110 Richter,
Ramsey, 1103 Paulsen, Bérner, Ri@ygeri and own roots were established using dormant rootlings
and inNovember 2010, M6262, M5489, M5512 were established with green potted vines. The delay
in planting the Merbein stocks until 2009 was due to the unavailability of plamtatgrial.

Block details

North-south orientation

Vine spacing 2m

Row Spacing 3.35m

Density = 1500ines/Ha
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Clone selection
Cabernet Sauvignon clone CW44 was selected as the scion for theWid. i€ a clone selected

FNRBY (KS wAOKI NRA 2y @widely plan®q acrasy the rég@ryandsfamiiditod L
both growers and winemakers and therefore at the time of planting, was deemed an appropriate

choice for therial.

Rootstockselection
The rootstock selection process deliberately avoided rootstocksvieat considered to have poor

drought tolerance/wateruse efficiency. The exception to this was Borner which was included
because it has been reported that in some circumstances thisteck has immunity to phylloxera
(Becker, 1988). The justification fioicluding these rootstocks was based on the desire to evaluate
rootstocks that would help mitigate the impacts of climate change particularly lower water
availability and heawaves. Th Merbein rootstocks; M5489, M5512 and M6262 are relatively new
rootstocks developed by the CSIRO and were included because of their reported ability to increase

water-use efficiency and reduce potassium uptake (Clingeleffer, 2011).
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Trial design

An EM 38 survey was used to identify soil differences across the site. |avzosn, EM38 readings
generally determine depth to limestone or the relative soil moisture holding capacity (Loder,
unpublished). Three areas of differing siBpth were identified and categorised as low, medium
and high. To ensure that soil depth did f@come an additional variable, rootstocks were planted

equally across the three identified areas.

The trial is setip with 9 plots per treatment (#ine plots)randomised across 7 rows but ensuring

that each treatment was replicated 3 x in each vigourare

Table. 1 Layout of rootstock treatments

COONAWARRA ROOTSTOCK TRIAL 2019

NORTHERN END OF BLOCK

Vine no. |BUFFER|ROW 1|ROW 2| ROW 3|ROW 4|ROW 5|ROW 6|ROW 7

16

7-12

13-18

19-24

25-30

31-36

37-42

43-48

49-54

55-60

61-66

KEY

Own roots
1103 Paulsen
73-78 140 Ruggeri
110 Richter
79-84 : Borner
Merbein 5489
85-90 Merbein 5512

e Ramse
|BUFFER|ROW 1|ROW 2| ROW 3| ROW 4| ROW 5[ROW 6{ROW 7 44
| SOUTHERN END OF BLOCK | Merbein 6262

67-72
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Trial management

The vines in the trial were managed with an approach that reflected the stdrmtactices of the
region.

Pruning
All the vines in the trial were pruned with intention of having equal bud nersiper vine.

Canopy management
Vines were trained to a Vertical Shoot Positioned (VSP) canopy with shoot thinning and trimming
undertaken based on the requirements for the season.

Irrigation
In season 2014/2015, 111 hours were applied across the graeiagpn which equates to 1.03

ML/Ha applied. In season 2015/2016, 110 hours were applied across the growing season which
equates to 1.02 ML/Ha applied. In season 2018/2019, zero irrigation was applied until week
beginning 1" January. The block was thergrdarly irrigated up until week beginning®3anuary.
An 8hour irrigation was then applied in the week beginnindg March. The total for the growing

season was 67 hours which equates to 0.62 ML/Ha applied.

Data collection

Table 2. Summary of dataotiection by season

2018/19 2015/16 2014/15

Maturity (Be, TA, pH)
Yield per vine, buncimumber, bunch weight

Berry number, berry weight

Trunk circumference

Cane weight

Bud number postpruning

Canopy LAl/porosity

Bunch stem nerosis buncheper vine
Harvest juice cations and chloride
Berry anthocyanins, tannin and phenolics
Wine colour, tannin and phenolics
Wine cations and chloride
Winemaking

Wine sensory analysis
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Data was not collected in 2017/28because yield per vine was impacted by a frost
event in November 2017. Data was matlected in 2016/2017 because part of the

trial was unintentionally harvested prior to data collecti@rable 2)

Viticulture
Viticultural parameters were collected froeach of 8taggedsample vines (9 vines

per treatment) across the replicated section.

Yield
In field measures of yield per vine and bunch number per vine were undertakieh grrabled

average bunch weight to be calculated.

Threerandombunches pesample vine were ained and used for counting berry number and

calculating berryweighdzi A y 3 G KS aFl &ad oAbBXNDBCheS pedapaisfoghkde YSUG K2 Ré
weighed, therthe bottom 10 berriesvere pluckedff each bunch per rootstock and peal. Each

270 berry weight was recorded per rootstock and then divided by 270 to calculate average berry

weight. Each 27 bunch weight was then divided by the average berry weight per rootstock to

determine average berry nuber per bunch.

Canopy LAl/porosity
Fraction photosynthetically active radiatiowas measuredo assess canopy leaf area / leaf area

indexusing a handheld ceptometer (Accupar@PPAR/LAI ceptometer, Decagon Devices, Pullman,
WA, USA). For each virereading was taken above the canopy ifl fwnlight and below the canopy
along the cordon line, for both sides of the cordon. Measurements were completed anestern

side of the canopy.

Bunch stem necrosis
In v19 there was an observation of some rootdts showing more bunch stem necrosiart others.

Simple quantification of this difference was carried atharvest by recording the number of
bunches per vine showing bunch stem necrosis symptoms and then presenting the results as a

percentage of thedtal number of bunches per vine.

Maturity sampling
1 Weekly 12bunch samples collected for each rootstock
1 Analysed for total soluble solids (Baume), pH, titratable acidity

Trunk circumference
Measured at dripper height.
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Winemaking

Small lotwinemaking
Small lot wines (580kg) made in duplate on all rootstocks except M6263/ AWRI

using standard winemaking protod@ppendix 1)Harvest decisions were aimed at
harvesting all rootstocks between 13;81 n ® oAdl ro&stocks were harvestecho
the same day and grapes were harvested only from the replicated section of the trial

for winemaking.

Pivotanalysis
As a means of compagrthe wines made from the rootstocks, a selected group of trained regional

winemakers was guided throughNal LJAR aSy a2 NE YSGK2R Ol WwHerSblg t A @2

the own rooted wine was used as the pivot wine.

Statistical analyses
Each rootstockvas subjected to ongvay factorial with repeated measures analysis of variance

(ANOVA) using XLSTAT Versin6 (Addinsoft SARL, Paris, France). The significance of the
RAFTFSNBYOS 0SiGgSSy GUNBFOYSY(d YSIya dffednceRSGSNYAY S
(LSD) test calculated at the 5 % levetincipal component analysis (PCA) plots was performed i

Microsoft Excel 2010 and XLSTAT Version 17.06 (Addinsoft SARL, Paris, France) and presented as

variable plots (rootstock, attribute).

Climate Olservations
Information ®urcedand adaptedrom the Coonawarra Vignerons Boasgasonal Reports.

2014/2015
The region experiencedrarage winter rainfall Springconditions werenot typical, being very dry

FYR 2yS 2F [ 22y ¢ NNI QswelkaboNdw&agé Awamniandiiry G S Y LIS NI G dzN
floweringperiod promoted a fast and even berry seYields overall were on the moderate side due

to lower bunch numbers, and as a resitlté bunch thinning was required at veraisoWery dry

conditions continuedhrough Decembeuntil 90 mm of rairfell in mid-January.Harvestwas

considered to beat the normal time ieg late March early April.

2015/2016
The region experienceal warme Octoberand November leading to earlier than nornfl@wering

and good fruitset. February and March temperatures were mild, and the cold nights and warm days
delivered an extended ripening pedoThe growing season (Sept 2G18larch 2016) was drielheain

usual, delivering only half the normal rainfalields werénigher thanprevious years

14



2018/2019
Coonawarra received good winter rains leading into the growing se&@piemberDecember

temperatures were in line with the loagrm average. Rainfall across the growing season was well
below average. The region experiencedwad average temperatures in January however conditions
moderated for the rest of the growing seas A cool and dry April was perfect for ripening, allowing
full flavour development and optimal sugar levels. Yields of red wine grapes were between average

to slightly below the longerm average.

Field walks

Public feld walks of the radomised, replicated rows were heild 2017 and2019. During the latter
field walk, the 35 participants wergrovided with a trial map and observations sheet astted to

submit their observations for collation

15



Results

Viticulture data collection- V15, V16 and V19

Yield and yield components

Table. 3. Averaggield andyield components across the three years of data collect&imowing the significant
impacts that rootstockhad onthese measurements

140 Ruggeri 10.1a 106abc 96.1a
1103 Paulsen 9.8ab 107ab 91.0ab
M5512 9.5abc 116a 86.9bc
110 Richter 9.0hc 111a 82.6¢d
Ramsey 8.9¢ 112a 79.3cd
M5489 7.9d 106abc 75.44
Borner 6.9e 96 cd 74.8d
M6262 6.1 ef 98 bed 63.9¢
Own roots 5.4¢ 93d 57.7e
Pr>F 0 0 0
Significant Yes Yes Yes

All rootstocks across the three years of data collection produced significantly higher yields than the
own rooted treatment with the exception of M626@ able 3) Based omverage yield/vine across

the three years of data collection the rootstocks can be separated into two groups; the higher
yielding rootstocks (in descending order of yield) 140 Ruggeri, 1108dPai5512, 110 Richter and
Ramsey and the lower yielding ratocks (in descending order of yield) M5489, Bdrner, M6262 and
own roots. The two highest yielding rootstocks 140 Ruggeri and 1103 Paulsen produced almost

double the yield of own roots acrosise three years of dateollection.

Bunch number per vine hatie most impact on yield across the three seasons. All rootstocks
imparted higher bunch numbers per vine compared with own roots except M6262 and Bérner. All
rootstocks imparted higher bunch wéitp across the three years of data collection compared with

own roots except M6262.

16



Table 4. Ranking of rootstocks by yield across the three years of data collebtginlighted that rankings
were not consistent over the period of data collection with Reey in particular dropping fromsLto 8".

V15 V16 V19

Rootstock (k;;\?ilge) Ranking| Yield (kg/vine) | Ranking| Yield (kg/vine) | Ranking
Ramsey 9.9 1 12 4 4.8 8
140 Ruggeri 9.7 2 14.7 2 5.9 4
1103 Paulsen 8.9 3 15.2 1 5.4 5
M5512 7.9 4 11.7 5 8.8 1
Borner 7.8 5 7.6 7 5.3 6
M5489 7.3 6 10 6 6.4 2
110 Richter 7.2 7 13.6 3 6.3 3
M6262 6.5 7 6.4 9 5.3 7
Own roots 5.8 8 7.1 8 3.3 9

Own roots, M6262 were consistently the lowest yielding rootstock by ranking across the three years
of data collecthn (Table 4) Own roots recorded thlowest average yield, bunch number and bunch
weight across all treatments for the three years of the data collection (data not shown). M6262 was
the only rootstock in the trial that recorded lower yield components caneg with own roots

during the threeyears of data collection (bunch number per vine, bunch weight and yield per vine in

V16 but were not significantlpwer).

Table 4 shows that the high yields in V16 recorded for 1103 Paulsen and 140 Ruggeri drove their

higher average across the three yearsl in V19 these rootstocks rankel @nd 5" respectively.

Ramsey also shows an interesting downward trend in yield ranking ffam\15 to & in V19 (just

above own roots). The fluctuations in yield were drigndecreasing bunch numbers. Couplinig

RFGlI ¢AGK RIFEGE O2ff SOGSR Fid LINMzyAy3 O2dz R AYRAOI

discussion).

M5512 and M5489 rose in the yield rankings frothaéd 6" in V15 to #and 2¢in V19 and both

showed generally good consistent lgie across all three years of data collection.
Borner was consistently ranked low in yief!, 7" and 6" across the three seasons.

110 Richter ranked7in V15 and % in both V16 and V19.

17



Vine Vigour
Vigour rankmgs were very congint across the three seasons of data collection and it is possible to

categorise the rootstock treatments into 3 groups based on pruning weight/vine.

9 High vigour: 1103 Paulsen and JR0ggeri
1 Medium Vigour: 110 Richter, Ramsey, M55hd 15489
1 Low vigourOwn roots, M6262 an8drner

The two high vigour rootstocks 1103 Paulsen and 140 Ruggeri produced double the biomass of own

roots across the three years of data collection (data not shown).

Table 5. Average pruning weight by rootstoekross thethree years of data collection (V15, V16
and V19)howed that there was a significant effect of rootstock on vine vigour. This effect is

thought to haveaffected yield and quality.

1103 Paulsen 2.3a
140 Ruggeri 2.2a
110 Richter 1.8v

Ramsey 1.6bc
M5512 1.6¢
M5489 1.5¢
Own roots 1.1d
Borner 0.9de
M6262 0.8e
Pr>F 0
Significant Yes
Ripening

The total soluble solids (Baumdilratable acidity (TA) and pat the last collected date peseason

for V15, V16, V17 and V19 for each rootstock was averdgj@rner, Ramsey and own rodtad the
equal lowest baume average of 13.2, with M5489 having the highest average baume of 13.6 (data
not shown). Own roots had the lowest TA average of 4uvth, M5489 and 140R having the equal
highest average TA of 5.21 (data not showp512 had the lowest pH average of 3.83, with 110R
and 1103P having the equal highest average pH of 3.91 (data not shown).

18



Viticulture data collection V19

Yield
Yields vere significantly lower in V19 compared with the other two years of data collection (data not

shown). Own roots was the lowest yielding treatment and M5512 the highest yielding treatment in
V19. Apart from own roots the relativankings in V19 of the otl@ootstock treatments did not
reflect the rankings in V15 and VIRble 4), with M5512, M5489 and 110 Richter ranking higher
than 1103 Paulsen and 140 Rugdg&eble 6)

Table 6. Yield/vine and yield ranking in V&id not reflect the rankings in previos years of data collectian

Both M5512 and M5489 out yielded all other rootstocks for the first time in three years of data collection.

M5512 8.8a 1
M5489 6.4ab 2
110 Richter 6.3ab 3
140 Ruggeri 5.9anhc 4
1103 Palsen 5.4bc 5
Borner 5.3bc 6
M6262 5.3bc 7
Ramsey 4.8nbc 8
Own roots 3.3¢ 9
Average 5.72

Yield Components

Table 7. Yield components of the rootstock treatments in \diwed that there was a significant effect of
rootstock treatment on both lunch number per vine and bunch weight.

M5512 80a 111a 114 0.92
110 Richter 69 abc 90b 87 1.06
M5489 76 ab 83 bed 93 0.94
140 Ruggeri 64 bede 93b 89 0.99
1103 Paulsen 61de 90hbc 94 0.89
Borner 62 cde 85 bed 99 0.77
M6262 70 abcd 76cd 102 0.69
Ramsey 62 cde 76d 82 0.9
Own 59e 56e 64 0.81
Average 67 84 91 0.89

19



The comparatively lower yields of 1103 Paulsen and 140 Ruggeri (in terms of their rankings
compared with other seass)(Table 6was driven by having lower bunch numbers that were not
significantly different to own rootéTable 7)Bunch weights for botlootstocks were above the

average of 84g per bunch but were significantly lower than M5512 and 110 Richter.

Ramsey kso ranked lower in yield compared with previous years of data collectibm (819

compared with #in V16 and ¥in V15). Similar to2I03 Paulsen and 140 Ruggeri, Ramsey did not

have a bunch number that differed significantly from own roots but hadrech weight that was
significantly lower than 1103 Paulsen and 140 Ruggeri (and M5512, 110 Richter). This was driven by

a lower than averge berry number per bunch (82 berries per bunch compared with 92).

110 Richter was ranked third for yield per vimaldhad a higher than average berry weight
(1.06g compared with the group average of 0.89g). Bérner and M6262 both recorded low berry
weights0.77g and 0.69g compared with the group average of 0.89g.

Indices related to light penetration into the bunch zone

Table 8 shows that there is an effect of rootstock on vine vigour, leaf area and canopy density.
Based on these data it can be suggestet th this trial rootstock treatment had an effect on the
level of light penetration into the bunch zone. Rootstd@atments own roots, M6262 and Bérner
had higher levels of light penetration into the bunch zone. Treatments Ramsey and M5489, had
more mockrate levels of light penetration into the bunch zone and treatments 140 Ruggeri, 1130

Paulsen, M5512 and 110 Richtead lower levels of light penetration into the bunch zone.

Table 8. Impact of rootstock on vine vigour, canopy size and density as meddayeruning
weight, leaf area index and canopy porosityas proposed to have had an effect on wine quality
and styk.

140 Ruggeri 2.4 2.50 0.16
1103 Paulsen 24 2.34 0.15
110 Richter 2 2.38 0.13
M5512 1.9 2.24 0.15
M5489 1.8 1.89 0.20
Ramsey 1.8 1.88 0.21
Borner 1.2 1.19 0.39
M6262 1 1.06 0.41
Own roos 0.8 0.91 0.46
Average 1.7 1.82 0.25
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Bunch-Stem Necrosis

The proportion of bunches displaying bunch stem necrosis symptoms for each rootstock was
significantly different and the higher vigour rootstocks of M5489, 110R and 1103P showed
significantly lgher bunch stem necrosis levels than the remaining rootstaokisownrooted
control (Figure 1). There was a moderately strong butsignificant correlation with pruning
weight per vine (0.651) and trunk circumference (0.64), atsnewhatindicative ofvigour

differences impacting bunch stem necrosis levels.

M5489 110R 1103P 140R M5512 M6262 Ramsey Borner

16
14
12
1

o

o N B O ®

Bunch stem necrosis bunches as
% of total

roots

Figure 1. Impact of rootstock on % bunstem necrosis observed.

Observations from theV19 field walk
2 A0K GKS GNRFE NRBgaA ANNRIAFGSR Uherd evidldntSesgedaffyNI: 3S Q>

in terms of canopy stress. The lowefgour rootstocks of M6262 and Boérner, as well as the Own
Rooted control, were suffering significant water stress with yellowing canopies across all
replicates. Differences in terms of bundlra necrosis were also observed. M5489, 1103P and
110R were rported to have a significantly higher proportion of bunches with bunch stem necrosis
compared to all other rootstocks except 140R. Only 11 respondents shared an actual preference
for a rootstock with M5512 receiving five votes, followed by own roots vatiiotes, followed by

Ramsey and M5489 both receiving two votes, and Borner receiving one vote.

Common descriptions of the rootstocks from the observation sheets were as follows, although
there was some variance in the observations, also due tadifferent trial rows the participants

walked:

1103 Paulsen
1 smaller crop load, small berries, open bunches, large canopy, good fruit set, lacking flavor,
good balanced flavor, some bunch stem necroaisgerate greens, fine tannins, crunchy
skins, lots 2narop, noticeable lateral shoots
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140 Ruggeri
9 vigorous canopy, dark green foliage, good fruit set, big bunches, big berries, lovely soft
tannins, tough skins, green flavours and phenolics, less 2nddcopped, quite acidic, very
little-some bunch stem neaosis

110 Richter
1 small, loose bunches with poor fruit set but variable across panels as some big and tight
bunches, large berries, better fruit set and leaf colour than Ramsey, canopy comparable
with 140Ruggeri but with lower yield, bitter flavours, lamount of bunch stem necrosis,
vigorous and green canopy

Ramsey
1 lot of second crop dropped, open and moderately vigorous canopy, longish loose bunches
due to moderate fruit set, good flavour, even sgbod shoot length, moderate stress with
some vines stwing basal leaf yellowing, comparatively light crop

Borner
1 inconsistent berry size but generally small, good crop level, small canopy with lots of
bunches and yellowing leaves, short shoots, canopkd stressed and is losing leaf and
now open, lower aid, slightly flat, lean flavours, some shrivel, some BSN, skinny graft union

M5489
9 bunch architecture variable from open to compact, biggish berries, some BSN, tough (thick)
skins and tannin, robustavor, high yielding, big canopy, balanced, no visuwass, high
acid, lot second crop dropped, moderate to large bunch size, good fruit set

M5512
1 smaller berries than M5489 but bigger overall cropload, big bunches, very thick skins, lots
second crop dypped, moderate vigour canopy, good flavour, even shisyelopment,
good fruit set, some basal leaf yellowing but handles seasonal conditions well, a little
shrivel, good balance

M6262
1 lots of bunches, very short shoots, very stressed canopy (lot édafwing, very open
canopy, observations consistent ass all replicates), thin trunks in comparison to other
rootstocks, small canopy and especially for the cropload, lacking fruit flavours

Own roots
1 small canopy, leaf yellowing indicative of droughress, lighter cropload good for canopy
size,smaller berries, more open canopy with short shoots, fewer second crop bunches
dropped, poorer set similar to Borner, looser bunches, good flavour, some bunch stem
necrosis
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Wine Measurements V19

Measurements associated with wine quality
Borner wa the standout rootstock treatment in terms of wine measurements associated with wine

quality. It had the highest colour densitsigure 2), the highest measurements for wine
anthocyanins and phenolicBigure 3) and the highest values of pigmented antbtdannins Figure
4). Own roots also performed well ranking highl§f & 39) in all the wine measurements. No other

rootstock treatment stood out in theneasurements.
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Figure 2. Influence of ratstock on wine colour and wine hue
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Figure 3. Influence of rootstock on wine anthocyanin and phenolic production.
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Figure 4. Influence of rootstock on wine tannin production.

Potassium
M5512 and M5489 had significantly lower juice K but tldsnot translate intosignificantly lower

wine K. Higher wine K was significantly and positively correlated with vine vigour. Higher wine K was
significantly and negatively correlated with wine colour density, phenolics, anthocyanin, pigmented

tannin.

Pivot tasting

Wines showd varied sensory profiles, with three groups (clusters) of wines identified from the
analysis. Cluster 1 consisted of the Ramsey, 110R, 140R and 1103P rootstocks and was rated high
for Red colour, Red Fruit aroma and flavour, AGicken aroma and flavoand Herbal aroma

among others. Cluster 2 contained M5512 and M5489 and the Own Roots wine, and was high in
Intense and Dense appearance, Fresh, Complex and Long palate, and Earthy and Floral aroma.
Cluster 3 consisted of only ti#rner sample and was higin Purple colour, Dark Fruit

aroma/palate, ripe aroma/palate, and Round and Dense palate. Preference scores revealed Cluster

3 to be the most liked and Cluster 1 the least likedfer to Appendix 2 for further information.

Summay of rootstock performance based principal biplot analysis

A principal biplot analysis was developed using the data collected in V19; included was the
viticulture data, wine measurements and sensory profile and preference(&ajare 5)Based on
the biplot analysis it was po#se to group the rootstock treatments by similarity and describe

their relative performance.
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Biplot (axes F1 and F2: 79.48 %)
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Figure 5. Principal components analysis plot for all data collected in V19 including wine sensory
profile and preference from smallot wines and the groupings of rootstocks based on these
assessments.

Own Roots and Ramsey

1 Lowestyield

1 High ions (especially ownots)

9 Lowestin crush TA and alcohol at bottling, highest in crush pH rfoets)

Wine sensory descriptiohtigh in intens and dense appearance, fresh, complex and long palate,
and earthy and floral aroma.

Borner

Highest yield:pruningvt

Slightly sloweripening

Smallesberries

Lowest in crusiBaume

Highest in wine colour, phenoliesdtannin
Lowest in winéhue

Highest prot (wine)score

=8 =8 =8 -8 -8 -8 -9

Wine sensory descriptioktigh in purple colour, dark fruit aroma/ palate, ripe aroma/ palate, round
and dense palate.
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1103 Paulsen, 140 Ruggeri and 110 Richter
Highvigour

Higher levels of Bunchie®n Necrosis
Higher wineK

Highermethoxypyrazines

Lowest pivot (winegcore

= =4 =4 -4 =

Wine sensory descriptiohtigh for red colour, red fruit aroma and flavour, acid, green aroma and
flavour, herbal aroma.

M5512 and M5489
9 High yielding (bunch number amgight)

Low in ions (especiali5512)
Lowest inharvest bernk
Lowest YAN atrush

Lowest crusipH

Moderate pivot (wine) score

= =4 =4 4 A

Wine sensory descriptioRtigh in intense and dense appearance, fresh, complex and long palate,
and earthy and floral aroma.
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Discussion

Rootstock influence on vine vigour ad associated canopy measurements

Based on the measurements associated with vine vigour (pruning weight, LAI, porosity, trunk
circumferencgit can be concluded that there &strong relatonship between rootstock and

vine vigour and it is possible totegorise the rootstock treatments into 3 groups.

9 Higher vigour: 1103 Paulsen and Ri@ggeri
1 Medium Vigour: 110 Richter, Ramsey, M5512 [si5d 89
1 Low vigour: Own roots, M6262 amrner

Inrelation to vine vigour the commercial rootstocks (1103 Paulse@d Riggeri and 110 Richter)
performed as expected in that we would expect 140 Ruggeri and 1103 Paulsen to impart higher vine

vigour and would expect 110 Richter to impart more medium videuels.

Considering that Ramsey is generally categorised as impdrigher vigour than 140 Ruggeri and

1103 Paulsen its performance is perhaps surprising, however in shallow or confined soils Ramsey is
unable to employ the benefit of its tafpoting natue and this can limit the potential to impart the

Wy 2 NI I f eQels@a ekgedzidIsele from Ramsey.

The data related to the lesser known rootstocks; M5512, M5489 is valuable as it provides an initial
indication of their performance under these condit®and validates the other few commercial
observations that have beemade for these rootstocks i.e. M5489 is lower vigour compared with
140 Ruggeri and that M6262 is lower vigour compared with M5489 and M5512 (Clingeleffer, 2011).

Based on data from Germgmuring its early testing; Borner waategorisedas high vigour ot also
sensitive to calcareous soils (Becker, 1988). It is likely that the categorisation of high vigour was
compared with other commonly used rootstocks in Germany (5C Teleki, 5BB KdieD4) all of
which would be considered as medium vigour roots®ikAustralia. Based on this it was not
expected that Borner would produce vigour levels equal to 140 Ruggeri or 1103 Paulsen. Its

performance related to vigour has likely also been impédty its sensitivity to calcareous soils.

The influence of rootstck on vine vigour is a key factor in explaining the results related to yield,

wine quality and styleas well as the homogeneity of management of the rootstocks to date.
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Rootstock influence on yield and wine quality

Own roots and Borner
The rootstocks dagorised as low vigour consistently produced the lowest yields across all three

years of data collection and this was generally a result of lower bunch numbers pdowviae,
bunch weights and based on V19 ddtav berry number per bunch and berry siddis coupled

with the lower vigour (more open canopies) and arguably better vine balance it is therefore not
surprising that Bérner and own roots performed well in th@evguality measurements. There is
enough evidence from the data to suggest that Barsteould be considered for further commercial

evaluation.

1103 Paulsen and 140 Ruggeri
The yield rankings of the higher vigour rootstocks 1103 Paulsen, 140 Rugg&nitdastly in V19

compared with V15 and V16. It is possible that these rootstodkSa Ay | W@A 32 dzNJ O Of S
suggestion is that the higher inherent vigour of those rootstocks coupled with a management regime

that is based on the average of the rootsksdhas led to the production of vines that are out of

balance. By V19 this led to lewfruitfulness, lower than expected yield which in turn exacerbated

vigour and led to higher levels of shading in the faghe. Unsurprisingly wines made from these

rootstocks had higher wine potassium and methoxypyrazines levels compared with the other

rootstock treatments, the lowest pivot score and wines were assessed as having green and herbal

with red fruit (rather than darker fruits). They also had higher levelsuothstem necrosis which is

also generally associated with highégour.

110 Richter
110 Richter was grouped with 1103 Paulsen and 140 Ruggeri in the pringdatl dmalysis, but

unlike these two rootstocks yield rankings relative to the other rtotks increased from V15 to V16
and maintained in V19. The observations related tagaur cycle are less clear with this rootstock,

but may become evident in future seasons.

Merbein 5489 and Merbein 5512
M5489 and M5512 were planted as green pots in &nler 2010 and so they should be considered

2 years less developed than the other tsiock treatments. While they were the highest yielding
rootstocks in V19 it must be remembered that 140 Ruggeri and 1103 Paulsen (and possibly 110

Richter) were possiblyield impacted by poor fruitfulness related to being out of balance. Based on
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field walk assessments (which were variable) there were many comments that did indicate that

these two rootstocks produced relatively balanced vines.

There isenough evidence from the data to suggest that these two rootstocks should be considered

for further commercial evaluation.

Ramsey
Somewhat surprisingly Ramsey was coupled with own roots in the principal biplot analysis and

produced the lowest yield in VI&ter producing the highest yield in V15. Vigour based on pruning
weights and the canopy indices takienV19 does not suggest that this rootstock was in a high
vigour cycle as was suggested for 1103 Paulsen and 140 Ruggeri and so the general dagtine iny
ranking is difficult to explain. The only part explanation that can be given may be that theabp
nature of Ramsey (high proportion of thick roots compared with feeder roots) coupled with the
somewhat limited soil depth led to the inhibition ofdtyield and vigour potential that we normally

associate with this rootstock.

Summary of Discussion

Any replicated trial is subject to limitations related to homogenous management which inherently
biases towards the median rootstock. In this trial theicleaf rootstocks selection has tended
towards the extremes in terms of vigour and the water requiretseihis has led to, at one end of
the spectrum the higher vigour rootstocks possibly in a high vigour cycle (i.e. reducing yield due to
shading of fruizone) and the negative fruit composition results that accompany this high vigour
cycle (Gladstones, 92). At the other end of the spectrum the lower vigour rootstocks have not
been able to develop and maintain healthy canopies and while this has beeddignental to fruit

and wine composition in the trial period, there could be ongoing vine healtlesss this

management regime were maintained.

If one were to take a narrow view of the trial resuttsdate it would be possible to quickly dismiss
some of the rootstocks in this trial as not suitable to the climatic conditions in the Coonawarra. But
this would be premature. It ihe originalauthor® view that it is the management regime, coupled
with the climatic conditions that led to the relatilygooor performance of the higher vigour

rootstocks in terms of their potential to produce a wine quadityd style that is associated with

Coonawarra.

Thistrial setup is an excellent resource and holds enormous current and future Y@l region

and date in terms of better understanding and managing rootstocks

It should be noted that this is one tfo active rootstock trissl ONR aa Fff cp DLQ&
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with some changes to the trial managementay from homogeneous management of all
rootstocks,it will ultimately fulfil one of the trial aims which is for Limestone Coast to be considered

as acentre of excellence in rootstock knowledge.

Furthermore the purpose of any rootstock trial should be to not only determine those rootstocks
that are wdl suited to a site or region but also (after extensive testing) identify those rootstocks that
are curently not suited and thus potentially save a grower from investing up to $50,000/Ha in

genetics that are inherently unsuitable.

As has been welkeported the climate is changing and over time it would be expected that the
performance of the rootstocks withange depending on the changing conditions. These

observations on relative performance are only possible if you have this resource in th&lgroun

The only unresolvable limitation to the trial is missed opportunity of including lower and medium
vigour ratstocks such as: 5C Teleki, 5BB Kober, Schwarzmann, 3309C drid A6khese
rootstocks may have shown more promising results related to toelyction of wine quality and

style that is associated with Coonawarra under the conditions experienced dberngal period.

¢KS LISNF2NXIYyOS 2F ySg NR20Gadi201Qa& apnyd> appMmH
provide impetus for further trials of e rootstocks including the-Stocks from CSIRO and this could

be coupled with some of the rootstocks mentioniedthe previous paragraph in particular 3309C

which is a very widely planted rootstock across a number of premium wine growing regions around

the world. It must be stated however that the Merbein rootstocks have been hard to access by

industry because thestablishment of mothervines and subsequent distribution has been limited to

two nurseries only. There have also been anecdotal reports of iigtens strike rate in the nursery

which has further limited uptake. The current model for the supply of tHeS&RO developed

rootstocks needs to be reviewed to allow for wider access by industry to ensure that there is

broader uptake on the significantdaostry investment into the development of themotstocks.

There are a number of rootstock breeding progransnaegound the world that are producing
rootstocks that could add to the diversity of the region. A programme based out of UC Davis in
California ha developed 5 new rootstocks (GRB)1that while they were bred primarily for
nematode resistance they contasome attributes suited to Coonawarra. In France there has been
significant work looking at breeding rootstocks for adaption to dry soils. Theeb&r the

introduction to these rootstocks is in accessing licenses. Further resgartdide the scope dahis
trial) of the potential of these rootstocks should be undertaking to determine their suitability and

the costbenefit of their potential accss.

30



Theoriginalauthor has promoted the view over a number of years that consideration of the
rootstock genéics does not end with selection, but rather that it is critical that we understand how

best to manage the rootstock based ongenetics.

Next Steps: Value adding current data

It is recognised that further trial work be undertaken to better understand/to manage each of
these rootstocks. However given that any further trial work would delay any release of information
onroots?2 O1 LISNF2NXI yOS o6& dzLJ 2 GKNBS &SFNm Al
managing rootstocks inthe Limestohe2 a4 Q 6S RS@St 2LISR o0l aSR 2y
coupled with observations of commercial performance of each ofdleéstocks from vineyards

within the region. This would ensure that there is an immediate outcome for growers in the region.
It is also suggested that sqiits be dug to understand how each rootstock has impacted root

distribution and how this may help phin rootstock performance.

Next Steps: Future management of current trial

It is recommended that there should be further ggted trialsin the randomised sectioto better
understand how to exploit these rootstocks for the production of quality andine \style that is

suited to Coonawarra. The two major variables that would impact performance would be bud
number per vine andtrigation applied. Given that it appears that the climate is going through a
WgSGUSNR LISNAR 2RI (KS yd toAnsdijail&d aiidis@ by(d rumlieifpar Sike Y I &
would be the variable that would be best investigated initially. Bud number matipalmay need

to be combined with some alterations to canopanagement.
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Addendum

Regaining vine balance

As perrecommendations fsm this trial report, pruning levels in winter 2020 were adjusied
attempt to get the out of balance rootstocks baaka balance. Pruning levels were increased by
64% and 109% respectivedy four of the ninereplicatesfor the group d highest vigour rootstocks
(1103P and 140R). Pruning levels were decreased by 20% on ageffage of the ninereplicates

for the lowed vigour rootstockgBorner, M6262 and own roots)

Viticultural measures will continue to be collected annually; hesvet is expected that outcomes

from these pruning changes may take a number of years to be realised.

Virus testing
The rootstocks inhte randomised section of the trial have not been virus tested to date. This testing
is earmarked for the 2020/21 gromg season. These results will be an important lens through which

to consider the trial findings to date.

Rootstock root structure and vdume
The next desired educational step from this trial is to demonstrate through the use of soil pits, the
variabilityin root structure of the different rootstocks and the importance of this root morphology

in the management of the rootstockgarticulaty in terms of irrigation.

Trial future

Potential formats for the next stage of the trial were discussed at a pestiye meeting in July 2020.
Ideas to broaden the knowledge output from the trial we@nsideredjncluding the potential
addition ofgrower demonstration blocks planted with other rootstocks and Cabernet Sauvignon

clones not currently part of the trial site.

Further discussions about the future model of the trial will be held in time, however, largely hinge

on funding availability.
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Appendix 1¢ AWRISmall Scale Red Fruit Winemaking Protocol

This is a Standard protocol used by WWS, and the Winemaker regbeveight to modify as

necessary to achieve an optimal outcome
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