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3. EXECUTIVE SUMMARY

Objectives and Rationale
The objectives for the first year of the project was to identify a suitable experimental vineyard, to visually
assess the disease status of the entire vineyard and select test plants based on symptomatology, and to
confirm the disease status of these plants using PCR. AY-specific amplicons generated from individual
plants were to be subjected to multigene analysis, and polymorphisms so identified, confirmed by
sequencing. Moreover, 20 AY-infected and 20 AY-negative plants were to be coppiced. Lastly, the virus
status of the selected vineyard was to be determined. These actions would provide an experimental
vineyard comprising 80 test plants for the duration of the resistance phenotype monitoring.

Methods
Individual vines (Colombar/R99) were visually assessed in February 2016, and 40 healthy and approx.
60 symptomatic plants selected and marked in the vineyard. These plants were subjected to PCR to
determine the AY-disease status of all test plants during March and April. Multigene analysis of four
different AY genes were performed from May to August. Selected plants in the vineyard were coppiced
by cutting their stems above the graft union. Wounds were treated. PCR AY and virus diagnostic
screens continued at the planned intervals, but were extended to a final screen in Feb 2018. A further
one-year time extension to the project allowed for two more diagnostic screens to be executed during
Nov 2018 and Feb 2019.

Key Results
PCR diagnostic analysis of approx. 100 plants identified 40 AY-infected and 40 healthy plants. Two
weeks before our planned coppicing exercise, the producer (without informing the VinPro consultant or
us) started pulling out plants from every third row in the vineyard, in order to plant olives. Fortunately,
this was done in a stepwise manner (i.e. first cutting plants above the graft union and then pulling these
out). We were able to salvage most of our experimental plants, even though 32 (14 healthy and 18
infected) were “coppiced” by the producer. An additional eight plants were coppiced by us to bring the
numbers to 20 + 20. Monitoring of the experimental plants over the two year period indicated a
significant decrease in the number of plants infected with AY. However, this was the case for both
coppiced and uncoppiced plants. Moreover, a similar remission in viral infection was observed in the
vineyard over the test period. An 83.3% and a 64.7% decline in GLRaV-3 incidence was recorded in the
AY-symptomatic coppiced and –uncoppiced sample groups, respectively. During the last two years of
the project, severe drought conditions were experienced in the Western Cape, and to an even more
intense level in the Vredendal region. Producers were severely restricted in their irrigation regimes. AY
titres in all test plants (also uncoppiced) dropped significantly – eventually to a level where no plants
tested positive in Feb 2018. Concomitantly, the very distinct AY symptoms also disappeared. A similar
trend was observed for the viruses we screened for. After the drought was broken during the winter
season of 2018, it was decided to request a one-year extension to the project, in order to obtain another
season’s worth of post-drought diagnostic data. These results indeed demonstrated a gradual
turn-around in the diagnostic results, for both the additional diagnostic screens that were conducted.

Key Conclusion of Discussion
We speculated that the uniform induction of a ‘recovery phenotype’ witnessed in the Colombar
experimental vineyard was the result of the physiological stress of the severe drought, rather than the
effect of coppicing. In order to ensure that the results were true and not ascribed to inaccurate detection
assays, representative plant samples were sent to Italy, where our results were corroborated. AY
symptoms also disappeared, and a concomitant reduction in virus titre was observed. This result was
totally unexpected, but does support the hypothesis that a severe “shock” (biological, chemical,
physical) can induce the recovery phenotype. Since the drought was broken during the winter of 2018, a
logical next step was to extend the project for another season, and diagnostic data obtained in a further
two diagnostic screens confirmed our prediction that AY titres would increase to detectable levels.
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Take Home message for Industry

The 'recovery phenotype' in response to biological, chemical or physical shock that has been
reported in a number of phytoplasma diseases, including grapevine yellows disease, is real.
Results from our experiments to induce this recovery phenotype by coppicing were
inconclusive, because of the severe 2016 drought, which induced a reversible recovery
phenotype in both coppiced and uncoppiced plants in our experimental vineyard. Whether the
induction of the recovery phenotype by coppicing will also be reversible, remains to be proven,
but if so, suggests that coppicing is at best a temporary relief from this debilitating disease.

4. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification
Since the discovery of Grapevine yellows in local vineyards eight years ago, several research
projects have been undertaken to understand this damaging disease. Research results thus far
identified the etiological agent as Aster yellows (AY) phytoplasma (Engelbrecht et al., 2010), its
biological vector as Mgenia fuscovaria (Douglas-Smit et al., 2010), developed a reliable
PCR-based diagnostic assay (Spinas, 2013), characterised local genetic variants by multigene
analysis (Zambon et al., 2015), and determined the incidence and spread of the disease
through epidemiologica studies (Carstens, 2014). None of these projects have sought a direct
solution to the disease though. 

Motivation
This preliminary study proposes to investigate the so-called “recovery phenotype” (RP), which
has been reported in several other phytoplasma-infected plants, and also seems to be at work
in local AY-infected grapevines. Our objectives therefore were:  1) Establish an experimental
vineyard for AY-RP project;  2) Confirm AY infection and determine the identity of the genetic
variant(s) present (if any) in selected plants;  3) Coppice selected plants in experimental
vineyard;  4) Monitor test plants for AY status;  5) Monitor the presence of the AY vector, M.
fuscovaria;  6) Determine the presence of possible bacterial endophytes in grapevine (and in
vectors if captured);  7) Monitor the most common grapevine viruses in the four sample groups.

5. ACCUMULATED PROGRESS TABLE

Objectives Milestones (Significant event or stage in a project) Date
Achieved

Objective 1. Establish
an experimental
vineyard for AY-RP
project.

1.1 Identify a vineyard (preferably Chardonnay) with
significant AY infection levels in the Vredendal district. (Feb
2016)
1.2 Screen vineyard to identify 40 AY-infected and 40
uninfected plants. (Apr 2016)
1.3 Visually assess the AY-infection status of the entire
vineyard. (Feb 2016)

2016-04-30

Objective 2. Confirm AY 2.1 Multigene analysis of identified plants. (Jul 2016) 2017-07-31
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infection and determine
the identity of the
genetic variant(s)
present (if any) in
selected plants.

2.2 Sequence confirmation of genetic variants (if found). (Jul
2017)
2.3 Monitor the virus status of these 80 test plants. (Jul 2017)

Objective 3. Coppice
selected plants in the
experimental vineyard.

3.1 20 AY-infected and 20 uninfected test plants will be
coppiced just above the graft union, and a single shoot be
allowed to regrow. (Aug 2016)

2016-08-31

Objective 4. Monitor test
plants for AY status.

4.1 Monitor all test plants by standard PCR assays for their
AY status over the duration of the project.
4.2 Visually inspect and record AY symptoms in the entire
vineyard over the duration of the project.

2019-04-30

Objective 5. Monitor the
presence of the AY
vector, M. fuscovaria.

5.1 Quarterly placing and monitoring of sticky traps. (Aborted
in Jun 2017, as a result of the drought)

Objective 6. Determine
the presence of possible
bacterial endophytes in
grapevine (and in
vectors if captured).

6.1 Amplicon sequencing of grapevine and leafhopper
endophytes. (Aborted in Jun 2017, as a result of the drought)
6.2 Bioinformatic analysis of sequence data to identify
possible bacterial endophytes. (Aborted in Jun 2017, as a
result of the drought)

Objective 7. Monitor the
most common grapevine
viruses in the four
sample groups.

7.1 Extract RNA from all plants. (Dec 2016)
7.2 Screen for the presence of economically important
viruses over two growing seasons by means of established
PCR protocols, and compare the viral communities within the
four sample groups. (Feb 2018)

2018-04-30

Objective 8. Extend
diagnostic AY screens
for another grapevine
growing season.

8.1 Sample experimental plants in Nov 2018 and Feb 2019
and conduct AY diagnostic assays. 2019-04-30

6. WORKPLAN (MATERIALS AND METHODS)

The first task was to identify an appropriate vineyard for this experiment to be executed in.
Requirements were that the vineyard has to be at least 50% infected by AY, and that permission
from the producer be secured to coppice half of the identified experimental plants, both
AY-infected and healthy. The assistance of the VinPro consultant in the Vredendal region will be
sought in order to identify such a vineyard. After the AY-infection status of the entire vineyard
was visually assessed, approx. 100 vines (40 symptomatic and 60 healthy) were visually
selected and subjected to nested PCR (using an international standard AY detection PCR) to
confirm the status of selected plants. Results of these screens were used to select 40
AY-infected and 40 healthy plants. Identified experimental plants were individually mapped and
labelled (see map below). Multigene analysis (see description of methods below) and nucleotide
sequencing were used to identify and confirm possible AY genetic variants in this vineyard. Half
of each of the experimental groups were coppiced in Jul/Aug 2016, in order to induce the
recovery phenotype. Monitoring of AY (and later virus) status (by standard nested PCR) for
these plants commenced in February and November of each subsequent year, initially until Feb
2018, but later extended to Feb 2019. Visual symptom assessments of all experimental plants
were also recorded throughout the study period. Two-step reverse transcription (RT) PCR
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assays were performed for virus detection at all time-points. The 11 viruses screened for were
GLRaV-1, GLRaV-2, GLRaV-3, GLRV-4-like, GVA, GVB, GVE, GVF, GRSPaV, GFLV and GFKV.
In order to capture possible vectors (for the screening of potential insect endophytes, sticky
traps were placed quarterly, and in a random fashion in the vineyard and collected after 14 days.

7. RESULTS AND DISCUSSIONS

1. Confirm Aster Yellows infection status of 80 grapevines
  1.1 PCR screening of plants
During the reporting period, canes of 100 grapevines (cv. Colombar/R99) were sampled from a
vineyard in Vredendal on 18 February 2016. Of these plants, 60 displayed clear symptoms of
AY infection, whereas 40 plants were asymptomatic. Phloem scrapings were collected from all
of the canes, after which the material was homogenised mechanically using liquid nitrogen.
DNA was extracted from the material by means of a CTAB extraction protocol. The
concentration and purity of the DNA was assessed spectrophotometrically, as well as by
agarose gel electrophoresis. The DNA was screened for AY using an established triple-nested
PCR assay. The primer pairs can be seen in Table 1.
 
Table 1: The primers used to screen samples for presence of AY phytoplasma.
 
PCR reaction Primers Product

length
Direct P1

AAGAGTTTGATCCTGGCTCAGGAT
T

1792bp

P7 CGTCCTTCATCGGCTCTT
First nested R16F2n

GAAACGACTGCTAAGACTGG
1244bp

R16R2
TGACGGGCGGTGTGTACAAACCC
CG

Second nested R16(I)F1
TAAAAGACCTAGCAATAGG

1100bp

R16(I)R1
CAATCCGAACTGAGACTGT

 
The final PCR products were separated on a 1% agarose gel at 100V for 40 minutes. The
presence of a 1100bp fragment was indicative of a positive AY diagnosis. Of the 60 symptomatic
plants collected, 43 tested AY-positive. Three of these were eliminated from the study, since the
PCR produced very faint fragments on a gel. The remaining 40 plants will be the AY-positive test
plants for the study. Among the asymptomatic samples, three plants were found to be
AY-positive, and were therefore excluded from the study, leaving only 37 are AY-negative test
plants. An additional three AY-negative plants will be identified in October 2016.
 
  1.2 Recovery Phenotype induction by coppicing
During the first week of July, without any prior notice to us or the local VinPro consultant, the
producer cut off all vines above the graft union in every third row of the experimental vineyard
(see Fig 1), with the intent to plant olive trees. This cutting down affected 32 (14 healthy and 18
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infected) of the plants included in the study. We visited the vineyard two weeks later (18 Aug) to
assess this unforeseen impact on the project viability. At this time we observed more than half of
the coppiced plants already starting to sprout new growth, suggesting that the plants at least
should survive. We proceeded to coppice an additional eight plants to bring the numbers to 20
each of healthy and infected coppiced plants. The cutting wounds of these plants were treated
with an antifungal agent. All plants were re-marked in the vineyard, and shown to the producer,
who promised to not remove or harm these plants in future. An aerial map of the vineyard, and a
layout of the test plants in the vineyard was drawn up and supplied to both the producer and the
VinPro consultant (See Figs 1 and 2).
 
2. Monitoring AY infection status over the project duration
The 80 plants which were identified and coppiced in objective 1 were sampled again in Nov
2016, Feb 2017, Nov 2017 and Feb 2018. At this time an extension to the project was allowed
and two more samplings were done - in Nov 2018 and Feb 2019. AY-infection were screened
for by PCR as described. The AY diagnostics results of all seven time-points are illustrated in
Fig 3. As can be seen from the graph, the number of AY-positive plants decreased dramatically
by Nov 2016, with only five coppiced and two uncoppiced AY-positive plants. The fact that a
similar decrease in AY-positive plants was also seen in the uncoppiced plants, suggests that this
recovery cannot be ascribed to the coppicing. All of the initial AY-negative plants tested negative
throughout this period. It was suspected that the observed recovery was true, and not a result of
ineffective diagnostic assays, as repeated extractions and diagnostics delivered the same
results, even when the secY nested diagnostic assay was employed. The recovery of the
previously AY-infected vines persisted into the Feb 2017 sampling round when none of the
uncoppiced vines were AY-positive, with only four coppiced vines being positive at that time.
These numbers decreased further, and by Feb 2018, not a single experimental plant tested
positive. These results therefore excluded the possibility that the previous results were caused
by seasonal fluctuations of AY within grapevines. From Fig 3 it can be seen that AY titres slowly
started picking up after the drought was broken with the good rains during the winter of 2018.
This trend continued until the last sampling and diagnostic screening in Feb 2019, when eight
coppiced and eight uncoppiced plants, from the original AY-positive cohort, tested positive
again. Interestingly, 12 plants (coppiced and uncoppiced), from the AY-negative cohort, tested
AY-positive at this time. A related project in the same vineyard, that monitored populations of the
AY insect vector, indicated that these insect numbers increased significantly after the drought.
This may explain new AY infections detected in our post-drought diagnostic assays.

AY symptom expression was also monitored during the growing seasons for the duration of the
project. Symptoms expression was clearer during the November sampling since symptoms
became obscured by virus symptoms later in the growing season. When the AY titres dropped
so dramatically during the drought, disease symptoms concomitantly disappeared. With the
exception of three of the four remaining positive vines for the Feb 2017 diagnostic screening,
the vineyard showed no GY symptoms. Diagnostics therefore coincided with symptom
expression in the vineyard.
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Figure 1: The Colombar vineyard which is used in this study. Coppiced rows are indicated.

Figure 2. Layout of test plants in the experimental Colombar vineyard. Rows 2, 5, 8,11,14, 17
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and 20 were
cut down by the producer. Red numbers indicate AY-infected plants, Green numbers indicate
healthy plants,
and circled numbers indicate coppiced plants.

Figure 3.  AY infection the experimental vineyard at the beginning (Feb '16) and for six further
time points throughout the project. White numbers at the data points reflect the actual number
of AY+ plants. The red and green arrows indicate the start and end of the drought.

It is not unheard of for certain cultivars of grapevine to not be persistently infected by
phytoplasma (Belli et al. 2010). It is therefore possible that the large scale remission in AY
regardless of coppicing status may have resulted from removing the insect vector from the
vineyard when administering Imidacloprid to the vineyard since February 2016. An additional
possible explanation is that the current drought status may have stressed the AY-infected plants
enough to cause a remission. Araujo et al. (2016) reported on the significant negative
correlation between drought conditions and berry yield in grapevines (r ≈ 0.9). De Villiers (2017)
reported that the drought has cost Western Cape wine farmers R500 million by the month of
May 2017, with irrigation limitations ranging between 30% and 100%. A final possible
explanation is the switch to mechanical harvesting between the 2016 and 2017 seasons. This
vineyard was harvested by hand from 2013 to 2016, before switching to mechanical harvesting
in 2017. Mechanical harvesting imparts a significant physical damage to plants, which may have
been severe enough to initiate remission. It is impossible to know for certain at this point what
caused the observed remission. Continuous observation of the AY-status of the vineyard is
suggested to determine whether the RP persists. Subsequent work investigating the endophytic
communities of the recovered plants is also recommended.

3. AY genetic variants
  3.1 Multigene analysis of AY-positive plants by means of RFLP pattern generation
The four phytoplasma genes that were utilized for diversity analysis are groEL, rp, amp and
secY. The genes were amplified by means of nested PCR assays, the primers of which can be
seen in Table 2.
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Table 2. Primer pairs used to amplify AY genes for possible diversity.
 
Gene Primer Product size
groEL groEL gene F

ATCAGAAAAAGAAAAATCCT
2100bp

groEL gene R
GCAACAGCAGCAAATAAAAC

groEL nested groELF1
GGCAAAGAAGCAAGAAAAG

1500bp

groELR1
TTTAAGGGTTGTAAAAGTTG

rp rpF1
GGACATAAGTTAGGTGAATTT

1245 – 1389bp

rpR1
ACGATATTTAGTTCTTTTTGG

rp nested rp(I)F1A
TTTTCCCCTACACGTACTTA

1200bp

rp(I)R1A
GTTCTTTTTGGCATTAACAT

amp ampN1cor
AAGAATTCCATATGCAAAATCAA
AAAACTCA

713bp

ampC1
AAGAGCTCGAGTTTATTGTTTTT
GTTTTTTTTAAC

amp nested ampAYF
GAAAGGAGAACAAACAATGC

613BP

ampAYR
AGAACCACACTGTTTTGTAC

secY secYF1
CAGCCATTTTAGCAGTTGGTGG

1400bp

secYR1
CAGAAGCTTGAGTGCCTTTACC

secY nested secYAYF
TGTTTAGGAACTTCTTGGC

1223bp

secYAYR
TTGAGTGCCTTTACCAATTC

   
 
 
The 40 AY-positive samples were PCR-screened using the primer sets listed in Table 2.
However, not all of the samples could be amplified. The most probable reason may be the
inability of the nested PCR to detect the pathogen at such low titres, suggesting that
triple-nested reactions would probably have to be employed. This is supported by the fact that it
was often the same samples that proved difficult to amplify. The results of the PCR assays can
be seen in Table 3.
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Table 3. Results of PCR amplification of four AY genes.

All amplicons generated were digested with restriction enzymes AluI (recognition site AG^CT)
and Tru1I (recognition site (T^TAA). Figures 4.1 and 4.2 show the RFLP patterns generated for
the four genes, respectively. A single profile is shown in cases where all samples generated
identical profiles, while any unique patterns are also included, should they be present.

Figure 4.1: 3% Agarose gels depicting the RFLP patterns of (A) groEL, 
(B) rp, (C) amp and (D) secY genes digested with AluI. Lane 1 in every
case is a 100bp ladder.
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Figure 4.2: 8% Polyacrylamide gels depicting the RFLP patterns of (A) groEL,
(B) rp, (C) amp and (D) secY genes digested with Tru1I. Lane 1 in every case
is a 100bp ladder. Unique banding patterns are indicated with a red arrow.

  3.2 Sequence validation of RFLP diversity
A representative fragment for each of the amplified genes was sent to the Central Analytical
Facilities in Stellenbosch for Sanger sequencing from both ends. Where diversity was
suspected, one representative sample, as well as the sample which generated a unique profile
were sequenced. Sequence data were aligned using the online tool MAFFT, after which virtual
gels were also created from the sequencing data using the New England Biolabs online tool
NEBcutter. Though two samples generated unique profiles for amp and secY when digested
with Tru1I, the sequencing data matched those of the normal RFLP patterns perfectly.
Consequently, only a single virtual RFLP pattern was generated for every gene by each
restriction enzyme. Repeated digestion of the two amplicons which generated unique patterns
also yielded profiles matching the rest of the samples. Therefore, only a single genetic variant of
AY was observed within the vineyard. Every RFLP pattern generated could also be matched to
that of a reference strain through literature searches (Table 4).

 Table 4: RFLP patterns generated in this project matched up with those generated from
reference strains
 in previous publications.
Gene Enzyme Reference strain Source
groEL AluI AY-J (Mitrović et al. 2011)
 Tru1I AY-J  
rp AluI MBS (Lee et al. 2004)
 Tru1I MBS  
secY AluI MBS (Lee et al. 2006)
 Tru1I KVG  
amp AluI KVE (Zambon 2015)
 Tru1I KVE  

 
The Colombar vineyard in question was therefore found to be infected by a single genetic
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variant of AY matching the above genetic profiles. This may be further investigated in the future
by including additional genes for diversity studies.

4. Viral communities in the four sample groups
  4.1 RNA extraction 
RNA was extracted from every plant in this study by means of a lithium chloride RNA extraction
protocol. The RNA was then stored as 20 µL aliquots at -80°C. RNA was extracted from the
February 2016 samples (pre-coppicing) and the February 2017 samples (post-coppicing).
 
  4.2 Screening for viruses 
Two-step reverse transcription (RT) PCR assays were performed for virus detection at both
time-points. The 11 viruses screened for were GLRaV-1, GLRaV-2, GLRaV-3, GLRV-4-like,
GVA, GVB, GVE, GVF, GRSPaV, GFLV and GFKV. The reference gene, actin, served as a
positive control. Following RNA extraction, 500ng from each sample was pooled into four
symptomatic and four asymptomatic pools. Five hundred nanogram of RNA from each pool was
subsequently subjected to a primer annealing step for cDNA synthesis, and subsequently
amplified by PCR. If amplicons were generated, the results were confirmed by gel-purifying
these and Sanger sequencing at the Central Analytical Facilities at Stellenbosch University. The
sequencing data was then subjected to BLASTn analysis. In February 2016, twenty-eight
AY-symptomatic plants tested positive for GLRaV-3, and 19 for GVE. Sequence-based similarity
searches confirmed the RT-PCR results. Only five AY-symptomatic plants were completely
virus-free, whereas all AY-asymptomatic plants were free of the 12 viruses. In February 2017,
GLRaV-3 was detected in both AY-symptomatic and AY-asymptomatic samples. Fewer samples
tested positive for GLRaV-3 compared to the previous time-point, with five AY-symptomatic
uncoppiced, three AY-symptomatic coppiced, two AY-asymptomatic uncoppiced and two
AY-asymptomatic coppiced plants (12 in total) being positive. GLRaV-3 incidence reduced by
64.7% in uncoppiced vines and 83,3% in coppiced vines. GVA was detected in three plants, all
belonging to the AY-symptomatic uncoppiced sample group. GVB was detected in two
AY-symptomatic coppiced plants. GFKV was detected in three AY-asymptomatic uncoppiced
plants. Again, sequencing data confirmed the RT-PCR results. No GVE was detected in any of
the plants at this time-point. Results are summarised in Tables 5.1 and 5.2.

Table 5.1: A summary of the viral status of the two sample groups of AY symptomatic plants.

Viruses present
Uncoppiced Coppiced

Feb-16 Feb-17 Feb-16 Feb-17
S2 GLRaV-3 - S1 GVE -
S4 - - S5 GLRaV-3 -
S6 GLRaV-3 - S7 GLRaV-3 -

S15 GLRaV-3 GLRaV-3 + GVA S8 GLRaV-3 + GVE -
S17 GVE - S9 - -
S19 GVE - S14 GLRaV-3 -
S23 GVE - S18 GLRaV-3 + GVE GLRaV-3
S24 GLRaV-3 GLRaV-3 + GVA S29 GLRaV-3 + GVE -
S26 - - S32 GVE -
S30 GLRaV-3 GLRaV-3 + GVA S33 GLRaV-3 + GVE -
S31 GLRaV-3 + GVE - S34 -
S39 GLRaV-3 - S35 GVE
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S40 GLRaV-3 + GVE GLRaV-3 S44 GLRaV-3 -
S43 GVE - S46 GLRaV-3 + GVE -
S47 - - S48 GLRaV-3 + GVE GLRaV-3 + GVB
S49 GLRaV-3 + GVE GLRaV-3 S51 GLRaV-3 GLRaV-3 + GVB
S56 GLRaV-3 - S52 GVE -
S57 GLRaV-3 + GVE - S54 GLRaV-3 -
S59 GVE - S55 GLRaV-3 -
S60 GLRaV-3 + GVE GLRaV-3 S58         GLRaV-3 -

 
 

Table 5.2: A summary of the viral status of the two sample groups of AY asymptomatic plants.

Viruses present
Uncoppiced Coppiced

Feb-16 Feb-17 Feb-16 Feb-17
A1 - - A8 - -
A2 - - A12 - -
A3 - - A13 - -
A5 - GLRaV-3 A15 - -
A6 - - A16 - -
A7 - GLRaV-3 A17 - -
A9 - - A19 - -

A10 - - A21 - -
A14 - - A28 - -
A18 - - A29 - -
A20 - - A30 - -
A22 - GFKV A31 - -
A24 - GFKV A32 - -
A25 - - A33 - -
A26 - GFKV A34 - -
A27 - - A35 - -
A36 - - A37 - GLRaV-3
A41 - - A38 - GLRaV-3
A42 - - A39 - -
A43 - - A40 - -

 
Initially a high incidence of GLRaV-3 and GVE was recorded within the AY-symptomatic sample
group, whereas no viruses were detected in AY-asymptomatic plants. This may be the result of
a weakened line of defence against secondary infections within AY-infected plants. However,
since viral infections tend to have similar symptoms to phytoplasma infections in grapevine, a
sampling bias may have been introduced in which AY-asymptomatic plants were only sampled if
they appeared completely free of GY symptoms. Echoing the AY infection status of the plants
over time, a remission in viral infection was observed in the vineyard. An 83.3% and a 64.7%
decline in GLRaV-3 incidence was recorded in the AY-symptomatic coppiced and -uncoppiced
sample groups, respectively. Additionally, a 100% remission in GVE incidence is reported. The
results were validated by repeated RNA extractions and RT-PCR screening for both time-points.
The recorded remission is unusual for virus-infected plants. Though RP induction in plants with
viral infections is a sparsely investigated topic, one possible explanation may be that the same
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stressor which caused the large-scale AY remission in the vineyard induced a similar remission
in GLRaV-3 and GVE. Virus infected plants have previously been subjected to severe heat
treatments (Kassanis 1950, Gifford and Hewitt 1961, Mannini et al. 1998). The increased levels
of recovery in coppiced compared to uncoppiced plants, supports the possibility that the
remission is stress-induced. Interestingly, all plants that remained GLRaV-3 positive at the
February 2017 time-point were either co-infected with GVE in February 2016, or were
co-infected with GVA or GVB at the February 2017 time-point. It is possible that the synergistic
effects of co-infection may have prevented these specific vines from recovering from the initial
infection.
 
In conclusion, there was a discrepancy between the virus infection status of AY-symptomatic
and AY-asymptomatic grapevine plants. It is unknown whether this difference is a result of a
weakened stress response due to AY-infection, or whether it is caused by a sampling bias which
resulted from sampling plants based on their symptom expression. An apparent large-scale
remission in viral infections was recorded within the vineyard. Though the cause of this
remission is unclear, the possibility of RP induction in virus-infected vines substantiates further
investigation.
 

8. CONCLUSIONS AND RECOMMENDATIONS

This project (like others at this time in this region) was severely compromised by the persisting
drought in the Western Cape. Aspects, like the investigation of insect-borne endophytes with
potential antimicrobial activity, had to be aborted since very few insect vectors were captured on
the sticky traps that were placed in the vineyard. As can be seen from the results of the
monitoring of the AY (and virus) presence in the experimental plants of this study, the titres of
these pathogens dropped to an extent that no differences between coppiced and uncoppiced
plants could be detected by PCR. Concomitant to this was the complete disappearance of the
easily distinguishable symptoms in plants. As a final confirmation of these results, 12 of these
Colombar samples that tested positive in earlier years, along with another six samples from a
neighbouring Chardonnay vineyard (also previously shown to be AY-positive), were harvested
and the fresh material sent by courier to collaborators at the University of Bologna in Italy.
PCR-based diagnostics in Italy confirmed our results.
 
It was our hypothesis that the severe drought induced a recovery phenotype in all plants in this
vineyard, and that this phenotype was maintained in the plants for as long as the drought
persisted. When good rains fell in this region during the winter of 2018, we proposed an
extension to the project that allowed us to do two additional sets of diagnostics on the
experimental plants in the 2019/19 growing season (Nov 2018 and Feb 2019). These results
confirmed our hypothesis, with a clear indication that the AY titres in infected plants, as
measured by AY diagnostic assays, increased for both time points. Similar trends were seen in
AY symptom expression, not only in this vineyard, but in most vineyards in the Vredendal
region. In fact, we got an impression from producers in the region that grapevine yellows were
no longer a problem. The trend of increased AY titres we observed in a single post-drought
season, along with the re-emergence of the insect vector of the disease, of course, does not
bode well for the grapevine industry in the Olifants River production region. We recommend that
the situation be vigilantly monitored for the next few seasons.
 

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



9. PLANNED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS
This project did not generate any information or knowledge with any commercial potential.
However, it certainly yielded knowledge that can have a huge economic impact on the
grapevine industry in this region, especially if the grapevine yellows disease re-emerge, as was
shown to be a possible (if not probable) occurrence, becomes a reality.

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

It is recommended that the VinPro consultant in the region be made aware of the re-emergence
of GY disease observed in this project, and that he carefully monitor vineyards in the Olifants
River region for the presence of GY symptoms early in the 2020/21 growing season.

c) HUMAN RESOURCES DEVELOPMENT / TRAINING (STUDENTS)

Student Name and
Surname

Student
Nationality

Degree (eg Hons,
MSc)

Level of studies in
final year of project

Total Bursary Cost
for Industry for
entire project

Honours

Ané vd Vyver RSA BSc(Hons) Completed R 0

Masters

Ané vd Vyver RSA MSc Completed R 0

Yuri Zambon Italian MSc Completed R 0

PhD

Postdocs

d) LIKELY PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)
Zambon, Y., Contaldo, N., Souza Richards, R., Bertaccini, A., Burger, J.T. (2015). Multigene
characterization of aster yellows phytoplasmas infecting grapevine in South Africa.
Phytopathogenic Mollicutes 5, S21-22.

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED
Burger, J.T., Van der Vyver, A., Page, L.D. and Maree, H.J. Phytoplasma Recovery Phenotype:
a case study for Aster Yellows in South Africa. 4th International Phytoplasmologist Working
Group, Valencia, Spain - September, 2019.

Van der Vyver, A.E., Maree, H.J. and J.T. Burger, J.T. Investigating the ‘recovery phenotype’
phenomenon in Aster Yellows phytoplasma infected grapevine (Vitis vinifera). 50th Congress of
the Southern African Society for Plant Pathology (SASPP) 15th-18th January 2017.
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10. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply
Chain

Direct Grower
Application

Direct
Packhouse/Winery/
Cellar Application

Other

X X

Other is:

The Value of the project to industry
The project yielded knowledge that can have a huge economic impact on the grapevine industry
in this region, especially if the grapevine yellows disease re-emerge, as was shown to be a
possible (if not probable) occurrence, becomes a reality. This project failed to prove that
coppicing is an effective inducer of the recovery phenotype, but clearly demonstrated that the
recovery phenotype is real, and that it is probably reversible, which may have significant
implications for the grapevine industry.

11. PERSONS PARTICIPATING IN THE PROJECT:

INITIALS AND SURNAME
HIGHEST

QUALIFICATI
ON

RACE
(M,W)

GENDER
(M,F)

INSTITUTE
DEPARTM POSITION TOTAL COST

TO PROJECT

RESEARCH PERSONNEL R NaN

Ms K. Oosthuizen MSc W F Department of
Genetics, SU Co R 0

Prof J.T. Burger PhD W M Department of
Genetics, SU PL R

Dr N. Contaldo PhD W F

Department of
Agricultural
Sciences and
Technologies
Agricultural
Faculty University
of Bologna, Italy

Coll R 0

SUPPORT PERSONNEL R NaN

Mr L. Page MSc W M Department of
Genetics, SU RA R

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
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12. TOTAL COST OF PROJECT

TOTAL
ANNUAL
COSTS (ALL
YEARS)

CFPA Raisin
SA HORTGRO SATI WINETECH ARC OTHER TOTAL

2015 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

2016 R 0 R 0 R 0 R 0 R 135000 R 0 R 0 R 135000

2017 R 0 R 0 R 0 R 0 R 94000 R 0 R 0 R 94000

2018 R 0 R 0 R 0 R 0 R 183910 R 0 R 0 R 183910

2019 R 0 R 0 R 0 R 0 R 72300 R 0 R 0 R 72300

2020 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

TOTAL R 0 R 0 R 0 R 0 R 485210 R 0 R 0 R 485210
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