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Objectives and Rationale

Effective control of leafroll in commercial vineyards of red cultivars relies very heavily on visual
detection of the disease in individual vines in autumn, prior to roguing of those recorded as
infected. To achieve the same level of control in white cultivars, which do not show obvious
symptoms of leafroll, each vine must be tested annually for GLRaV-3 using a laboratory-based
technique prior to roguing infected vines. This makes control of the disease on white cultivars
extremely expensive and difficult to achieve with the large numbers of vineyards planted to
white cultivars. We propose to evaluate the use of a bud of a red cultivar, grafted on individual
white cultivar vine stems to serve as visual indicators of leafroll infection.

Methods

Using buds of red cultivars (Cabernet franc and Pinot noir) inoculated onto white cultivars we
evaluate various graft mechanisms, inoculation by mealybug, different cultivars as indicators,
recipient cultivar compatibilities, the effect of the rootstock and relative sensitivity of the indicator
bud to detect GLRaV-3 compared to ELISA.

Key Results

Sentinel canes have a sensitivity (ability to correctly test those vines with the disease),
specificity (ability to correctly identify those vines without the disease), and accuracy
(percentage of true positives and true negatives identified within the vine population) of 82%,
100% and 87% respectively relative to ELISA. As expected from such a high sensitivity and
specificity very little differences were observed with regards the reliability of using either Pinot
noir or Cabernet franc as sentinel canes, or whether the sentinel cane had been established
through sandwich grafts, chip-budding or amphi-grafts. However, poor graft take using
chip-budding would render this means of grafting unviable in commercial settings. While the
sandwich grafts have a very good take and can be prepared in the nursery, they result in
sentinel canes that are too low on the stem, are too vigorous and possibly also affect the
vigour of the canopy. Amphi- grafts by contrast, are easy to perform and have an excellent
rate of take, but would require in-field grafting, preferably within the first season while the stem
is still a green shoot. To achieve this practically buds would have to be taken from thinner
dormant canes. This modification was not tested. Due to the poor take of chip-budding the
experiment to determine whether any genetic compatibility of Pinot noir and Cabernet franc
existed when grafted onto the most prevalent white cultivars in South Africa did not yield
useful information. As rootstocks do not display leafroll symptoms and GLRaV-3 is poorly
detected in them, it is possible that rootstocks may affect the systemic spread of the virus in
the vine itself. However very little difference was observed in detection of GLRaV-3 by sentinel
canes relative to ELISA when the sentinel cane was grafted on the same side of the stem or
on opposite sides to the cordon to the site of inoculation, suggesting that GLRaV-3
translocation through various rootstock crosses was not altered.

Key Conclusion of Discussion

The project suggests that sentinel canes are a feasible means of detecting GLRaV-3 infection
in white cultivars and that it has potential for use in the certification scheme to identify infected
vines for annual roguing. The technique also has potential use for commercial wine estates,
serious about controlling leafroll disease.

Take Home message for Industry.

Sentinel canes are a viable alternative to the use of ELISA for the detection and roguing of
white cultivar vines infected with GLRaV-3.
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4. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification

White cultivars do not show clear leafroll symptoms and to control the disease by roguing a need

to conduct laboratory-based tests for GLRaV-3 annually on individual vines. We are assessing

the use of red cultivar indicator buds, grafted onto white cultivars as a simple, efficient means of

testing for GLRaV-3.

Motivation

Most white cultivars do not show symptoms of leafroll even though they may be grapevine leafroll
associated virus 3 infected. To control leafroll spread, infected plants must therefore be identified
by expensive laboratory-based detection methods. This must be done annually on a vine-to-vine
basis to rogue plants. This is prohibitively expensive. The project aims to assess the usefulness

of sentinel canes (indicator shoots) as an alternative means of detecting the disease.

5. ACCUMULATED PROGRESS TABLE

necessary with PCR

o . L . . Date
Objectives Milestones (Significant event or stage in a project) Achieved
Compare ELISA, PCR
and various sentinel graft | 1.1. Prepare scion/rootstock and sandwich omega graft

. Lo : . 2015-05-15
types for the detection of | combinations required for the trial
leafroll.
1.2 Establish recipient vines in vineyard: Plant SN/R110 2015-10-15
vines in field. Plant CF/R110 vines in the field.
1.3 Do various grafts (3) on one-year old vines and 2017-11-15
comparable older vines with sentinel graft buds that took.
1.4 Inoculate GLRa\(—3 by bark patch inoculation and 2018-11-23
mealybug transmission.
1.5 Monitor for symptoms 2020-03-10
1.6 Test for GLRaV-3 by ELISA and confirm where 2020-01-25

2 Test graft type and
genetic compatibility of
sentinel grafts on various
white cultivar
combinations.

2.1 Do various grafting methods of CF and PN on various
white cultivars, maintained under optimal conditions. Monitor
for-, and record, graft take.

2017-11-15

2.2 Inoculate with GLRaV-3. Monitor for symptoms and test

infection to sentinel cane
(using only small

take.

by ELISA 2018-11-23
gﬁ:?:;:lf;i:iig;rg?tStOCk 3.1 Prepare scion/rootstock combinations required for the
trial (SN on each of R110, SC, R99, US 8-7 or 101-14) PN)t | 2015-05-15
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chip-bud grafts of PN)t

take.

3.2 Establish recipient vines in the vineyard. 2015-10-15
3.3 Graft PN onto scion (two buds, one on each side of the 2017-10-15
stem)
3.4 Inoculate GLRaV-3 by bark patch inoculation and

o 2018-11-23
mealybug transmission only on one, recorded, cordon. took
3.5 Monitor for symptoms 2020-03-15
3.6 Test for GLRaV-3 by ELISA 2020-01-15

6. WORKPLAN (MATERIALS AND METHODS)

Plant material and trail site

All Vitis cultivars and rootstock clones utilized for this trail were provided by Vititec, South Africa
(https://vititec.com). All planting material was from foundation blocks (Vine Improvement
Association, VIA, Box 166, Paarl 7622, South Africa). Foundation blocks in turn were derived
from true-to-type verified nuclear plants, subjected to thermotherapy and meristem tip culture for
virus elimination and tested negative for a range of viruses including grapevine leafroll associated
viruses 1, -2, and -3 (GLRaV-1, GLRaV-2 and GLRaV-3). The foundation blocks were grown in
isolation from commercial grapevine production to ensure they remained free of grapevine leafroll
disease and were tested by ELISA for GLRaV-1, GLRaV-2 and GLRaV-3 annually including
before canes were harvested.

Rootstock-scion combinations were prepared at Vititec from canes harvested in the autumn
(May-June) of 2014. Cuttings were prepared and subjected to a 12-h hydration period and cold
storage (2-8 °C) (July-August 2014) until grafted using omega-cut machine grafting. Grafted
canes consisted of a rootstock of 28cm and scion of 2cm. The graft unions were dipped in a
melted (80—85 °C) fungicide-impregnated wax formulation (Vinwax Silwer, Agrinema CC, South
Africa), and packed in callus boxes with fresh pine sawdust. Double grafts or “sandwich grafts", in
which an indicator or “sentinel” cane was grafted between a scion and a rootstock were also
prepared at Vititec by using omega-machine grafting and callusing done as for single graft
combinations. In the case of the sandwich graft the length of the cuttings were rootstock 28cm,
sentinel cane inter-stock 2cm and scion 2cm.

The grafted cuttings were hot-callused at 26—28°C for a period of 3 weeks with a RH of 90 % the
first week, 70% the second week and 60 % the last week followed by transplanting to isolated
foundation block field nurseries at 7 cm in-row spacing and 80 cm between rows. Prior to planting
the cane was dipped in Vinwax Silwer and planted over plastic sheeting in the nursery. Growing
plants were frequently irrigated by means of drip irrigation.

Dormant nursery plants were uprooted in early winter (May-June) 2015 and cold stored. These
were subjected to hot water treatment at 50°C for 45 min immediately before planting. Cultivar
and rootstock clones and rootstock-scion combinations utilized are listed in Table 1.

A 0.2ha virgin plot was identified in early 2014 on the Grondves farm, Stellenbosch. Standard
vineyard establishment was conducted by Vititec, including soil preparation, establishment of
irrigation, row pole planting and spanning of trellises. Rows were in a North West-South East
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orientation, with inter-row spacing of 2.4m and row inter-vine spacing of 1.5m. Trellising was with
a standard 7 wire fence trellis system. Five replicates of each treatment (experiment /scion/
rootstock/ graft type/ inoculation method) were planted in a stratified randomized trial design in
mid-October 2015 according to a field plan of a total of 5 rows of 90 vine positions each.

Table 1: List of the combinations of scions, inter-graft (when omega sandwich grafts were
utilised), and rootstock utilized during the trail.

Scion | Intergraft | Rootstck

Cabernet franc 6238 (CF 6238) nfa V. berlandieri X V. rupestris Richter 110 (R0 28C)
Colombar 10980 (CO 10980) nfa V. berlandieri X V. rupestris Richter 110 (R0 28C)
Chardonnay 958 (CY 95B) nfa V. berlandieri X V. rupestris Richter 110 (R0 28C)
Semillon 1D (GD 1D) nfa V. berlandieri X V. rupestris Richter 110 (R0 28C)
Pinotnoir 1158 (PN 1158) nfa V. berlandieri X V. rupestris Richter 110 (R0 28C)
Pinotnoir 1158 (PN 1158) nfa V. gestivalis x V. cinerea x V. vinifera USB7 (UC 274A)
Sauvignon blanc 2428 (5B 2428) nfa V. berlandieri X V. rupestris Richter 110 (R0 28C)
Chenin blanc 10611 (SM 10611) nfa Vitis riparig XV. rupestris 101-14 Mgt (AA 219 F)
Chenin blanc 10611 (SN 10611) nfa V. berfandieri X V. rupestris Richter 110 (RO 28C)
Chenin blanc 10611 (SN 10611) nfa V. berfandieri vs. V. rupestris Richter 99 (RY 13C)
Chenin blanc 10611 (SN 10611) nfa V. x champinii Ramsay (SC 18 AB)

Chenin blanc 10611 (SN 10611) nfa V. aestivalis x V. cinerea x V. vinifera US 87 (UC 274A)
Cabernet franc 6236 (CF 6238) Cabernet franc 623B(CF 6238) V. berfandieri X V. rupestris Richter 110 (R0 28C)
Colombar 10980 (CO 10980) Cabernet franc 623B(CF 6238) V. berfandieri X V. rupestris Richter 110 (R0 28C)
Chardonnay 958 (CY 958) Cabernet franc 623B(CF 6238) V. berfandieri X V. rupestris Richter 110 (R0 28C)
Semillon 1D (GD 10 Cabernet franc 623B(CF 6238) V. berlandieri X V. rupestris Richter 110 (R0 28C)
Pinotnoir 11586 (PN 1158) Cabernet franc 623B(CF 6238) V. berlandieri X V. rupestris Richter 110 (R0 28C)
Sauvignon blanc 2426 (5B 242B) Cabernet franc623B(CF 6238) V. berlandieri X V. rupestris Richter 110 (R0 28C)
Chenin blanc 10611 (SN 10611) Cabernet franc 623B(CF 6238) V. berlandieri X V. rupestris Richter 110 (R0 28C)
Cabernet franc 6236 (CF 6238) Pinotnoir 1156 (PN 1158) V. berfandieri X V. rupestris Richter 110 (RO 28C)
Colombar 10980 (CO 10980) Pinotnoir 1156 (PN 1158) V. berfandieri X V. rupestris Richter 110 (RO 28C)
Chardonnay 958 (CY 958) Pinotnoir 1156 (PN 1158) V. berfandieri X V. rupestris Richter 110 (RO 28C)
Semillon 1D (GD 10 Pinotnoir 1156 (PN 1158) V. berfandieri X V. rupestris Richter 110 (RO 28C)
Sauvignon blanc 2426 (56 242B)  Pinotnoir 1158 (PN 1158) V. berfandieri X V. rupestris Richter 110 (RO 28C)
Chenin blanc 10611 (SN 10611) Pinotnoir 1156 (PN 1158) V. berlandieri X V. rupestris Richter 110 (R0 28C)

Annual pruning, rootstock suckering, trellising, application of nutrients and fungicides, irrigation,
weeding, and ftrellising were conducted as per commercial vineyards, throughout the lifespan of
the project. Imidacloprid 350SC (Confidor, Bayer) was applied annually as a soil drench
application of 1.5ml/vine as per the manufacturer’s instructions. This was applied to all trail vines
prior to virus inoculation, apart from those where mealybug transmission was planned. Following
mealybug inoculation of GLRaV-3 all the vines in the trial were treated with imidacloprid.

GLRaV-3 source

GLRaV-3 Accession 18-0064 was derived from a singly occurring leafroll infected Cabernet
Sauvignon vine within a motherblock vineyard of more than 3000 healthy vines at Vergelegen
Wine Estate and was established and maintained under vector free conditions at Stellenbosch
University. The vine was selected as it would have a high probability being infected with one or
only a few GLRAV-3 variants, and no other viruses, due to the extremely low leafroll infection
pressure and high probability that the plant represented a natural infection with a single
viruliferous mealybug dispersed over a long distance. All the cane material of this vine was
collected for use in graft inoculation. Total RNA was extracted from the sample and the GLRaV-3
variant status determined by R. Bester, SU, with a real-time PCR followed by high resolution
melting temperature profile determination (Bester et al, 2012). The sample contained only
GLRaV-3 variant Il. The samples were also tested for and found negative of Viti- and Fovea
Viruses by using a nested reverse-transcriptase PCR (Dovas & Katis, 2013).
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Grafting of sentinel canes

In addition to the double or “sandwich” grafting of a sentinel cane performed at the nursery during
the preparation of planting material, two further methods of grafting were employed in the field.

Virus-free cane material of Cabernet franc 623B or Pinot noir 115B were harvested from
foundation block plants in preparation of chip budding and amphi-grafting (grafting of a winter bud
on a green shoot)(Orffer, unpublished) for use as sentinel canes. Chip grafting (Alley, 1979) of the
sentinel cane buds was conducted on the stem at the level of the irrigation dripper line of the
appropriate vines in September 2016. A total of 151 chip-buds were redone in October 2017 on
those vines where the initial graft did not take. A number of vines were chip budded on either
side of the stem in- line with the cordons.

Amphi-grafting of sentinel cane buds, was done in September 2016. Due to the inadvertent
removal of all buds from these amphi grafted canes in 2016 these vines were cut back and the
amphi-grafting repeated for all appropriate vines in November 2017. Amphi grafts of the sentinel
canes were also performed at the level of the irrigation dripper line. Replicates of un-grafted vines
of all rootstock/scion and graft type combinations were included in the trial. Sentinel canes were
trellised along the irrigation dripper line and pruned back to one bud annually. Vigorous sentinel
canes were prevented from entering the vine canopy during the growing season and side
branches pruned to form a single shoot. Berries were generally culled from the sentinel cane
except in instances where these were used to take images of the red-berried sentinel on the
white cultivar vine.

GLRaV-3 Inoculation by mealybugs

Trail plants were inoculated with GLRaV-3 using mealybugs individuals from a laboratory culture
of Planococcus ficus (vine mealybug), maintained for several generations at the University of
Pretoria on butternut, a non-host of GLRaV-3 (Kruger et al., 2015). Initial identification of P. ficus
were confirmed by lan Millar (Biosystematics Division, Agricultural Research Council - Plant
Protection Research Institute (ARC-PPRI)) and by using a multiplex polymerase chain reaction
(PCR) technique described by Saccaggi et al. (2008). Mealybugs were kept in an insect growth
room at approximately 25°C, 65% humidity and 14 h:10 h light:dark photoperiod.

First- and second-instar nymphs were allowed free access within confined, close-proximity space,
to young canes and leaves of GLRaV-3 18-0064 infected Vitis vinifera for an acquisition access
period (AAP) of 45 hours at the end of October 2018. Using a dissecting microscope, leaf discs
containing a minimum of 30 settled and feeding mealybug crawlers were transferred to leaf
cages, and these transferred to the lowermost leaf of the outermost NW cane of healthy recipient
vines in the field. The 30+ individuals were confined in the insect cage clipped to the leaf for an
inoculation access period (IAP) of 96 hours. This was repeated a week later with the same plants
and the closest adjoining leaf to the previous inoculation. In this instance the IAP was 8 days. The
mealybugs were retained on the leaves for a minimum IAP of 86,5 hours before insecticide
treatment. After completion of the transmission experiments, all leaves and cane material in the
immediate vicinity of the inoculated leaves were treated with a mixture of deltamethrin and
esbiothrin (Garden gun, Efekto) and imidacloprid (Confidor, Bayer) applied as a soil drench to
remove nymphs and to prevent re-infestation or virus spread.

Replicates of uninoculated controls vines of all rootstock/scion and graft type combinations were
included in the trial as well as vines inoculated using non-viruliferous mealybugs.
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GLRaV-3 Inoculation by grafting

This was conducted in the week between the two mealybug transmissions (first week in
November 2018). Dormant canes infected with GLRaV-3 18-0064 were rehydrated and cane
pieces cut into diamond shaped grafting patches and kept in clean water until grafted. A vertical
slit was made in the north-western-most (NW) green cane (in instances where a single graft was
required) of pre-identified and marked vines in the sentinel cane trial. The GLRAV-3 infected graft
wedge was wedged into the slit and the entire graft tightly secured with grafting tape. This was
covered by a wound sealant (Pancil plus, Algro-chem, South Africa). A total of 252 vines were
grafted on only the northwestern (NW) side of the stem with the cane patches, five on the most
south eastern (SE) cane, while a further two vines were grafted with two patches (on the two
outermost canes along the cordon). Uninoculated controls vines of all rootstock/scion and graft
type combinations were included in the trial as well.

Both sentinel cane leaves and upper canopy leaves of each individual vine in the trial were
monitored for leafroll symptoms every two months during the post inoculation growth seasons
(2018-19 and 2019-2020).

ELISA

All vines within the trail were tested for GLRaV-3 using a DAS ELISA protocol for the
simultaneous detection of GLRaV-1, -2 and -3 (Goszczynski et al, 1995) using either mealybug
inoculated local leaves, where they were available and had not fallen off yet, or the leaves above
the GLRaV-3 graft inoculation position, or leaves in equivalent positions on uninoculated vines.
This was conducted in early autumn (March 2019), 4 months post-inoculation.

GLRaV-3 using the rapid triple antibody sandwich enzyme-linked immunosorbent assay (ELISA)
(Patho solutions, Wellington, South Africa https://pathsol.co.za/) using the manufacturer’s
instructions was used mid-summer, 2019 (November, 2019), 12 months post-inoculation on a
pool of six leaves of each vine, three collected on either cordon, of the replicates of a treatment
(maximum 5 vines). This approximates the industry standard means of testing where 10 vines,
pooled in this manner are used.

To compare the detection of the virus by sentinel canes and ELISA the virus status of the
individual vines were tested for GLRaV-3 using the rapid triple antibody sandwich enzyme-linked
immunosorbent assay (ELISA) (Patho solutions, Wellington, South Africa) 14 months post
inoculation (January 2020). Inoculated samples testing negative in January 2020 were retested
by ELISA in the first week of March 2020.

7. RESULTS AND DISCUSSIONS
Experiment 1: Compare ELISA and various sentinel graft types for the detection of leafroll.

Sandwich grafting in the nursery was a very efficient and reliable means of grafting the sentinel
cane with 80 of 105 (76,19%) successful graft takes across all scion cultivars and rootstocks and
with both Pinot noir and Cabernet franc utilized (Figure 1). The position of the sentinel cane in the
fully grown vine however was low. It may be worth assessing whether longer inter-stocks of the
sentinel cultivar can be used to overcome this. The canes derived from the sandwich grafts were
also relatively vigorous and required considerable management. Vines derived from these
sandwich grafts also appear to be a little less vigorous than their counterparts, but growth
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parameters were not assessed, and this observation could not be confirmed or quantified.
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Figure 1: Sandwich graft takes over various Vitis cultivars and Richter 110 rootstock.
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Thin stem diameters in 2015/16 did not allow chip budding to be done in this first season and
were first attempted in the second growth season (2016/17). Chip-bud grafting take on the stems
was low with less than 50% of the grafts sprouting. All chip-bud grafts (n = 151) that had not
taken were re-grafted in October 2017. Of these, very few took, and it is clear this method of
grafting onto established vines is problematic and probably not practical once vine apical
dominance has been established. As several objectives of the trail had been designed around
successful chip-budding these had to be achieved with significantly reduced replicates.

Amphi-grafts, conducted on the 25th October 2016 took extremely well, but unfortunately all the
buds above the graft were erroneously removed by the field personnel. Vine stems were cut back
the following season, and all 45 amphi-grafts redone in November 2017. All but two of these
second grafts successfully sprouted to form sentinel canes.

The efficiency of detection of GLRaV-3 infection by using sentinel canes on vines was compared
to that by triple antibody sandwich ELISA, the golden standard utilized in the South African Grape
Certification scheme. Poor graft take by use of chip budding, a few vine deaths, and some
unsuccessful transmissions of GLRaV-03 to the vines, mainly by mealybug transmission resulted
in unequal numbers of the various variables. Sample numbers utilized in the analysis were
derived as depicted in Figure 2.

This document is confidential and any unauthorised disclosure is prohibited. Version 2020



Results ELISA
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Figure 2: Matrix summary of data for ELISA and sentinel cane assay comparison, Autumn 2020.
Negative and positive controls comprised of replicates of a) various cultivars of Vitis vinifera and
rootstock combinations (Table 1), b) methods of sentinel cane grafting and c) grapevine leafroll
associated virus 3 (variant Il) inoculation by either mealybug or graft-inoculation.

In the first analysis of the sentinel canes vs ELISA those sentinel canes that had lost their leaves
were excluded from the analysis (Table 2), but in the second analysis they were included as false
negatives, as their corresponding canopy tests had tested positive in ELISA (Table 3).

Table 2: Analysis of the Sensitivity and Specificity of using Sentinel canes (results of Pinot Noir
and Cabernet franc combined) relative to ELISA for the detection of grapevine leafroll associated
virus 3 using only vines that contained useable sentinel canes (Total n = 179)
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ELISA
Positive Negative Total
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Total 123 56 Grand total = 179

Sensitivity (ability to test correctly those with the disease) = TP/(TP + FN) X 100 = 91%
Specificity (ability to correctly identify those without the disease) = TN/(FP + TN) = 100%
Accuracy = (TP + TN)/Total population = 94%

Table 3: Analysis of the Sensitivity and Specificity of using sentinel canes (results of Pinot noir
and Cabernet franc combined) relative to ELISA for the detection of grapevine leafroll associated
virus 3 including those sentinel canes which had already dropped their leaves but were the ELISA
of the canopy had tested positive (included as false negatives) (Total n = 191)

ELISA
Positive Negative Total
£ | _
o] False positive
= 112
o E (FP)=0
s (7]
2| £
2l 2 | e tive | T ti
alse negative rue negative
S| g - s 79
> (FN) =23 (TN) =56
o)
=z
Total 56 Grand total =191

Sensitivity (ability to test correctly those with the disease) = TP/(TP + FN) X 100 = 82%
Specificity (ability to correctly identify those without the disease) = TN/(FP + TN) = 100%

Accuracy = (TP + TN)/Total population = 87%

A comparison of ELISA tests and sentinel cane monitoring in January 2020 and again in March
2020 revealed that an additional 4 samples tested positive in March by ELISA, while 13 additional
sentinel canes, negative in January showed symptoms in March. This mimics the situation in red
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cultivars under normal cultivation conditions, where additional vines with leafroll symptoms
appear as autumn progresses.

Two cultivars were assessed for their efficiency relative to ELISA to serve as sentinel canes for
GLRaV-3 detection. These were Cabernet franc clone 623B, and Pinot Noir 115B. Table 4
provides the analysis of these two cultivars grafted onto various scion and rootstock combinations
through chip-budding, sandwich graft and amphi-grafting.

Table 4: Sensitivity, Specificity and Accuracy determination of two cultivars used as sentinel
canes relative to ELISA results.

Sentinel cane cultivar FP TN Sensitivity | Specificity |Accuracy
Cabernet franc 4 0 93.75 100.00 95.65
Plnotnolr 5 1] 91.38 100,00 94,19

TP = true positive (Inoculated and ELISA positive, sentinel cane positive)

FM =false negative (Inocul ated, ELISA positive, sentinel cane negative)

T =true negative (uninoculated fhealthy, EUSA negatlve, sentinel cane negative)
FP = false positive (uninoculated/healthy, ELISA negative, sentinel cane positive)

To determine whether the means of grafting sentinel canes affected their efficiency to detect
GLRaV-3 infections relative to ELISA tests results, symptoms on sentinel canes obtained through
each of the three grafting methods were assessed over various vine cultivar-rootstock
combinations and both graft and mealybug inoculation methods (Table 5).

Table 5: Sensitivity, Specificity and Accuracy determination of means of sentinel canes grafted
with three different methods relative to ELISA results.

Method of grafting sentinel cane TP FM FP TN GT Sensitivity | Specificity |[Accuracy

Sandwlich 0 0 57 100.00 100.00) 100.00
Amphl-graft 3 0 38 B6.96 100.00 92,11
Chip-bud [ 0 83 B88.24 100.00 92.77

TP = true positive (Inoculated and ELISA positive, sentinel cane positive)

FM =false negative (Inocul ated, ELISA positive, semtinel cane negative)

TN =true negative (unlnocul ated fhealthy, ELUSA negative, sentinel cane negative)
FP = false positive (uninoculatedfheal thy, ELISA negative, sentinel cane posltive)

Experiment 2: Test graft type and genetic compatibility of sentinel grafts on various white cultivar
combinations

While an example of each cultivar was obtained (See table 6 below), and a perfect correlation
existed between ELISA positive samples and those showing symptoms on the sentinel cane, the
very low number of successful graft takes resulted in low replicates of each combination of
cultivar and graft type. It is therefore not possible to analyse the data to determine whether there
are significant differences amongst cultivars with regards graft take and sentinel cane efficiency.
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Table 6: Following poor chip-bud take, the numbers below represent numbers of vines with
sentinel canes of each cultivar available for use in the trial.Legend: + = GLRaV-3 inoculation
performed, and plants found positive with ELISA and those showing symptoms on the sentinel

canes.
Successful ELISA Sentinel cane Co-incidence
Cultivar Grafttype . . . EUSA/Sentinel
inoc. positive positive
cane
Chip bud (11 4 4 4 100.0%
Cabernet franc (control) 'P u l:_ ) u u u
Sandwich (10] 6 + 6 + 5+ 83.0%¢
Colombar Chip hydl:l] 1+ 1+ 1+ 100.0%
Sandwich (2] 2+ 2+ 2+ 100.0%
Chip bud (0] 0+ 0+ 0+
Chardo
reonnay sandwich (9) 9+ 9+ 91+ 100.0%
Semill Chip bud (3] 3+ 3+ 3+ 100.0%
millon
Sandwich [4) 4+ 4+ 4+ 100.0%
Pinot noir (control Chip bud (3] 3+ 3+ 3+ 100.0%
I ) Sandwich [4) 4+ 4+ 4+ 100.0%
Sauvienon blanc Chip bud (3] 3+ 3+ 3+ 100.0%
B sandwich (9) 9+ 9+ 9+ 100.0%
Chenin blanc Chip b.ud (61) 37+ 37+ 32+ 86. 5%
Sandwich [18) 14+ 14+ 13 + 92.58%

Experiment 3: Test effect of rootstock on translocation of infection to sentinel cane (using only
chip-bud grafts of PN)

In this experiment buds of PN were chip-budded to either side of the stem (ie. two buds per vine)
of SN scions each grafted onto a different rootstock (R110, R99, SC, 101-14, US8-7). Double
buds of PN on PN with a US8-7 rootstock were utilized as a positive control. Vines were
inoculated on only one cordon and it was determined whether sentinel canes on either side of the
stem would detect the viral infection. Due to the poor take of chip budding only 16 vines could be
utilized in this experiment (5 with R110, 2 with R99, 5 with SC, 3 with US 8-7 and one of the
positive control PN-US-8-7-PN). Nine of these samples were inoculated with GLRaV-3 and the
remainder retained as negative controls. Results are presented in graphic form below (Figure 3).

Figure 3: Detection of GLRaV-3 by sentinel canes; Presence of symptoms on the sentinel cane
relative to site of inoculation.
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Inoculationin canopy

ELISA on upper canopy

Sentinel cane symptoms

Twao buds on either side of stem, different rootstocks (16)

Inoculate vine with GLRaV-3 (9)

Positive (3) Negative (0]

Symptoms on both sentinel
canes (4], (2 x R110, 1 X R%9, 1 X 5C)

Symptoms on one of the sentinel
canes (same side as inoculation,
other cane negative (1) [1 x R110}

Symptoms on one of the sentinel

canes [one same side, one opposite side),
leaves of other sentinel cane dropped (2)
(2 X 8C)

HNeither sentinel
cane shows symptoms [2) (1 X 5C, 1 X US
8.7)

Uninoculated /healthy controls (7]

MNegative (7) Positive (0}

Neithersentinel
Cane shows symptoms [7)

The location of emergent sentinel cane buds and the position of GLRaV-3 inoculation was
recorded throughout the rest of the trial where single sentinel canes were grafted either by
amphi-grafting, single chip-buds and through the sandwich grafts. A comparison with the
detection of GLRaV-3 in the upper canopy and sentinel canes either on the same side of the stem

as the inoculation site in the cordon or on the opposite site is provided below (Table 7).

Table 7: Detection of GLRaV-3 by sentinel canes; position of sentinel cane relative to site of

inoculation.

Sentinel relatlve to Inocul ated side | TP

FP ™

Same slde

5 1]

Farslde

4 1]

TP =true posltive [Inoculated and ELISA positive, sentinel ane posltive)

FMN =false negative [Inoculated, ELISA positive, sentinel cane negative)

TN =true negative [uninocul ate d/healthy, ELISA negative, sentinel ane negative)
FP =false positive [unlnoailated fhealthy, ELISA negative, sentinel cane positive)

Sensitivity  |Specifildty |Accuracy
92 .86 100,00 41,587
50,00 100,00 43,94

Figure 4: Example of a white cultivar vine infected with grapevine leafroll associated virus 3

(GLRaV-3) and containing a sentinel cane (January, 2020)
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8. CONCLUSIONS AND RECOMMENDATIONS

Sentinel canes (Figure 4) have proven to be almost as reliable as ELISA for the detection of
grapevine leafroll associated virus 3 (GLRaV-3) infection. Sensitivity (ability to test correctly those
with the disease), specificity (ability to correctly identify those without the disease), and accuracy
(percentage of true positives and true negatives identified within the population) of 82%, 100%
and 87% respectively were found for the sentinel canes relative to ELISA. In general, the only
difference being that sentinel canes yielded false negatives on a few occasions, not showing
symptoms when the canopy tested positive for GLRaV-3. It is possible that had the symptoms
been recorded later in the season some of those sentinel canes may have expressed symptoms.
This could not be assessed due to the Covid19 lockdown. However, it is also possible that later in
the season more sentinel cane leaves may have been dropped. When leaves had dropped, the
result was scored as a false negative in the sensitivity, specificity and accuracy measurements
provided above. As with visual monitoring leafroll symptoms on red cultivar, some vines only
display symptoms later in the season. In a comparison of ELISA tests and sentinel cane
monitoring in January 2020 and again in March 2020, an additional 4 samples tested positive in
March by ELISA, while an additional 13 sentinel showed symptoms. As expected from such a
high sensitivity and specificity very little differences were observed with regards the reliability of
using Pinot noir or Cabernet franc as sentinel canes, or whether the sentinel cane had been
established through sandwich grafts, chip-budding or amphi-grafts. Poor graft-take using
chip-budding however would discount this means of grafting in commercial settings. While the
sandwich grafts have a very good take and can be prepared in the nursery, they result in sentinel
canes that are too low on the stem, are too vigorous and possibly also affect the vigour of the
canopy. Amphi-grafts by contrast, are easy to perform and have an excellent rate of take, but
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would require in field grafting, preferably within the first season while the stem is still a green
shoot. To achieve this, buds would have to be taken from thinner dormant canes.

Due to the poor take of chip-budding, the experiment to determine whether any genetic
incompatibility of Pinot noir and Cabernet franc exists when grafted onto the most prevalent white
cultivars in South Africa, could not be done. However comparable sandwich grafts with Chenin
blanc, Sauvignon blanc, Chardonnay, Semillon and Colombar did not show any obvious
incompatibilities.

As rootstocks do not display leafroll symptoms and GLRaV-3 is poorly detected in them, it is
possible that rootstocks may affect the spread of the virus in the vine itself. However, very little
difference was observed in detection of GLRaV-3 by sentinel canes relative to ELISA when
grafted on the stem on the same or opposite sides to the cordon to the site of inoculation.

The project suggests that sentinel canes are a feasible means of detecting GLRaV-3 infection in
white cultivars and that it has potential for use in the certification scheme to identify infected vines
for annual roguing. The technique also has potential use for commercial wine estates, serious
about controlling leafroll disease.

9. PLANNED OUTPUTS
a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS

Sentinel cane under the optimized conditions provided above can possibly be Patented. It is
unsure if having done the proof-of-concept trial at Mission Winery, New Zealand, would create a
complication in this regard as it utilised chip-budding, as this trial demonstrated that it can no
longer be considered as a means of grafting sentinel canes.

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

A popular, a scientific and a presentation on results should be done. If the trail site is still standing
in April, 2021, growers could be invited to look at it. A trail run of sentinel canes, grafted by amphi
grafting using either C. franc or Pinot noir can be done on a new commercial vineyard
(Vergelegen have agreed to such an attempt but is not an ideal site because of the low leafroll
infection levels observed their nowadays) for use as a demonstration plot.

c) HUMAN RESOURCES DEVELOPMENT / TRAINING (STUDENTS)
{Honours}{Masters}{PhD}{Postdocs}

Student Name and Student Degree (eg Hons, Level of studies in Ul ) (s

. . - . for Industry for
Surname Nationality MSc) final year of project . .

entire project

Honours
Masters
PhD
Postdocs
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d) LIKELY PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)

A popular, a scientific and a presentation on results is planned following completion of this
trial.cordon. took

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED
A presentation on results was conducted online during the SASEV conference, November, 2020

10. PROJECT OUTCOME AND IMPACT

Direct
Packhouse/Winery/ |Other
Cellar Application

Benefits Supply| Direct Grower
Chain Application

X

New Knowledge

Other is:

The Value of the project to industry

Sentinel canes serve as good indicators of GLRaV-3 infection as demonstrated by this trail. This
is the cheapest means and practical means of testing for this virus in white cultivars on a large
scale and could be used in foundation vineyards for white cultivars, where currently no
satisfactory detection protocol exists.

11. PERSONS PARTICIPATING IN THE PROJECT:

HIGHEST
RACE |GENDER| INSTITUTE TOTAL COST
INITIALS AND SURNAME QUALOII;‘ICATI (M,W) (M,F) DEPARTM POSITION TO PROJECT
RESEARCH PERSONNEL R 404155
G. Pietersen PhD W M SU Genetics | Professor R 404155
SUPPORT PERSONNEL RO

POSITION: Co = Co-worker (other researcher at your institution)

Coll = Collaborator (participating researcher that does not receive funding for this project from industry)
PF = Post-doctoral fellow

PL = Project leader

RA = Research assistant

TA = Technical assistant/ technician

12. TOTAL COST OF PROJECT

TOTAL CFPA
ANNUAL

Raisin | HORTGRO [ SATI WINETECH | ARC OTHER [TOTAL
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COSTS (ALL SA

YEARS)

2015 RO RO RO RO R 113000 RO RO R 113000
2016 RO RO RO RO R 123000 RO RO R 123000
2017 RO RO RO RO R 96500 RO RO R 96500
2018 RO RO RO RO R 20000 RO RO R 20000
2019 RO RO RO RO R 260000 RO RO R 260000
2020 RO RO RO RO R 235495 RO RO R 235495
TOTAL RO RO RO RO R 847995 RO RO R 847995
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