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4. EXECUTIVE SUMMARY

Objectives and Rationale
We investigated the effects of GLRaV-3, as the main agent of GLD, its impact on grapevine
physiology, fruit development and wine quality in five commercial wine cultivars (Chardonnay,
Pinotage, Merlot, Shiraz and Cabernet Sauvignon) under South African conditions.

Methods
Trial blocks of Chardonnay, Pinotage, Merlot, Shiraz and two from Cabernet Sauvignon commercial
vineyards were identified. Vineyards were visually evaluated in 2017 for typical GLD symptoms by
an experienced team of field virologists and viticulturists from SU and VinPro. Thirty infected and
30 healthy plants of each cultivar were selected in 2017, and an additional 30 more vines were
identified in the Merlot, Shiraz and Cabernet Sauvignon vineyards to harvest two weeks later than
the commercial date. Selection of infected plants was based on severe symptom expression, while
completely asymptomatic plants were selected for the healthy controls. All plants selected for the
project were subjected to ELISA to confirm the GLRaV-3 status of these plants before the start of
the project in February 2017, and again ELISA-screened just before harvest in 2018. Grape berries
were sampled and subjected to “classical” (Total soluble solids (TSS), pH and titratable acidity)
analysis. Experimental wines were made on a small scale, and under controlled conditions. Two
repeats were made from grapes from healthy vines, as well as from infected vines. The wines were
subjected to sensorial evaluation in 2017 by a trained panel at the Department of Viticulture and
Oenology, as well as by a group of wine experts at an information day. In 2018, the wines were
pre-selected by a panel which were involved in the project and three of the wines (Chardonnay,
Merlot and one Cabernet Sauvignon were selected for sensorial evaluation).

Key Results
For the 2017 season, ELISA results confirmed the visual assessments almost perfectly (98%) for
all red cultivars, but showed that from the 60 Chardonnay samples collected (based on
symptomology), only a single plant tested negative. ELISA results for the 2018 season, however,
were radically different – a 55% average correlation between symptoms and ELISA results for
“healthy” red cultivars was obtained, suggesting that either many vines from the previous year
became infected, or that virus titres increased to levels where they became detectable by ELISA.
Symptomatic vines had lower stomatal conductance compared to the asymptomatic vines. Main
shoot and secondary shoot growth were negatively impacted in symptomatic vines. Overall,
asymptomatic vines had a higher crop load (bunch number) and higher bunch weights at harvest.
Lower Brix, lower pH and higher titratable acidity were observed in all five of the cultivars at
harvest.

Grapes harvested two weeks after the commercial harvest date did show an increase in Brix to
acceptable levels for red wines in South Africa, for both seasons. Alcohol levels were higher in the
wines made from the asymptomatic vines, this was also the case for anthocyanin levels, colour
density and total phenolics, in the red grape cultivars, for both seasons. Wines made from
symptomatic vines had lower phenolics for both seasons. Grapes from symptomatic plants left
longer on the vines never yielded wines having the same elevated phenolics levels than those
made from asymptomatic vines. All wines were subjected to blind sensorial evaluations by both
expert and trained panels. The Chardonnay wines made from the symptomatic vines were often
described as being more light-bodied than those made from the asymptomatic vines. The same
trends were also seen for the Cabernet Sauvignon wines, with wines made from the symptomatic
vines often described as being less full than those made from the asymptomatic vines. In the case
of the Cabernet Sauvignon treatments, wines made from the second harvest infected (red) vines
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were often described as being unbalanced and over-ripe and jammy, although their alcohol levels
were lower than those made from the uninfected (green) vines.

Key Conclusion of Discussion
Typical GLD symptoms are not a reliable indicator of the presence of the disease in white cultivars.
Season-to-season increases in GLD incidence in individual vineyards can be dramatic where a
leafroll management protocol is not implemented. Grapevine physiological functioning and grape
berry metabolites were affected by the presence or absence of GLD in the experimental vines. The
wine quality was also impacted since panellists (trained and experts) were able to distinguish
between grapes made from symptomatic and asymptomatic GLD symptoms.

Recommendation to Industry / Key take-home message
Clear differences in wine qualitative characteristics were indicated in sensorial evaluations of
infected and non-infected vines for all cultivars included in this project. If practically possible,
asymptomatic and symptomatic vines should be harvested separately and evaluated by the
winemaker.

5. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification

It is generally accepted that Grapevine Leafroll Disease (GLD) has a negative impact on vine functioning,
fruit and ultimately wine quality. Anecdotal evidence exists on the impact of GLD on grapevine physiology.
The extent of the impact remains elusive, as there is great variation and even conflicting reports
worldwide. The variation observed can be due to vine age, phenology, grape cultivar and virus strain
present (Charles et al. 2006). As a pilot study to a larger long-term project that will investigate the effects
of GLRaV-3, as the main agent of GLD, under controlled conditions, the current proposal will evaluate
GLD for its impact on grapevine physiology, fruit development and wine quality in five commercial wine
cultivars (Chardonnay, Pinotage, Merlot noir, Shiraz and Cabernet Sauvignon) under South African
conditions.

Motivation
This study aims to provide scientific data to corroborate anecdotal evidence about the link between virus
infection and wine quality. As is clear from the descriptions of work packages, the project addresses
multidisciplinary aspects to achieve its aim.

6. ACCUMULATED OBJECTIVES TABLE

Performance chart
Objectives Milestones Original Target Date Date achieved

O1. Compile a
comprehensive literature
study of related research that
have been done in other wine
producing regions.

M1.1 Review the
international literature on the
effects of virus(es) on
grapevine and compile a
report.

Jun 2016 Jun 2016

O2. Identify the experimental
vineyards.

M2.1 Identification of suitable
vineyards of each cultivar for

Mar 2017 (partially
completed)

Mar 2017
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the one year duration of the
study.
M2.2  Visual evaluation of
candidate vineyards for
presence of GLD by a team
of field virologists and
viticulturists from SU and
VinPro. The experimental
cohort will comprise 30
infected and 30 healthy
plants of each cultivar. The
additional plants were
identified in
January/February 2018.
M2.3  Screening of all
selected plants by ELISA to
confirm the GLRaV-3 status
of selected plants.

Apr 2017

May 2017

Mar 2017

Apr 2017
and again
Apr 2018

O3. Determine the impact of
GLRaV-3 on grape yield,
grape quality parameters
(sugars, titratable acidity and
pH) during ripening.

M3.1 Sample berries of the
four cvs from véraison for the
determination of sugars,
titratable acidity and pH on a
regular basis.

Dec 2017 – Feb 2018* 3.1 – March 2017
3.2 -  December 2017

O4. Evaluate the impact of
GLRaV-3 on wine quality
perception of the wine

M4.1 Wines were made on a
small scale at the SU
experimental cellar.
M4.2  Experimental wines will
be subjected to chemical
analyses (pH, TA, Balling,
YAN as well as anthocyanins,
tannins and total phenolics in
the case of the red cultivars).
M4.3  Experimental wines will
be subjected to sensorial
analyses.

Jun 2018

Jun 2018

Jul 2018

May 2017

Nov 2017

Feb 2018

7. WORKPLAN (MATERIALS AND METHODS)

O1. Compile a comprehensive literature study of related research that has been done in other wine
producing regions. Review the international literature on the effects of virus(es) on grapevine and compile
a report.
O2. Identify the experimental vineyards. Identify suitable vineyards of each cultivar for the one year
duration of the study. Candidate vineyards will be visually evaluated for the presence of GLD by a team of
field virologists and viticulturists from SU and VinPro. The experimental cohort will comprise 30 infected
and 30 healthy plants of each cultivar. Plants for the additional cultivars included in the study to be
identified in January/February 2018. All selected plants will be screened by ELISA as described before, to
confirm the GLRaV-3 status of selected plants.
O3. The impact of GLRaV-3 on grape yield and grape quality parameters (sugars, titratable acidity and
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pH) during ripening will be assessed using standard analyses. Berries of the four cultivars will be sampled
from véraison for the determination of sugars, titratable acidity and pH on a regular basis.
O4. The impact of GLRaV-3 on wine quality perception of the wine will be evaluated. Wines were made on
a small scale at the SU experimental cellar. Experimental wines will be subjected to chemical analyses
(pH, TA, Balling, YAN), as well as anthocyanins, tannins and total phenolics in the case of the red
cultivars. Experimental wines will be subjected to sensorial analysis. Wines were made from Chardonnay,
Merlot and two different Cabinet Sauvignon blocks in 2017. In 2018 the same blocks were used to make
wine from again, but an additional Pinotage and a Shiraz block were also added. All the vines were
harvested on the same day except for a second harvest in the case of some symptomatic vines. In some
blocks two harvests were conducted. Harvest A was done when the control and virus-infected vines were
harvested. However, some virus-infected vines were not harvested on this date, but left for around 14
days before the second harvest (harvest B). The grapes were destemmed, pressed and the juice settled
in the case of the Chardonnay and in both vintages fermented with the yeast Saccharomyces cerevisiae
D21. Fermaid K was added at 03 g/L on the second day of fermentation. The red wines were inoculated
with lactic acid bacteria Alpha after pressing and SO2 added after the completion of MLF. The wines were
then cold stabilised, filtered and bottled under screw caps. Different phenolic and colour analyses were
performed with spectrophotometric methods around 6 months after bottling, while alcohol, TA and pH
were determined with infrared spectroscopy. The 2017 wines were tasted by a large group of winemakers,
as well as a trained panel using a rapid method at the DVO. The 2018 wines were tasted by both an
expert and a trained panel using a rapid method at the DVO. All wines were tasted in a blind and
randomised manner.

8. RESULTS AND DISCUSSION

O1. A comprehensive literature study of related research that has been done in other wine producing
regions was done and compiled in a report by June 2016.
O2. Experimental vineyards of each of the pre-determined cultivars were identified according to the
parameters described in the work plan. A similar strategy was followed to select additional vineyards
when the project was expanded during year 2. Screening of all selected plants by ELISA was done to
confirm the GLRaV-3 status of selected experimental plants. Grapevine cane material was sampled from
five selected (O2) commercial wine estates in the Stellenbosch region. Samples were taken based on the
presence of symptoms in the selected vineyards (Table 1). All samples were labelled and stored at 4°C
until ELISA screening. ELISA tests were performed at Vititec, using routine protocols. Results of the
diagnostic assays are presented in Table1. At the end of year one, it was decided to expand the study to
include additional cultivars from a few more estates. Selection and screening of all plants after the second
season were done in March to April 2018, using the same procedures as described for round 1.
Combined ELISA results for both seasons are presented in Table 2.
O3. The impact of GLRaV-3 on grape yield and grape quality parameters like sugars, titratable acidity
and pH during ripening, were determined. Results are presented in Fig. 1 and Table 3.

Table 1. ELISA results from the selected vineyards for 2017.
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Table 2. Combined ELISA results from the selected vineyards for 2017 and 2018 seasons.
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Table 3. Grapevine physiology and yield parameters - 2018 vintage.

S - Symptomatic
A – Asymptomatic
$ - Data represents the means of five shoots
& - Data represents the means 15 measurements per plant
*- Data represents the means of 30 symptomatic and 30 asymptomatic vines
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Figure 1. Sugar accumulation during ripening in 2018.

O4. The impact of GLRaV-3 on harvest time/phenolic ripeness and wine quality perception was evaluated.
Experimental wines were made from Chardonnay, Merlot and two different Cabernet Sauvignon blocks
from both control and virus-infected vines. All the vines were harvested on the same day. In the Cabernet
Sauvignon blocks, two harvests were conducted. Harvest A was done when the control and virus-infected
vines were harvested. However, some virus-infected vines were not harvested on that date but left for
around 14 days before the second harvest B). Table 4 shows the juice analyses of the different cultivars. It
is clear that the virus-infected vines yielded grapes with lower sugar and higher acid levels. This changed
a little when the two Cabernet Sauvignon virus-infected blocks were left for another two weeks, but the
same sugar levels found in the control vines were never reached. Wines were then made using the yeast
Saccharomyces cerevisiae D41. At a later stage a chemical and sensorial analyses of the wines will be
performed.
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Table 4 . Juice analysis at harvest from the selected vineyards (2017).
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Table 5: Phenolics and other basic wine analyses data (performed with spectroscopy) of the young red
wines made from the different treatments in 2017.

From Table 5 it is clear that in the case of Merlot, the alcohol levels were higher in the wines made from
the green treatments (healthy vines), which was also the case for the anthocyanin levels, colour density
and total phenolics. The same trend was observed in the two Cabernet Sauvignon wines, with the wines
made from the red treatments (infected vines) being lower in most phenolic parameters. Leaving the
grapes longer on the wines to induce a second harvest never yielded wines having the same elevated
phenolics levels than in those made from asymptomatic vines in the first harvest.

In Tables 6A to 6C the phenolic and colour composition of the 2017 red wines is shown. In all cases the
colour density was significantly lower in the wines made from healthy vines vs. those from infected wines
for most phenolic parameters. Leaving the grapes longer on the vines led to increases in tannin levels in
the Cabernet Sauvignon A. However, these differences in phenolics, especially colour, is quite drastic and
could be observed with the naked eye. The alcohol and TA levels were often also higher in the wines
made from the healthy vines, especially when compared to those made from the infected vines at the first
harvest (results not shown).

In tables 7A to 7F some general wine analyses, as well as phenolic and colour analyses of the 2018
wines are shown. Ethanol levels were again often significantly lower in the wines made from infected
vines at the first harvest. Colour density and certain other phenolic parameters were also often
significantly lower in wines made from infected vines compared to the control. Leaving the grapes for
longer on the vines sometimes led to increases in these parameters.

Table 6A. Phenolic and colour composition of the 2017 Cabernet Sauvignon A. Red refers to infected
vines (first and second harvest) and green to healthy vines.

Cabernet Sauvignon
Farm A

anthocyanins
mg/L

colour
density

MCP tannins
mg/L

TP
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Green 552.8 a 17.9 a 1869.9 b 64.2 a

Red 413.9 b 10.6 b 1168.3 c 47.4 b

Red - 2nd harvest 350.6 b 11.7 b 2472.3 a 61.4 a

Table 6B. Phenolic and colour composition of the 2017 Cabernet Sauvignon A. Red refers to infected
vines (first and second harvest) and green to healthy vines.

Cabernet Sauvignon
Farm B

anthocyanins
mg/L

colour
density

MCP tannins
mg/L

TP

Green 529.6 a 17 a 2089.2 a 61.7 a

Red 384.9 b 11.3 b 2000.4 ab 56.2 ab

Red - 2nd harvest 412.2 b 10.6 b 1599 b 52.1 b

Table 6C. Phenolic and colour composition of the 2017 Cabernet Sauvignon A. Red refers to infected
vines (first and second harvest) and green to healthy vines.

Merlot Farm C anthocyanins
mg/L

colour
density

MCP tannins
mg/L

TP

Green 443 a 14.4 a 1265.9 a 53.3 a

Red 375 b 10.5 b 1156 a 49.7 b

Table 7A. General wine analyses of the 2018 Chardonnay. Red refers to infected vines (first and second
harvest) and green to healthy vines.

Chardonnay Farm D pH Total Acid g/L Ethanol %v/v

Green 2.4 a 6.1b 11.9a

Red 3.0 a 6.4a 11.1b
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Table 7B. General and Phenolic and colour composition of the 2018 Pinotage. Red refers to infected vines
and green to healthy vines.

Pinotage Farm E pH Total Acid
g/L

Ethanol
%v/v

Anthocyanins
mg/L

Colour
density

MCP
tannins
mg/L

Total
phenolics

Green 4.0a 4.9a 15.2a 560.8a 23.9a 1981.7a 65.3a

Red 3.8b 5.0a 14.3b 494.1b 21.5b 2018.7a 64.0a

Table 7C. General and Phenolic and colour composition of the 2018 Merlot. Red refers to infected vines
(first and second harvest) and green to healthy vines.

Merlot Farm C pH Total
Acid
g/L

Ethanol
%v/v

Anthocyanins
mg/L

Colour
density

MCP
tannins
mg/L

Total
phenolics

Green 3.6a 5.3b 14.1a 366.2a 14.9a 1126.9a 50.1a

Red 3.5b 5.6a 12.8c 301.9b 11.3b 943.0b 40.6b

Red - 2nd
harvest

3.5b 5.5ab 13.3b 297.1b 12.2b 1188.9a 43.5b

Table 7D. General and Phenolic and colour composition of the 2018 Cabernet Sauvignon A. Red refers to
infected vines (first and second harvest) and green to healthy vines.

Cabernet
Sauvignon
Farm A

pH Total
Acid
g/L

Ethanol
%v/v

Anthocyanins
mg/L

Colour
density

MCP tannins
mg/L

Total
phenolics

Green 3.4a 5.9a 14.2a 516.1a 16.9a 1622.4a 55.5a

Red 3.3b 6.0a 12.3c 372.3c 10.4c 1169.5b 43.8b

Red - 2nd
harvest

3.4a 5.9a 13.4b 411.6b 13.9b 1764.0a 50.4a
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Table 7E. General and Phenolic and colour composition of the 2018 Cabernet Sauvignon B. Red refers to
infected vines (first and second harvest) and green to healthy vines.

Cabernet
Sauvignon
Farm B

pH Total
Acid
g/L

Ethanol
%v/v

Anthocyanins
mg/L

Colour
density

MCP tannins
mg/L

Total
phenolics

Green 3.6a 5.6b 14.2a 416.3a 14.2a 1412.0a 47.1a

Red 3.4a 6.1a 13.6a 318.5b 11.0b 1567.6a 46.0a

Red - 2nd
harvest

3.5a 6.3a 14.5a 305.2b 10.5b 1442.5a 43.4a

Table 7F. General and Phenolic and colour composition of the 2018Shiraz. Red refers to infected vines
(first and second harvest) and green to healthy vines.

Farm F -
Shiraz

pH Total
Acid
g/L

Ethanol
%v/v

Anthocyanins
mg/L

Colour
density

MCP tannins
mg/L

Total
phenolics

Green 3.8b 5.1a 14.4b 468.1b 14.0b 1653.9b 52.3b

Red 4.0a 4.6a 13.8c 418.9c 13.4b 1589.1b 47.4c

Red - 2nd
harvest

4.2a 4.6a 15.6a 570.5a 19.7a 2691.8a 69.0a

In the following figures (Figs. 2 to 5), the sensory results (Wordles) of the 2017 wines, as evaluated by a
large group of winemakers can be seen. The larger the font of a descriptor the more often this term was
used by the winemakers attending this event. They also had to give a mark out of 20 in terms of general
quality. The Chardonnay wines made from the red treatment were often described as being more
light-bodied than those made from the green treatment. The same trends were also seen for the Cabernet
Sauvignon wines. The wines made from the red treatments were often described as being less full than
those made from the green treatments. The average quality scores were also lower in the wines made
from the red treatments (both first and second harvest) compared to those made from green treatments.
Interesting enough, wines made from the second harvest with the red treatments were often described as

This document is confidential and any unauthorised disclosure is prohibited.
Consider all findings as preliminary

Version updated September 2018



14

being over-ripe and jammy, although their alcohol levels were lower than those made from the green
treatments.

Figure 2. Sensory results of the 2017 Chardonnay wines.
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Figure 3. Sensory results of the 2017 Merlot wines.

Figure 4. Sensory results of the 2017 Cabernet Sauvignon A wines.
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Figure 5. Sensory results of the 2017 Cabernet Sauvignon B wines.

A trained panel also evaluated these 2017 wines. The Cabernet Sauvignon A wines made from the
uninfected vines were deemed fuller with more blackcurrant and black pepper aromas (Figs. 6A and 6B).
Those made from infected vines were rated as more unbalanced, thinner, light-bodied and acidic. Those
left for a 2nd harvest were rated as over-ripe, dried fruit (refer to Fig. 6B). In Figs. 7A and 7B the sensory
results for the 2018 wines, made from the same vineyard can be seen. Wines made from uninfected
vines were again rated as fuller, more blackberry and higher in alcohol (refer to Fig. 7B). Those made
from infected vines were rated again more watery, more acid and light bodied. Similar results were found
for the 2018 Merlot (results not shown).

Figure 6A. Sensory results of 2017 Cabernet Sauvignon A evaluated by a trained panel.
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Figure 6B. Sensory results of 2017 Cabernet Sauvignon A evaluated by a trained panel.

Figure 7A. Sensory results of 2018 Cabernet Sauvignon A evaluated by an expert panel.
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Figure 7B. Sensory results of 2018 Cabernet Sauvignon A evaluated by an expert panel.

Please indicate YES or NO if a PROJECT EXTENSION  is required (if YES, contact Winetech)

NO

9. CONCLUSIONS AND RECOMMENDATIONS

The layout of the project was not scientific, but this was recommended by Winetech due to (i) the cost
implication of establishing a vineyard from scratch and (ii) regrafting a vineyard.

Virus diagnostic screens showed a dramatic increase in GLRaV-3 incidence from 2017 to 2018 in most
vineyards selected for this project. This indicates that season-to-season increases in GLD incidence in
individual vineyards can be dramatic where a leafroll management protocol is not implemented, as was
the case in this study. This certainly compromised the future of the project since none such clear
distinctions (as in 2017) from the various tasting panels would be possible. The project was further
compromised when an Honours student jeopardised the outcome of the results by mixing the grapes from
different batches despite clear instructions after arrival at the cellar in 2018.

The virus infection often led to wines with lower alcohol levels as well as phenolics and colour. Leaving
the grapes for a longer period on the vines did not always lead to higher levels of these compounds.
Wines made from virus-infected vines were often deemed thinner and lighter than those made from the
healthy vines, which is probably due to the lower alcohol and phenolics in these wines.
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10. ACCUMULATED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS

NONE TO DATE

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER
Start here

c) HUMAN RESOURCES DEVELOPMENT/ TRAINING (STUDENTS)
Student Name and
Surname

Student Nationality Degree (eg MSc
Agric, MComm)

Level of studies in
final year of project

Total cost to industry
throughout the
project

Honours

Mila Baker South African BSc 1 (1) R50 000

Masters

PhD

Postdocs

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)

NONE TO DATE

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED

11. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply Chain Direct Grower
Application

Direct Packhouse/
Winery /  Cellar

Application
Other
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Other is:

The Value of the project to industry

12. PERSONS PARTICIPATING IN THE PROJECT
Initials &
Surname

Highest Qualif Race (B, W) Gender (M, F) Institution &
Department

Position Cost to
Project

Dr M Jackson PhD B M UCT-Genetics Researcher R5 000

** (Only applicable to persons who participate as Consultants or on Contract)

(3)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/ student
TA = Technical assistant/ technician

13. BUDGET

TOTAL COST SUMMARY OF THE ENTIRE PROJECT
TOTAL
ANNUAL
COSTS
(ALL
YEARS)

CFPA RAISIN
SA

SAAPPA-
SASPA

SATI Winetech ARC THRIP OTHER TOTAL

TOTALS 0 0 0 0 0 0 0 0 0

2016 0

2017 175000 0

2018 200000 0

2019 0

TOTAL 0
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