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3. EXECUTIVE SUMMARY  

Objectives & Rationale 
The aim of this study was to identify fruiting bodies of Petri disease in local vineyards, to study spore 

release patterns and to determine their role as inoculum sources. 

 
Although Petri disease has been studied for more than 20 years locally, little attention has been given to 

the spread of the disease within vineyards, and no study has investigated the actual source of pathogen 

inoculum, the fruiting bodies that produce and release the spores in local vineyards. Phaeomoniella 

chlamydospora is known to produce fruiting structures (pycnidia) which have only been found in Australian 

vineyards.  Fruiting bodies (perithecia) of only two of the 22 Phaeoacremonium species associated with 

grapevines worldwide, Pm. minimum and P. mortoniae, respectively, have thus far been found on 

grapevines in California. 

 
Methods 
Selected wood pieces were investigated under a microscope for fruiting bodies. Spore trapping studies 

were conducted in 6 vineyards and 2 rootstock mother blocks over two seasons. Mating studies were 

conducted with selected Phaeoacremonium spp. in vitro to induce fruiting structures. Infection studies 

were conducted with Phaeomoniella chlamydospora spores obtained from pycnidia. Pathogenicity studies 

with newly found Phaeoacremonium spp. or species which have not been subjected to pathogenicity 

studies in local vineyards were conducted on field-grown vines by inoculating grapevine pruning wounds.  A 

population genetics study was conducted with selected Pm. minimum isolates to get a better 

understanding of the origin of inoculum in Western Cape vineyards.   

 

Key Results 
During the study Pm. minimum perithecia and Pa chlamydospora pycnidia were found in several vineyards 

as well as rootstock mother blocks, no other perithecia could be found which raises the question where 

these inoculum comes from.  In vitro mating studies with Pm. scolyti and Pm. australiense isolates 

produced perithecia which were used to describe these sexual morphs. Spore trapping studies were 

conducted in six vineyards and two rootstock mother blocks from mid-March to the beginning of December 

2012 and 2013.  Pa. chlamydospora and 14 Phaeoacremonium species were detected in these vineyards. 

The studies also clearly showed that inoculum is available during traditional pruning and de-suckering 

periods. No correlation could be found between spore release and specific weather conditions (i.e. 

rainfall), and therefore farmers must be aware that spores are also released during dry periods. Pruning 

wound protection is therefore the only solution to prevent these infections.  A pathogenicity trial 

conducted with nine Phaeoacremonium species found in South African vineyards for the first time on 

Cabernet Sauvignon pruning wounds indicated that all the Phaeoacremonium species were pathogenic. A 

population genetic study was also conducted with 320 Pm. minimum isolates. Preliminary analyses indicate 

that sexual as well as asexual reproduction occurs within vineyards.  
 
Conclusion/Discussion 
Pm. minimum perithecia and Pa chlamydospora pycnidia were found in several vineyards as well as 

rootstock mother blocks. Spore trapping studies showed that spores are released throughout the year.   

The study concluded that asexual reproduction plays a major role and that infected propagation material 

is a major mode of disease spread. Asexual and sexual reproduction occurs in vineyards. Pruning wound 

protection in rootstock mother blocks and sanitation practices during the propagation process is 

therefore highly recommended, together with pruning wound protection strategies and sanitation 

practices in established vineyards to combat Petri disease. 
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4. PROBLEM IDENTIFICATION AND OBJECTIVES 
 
Problem being addressed and ultimate aim of the project 
Petri disease, caused by Phaeomoniella chlamydospora and Phaeoacremonium spp., cause 
decline and dieback of grapevines.  Research conducted in South Africa have shown that 
these pathogens are present in grapevine propagation material, however, the spread from 
infected vines to healthy vines inside mother blocks and vineyards remains unclear.  The 
objectives of this study will be to: 

(1) determine if and where fruiting bodies of Phaeomoniella chlamydospora and 
Phaeoacremonium spp. occur on grapevines; 

(2) determine when the fungal spores are released by means of spore trapping studies; 
(3) describe newly isolated Phaeoacremonium spp. isolated from diseased vines and to 

determine their role in the disease through pathogenicity studies; 
(4) study the genetic diversity of Phaeoacremonium aleophilum individuals in order to 

determine the origin of inoculum and spread of the pathogen within and across 
vineyards.    

 
 
5. DETAILED REPORT 
 

a) PERFORMANCE CHART (for the duration of the project) 
 

Objectives Milestones 
 

Original 
Target Date 

as per 
application 

Date 
achieved 

1. Identify 
vineyards 
severely 
affected by Petri 
disease.  

Completed. 

Nietvoorbij (Pinotage, Block P2) 
Nietvoorbij (mixed cultivars, Block B3) 
Rawsonville (Chenin blanc, Block K) 
Paarl (Avondale, Red Muscadel) 
Paarl (Zanddrift, Hanepoot) 
Durbanville (Altydgedacht, Sauvignon blanc)  

April 2011 April 2011 

2. Survey 
vineyards for 
fruiting bodies 
of Petri 
disease 
pathogens. 

Completed. 
The 6 vineyards and 2 rootstock mother blocks 
were surveyed. 

Continuous Jan 2015 

3. Identify fruiting 
bodies. 

Completed. 

Togninia minima were found at Nietvoorbij (in 
Block P2 and B3) as well as rootstock mother 
vines in Slanghoek.  Phaeomoniella 
chlamydospora pycnidia were found in all 
vineyards surveyed. These are 1st reports for 
South Africa. 

 

In vitro mating studies induced 
Phaeoacremonium scolyti and Pm. 
australiense perithecia (1st reports). 

Continuous Aug 2016 
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4. Determine the 
infection 
potential of the 
fungal spores. 

Completed. 
Cabernet Sauvignon pruning wounds were 
inoculated with spores from Pa. chlamydospora 
pycnidia. The spores infected the pruning 
wounds and caused black streaking within 5 
months. 

Continuous Dec 2015 

5. Description of 
new species. 

Completed. 

No new species were found. 

Continuous Aug 2016 

6. Spore trapping 
studies   

Completed. 

6 vineyards and 2 rootstock mother blocks were 
monitored from March until the end of Nov 2012 
and 2013.   
Pm. aleophilum and Pa. chlamydospora spores 
were trapped in all the vineyards and mother 
blocks throughout the trapping period.  Thirteen 
other Phaeoacremonium species were detected, 
namely Pm parasiticum, Pm australiense, Pm 
prunicola, Pm scolyti, Pm sicilianum, Pm 
subulatum, Pm alvesii, Pm iranianum, Pm 
inflatipes, Pm venezuelense Pm. griseo-
olivacea, Pm. griseorubrum and Pm viticola. 
 
Spores were available in the vineyards and 
mother blocks throughout the entire trapping 
period corresponding to the time of pruning and 
suckering when susceptible wounds are available 
for possible infection.  
 
There was no positive correlation between total 
rainfall and spore release events.  The grapevine 
industry must therefore take notice of these 
findings because pathogen spores are 
available to infect pruning wounds in dry 
periods as well.  Pruning wound protection is 
therefore required to prevent infections, 
whether pruning is done early or late in the 
season.  

Dec.  2011 
(Season 1) 
 
Dec. 2012 
(Season 2) 
 
Dec. 2013 
(Season 3) 
 

Dec 2013 

7. Genetic 
diversity 
among Pm 
aleophilum 
isolates 

Completed  
320 Pm. minimum isolates were analysed. Both 
mating types (MAT1-1 and MAT1-2) were found 
in all eight vineyards. Primers for dinucleotide 
microsatellite loci were designed and 15 
microsatellite loci were identified to be 
polymorphic. A total of 134 multilocus genotypes 
(MLG’s) were observed of which 115 were 
observed once and 19 genotypes were observed 
either two or more times. The presence of the 
same MLG in a vineyard at different collection 
times, supports the presence of asexual 
reproduction. The most common MLG occurred 
77 times, being present in all of the eight 
vineyards. The widespread distribution of MLGs is 

March 2016 Dec 2016 
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most probably due to infected nursery plants. 
The total gene diversity (H) was high with a mean 
of 0.58 across all populations. Analysis of 
molecular variance indicated that 94% of the 
genetic variation was distributed within 
populations and only 6% between populations. 
High and significant population differentiation 
values were only obtained when Paarl A was 
compared to Stellenbosch P2. For fifteen other 
comparisons, 12 significant moderate PhiPT 
values were obtained signifying little genetic 
exchange between the populations. The near to 
equal distribution of mating types is indicative of 
sexual reproduction, whereas the occurrence of 
isolates with the same MLG and mating type over 
time in a vineyard indicates asexual reproduction. 
This study confirms the importance of infected 
planting material that can distribute similar MLGs 
over long distances. Therefore, the management 
of Petri disease needs to focus on ensuring clean 
mother vines and nursery plants, as well as to 
minimize infections in vineyards where sexual and 
asexual reproduction can occur. 

8. Pathogenicity 
study 

Completed 

Pruning wounds of field grown Cabernet 
Sauvignon vines were inoculated in Aug 2013 
with 10 Phaeoacremonium species of which the 
pathogen status is unknown.  

The trial was evaluated in Feb-May 2015. All 
inoculated Phaeoacremonium species were 
pathogenic. The lesion lengths varied from 62.0 
mm to 79.53 mm.  The re-isolation percentages 
ranged between 28% and 85%.  This is the 1st 
report of Pm. griseo-olivacea as grapevine 
pathogen in the world. 

October 
2013 

June 2015 
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b) WORK PLAN (MATERIALS AND METHODS) 

Milestone 1.  Identify vineyards severely affected by Petri disease 

Vineyards with a known history of Petri disease fungi, based on results of previous studies, 
were considered for this study (Table 1).   
 
Milestone 2.  Survey vineyards for fruiting bodies of Petri disease pathogens  

Wood collection sites 
Wood samples were collected from six vineyards and two rootstock mother blocks in the 
Western Cape. These were in Paarl A, Paarl Z, Durbanville, Stellenbosch B3, Stellenbosch 
P2, Rawsonville, as well as two rootstocks mother blocks, one in Slanghoek and one in 
Wellington. 
 
Wood collection 
Trunks and cordons of old vines showing decline symptoms, old pruning wounds, or cracks 
and crevices were randomly sampled from vineyards and taken to the laboratory for 
microscopic examination during 2012, 2013 and 2014. Grapevine woods were cut into small 
pieces of 5–10 cm in length to expose wounds and crevices.  
 
Milestone 3.  Identify fruiting bodies 

Microscopic examination 
The cracks, crevices and surfaces of wood pieces were viewed under a dissecting 
microscope (Leica MZ95) for the presence of Pa. chlamydospora pycnidia and 
Phaeoacremonium perithecia. If found, the fruiting bodies were removed with a sterile 
scalpel and mounted on a microscope slide with a drop of dH2O and examined with a Nikon 
Eclipse E600 compound microscope. Morphological features of pycnidia such as 
conidiophores, conidiogeneous cells and conidia were measured at 1000× magnification as 
described by Crous and Gams (2000). Morphological features of perithecia were compared 
to those described by Mostert et al. (2006a) with regards to the size in length and width of 
ascomata, neck, asci, ascospores and paraphyses. A total of 30 measurements at 1000× 
magnification of the asci, ascospores and 10 measurements of paraphyses were made. The 
5th and 95th percentiles were defined for all the measurements. The content of the 
microscope slide was washed onto water agar (WA) with 1 ml of dH2O spread out with a 
sterile glass rod and left slanted overnight in a laminar flow cabinet. After 24 hours, the 
plates were viewed under a dissecting microscope and germinating single spores transferred 
to potato dextrose agar with chloramphenicol (PDA-C) plates.  
 
Molecular identification 
Species identification were done for cultures obtained from Pa. chlamydospora pycnidia as 
well as Phaeoacremonium perithecia.  
 
DNA extraction 
Mycelia of a 2 to 3 week-old culture were scraped into 2 ml Eppendorf tubes. An amount of 
0.5 g glass beats were added to the tubes as well as 600 µl of CTAB extraction buffer (1 M 
Tris, pH 7.5; 5 M NaCl; 500 mM EDTA, pH 8.0) (Damm et al., 2008). The tubes were shaken 
for 6 min using a Mixer Mill type MM 301 before incubating in a waterbath for 30 min at 
65oC. After incubation 400 µl chloroform:isoamylalcohol (24:1) was added, followed by 
centrifugation at 13 100 rpm for 7 min. The watery supernatant was transferred to new 
Eppendorf tubes and 250 µl of 7.5 M ammonium acetate solution (pH 7) and 600 µl cold 
isopropanol were added. The samples were then incubated for 15 min at -20oC. Thereafter 
the tubes were centrifuged at 13 100 rpm for 15 min. The supernatant was discarded and 1 
ml cold ethanol was added and samples centrifuged at 13 100 rpm for 5 min and 
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supernatant discarded. The pellet was dried on a bench for 24 hours where after the pellet 
was dissolved in 100 µl sterile distilled H2O and stored at 4oC. 
 
PCR sequencing 
Species identity was determined by sequencing the internal transcribed spacers 1 and 2 and 
5.8S rRNA gene for Pa. chlamydospora (White et al., 1990) and T1 and Bt2b primers for 
Phaeoacremonium species (Glass and Donaldson, 1995; O’ Donnel and Cigelink, 1997). 
The reactions were performed using 0.65 units Biotaq polymerase, 0.2 mM dNTPs, 2.5 mM 
MgCl2, 0.25 pmol of each primers, 1 mg/ml bovine serum albumin (BSA) and 5 µl DNA in a 
total volume of 25 µl. The amplification was performed on a GeneAmp PCR System 2700 
(Applied system Biosystems, Foster City California). The cycling conditions were 5 min at 
96oC, followed by 40 cycles of 30 s at 94oC, 30s at 56oC, 1 min and 30 s at 72oC and a 7 min 
extension step at 72oC to complete the reaction. Bands were separated by electrophoresis 
at 80 V on a 1% agarose gel stained with 0.5 µg/ml ethidium bromide in a 0.5 × TAE buffer 
(0.04 M Tris, 0.02 M glacial acetic acid and 1.27 mM, EDTA, pH 7.85). The gel was 
visualized under UV-light using a GenGenius Gel Documentation and Analysis System. 
 
PCR products were purified according to the manufacturer’s instructions using a commercial 
kit (Nucleopin Extract 2 in 1 Purification Kit, Machery-Nagel GmbH & Co., Germany). The 
Big dye system was used to perform DNA sequencing reactions. The reaction contained 5 × 
Buffer and 0.4 mM of each primer in a total reaction volume of 10 µl. The PCR was 
performed using the following conditions; an initial denaturing step at 95oC for 60 seconds, 
followed by 30 cycles of 10 s at 95oC, 5 s at 50oC and 4 min at 60oC and a final step at 30 s 
at 60oC. Fragments were separated on an ABI 3130xl genetic analyzer. Sequence data for 
both directions were analyzed using Geneious 3. 5. 6 (2007, Biomatters Ltd., Auckland, New 
Zealand) and edited manually using Sequence alignment editor v2.0a11 (Rambaut, 2002). 
Species identification was done using the megablast function of the NCBI’s GenBank 
nucleotide database (www.ncbi.nlm.nih.gov).  
 
Mating studies 

It was decided to conduct in vitro mating studies with selected Phaeoacremonium species.  
Spores of these species were caught in spore trapping trials but their fruiting bodies could 
not be found in the vineyards surveyed for fruiting structures.  

Phaeoacremonium isolates used 
Phaeoacremonium australiense and Pm. scolyti were tested in vitro for their ability to form 
perithecia. These isolates were obtained from vineyards and alternative host surveys 
(isolates from wounds), as well as from vineyard spore trapping trials (Table 2). Twenty-six 
isolates were used for Pm. australiense and 20 for Pm. scolyti. 
 
Preparation of spore suspensions 
Single-spored conidial isolates were grown on PDA-C plates for two weeks at 25oC. A sterile 
glass rod was used to dislodge conidia from the surface of mycelia, and the suspension was 
prepared in 5 ml sterile dH2O (Mostert et al., 2003). A 100 µl aliquot spore suspension of 
each isolate was pipetted onto autoclaved grapevine canes placed onto water agar plates. 
Each plate received 100 µl aliquots of each of two isolates and control pairings received 200 
µl of the same isolate. Isolates were mated with each other in all possible combinations. The 
plates were sealed with parafilm and incubated at 25oC with approximately 10 hrs light and 
14 hrs dark. Plates were closely monitored for the formation of perithecia at 2 week intervals. 
 
Characterization of the perithecia 
Methods characterizing perithecia were as described by Mostert et al. (2006a). Successful 
crosses were expected to form perithecia that produce a large number of ascospores which 
readily germinate on culture media. Perithecia were mounted individually on microscopic 
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slides and viewed with a light microscope. Thirty measurements were made to determine the 
size of the asci, ascospores and paraphyses. Ten measurements were made to determine 
perithecial size.  
 
Statistical analyses 
Random mating in populations was investigated with a chi-square (χ2) test on mating type 
ratios with the null hypothesis that each of either Pm. australiense or Pm. scolyti isolates did 
not significantly differ from a 1:1 mating type ratio. This was obtained by comparing the 
number of actual and expected mating types of Pm. australiense and Pm. scolyti. The 
degrees of freedom were used in comparison with the tabulated probability to determine if 
the chi-square value was significant at 5% probability. The test was analyzed using excel 
statistical tool (www.xlstat.com). 
 
Milestone 4.  Determine the infection potential of the fungal spores 

A pathogenicity study was conducted with conidia from pycnidia of Phaeomoniella 
chlamydospora. A 9-year-old Cabernet Sauvignon vineyard in Stellenbosch was used. Spore 
suspensions were inoculated onto fresh pruning wounds (3 bud, 1-year-old spur pruned 
canes). One pruning wound on 20 vines was each inoculated with 100 μl conidial 
suspensions (103 spores/100 µl) and one pruning wound each on another 20 vines with 100 
μl sterile water as negative control. The trial was evaluated after five months. 
 
Milestone 5. Description of new species 

No new species were identified. 
 
Milestone 6. Spore trapping studies 

Vineyard selection 
Six vineyards from Paarl, Stellenbosch, Durbanville and Rawsonville, and two rootstocks 
mother blocks in Slanghoek and Wellington known to be infected with Petri disease were 
selected for this study (Milestone 1). Within each vineyard, five vines or five rootstock mother 
plants were selected and marked.  
 
Spore trapping 
The protocol was adopted from Eskalen and Gubler (2001). Spore traps consisted of 
microscopic slides coated with Vaseline on both sides and was affixed with a wire and binder 
clips to the vine cordon on each of the five plants. The slides were arranged directly above 
old pruning wounds or cracks. One plant in each of the five vineyards also had an additional 
slide on the trunk placed halfway between the graft union and cordon. 
 
The study was conducted over two seasons, from late May to the first week of December in 
2012 and from mid-March to the first week of December in 2013. The slides were replaced 
weekly. The slides were placed individually in sterile Falcon tubes and immediately taken to 
the laboratory for processing. In the laboratory, each slide was washed in 5 ml sterile 
distilled water (dH2O) to suspend the spores, then filtered through 5 µm and 0.45 µm 
microfilters. This was to separate larger sized spores from smaller sized spores. The filters 
were then backwashed with 1 ml dH20 of which 200 µl was plated onto each of the three 
PDA-Chloramphenicol (PDA-C) agar plates. The plates were sealed with Parafilm and 
incubated at 25oC for 6–8 weeks. The number of Pa. chlamydospora and Phaeoacremonium 
spp. colonies were monitored and recorded. Phaeomoniella chlamydospora colonies were 
morphologically identified according to Crous and Gams (2000). Phaeoacremonium species 
were subcultured for further identification. In cases where more than one colony of the same 
species occurred on the three dishes of the same plant, a representative sample was 
subcultured. 
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Collection of climate data 
The mean weekly data per area obtained from the ARC Infruitec-Nietvoorbij 
agrometeorological division weather stations were used in this study for analyses. Variables 
describing the weather conditions during the week of spore trapping included minimum 
temperatures, maximum temperatures, minimum relative humidity, and total rainfall.  
 
Statistical analysis 
Correlation of weather data variables and colony counts were determined by statistical 
analysis using Pearson’s correlation analysis (Snedecor and Cochran, 1967) in XLSTAT 
2014.4.06. For species occurring as predominant species, namely Pa. chlamydospora, Pm. 
minimum and Pm. sicilianum, a separate pooled data correlation analysis was done for all 
Phaeoacremonium species.  
 
DNA extraction 
Mycelia of two-week-old Phaeoacremonium cultures were scraped into 2 µl eppendorf tubes. 
An amount of 0.5 g glass beats was added to the tubes as well as 600 µl of CTAB extraction 
buffer (1M Tris, pH 7.5; 5 M NaCl; 500 mM EDTA, pH 8.0). The tubes were shaken for 6 min 
at 30 1 s-1 using a Mixer Mill type MM 301 (Retsch Gmbh & Co. KG, Germany) before 
incubating in a waterbath for 30 min at 65oC. After incubation 400 µl 
chloroform:isoamylalcohol (24:1) was added, followed by centrifugation at 13 100 rpm for 7 
min. The watery supernatant was transferred to a new Eppendorf tube and 250 µl of 7.5 M 
ammonium acetate solution (pH 7) and 600 µl cold isopropanol were added. The samples 
were then incubated for 15 min at -20oC. The tubes were then centrifuged at 13 100 rpm for 
15 min. The supernatant was discarded and 1 ml cold ethanol was added and samples 
centrifuged at 13 100 rpm for 5 min and supernatant was discarded. The pellet was dried on 
a bench for 24 hrs whereafter the pellet was dissolved in 100 µl sterile distilled H2O and 
stored at 4oC. 
  
PCR and sequencing 
PCR was performed using T1 and Bt2b primers to amplify the partial beta-tubulin gene 
(Glass and Donaldson, 1995; O’ Donnel and Cigelink, 1997). The reactions were performed 
using 0.65 units Biotaq polymerase, 0.2 mM dNTPs, 2.5 mM MgCl2, 0.25 pmol of each 
primers, 1mg/ml bovine serum albumin (BSA) and 5 µl DNA solution. The amplification was 
performed on a GeneAmp PCR System 2700 (Applied system Biosystems, Foster City 
California). The cycling conditions were 5 min at 96oC, followed by 40 cycles of 30 s at 94oC, 
30 s at 50oC, 1 min and 30 s at 72oC and a 7 min extension step at 72oC to complete the 
reaction. PCR product was separated by electrophoresis at 80 V on a 1% agarose gel 
stained with 0.5 µg/ml ethidium bromide in a 0.5 × TAE buffer (0.04 M Tris, 0.02 M glacial 
acetic acid and 1.27 mM, EDTA, pH 7.85). The gel was visualized under UV light using a 
GenGenius Gel Documentation and Analysis System.  
 
PCR products were purified according to the manufacturer’s instructions using a commercial 
kit (Nucleospin MSB PCRapace, Invitek Extract 2 in 1 Purification Kit, Machery-Nagel GmbH 
& Co., Germany). A sequencing PCR reaction was run in a total reaction volume of 10 µl. 
The reaction consisted of 5 × Buffer, 0.4 mM each of the primer. PCR was performed using 
the following conditions; an initial denaturing step at 95oC for 60 seconds, followed by 30 
cycles of 10 s at 95oC, 5 s at 50oC and 4 min at 60oC and a final step at 30 s at 60oC. 
Fragments were separated on an ABI 3130xl genetic analyzer. Sequence data for both 
directions were analyzed using Geneious 3. 5. 6 and edited manually using sequence 
alignment editor v.2.0a11. Species identification was done using the megablast function of 
the NCBI’s GenBank nucleotide database (www.ncbi.nlm.nih.gov). 
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Design of qPCR material design and cycling conditions 
Primers (IDT, Coralville, IA) and “Taqman” hydrolysis probes (Life Technologies, Carlsbad, 
CA) were designed to bind within the beta-tubulin gene region and are listed in Table 3. 
Three different species-specific primer/probe sets were designed for the respective detection 
of Pm. minimum, Pm. parasiticum and Pm. sicilianum following the same strategy as used 
by Martίn et al. (2012) for the detection of Pm. minimum. Although the Pm. minimum system 
from this study is very similar to that of Martίn et al. (2012) there are sequence differences. 
Species-specific forward primers were designed, namely F_ibt_Paleo, F_ibt_Ppara and 
P_ibt_Psicil, for Pm. minimum, Pm. parasiticum and Pm. sicilianum, respectively, intended 
for use with the universal reverse primer R_IBT_uni that recognises all Phaeoacremonium 
spp. templates. Species-specific hydrolysis probes (Paleo, Ppara and Psicil, for Pm. 
minimum, Pm. parasiticum and Pm. sicilianum, respectively) were 5’ labelled with unique 
fluorophores (FAM, VIC and JUN) that did not display excitation and emission overlap, 
allowing for multiplex experimental design. Furthermore, all hydrolysis probes carried a 3’ 
QSY quencher (Table 3). Phaeoacremonium minimum detection assays were run 
individually and that for Pm. parasiticum and Pm. sicilianum in duplex. Reactions for Pm. 
minimum detection were run in a 20 µl final volume containing 2x KAPA PROBE FAST 
qPCR Master Mix (Kapa Biosystems, Wilmington, MA), 0.2 µM each of F_ibt_Paleo, 
R_ibt_uni and Paleo as well as 0.5 µl of template (genomic DNA 10x diluted in PCR grade 
water). Reactions were run in a CFX96 Touch™ cycler (Bio-Rad Laboratories, Inc., 
Hercules, CA) using the following programme: 3 min at 95°C followed by 40 cycles of 3 s at 
95°C and 30 s at 67°C. Reactions for Pm. parasiticum and Pm. sicilianum detection was run 
in duplex in a 20 µl final volume containing 2x KAPA PROBE FAST qPCR Master Mix (Kapa 
Biosystems, Wilmington, MA), 0.1 µM each of F_ibt_Ppara and F_ibt_Psicil, 0.2 µM each of 
R_ibt_uni, Ppara and Psicil as well as 0.5 µl of template (genomic DNA 10x diluted in PCR 
grade water). Reactions were also run in a CFX96 Touch™ cycler (Bio-Rad Laboratories, 
Inc., Hercules, CA) using the following programme: 3 min at 95°C followed by 40 cycles of 3 
s at 95°C and 30 s at 65°C. All assays included a non-template control as well as controls 
for Pm. minimum, Pm. parasiticum and Pm. sicilianum. All isolates not positively identified as 
either Pm. minimum, Pm. parasiticum or Pm. sicilianum by means of the above mentioned 
assays were identified by means of sequencing of the beta-tubulin gene region. 
 
 
Milestone 7. Genetic diversity among Phaeoacremonium aleophilum isolates from 
South African grapevines 

Phaeoacremonium minimum isolates collection 
A total of 320 Pm. minimum isolates were used in this study to analyze the genetic diversity 
and mating type distribution. The isolates were collected from March to December in 2013 
with spore traps as described in Milestone 6. The spores were collected from the six 
vineyards and two rootstocks mother blocks identified in Milestone 1.  In Rawsonville and 
Paarl A, spore traps were also placed in a young vineyard established adjacent to the older 
vineyard. Spore traps were placed along the wire where the vine arm of these young vines 
will be trained. A total of 40 isolates from each vineyard were selected for this study except 
Rawsonville, which consisted of 42 isolates and Slanghoek of 38 isolates. The eight 
vineyards were divided into six regions, namely Paarl, Stellenbosch, Durbanville, 
Rawsonville, Slanghoek and Wellington.  
 
DNA extraction 
Pure cultures were obtained by growing isolates from spores collected with spore traps on 
Potato Dextrose Agar amended with Chloramphenicol (PDA–C). Conidial suspensions from 
each isolate were spread on PDA−C. Single spores were selected after 24 hrs of incubation 
at 25oC, and transferred to fresh PDA−C. Plates were incubated for 2 weeks at 25oC. 
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Extraction of DNA from mycelia was done using CTAB extraction protocol as described by 
Mostert et al. (2006). The concentration of each DNA sample was determined on an ND-
1000 spectrophotometer (Nanodrop), and adjusted to a final concentration of 30 ng/µl.  
 
Mating type determination 
The multiplex PCR protocol developed by Arzanlou and Narmani (2014) was followed to 
simultaneously identify Pm. minimum and the mating type of each isolate. The multiplex 
reaction consisting of a Pm. minimum species-specific primer set was used together with the 
MAT1-2 gene-specific primer set. Primer sets PmaleoF (5’-
CTCTGCGACGCGTCCCAGATTC-3’) and PmaleoR (5’- TCGCGA TGGCCC ACTGCCTAC 
-3’) identified Pm. minimum isolates (c. 500 bp). The 
primers PmaleoMat1-2F (5’- CCTATCGTCAAGGCAGCAGCTCATCC- 3’) and PmaleoMat1-
2R (5’- CTTCTCGTAGTGCTTGCGCTTGC- 3’) amplified the Mat1-2 locus (c. 230 
bp). All PCR reactions were performed in a total reaction of 20 µl volume, containing 1 µl of 
genomic DNA (25-30 ng), 10 µl KAPA Taq Ready mix (KapaBiosystems, Mowbray, Western 
Cape, South Africa) and 0.4 µM of each primer. The PCR reactions were performed in a 
GeneAmp PCR System 2720 thermocycler (Applied Biosystems) under the following 
conditions: an initial stage of 96oC for 5 min, followed by 40 cycles of 30 s at 94oC, 30 s at 
56oC annealing, 60 s at 72oC and an extension stage of 7 min at 72oC. DNA amplicons were 
separated using electrophoresis at 80 V for 45 min in 1% ethidium bromide-stained agarose 
gel and visualized under UV-light. Chi-square analyses were done to determine the 
goodness of fit of the mating type distribution compared to the expected mating type ratio of 
1:1, for the total population and subpopulations. 
 
SSR development 
Genome sequence data for Pm. minimum strain UCR-PA7 was downloaded in unassembled 
“contig” format as made available by Blanco-Ulate et al. (2013). Thirty of the longest di-
nucleotide repeats with flanking regions with high heterogeneity were tested by PCR 
amplification using genomic DNA from South African Pm. minimum isolates from a wide 
spatial and temporal distribution. Primers were designed to yield amplicons of roughly 200bp 
in size. The extent of amplicon size variation was investigated using high resolution gel 
electrophoresis (“Bioanalyzer”, Agilent Technologies). Twenty of the apparently most 
heterogeneous loci were more accurately assessed for locus heterogeneity by fluorescent 
labelling of amplicons (VAM, VIC, NED and PET; Life Technologies) followed by high 
resolution (1bps) electrophoretic separation at the central analytical facility (CAF) 
Stellenbosch University (SU). SSR allele data was analysed using the software package 
GeneMapper® (Life Technologies) and GenAlEx v 6.5 (Peakall and Smouse, 2012) was 
used to determine the number of alleles per locus and whether it was polymorhpic.  
 
SSR amplification 
PCR was performed in a 20 µl final volume, in a multiplex containing 10 µl KAPA Taq Ready 
mix (KapaBiosystems, Mowbray, Western Cape, South Africa) and 1 µl DNA (30 ng/µl), 0.2 
µl each of four forward labeled primer 5’ end and 0.2 µl each of four reverse primers labeled 
with either one of the four fluorescent dyes, namely PET, NED, FAM and VIC to allow 
multiple reaction of products of the same size. Labeled primers were supplied by Life 
Technologies. The PCR reactions were performed under the following conditions: 5 min at 
94oC, followed by 35 cycles of 30 s at 94oC, 30 s at 55oC (annealing temperature), 30 s at 
72oC, followed by final extension stage for 5 min at 72oC. Amplification were performed 
using a GeneAmp® PCR system 2720 thermocycler (Applied Biosystems). PCR product 
purification kit (MSB spin PCRapace, Invitek) was used for PCR post clean-up prior to 
electrophoresis, thereafter 2 µl of cleaned PCR product was mixed in a 1:1 ratio with Hi-Di 
formamide (Applied Biosystems) in a total volume of 10 µl followed by addition of 0.45 µl 
GeneScan-600 LIZ Size Standard (Applied Biosystems). Electrophoresis was performed in 
an automated single capillary genetic analyser ABI3730xl DNA sequencer (Applied 
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Biosystems) to separate fragments (all supplied by Applied Biosystems) at the central 
analytical facility (CAF) Stellenbosch University (SU). Data was analyzed using GeneMapper 
version 3.7 (Applied Biosystems). 
 
Population genetics analyses 
MLG diversity 
Multilocus genotypes (MLGs) sharing the same alleles at all 15 loci were regarded as 
clones. The number of MLGs for the population was determined with GenAlEx v6.5. Clonal 
fraction was calculated as the occurrence and frequency of clones within population using 
the formula [(N-G)/N], where N is the sample size and G is the number of multilocus 
genotypes (MLGs) present. The expected number of MLGs after rarefraction (eMLG) was 
calculated to quantify genotypic diversity. The equitability in the distribution of sampling units 
was estimated by calculating the evenness index (E.5), with zero indicating no evenness and 
a value of 1 indicating equal abundance (Grunwald et al., 2003). Ewens-Watterson test was 
performed to test the neutrality of microsatellite markers. The observed F (sum of squares of 
allelic frequency) and limit (upper and lower) at 95% confidence regions were determined 
using POPGENE v1.31 to evaluate the selective neutrality of the polymorphic SSRs. The 
number of permutations for significance testing was set at 1000 for analyses.  
 
Mode of reproduction 
To test for recombination, the random association among SSR alleles were determined by 
calculation the index of association (IA) and the standardized index of association ṝd. These 
indices estimate the degree of association of alleles at different loci within and among 
populations compared to that observed in a permutated data set. For physically unlinked 
loci, a value of zero is expected under random mating (linkage equilibrium). A value 
significantly larger than zero indicates linkage disequilibrium among loci, which may be 
achieved by no or infrequent sexual reproduction. P values were calculated after 1000 
permutations in the R package Poppr (Kamvar et al., 2014).   
 
Genetic diversity within and between populations 
All other diversity indices for Pm. minimum isolates occurring in each population and for the 
population as a whole were computed using clone-corrected data to avoid over 
representation of clones. Nei’s gene diversity (H) (Nei, 1973), the mean number of alleles, 
the number of private alleles were estimated using GenAlEx v6.5. Allelic richness of each 
population was estimated using the rarefaction method implemented in in R package Poppr, 
which estimate the mean number of alleles per locus. 
 
Analysis of molecular variance (AMOVA) was used to test for differentiation within and 
among populations and regions. The PhiPT (analogue of FST) (Wright, 1951) was calculated 
to determine the extent of population differentiation in pairwise comparison after 999 
permutations in GenAlEx v6.5. The PhiPT varied from zero to one, with zero meaning no 
variation between populations and one indicating completely differentiated.  
 
A minimum spanning network (MSN) to assess the possible evolutionary relationships 
among MLGs from all the populations in vineyards and rootstock mother blocks, was 
constructed in the R package Poppr (Kamvar et al., 2014).  
 
 
Milestone 8. Pathogenicity study 

Isolates selection and inocula preparation 
Phaeoacremonium species used in this study were previously recovered and identified in 
spore trap trials (Milestone 6) and disease incidence surveys (Table 4). The species tested 
included Pm. australiense, Pm. austroafricanum, Pm. alvesii, Pm. fraxinopennsylvanicum, 
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Pm. griseorubrum, Pm. griseo-olivaceum, Pm. iranianum, Pm. pruniculum, Pm. scolyti and 
Pm. sicilianum. Phaeoacremonium parasiticum was used as the positive control (Halleen et 
al., 2007) and sterile water was the negative control. Up to three strains per isolate were 
used depending on availability. Isolates were plated onto Potato Dextrose Agar with 
Chloramphenicol (PDA-C) at 25oC for 2 weeks. The cultures were flooded with 20 ml sterile 
distilled, double autoclaved water. Conidia were dislodged from the mycelia using a sterile 
glass rod and the suspension was filtered with a double cheese cloth. The spore 
concentration was adjusted to 104/ml using a haemocytometer.  
 
Pruning wound inoculation 
The trial was conducted between August 2013 and March 2015 in a nine-year-old Cabernet 
Sauvignon vineyard at the ARC Infruitec-Nietvoorbij (Nietvoorbij Campus), in Stellenbosch. 
The trial was set up in a completely randomized block design (CRBD) with a total of 27 
treatments replicated 15 times. Pruning wounds were the experimental unit. The vines were 
spur pruned to two buds. Five pruning wounds were made per vine and each vine received 
the same treatment. Due to sap flow, pruning wounds were not inoculated immediately but 
within 24 hrs of pruning with 20 µl conidial suspensions.  
 
Trial evaluation  
The trial was evaluated after 18 months from date of inoculation. Stubs with inoculated 
pruning wounds were removed and taken to the laboratory for isolations. The stubs were cut 
longitudinally to measure lesion lengths with a caliper. The stubs were then surface sterilized 
by immersing into 70% ethanol for 30 s, 1 min in 3.5% sodium hypochlorite and again for 30 
s in 70% ethanol. Four pieces of small tissue sections (1×1×2 mm) were dissected with a 
sterile scalpel from the wound scar interface and plated onto PDA-C plates. Petri dishes 
were kept at 25oC and closely monitored for any Phaeoacremonium spp. growth. Re-isolated 
pathogens were identified based on morphological characteristics and then verified by 
randomly selecting two representative isolates from each treatment for sequencing. DNA 
was extracted with CTAB buffer according to Damm et al. (2008). The partial beta-tubulin 
gene area were amplified with PCR using primers T1 and Bt2b (Glass and Donaldson, 1995; 
O’ Donnel and Cigelink, 1997) as decribed by Mostert et al. (2006b). PCR products were 
cleaned using an MSB Spin PCRapase kit (Invitek, Germany) and cleaned products were 
sequenced with the same primers using ABI PRISM Big Dye Terminator v3.1 Cycle 
Sequencing Ready Reaction Kit (PE Biosystems, Foster City, CA). The products were then 
analyzed on an ABI Prism 3130XL DNA sequencer (Perkin-Elmer, Norwalk, CN). Sequences 
were compared to reference sequences of each species in megablast function of the NCBI’s 
GenBank nucleotide database (www.ncbi.nlm.nih.gov) to confirm the identity. Mean values 
of lesion length were calculated and subjected to a one way analysis of variance (ANOVA) 
using SAS, Student ‘s t-test for least significant difference (LSD) was calculated at 5% 
probability level to separate means. 
 
 

c) RESULTS AND DISCUSSION 
 
Milestone 1.  Identify vineyards severely affected by Petri disease 

Three vineyards with a known history of Petri disease fungi were selected during the 2011 
season to test and develop a spore trapping protocol suitable for use in our conditions.  This 
included a 35-year-old Pinotage block (P2) and a 27-year-old mixed cultivar block (B3) at 
Nietvoorbij, as well as a 24-year-old Chenin blanc vineyard (Block K) at Rawsonville.  
Several trunk disease pathogens were previously isolated from these vineyards.  Block P2 
and K were also used to study the role of insects as vectors of trunk disease pathogens 
(Project WW06/39), whereas block P2 and B3 were also used to study spore release 
patterns of Basidiomycete fungi (Project WW06/37). 
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A PhD student, Annabella Baloyi, joined the project in April 2012 and therefore the project 
could be expanded to include three additional vineyards, two in Paarl (Red Muscadel, 
Avondale; Hanepoot, Zanddrift) and one in Durbanville (Sauvignon blanc, Altydgedacht).  
Several Phaeoacremonium species were previously isolated from the Zanddrift vineyards, 
although all of them, except a small Hanepoot vineyard were removed in the meantime.  The 
Avondale vineyard is the closest old vineyard near Zanddrift and was therefore included 
based on the diversity of species previously found in the vicinity. 
 
 
Milestone 2.  Survey vineyards for fruiting bodies of Petri disease pathogens  

Pycnidia 
During the 2012, 2013 and 2014 field sampling surveys, a total of 1989 wood pieces with 
exposed wounds and cracks were visualized under a microscope for the occurrence of 
fruiting bodies. Phaeomoniella chlamydospora pycnidia were found in 54 (2.7%) of these 
samples, representing all vineyards surveyed (Table 5). The highest occurrence of Pa. 
chlamydospora pycnidia was observed in Rawsonville with Pa. chlamydospora pycnidia 
present in 28 (2.7%) samples. This was also the vineyard from which the most samples were 
taken. The least positive samples for Pa. chlamydospora pycnidia were found in Paarl A and 
Z, however, these were also the vineyards less sampled from. Pycnidia were commonly 
found in cracks, on wood surfaces and pruning wounds and rarely formed in crevices (Table 
3).  
 
Perithecia 
Perithecia of Pm. minimum were reported in only 42 (2.1%) of the 1989 samples (Table 5). 
Perithecia was only found in Stellenbosch P2 and Stellenbosch B3, Rawsonville and 
Slanghoek. A total of 31 of the 42 samples were from the Slanghoek rootstock mother block. 
While Rawsonville had many Pa. chlamydospora pycnidia only one sample had perithecia. 
No perithecia were found in Paarl A, Paarl Z, Durbanville and Wellington. Perithecia found in 
South African vineyards were similar to in vitro perithecia dimensions described by Rooney-
Latham et al. (2005a). Perithecia were found inside crevices and cracks and on pruning 
wound. These structures commonly occurred in cracks and crevices and occurred the least 
on pruning wounds (Table 6). 
 
Discussion 
This study reports for the first time on the occurrence of pycnidia of Pa. chlamydospora and 
perithecia of Pm. minimum on field grapevines in South Africa. Significant advances were 
made in the knowledge regarding the fruiting structures of Petri disease pathogens. 
 
Pycnidia of Pa. chlamydospora was previously only reported in cracks and clefts of 
grapevines in Australia (Edwards et al., 2001). The present study further reports the 
structures to also form on wood surfaces and pruning wounds. Pycnidia of Pa. 
chlamydospora were found on vines in all eight vineyards investigated in the Western Cape 
Province of South Africa. They were, however, found at low frequencies with only 2.7% of 
samples investigated revealing pycnidia. The pycnidia are small and were sometimes found 
mixed with pycnidia of other fungal species. The finding of pycnidia of Pa. chlamydospora 
elaborates the importance of them being part of the source of inoculum within vineyards. 
This study reports the capability of Pa. chlamydospora conidiospores from the pycnidia to 
infect vine pruning wounds, which was not reported previously (Edwards et al., 2001). The 
presence of pycnidia in rootstock mother blocks shows the likelihood of the mother plant to 
get infected by aerial spores from the pycnidia, and for mycelia or conidia to be transported 
into new shoots that are harvested for propagation purposes. Infected rootstock material has 
been considered the main source of spread of Pa. chlamydospora (Halleen et al., 2003). 
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This was the reason for the development of molecular detection tools for rapid identification 
of Pa. chlamydospora, to prevent the use of infected planting materials in newly established 
vineyards (Ridgeway et al., 2002; 2005; Retief et al., 2006).  
 
Low genetic variation has been reported among isolates of Pa. chlamydospora, therefore 
suggesting asexual reproduction to be the main mode of reproduction among South African 
isolates (Mostert et al., 2006b). Similar studies conducted in Spain revealed significant 
genetic variation among their isolates (Tegli, 2000) which Mostert et al. (2006b) suggested to 
be due to the parasexuality rather than sexual reproduction. There has not been any report 
on the sexual morph of Pa. chlamydospora reported anywhere in the world thus far. The 
source of conidia in the field is either from pycnidia or mycelia (Edwards et al., 2001).  
 
Perithecia of Pm. minimum were discovered on dead parts of vines collected from four of the 
vineyards investigated in the Western Cape Province of South Africa. This is the second 
report, after California, of finding perithecia on grapevines in nature (Rooney-Latham et al., 
2005b). Perithecia with long necks developed on wood surfaces, in cracks and crevices 
examined. The perithecia were found in decayed xylem tissues of old pruning wounds or 
inside deep cracks along trunks, cordons, and spurs as previously suggested by Rooney-
Latham et al. (2005b). The likelihood of finding them in deep cracks and crevices highlights 
the importance of suitable humid conditions for them to form as previously suggested by 
Rooney-Latham et al. (2005b), and this is supported by their development during high moist 
incubation (Pascoe et al., 2004; Rooney-Latham et al., 2005a). Comparatively few structures 
were found considering the amount of aerial spores that has been trapped in vineyards in 
the spore trapping study conducted in these same vineyards (Milestone 6). This could, 
however, be due to the fact that they form in deep cracks and crevices which were difficult to 
observe. In Rawsonville, more pycnidia were found as compared to perithecia. However, 
spore trapping studies conducted in 2012 and 2013 showed a higher occurrence of Pm. 
minimum aerial spore release than Pa. chlamydospora. In Slanghoek, Pa. chlamydospora 
was the predominant species, however, pycnidia of this species was found at low 
incidences. Phaeoacremonium minimum was trapped as the second highest species and 
this is comparable to the high number of perithecia found during the surveys. This suggests 
the possibility of aerial spores trapped in Milestone 6, as ascospores.   
 
The occurrence of Pa. chlamydospora and Pm. minimum fruiting structures suggest them to 
be a source of inoculum of aerial spores trapped within vineyards and rootstock mother 
blocks. Although spores trapped in Milestone 6 were not identified as ascospores or conidia, 
results on high genetic variation in Pm. minima isolates and low genetic variation in Pa. 
chlamydospora isolates (Tegli, 2000; Mostert et al., 2005) does support these findings. 
Currently, there is no chemical control of Petri disease that will prevent the formation of 
fruiting structures. This is possibly an area that could be explored in future. Castillo-Pando et 
al. (1997) showed the potential of some fungicides to be used as spray treatments to inhibit 
the viability of Phomopsis viticola pycnidia on grapevine canes. Such strategies together with 
sanitary practices such as composting infected pruning debris at temperatures of 75oC could 
result in reduced inoculum from infected pruning debris (Lecomte et al., 2006).  
 
 
Milestone 3.  Identify fruiting bodies 

Sequence identification 
Cultures obtained from pycnidia were identified as Phaeomoniella chlamydospora (Baloyi et 
al., 2016). A megablast search on GenBank showed it to be 100% similar to Pa. 
chlamydospora, GenBank FJ530942 [Identities 590/590 (100%), gaps 0/590 (0%)]. 
Phaeoacremonium minimum was identified from cultures made from perithecia. Sequence 
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similarity of 100% was found with Pm. minimum sequences JQ691670.1, HQ605018.1, 
HQ605014.1 (Identities 647/647 (100%), gaps 0/647 (0%)). 
 
Description of fruiting structures found in nature 
Phaeomoniella chlamydospora pycnidia were found on the bark surfaces in aggregations of 
1-50 (Fig. 1). Conidiomata were black, pycnidial, globose, up to 175 μm in diameter. 
Conidiophores were pale-brown, 1-multiseptate, 8−24×1.5−3 μm, conidiogeneous cells 
(n=20) 1.5−3×1−2 μm and conidia were hyaline, oblong-ellipsoidal to obovate, (n=40) 
1.5−2.5×1−1.5 μm. The morphological features of the pycnidia found in South African 
vineyards were similar to those described by Crous and Gams (2000). 
 
Phaeoacremonium minima perithecia were globose to subglobose, black, and often 
embedded in the wood tissue but also present on the surface of the wood. The length of the 
necks was 250−300×47.5−55 μm. The asci were hyaline, 16−25×3.5−5 μm. Ascospores 
were hyaline, ellipsoid, 5−6×1.5−2 μm. Measurements of Pm. minimum perithecia found in 
South African vineyards were similar to those described by Mostert et al. (2006a). 
 
Mating studies 
Mature perithecia of Pm. australiense were observed after 7 months. Of the 26 single 
conidial strains 17 belonged to one mating type and four belonged to the opposite mating 
type (Fig. 2). Isolate FH-P742 was the most fertile and was compatible with most isolates. 
The mating distribution was at a ratio of 17:4. There was no self-mating observed, 
suggesting the species to have a heterothallic mating system. Statistical analyses revealed a 
significantly skewed distribution of the two mating types (Table 7). All isolates of Pm. 
australiense obtained from Stellenbosch (quince), Slanghoek (vineyard spore traps), 
Franschhoek (persimmons), Durbanville (apples) and Vredendal (roses) were of the same 
mating type. Strains from Rawsonville (vineyard spore traps) were of the opposite mating 
type. Phaeoacremonium australiense obtained from spore traps in the Rawsonville vineyard 
was the most fertile, and positively mated with strains from Stellenbosch (quince, plums and 
roses), Slanghoek (vineyard spore trap), Franschhoek (persimmons) and also strains from 
the same block in Rawsonville.  
 
Matings of Phaeoacremonium scolyti isolates formed protoperithecia after 4 months and 
these developed into mature perithecia after 11 months. Of the 20 isolates of Pm. scolyti 
used in this study, seven belonged to one mating type and six to the other and there was no 
successful crossing of seven isolates used (Fig. 3). There was no statistical difference 
between the distribution of the two mating types, therefore, agreeing with a 1:1 Mendelian 
segregation of mating types (Table 4). Phaeoacremonium scolyti has a heterothallic mating 
system. Both mating types occurred in each of the areas where isolates originated from, 
namely Rawsonville, Slanghoek and Wellington (Fig. 3). 
 
Phaeoacremonium australiense sexual morph: 
Perithecia black, mostly aggregated and sometimes solitary, mostly subepidermal also on 
the surface of the epidermis; subglobose, (250–)273–395(–450) µm diam, and (200–)236–
425(–500) µm tall. Wall consisting of two regions of textura angularis: outer region dark-
brown, cells smaller and rounded than the inner layer, cells thick (individual cells not visible 
further outward), 20–54 µm thick; inner region hyaline (centrum) to pale brown, 6–12 cells 
and 12–35 µm thick. Perithecial necks black, 1–2 per perithecium, straight to curved, 250–
260 (av. 132) µm long, 50–190 (av. 102) µm wide at base, and 20–50 (av. 25) µm wide at 
the apex, neck sometimes divided into two at the apex. Paraphyses hyaline, septate, 
cylindrical narrowing towards the tip, 35–110(av. 70) µm long, 3–4(av. 3) µm wide at the 
base, persistent. Asci appearing spicate when mature, hyaline, clavate, with bluntly rounded 
apices, tapering towards truncate base (15–)17–22×4–5.5(av. 19×5) µm. Ascospores 
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aseptate, hyaline, oblong-ellipsoidal to allantoid with rounded ends, sometimes containing 
small guttules at the ends, biseriate 4–6×1–2 µm (Fig. 4).  
 
PREM herbarium specimen number 61423. 
 
Notes. Has a heterothallic mating system. Perithecia formation of Pm. australiense took 7 
months. On average the necks of Pm. australiense are shorter as compared to most 
Phaeoacremonium perithecia, except Pm. inconspicua.  
 
Phaeoacremonium scolyti sexual morph: 
Perithecia formed on wood and in agar, single but mostly in clusters, globose to subglobose, 
(260–)301–664(–675) µm tall and (250–) 268–578(–675) µm diam. Wall consist of two cell 
regions, with more small and round cells from outside and more oval towards the inner part 
of perithecium. Cells are dark brown from the outer part and becomes light brown on the 
inner region and the centrum is hyaline. The inner layer is 11–24 µm thick and the outer 
layer is 15–18 µm thick. The outer layer consists of 3–5 cells and the inner layer consist of 
5–7 cells. Perithecial necks 1–2(–3) per perithecium or one neck that branch into two near 
apex or on neck base. Measure 250–1050 µm long, 60–210 µm wide at base, 20–115 µm 
wide at apex. Paraphyses hyaline, septate, cylindrical, narrowing and thread-like towards the 
tip, 42–82 (av. 58.5) µm long, 2–3 (av. 2.3) µm wide at the base and 2−4 (av. 2.8) µm at the 
apex, persistent. Asci appears spicate, hyaline, truncate at the apex, (16–)17.5–20.6(–21) 
µm. Ascogenous hyphae hyaline, branched, smooth-walled, remnant bases 24–69×1.5–2 
µm. Ascospores aseptate, hyaline, allantoid with rounded ends, containing small guttules at 
the ends, biseriate (4–)4.5–6×1–2 µm (Fig. 5). 
 
PREM herbarium specimen number 61422. 
 
Notes. Has a heterothallic mating system. Formation of Pm. scolyti perithecia took 11 
months. The perithecia length and diameter measurements of Pm. scolyti are higher than all 
recorded perithecia in this genus, except for Pm. vibralitis (Table 8).  
 
Discussion 
The sexual morphs of Pm. australiense and Pm. scolyti were induced in vitro with the mating 
of conidial isolates, significantly improving our knowledge regarding Petri disease fruiting 
structures that may be present in South African vineyards and rootstock mother blocks. 
 
Phaeoacremonium australiense had a skewed mating type distribution. Reports suggest a 
skewed mating type distribution to be because of genetic drift or selection mechanism 
occurring in that population and further indicate clonal reproduction to occur (Elliot, 1994). 
One mating type of Pm. australiense occurred in Stellenbosch, Constantia, Franschhoek, 
Durbanville and Rawsonville. The opposite mating type was only in Rawsonville. The 
difficulty of finding the opposite mating types within the same region may be the reason we 
did not find the sexual morph of this species in nature. Strains from different hosts were 
compatible, and emphasize the risk of establishing alternative woody hosts in the vicinity of 
vineyards as they may serve as inoculum reservoirs. More especially because Pm. 
australiense has been reported on Prunus salicina and V. vinifera in South Africa. This 
suggestion is also emphasized by previous studies which reported perithecia of Pm. viticola 
and Pm. fraxinopennsylvanicum on vines and ash trees established in close proximity. 
Phaeoacremonium australiense has only been isolated from P. salicina in South Africa 
(Damm et al., 2008), and from V. vinifera in Australia (Mostert et al., 2005) and Uruguay 
(Abreo et al., 2011). 
 
Phaeoacremonium scolyti has a heterothallic mating system. The two mating types occurred 
in Rawsonville, Slanghoek and Wellington, which suggests the likelihood of sexual 
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reproduction to occur. For the fact that both Pm. australiense and Pm. scolyti are 
heterothallic, occurrence of both mating types in one vineyard, or on one vine indicate the 
high chances in which perithecia could form. However, perithecia of these species have not 
been found in nature during the surveys. Furthermore, the occurrence of Pm. australiense 
aerial spore inoculum in Chapter 2 suggest that it could be conidiospores rather than 
ascospores. Nonetheless, movement of planting materials consisting of different mating 
types between areas could in future result on the overlap of the two mating types required 
for sexual reproduction to occur.  
 
Formation of these perithecia requires specific conditions depending on the 
Phaeoacremonium species (Rooney-Latham et al., 2005b). Mostert et al. (2003) observed 
Pm. minimum perithecia to form within 2–3 weeks in continuous light, whereas Rooney-
Latham et al. (2005a) reported the formation after 4–5 weeks in 12 hr photoperiod assays in 
vitro. This emphasizes the importance of light in perithecia formation, although Hausner et 
al. (1992), contrarily found perithecia formation of Pm. fraxinopennsylvanicum not to be 
stimulated by light. In previous studies, authors reported the presence of both mating types 
of Pm. minimum on the same vine thus, indicating the high chances at which sexual 
reproduction structures could form, and that the sexual state could readily form in the field 
under the suitable environmental conditions (Pascoe et al., 2004; Mostert et al., 2006a). 
 
To date, perithecia of 13 Phaeoacremonium sexual morphs have been described including 
Pm. australiense and Pm. scolyti reported in the current study. The two sexual morphs 
described as in this study both have a heterothallic mating system. The perithecia took 
seven and 11 months to form for Pm. australiense and Pm. scolyti, respectively. Out of the 
18 Phaeoacremonium species reported in South Africa, ten of them have had their sexual 
morph described, namely Pm. africanum, Pm. austroafricanum, Pm. australiense, Pm. 
griseo-olivaceum, Pm. krajdenii, Pm. minimum, Pm. parasiticum, Pm. scolyti, Pm. viticola 
and Pm. fraxinopennsylvanicum.  
 
Further studies on the mating type distribution and population genetics studies of 
Phaeoacremonium species are required to investigate the risk of recombination occurring in 
South African vineyards. Further studies are required to survey for perithecia of other 
Phaeoacremonium species which have not been found in South African vineyards.  
 
 
Milestone 4.  Determine the infection potential of the fungal spores 
This milestone mainly refer to the comments made by Edwards et al (2001) and Edwards 
and Pascoe (2001) that mentioned that their attempts to germinate spores obtained from 
Phaeomoniella pycnidia failed and therefore pathogenicity studies could not be carried out.  
To our knowledge, no study has ever proved pathogenicity through this avenue. 
 
In the current study discoloration in the form of brown-black streaks with a mean length of 
87.6 mm (std. dev. 12.08 mm) was observed within the pruning wounds inoculated with 
conidia from Phaeomoniella chlamydospora pycnidia five months after inoculation. These 
vascular streaks were identical to the ones associated with Petri disease. No streaks were 
observed in any of the control wounds (P<0.0001). Phaeomoniella chlamydospora was re-
isolated from the entire length of the discoloured tissues from 90% of the inoculated wounds. 
No Pa. chlamydospora or any other fungal trunk pathogens were isolated from wounds 
treated with water. 
 
Discussion 
This study reports for the first time the capability of Pa. chlamydospora conidiospores from 
the pycnidia to infect vine pruning wounds.  
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Milestone 5. Description of new species 

No new species were identified. 
 
 
Milestone 6. Spore trapping studies 

Phaeoacremonium species identification 
A total of 1532 representative Phaeoacremonium spp. were recorded for the 2012 and 2013 
spore trapping seasons. Among which, 919 were amplified with the Pm. minimum Taqman 
probe, 157 with Pm. sicilianum probe and 24 with the Pm. parasiticum probe. A total of 432 
isolates which did not amplify with the Taqman probes were sequenced as described above. 
The results for the representative sequence results are presented in Table 5.  
 
Species diversity in vineyards 
Petri disease pathogens, Phaeomoniella chlamydospora and a number of 
Phaeoacremonium species were found in both seasons of spore trapping trials, in which, a 
total of nine species were trapped in 2012 and fourteen species in 2013 (Table 9). Pathogen 
diversity differed between blocks, ranging from two to six species within a block in 2012, to 
two to eight species in 2013. The least number of species within a vineyard were found in 
Wellington (rootstock mother block), with only two species trapped in both seasons. The 
highest number of species were recorded in Slanghoek and Rawsonville (six species in each 
during 2012) and Stellenbosch P2 and Rawsonville during 2013 (eight species). 
Phaeomoniella chlamydospora and Pm. minimum were trapped in all blocks in both 
seasons. Pathogens found in both seasons were Pa. chlamydospora, Pm. minimum, Pm. 
australiense, Pm. parasiticum, Pm. pruniculum, Pm. sicilianum, Pm. scolyti, Pm. subulatum 
and Pm. viticola. Pathogens only reported in 2013 were Pm. alvesii, Pm. griseorubrum, Pm. 
inflatipes, Pm. iranianum, and Pm. venezuelense. Phaeoacremonium sicilianum, Pm. scolyti 
and Pm. subulatum were only found in Rawsonville and Slanghoek. All the species found in 
the 2012 trapping period were trapped again in the 2013 season, except for Pm. griseo-
olivaceum. In Stellenbosch B3, Pm. pruniculum was only trapped in 2012 and not in 2013, 
instead, Pm. parasiticum was reported in this block in 2013. However, Pm. pruniculum was 
reported in Stellenbosch P2 in 2013.  
 
Spore release events 
Spore release events were observed throughout the trapping period, with only a few weeks 
where no spore events recorded. In the 2012 season, spore trapping were carried out for 29-
31 weeks in the vineyards and 27 and 28 weeks in the two rootstock mother blocks, 
respectively. The number of weeks with spore release events varied between blocks, 
ranging from 19-29 weeks. In Stellenbosch P2 spore release events were recorded in all 29 
weeks in 2012, however, in Rawsonville, Slanghoek and Wellington it was for 25 weeks and 
in Paarl Z, Paarl A, Stellenbosch B3, and Durbanville, it was 19, 23, 26, and 28 weeks, 
respectively (Table 10). A significant number of spore release events occurred during winter 
and spring pruning periods (Table 4). Spores were present in every week of trapping in 
Stellenbosch P2 and Durbanville in 2012 during the winter pruning period. There was a total 
of fourteen weeks of trapping during the spring pruning period, in which spores were trapped 
in all weeks in Stellenbosch P2. However, only seven spore release events were observed in 
Paarl Z. In the 2013 season, spore trapping occurred over 38 weeks in all vineyards, except 
in rootstock mother in Slanghoek (8 weeks) because the block was uprooted. Spore release 
events were recorded in each week of the 11 week winter pruning period in Stellenbosch B3, 
Durbanville, Paarl A and Rawsonville. In spring there was also only one week of no spore 
release in Stellenbosch B3, Durbanville and Rawsonville and two weeks in Paarl A. 
However, spore release occurred throughout the 14 weeks in Stellenbosch P2 during spring 
periods in 2012 and 2013. During the winter periods when rootstock cutting were harvested 
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from mother blocks (early-June to mid-June), spore release events were recorded every 
week in Slanghoek in 2012 and Wellington in 2013. 
 
Paarl A 
In Paarl A, three pathogens were trapped in 2012, namely Pa. chlamydospora, Pm. 
minimum and Pm. parasiticum (Fig. 6). Spores were recorded from week 10/05/2012 to 
27/11/2012. Phaeoacremonium minimum spore release was recorded for 14 out of 31 weeks 
from week 10/05/2012 to week 27/11/2012 and showed the highest total number spores 
released (525 spores) compared to the other two pathogens. Spore release peaks were 
recorded in weeks 24/07/2012 and 20/11/2012 at spore counts of 116 and 168 spores/week, 
respectively. There was a total of six consecutive weeks showing no spore release of Pm. 
minimum, in weeks 09/10/2012, 16/10/2012, 23/10/2012, 30/10/2012, 06/11/2012 and 
13/11/2012. Phaeomoniella chlamydospora showed the highest number of spore release 
events of 19 out of 29 weeks, however, this was at very low spore counts of between 1 and 
84 spores. The highest spore count of 84 spores was recorded in week 14/08/2012. 
Phaeoacremonium parasiticum was only recorded once, in week 27/11/2012 at spore counts 
of 23. Five pathogens were recorded in Paarl A in 2013, namely Pa. chlamydospora, Pm. 
minimum, Pm. parasiticum, Pm. iranianum and Pm. viticola (Fig. 7). Phaeomoniella 
chlamydospora was released at higher total spore counts (1922 spores) than other 
pathogens. Spores of Pa. chlamydospora were recorded for 27 out of 38 weeks from week 
18/03/2013 to 02/12/2013. There were five weeks with spore release peaks of ≥ 100 
spores/week, namely in weeks 12/08/2013 (139 spores), 30/09/2013 (201 spores), 
07/10/2013 (101 spores), 02/12/2013 (103 spores) and the highest spore release peak of 
785 spores in week 18/11/2013. Phaeoacremonium minimum showed the highest number of 
spore release events of 29 out of 38 weeks, from week 18/03/2013 to 02/12/2013. High 
spore release peaks of 105, 169, 250, 206, and 113 were recorded in weeks 08/04/2012, 
27/05/2013, 18/06/2013, 01/07/2013 and 15/07/2013, respectively. There were four 
consecutive weeks of no spore release for Pm. minimum, namely in weeks 29/04/2013, 
06/05/2013, 13/05/2013 and 20/05/2013. Phaeoacremonium iranianum spores were only 
released for 6 out of 38 weeks at spore counts between 2 and 80 spores/week in weeks 
02/04/2013, 08/04/2013, 22/04/2013, 27/05/2013, 15/07/2013 and 22/07/2013. Spore 
release of Pm. parasiticum was recorded for only two weeks in weeks 22/04/2013 and 
27/05/2013 at spore counts of 7 and 20, respectively, whereas that of Pm. viticola was 
recorded for just one week in week 22/04/2013 (1 spore in Paarl A, three pathogens were 
recorded in 2012, however, two additional pathogens, namely Pm. iranianum and Pm. 
viticola were recorded in 2013. Phaeoacremonium minimum was released at high spore 
counts in 2012 and Pa. chlamydospora in 2013.  
 
Paarl Z 
In 2012, three pathogens were recorded in Paarl Z, namely Pa. chlamydospora, Pm. 
minimum and Pm. parasiticum (Fig. 8). Phaeoacremonium minimum was the predominant 
pathogen based on the total number of spores released (1820 spores) and the number of 
spore release events. Spores were released for 14 out of 30 weeks from week 22/05/2012 to 
20/11/2012. High spore release peaks of 100 spores and higher were recorded for six weeks 
in weeks 05/06/2012 (145 spores), 12/06/2012 (473 spores), 31/07/2012 (115 spores), 
07/08/2012 (100 spores) and 14/08/2012 (172 spores) and highest peak of 719 spores in 
week 19/06/2012. There was a period of five consecutive weeks without spore release 
events of Pm. minimum, namely 21/08/2012, 28/08/2012, 04/09/2012, 11/09/2012 and 
18/09/2012. Phaeomoniella chlamydospora was recorded for 12 out of 30 weeks between 
22/05/2012 and 06/11/2012. Two high spore release peaks were recorded in weeks 
14/08/2012 (103 spores) and 28/08/2012 (205 spores). Spore release of Pa. chlamydospora 
were not recorded in consecutive weeks on three occasions, for four weeks (26/06/2012 to 
17/07/2012), three weeks (04/09/2012 to 18/09/2012) and for another four weeks 
(13/11/2012 to 04/12/2012). Phaeoacremonium parasiticum was recorded for only three 
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weeks at very low counts of 1, 8 and 9 spores/week in weeks 22/05/2012, 31/07/2012 and 
20/11/2012. In 2013, five pathogens were trapped in Paarl Z, namely Pa. chlamydospora, 
Pm. minimum, Pm. parasiticum, Pm. inflatipes and Pm. iranianum (Fig. 9). 
Phaeoacremonium minimum was the predominant pathogen based on the total number of 
spores released (6613 spores) and the number of spore release events. Spores of Pm. 
minimum were released for 32 out of 38 weeks from 08/03/2013 to 25/11/2013. High spore 
release peaks were recorded for 12 weeks in weeks 02/04/2013 (480 spores), 08/04/2013 
(1340 spores), 22/04/2013 (1165 spores), 27/05/2013 (1071 spores), 04/06/2013 (500 
spores), 18/06/2013 (151 spores), 01/07/2013 (257 spores), 08/07/2013 (150 spores), 
15/07/2013 (525 spores), 29/07/2013 (200 spores), 12/08/2013 (121 spores) and 02/09/2013 
(206 spores). The highest spore release peak was in week 08/04/2013 (1340 spores). 
Phaeomoniella chlamydospora spore release was recorded for 20 out of 38 weeks and 
spore release ranged between 1 and 87 spores/week. Although this pathogen was recorded 
from beginning to the last date of spore trapping, there were a number of occasions showing 
consecutive weeks of no spore release. This was for three weeks (22/04/2013 to 
06/05/2013), for eight weeks (27/05/2013 to 15/07/2013) and for another three weeks 
(29/07/2013 to 12/08/2013). Phaeoacremonium parasiticum was recorded for seven weeks 
at counts ranging between 1 and 600 spores/week in weeks 18/03/2013, 26/03/2013, 
08/04/2013 (highest peak), 29/04/2013, 27/05/2013, 29/07/2013 and 11/11/2013. 
Phaeoacremonium iranianum was released for only five weeks (week 08/04/2013, 
15/04/2013, 29/04/2013, 27/05/2013 and 22/07/2013), and the highest spore release of 100 
spores was recorded in week 15/04/2013. Phaeoacremonium inflatipes was recorded once 
in week 18/06/2013, this was at 110 spores/week. Five pathogens were trapped in 2013 
compared to three in 2012. All pathogens trapped in 2012 were recorded again in 2013, 
together with two additional pathogens, namely Pm. inflatipes and Pm. iranianum. 
Phaeoacremonium minimum was the predominant pathogen in both seasons. More spore 
release peaks of ≥ 100 spores/week were observed in 2013 (15) compared to 2012 (9).  
 
Stellenbosch B3 
Four Petri disease pathogens were trapped in Stellenbosch B3 in 2012, namely 
Pa. chlamydospora, Pm. minimum, Pm. pruniculum and Pm. viticola (Fig. 10). Higher spore 
release events were observed between 22/05/2012 to 11/09/2012, although low incidences 
were recorded up to 04/12/2012. Phaeoacremonium minimum was the predominant 
pathogen based on the total number of spores released (1208 spores) and the number of 
high spore release events. Spore release of this pathogen was recorded for 17 out of 29 
weeks from week 22/05/2012 to 27/11/2012. High spore release of ≥ 100 spores/week of 
Pm. minimum were recorded for five weeks, namely in weeks 26/06/2012 (153 spores), 
10/07/2012 (615 spores), 07/08/2012 (104 spores), 21/08/2012 (112 spores), and 
11/09/2012 (100 spores). The highest spore release event occurred in week 10/07/2013 at 
615 counts. Between weeks 18/09/2012 and 04/12/2012, Pm. minimum was released only 
once at spore counts of 1 and 5, and Pa. chlamydospora for three weeks at spore counts of 
1 and 53. Phaeomoniella chlamydospora spore release was recorded in 22 out of 29 weeks 
from week 22/05/2012 to 27/11/2012. However, there were no high spore release peaks of ≥ 
100 spores/week. The highest spore release was 74 spores in week 07/08/2012. There was 
only two spore release events of Phaeoacremonium pruniculum in weeks 29/05/2012 and 
03/07/2012 and one for Pm. viticola in week 29/05/2012. This was however at very low 
spore release counts of 1-3 spore counts/week. A total of four pathogens were recorded in 
2013, namely Pa. chlamydospora, Pm. minimum, Pm. parasiticum and Pm. viticola (Fig. 11). 
Phaeoacremonium minimum was the predominant pathogen based on the total number of 
spores, with spore release recorded for 28 out of 38 weeks from week 26/03/2013 to 
25/11/2013. High spore release peaks of ≥ 100 spores/week of Pm. minimum were recorded 
in week 02/04/2013 (147 spores), 08/04/2013 (433 spores), 27/05/2013 (998 spores), 
22/07/2013 (220 spores), 29/07/2013 (100 spores) and 14/10/2013 (171 spores). The 
highest peak of Pm. minimum was in week 27/05/2013 wherein 998 spores were recorded. 
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Phaeomoniella chlamydospora was recorded for 24 out of 38 weeks from week 26/03/2013 
to 25/11/2013, however, only one week showing a high spore release peak of 129 spores 
was recorded in week 12/08/2013. The only Pm. parasiticum spore release event was 
recorded in week 08/04/2013 and Pm. viticola in weeks 08/04/2013 and 21/10/2013.   
 
Four pathogens were recorded in both seasons, however, Pm. pruniculum was found in 
2012, and Pm. parasiticum in 2013. Phaeoacremonium minimum was the predominant 
pathogen in both seasons. The highest spore release peak was recorded in 2013 and 
occurred end-May, whereas this occurred in early-July in 2012.  
 
Stellenbosch P2 
In 2012, a total of three Petri disease pathogens were trapped in Stellenbosch P2, namely 
Phaeomoniella chlamydospora, Pm. minimum and Pm. parasiticum (Fig. 12). Spore release 
occurred throughout the trapping period. Phaeomoniella chlamydospora was the predominant 
pathogen recorded in this season based on the total number of spores released (1798 spores), 
with spore release events recorded for 26 out of 29 weeks from week 22/05/2012 to 
27/11/2012. However, there were only three weeks showing high spore release peaks of 751, 
102 and 153 in weeks 19/06/2012, 07/08/2012 and 30/10/2012, respectively. The highest peak 
of 751 spores was recorded in week 19/06/2012. Phaeomoniella chlamydospora spores were 
released every week from 22/05/2012 to 27/11/2012, except in weeks 02/10/2012 and 
20/11/2012. Phaeoacremonium minimum spore release were recorded for 26 out of 29 weeks, 
with high spore release peaks of more than 100 spores/week of this pathogen recorded in five 
weeks, namely 26/06/2012 (148 spores), 10/07/2012 (279 spores), 02/10/2012 (111 spores), 
20/11/2012 (130 spores) and 27/11/2012 (150 spores). The highest peak was in week 
10/07/2012 at 279 spores. Phaeoacremonium parasiticum spore releases were recorded for 
ten weeks in weeks 22/05/2012, 29/05/2012, 05/06/2012, 19/06/2012, 03/07/2012, 18/09/2012, 
06/11/2012, 13/11/2012, 20/11/2012 and 04/12/2012. Although this was at very low counts (1 
to 11 spores/week). The highest spore release peak of 11 spores was recorded in week 
29/05/2012. In 2013, eight Petri disease pathogens were recorded in Stellenbosch P2. This 
included Pa. chlamydospora, Pm. minimum, Pm. parasiticum, Pm. alvesii, Pm. pruniculum, Pm. 
iranianum, Pm. inflatipes and Pm. griseorubrum (Fig. 13). Phaeomoniella chlamydospora was 
the predominant pathogen based on the total number of spores released (2677 spores). Spores 
of Pa. chlamydospora were recorded for 32 out of 38 weeks, with eight weeks showing high 
spore release of more than 100 spores/week. This was in weeks 15/04/2013 (544 spores), 
22/04/2013 (580 spores), 20/05/2013 (313 spores), 26/08/2013 (137 spores), 17/09/2013 (101 
spores), 07/10/2013 (194), 11/11/2013 (248 spores) and 02/12/2013 (100 spores). The highest 
spore release peak of Pa. chlamydospora was 580 spores in week 22/04/2013. 
Phaeoacremonium minimum spore release was recorded for 30 out of 38 weeks at counts of 
between 1-164 spores/week. There were two weeks of high spore release of 164 and 108 
spores in weeks 08/04/2013 and 29/07/2013, respectively. Spore release of Pm. parasiticum 
was recorded for 12 out of 38 weeks, with the highest spore release peak of 139 spores 
recorded in week 20/05/2013. Pathogens trapped at counts lower than 100 spore/week during 
2013, included Pm. alvesii, Pm. pruniculum, Pm. iranianum, Pm. inflatipes and Pm. 
griseorubrum. Spore release of these pathogens were for either one or two weeks as follows, 
Pm. alvesii was released in weeks 15/04/2013 and 22/04/2013, Pm. pruniculum, in week 
29/07/2013, Pm. iranianum in weeks 02/04/2013 and 22/04/2013, Pm. inflatipes in week 
10/06/2013 and Pm griseorubrum in week 27/05/2013. A higher number of pathogens were 
trapped during 2013 than in 2012 season (eight vs three pathogens). All pathogens reported in 
2012 were reported again in the 2013 trapping season. Phaeomoniella chlamydospora was the 
predominant pathogen in both seasons in Stellenbosch P2. However, there were more weeks 
of high spore release peaks of Pa. chlamydospora in 2013 than in 2012. Spore release Pa. 
chlamydospora and Pm. minimum were both trapped for 26 out of 29 weeks, however, the total 
number of spores counts for Pa. chlamydospora were higher than that of Pm. minimum. 
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Durbanville  
Three Petri disease pathogens were recorded in Durbanville in 2012, namely Pa. 
chlamydospora, Pm. minimum and Pm. griseo-olivaceum (Fig. 14). Phaeomoniella 
chlamydospora was released at higher total spore counts (626 spores) and more spore 
release events (25 out of 30 weeks). Spore release of Pa. chlamydospora was recorded for 
25 out of 30 weeks from week 22/05/2012 to 04/12/2012, although only one week showed a 
peak of ≥ 100 spores/week, namely 123 spores in week 28/08/2012. Spore release of Pm. 
minimum was recorded for 24 out of 30 weeks from week 29/05/2013 to 04/12/2012, with the 
highest peak recorded in week 21/08/2012 (122 spores). Phaeoacremonium griseo-
olivaceum was recorded only once, in the last week of spore trapping (04/12/2012) however, 
spore release counts was very low (37 spores/week in 2013, four Petri disease pathogens 
were recorded in Durbanville, namely Pa. chlamydospora, Pm. minimum, Pm. parasiticum 
and Pm. inflatipes (Fig. 15). Phaeoacremonium minimum was by far the predominant 
pathogen showing the highest total number of spores released (4016 spores) and more 
spore release events. Spore release was recorded for 31 out of 38 weeks. High spore 
release peaks of ≥ 100 spores/week were recorded for nine weeks, 02/04/2013 (711 
spores), 08/04/2013 (, 322), 22/04/2013 (423), 29/04/2013 (373 spores), 27/05/2013 (632 
spores) , 04/06/2013 (100 spores), 24/06/2013 (750 spores), 01/07/2013 (141 spores) and 
29/07/2013 (134 spores). The period between 05/08/2013 and 25/11/2013 was 
characterized by fewer spore release events and low spore counts. The highest spore 
release peak was 750 spores in week 24/06/2013. However, there were three consecutive 
weeks of no spore release recorded in weeks 17/09/2013, 23/09/2013 and 30/09/2013. 
Phaeomoniella chlamydospora was recorded for 28 out of 38 weeks between 18/03/2013 
and 02/12/2013, however, the highest spore release was 90 spores/week (week 
26/03/2013). Phaeoacremonium parasiticum was recorded for only four weeks at spore 
count range of 1-17 spores/week in weeks 18/03/2013, 26/03/2013, 22/04/2013 and 
27/05/2013. Phaeoacremonium inflatipes was recorded in only two weeks at 4 and 50 
spores/week in weeks 04/06/2013 and 01/07/2013, respectively. The predominant 
pathogens in 2012 was Pa. chlamydospora, whereas it was Pm. minimum in 2013. For both 
pathogens, spore release peaks of ≥ 100 spores/week were very low in 2012 (3 events), 
compared to 9 events in 2013. Phaeoacremonium griseo-olivaceum was only trapped in 
2012, nonetheless, two additional pathogens were recorded in 2013, which were not trapped 
in 2012, namely Pm. parasiticum and Pm. inflatipes.  
 
Rawsonville 
In 2012, six pathogens were recorded in Rawsonville, namely Pa. chlamydospora, Pm. 
minimum, Pm. parasiticum, Pm. scolyti, Pm. sicilianum and Pm. subulatum (Fig. 16). 
Phaeoacremonium sicilianum was the predominant pathogen based on the total number of 
spores released (5605 spores). Phaeoacremonium sicilianum was released for 18 out of 29 
weeks from 22/05/2012 to 04/12/2012. Nine weeks showing spore release peaks of more 
than 100 spores/week were recorded in weeks 22/05/2012 (178 spores), 31/07/2012 (348 
spores), 18/09/2012 (161 spores), 16/10/2012 (640 spores), 30/10/2012 (394 spores), 
06/11/2012 (238 spores), 13/11/2012 (1838 spores), 20/11/2012 (1233 spores) and 
04/12/2012 (401 spores). The highest Pm. sicilianum spore release peak was recorded in 
week 13/11/2012 with spore counts of 1838. Phaeoacremonium scolyti was released for 7 
out of 29 weeks between 22/05/2012 to 23/10/2012, with four weeks showing spore release 
peaks of over 100 spores/week in weeks 12/06/2012 (158 spores), 17/07/2012 (700 spores), 
18/09/2012 (177 spores) and 16/10/2012 (1100 spores). However, there was four occasions 
of weeks without spore release of Pm. scolyti, this was for three weeks (week 19/06/2012 to 
10/07/2012), eight weeks (week 24/07/2012 to 11/09/2012), three weeks (week 26/09/2012 
to 09/10/2012) and for six weeks (week 30/10/2012 to 04/12/2012). Phaeoacremonium 
minimum was recorded for 18 out of 29 weeks, however, only two weeks of spore release 
peaks of ≥ 100 spores/week were recorded in weeks 21/08/2012 and 16/10/2012 at spore 
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counts of 104 and 313, respectively. Phaeomoniella chlamydospora spores were released 
for 16 out of 29 weeks from week 22/05/2012 to 20/10/2012 with the highest spore release 
peak of 210 spores/week (18/09/2012). Phaeoacremonium parasiticum was recorded for 
three weeks in weeks 05/06/2012 (20 spores), 06/11/2012 (1 spore) and 04/12/2012 (25 
spores) and Pm. subulatum was recorded at very low counts (16 spores) for only one week 
(26/06/2012In 2013, eight pathogens were trapped in Rawsonville, namely Pa. 
chlamydospora, Pm. minimum, Pm. parasiticum, Pm. sicilianum, Pm. subulatum, Pm. 
australiense, Pm. scolyti and Pm. venezuelense (Fig. 17). Phaeoacremonium sicilianum was 
the predominant pathogen showing the highest total number of spores (6219 spores) and 
high number of spore release events, 28 out of 38 weeks between weeks 18/03/2013 and 
02/12/2013. High spore release peaks of ≥ 100 spores/week were recorded for 17 weeks, 
namely in weeks 18/03/2013 (365 spores), 26/03/2013 (333 spores), 15/04/2013 (665 
spores), 22/04/2013 (100 spores, 29/04/2013 (305 spores), 06/05/2013 (339 spores), 
13/05/2013 (350 spores), 20/05/2013 (608 spores), 24/06/2013 (460 spores), 01/07/2013 
(233 spores), 22/07/2013 (150 spores), 29/07/2013 (255 spores), 26/08/2013 (230 spores), 
23/09/2013 (100 spores), 07/10/2013 (626 spores), 25/11/2013 (110 spores) and 02/12/2013 
(663 spores). The highest spore release of Pm. sicilianum was 665 spores in week 
15/04/2013. There was six consecutive weeks in which Pm. sicilianum spores were released 
at high peaks of between 100 and 665 spores, from week 15/04/2013 to week 20/05/2013. 
There were however, occasions in which Pm. sicilianum spores were not recorded for 
consecutive weeks. This was for three weeks (29/09/2013, 09/09/2013 and 17/09/2013) and 
again for four weeks (weeks 14/10/2013, 21/10/2013, 28/10/2013 and 04/11/2013). 
Phaeoacremonium minimum was trapped for 21 out of 38 weeks from week 26/03/2013 to 
25/11/2013. High spore release peaks of ≥ 100 spores/week were recorded for six weeks in 
weeks 26/03/2013 (152 spores), 08/04/2013 (251 spores), 22/04/2013 (100 spores), 
06/05/2013 (118 spores), 20/05/2013 (400 spores) and 27/05/2013 (147 spores). The 
highest spore release was in week 20/05/2013 (400 spores). Phaeoacremonium parasiticum 
was recorded in high spore release peaks of ≥ 100 spores/week for three weeks, in weeks 
15/04/2013 (614 spores), 22/04/2013 (100 spores) and 20/05/2013 (200 spores). Spore 
release events for this pathogen was recorded for only five weeks between 08/04/2013 and 
28/10/2013. Phaeomoniella chlamydospora spore release was recorded for 25 out of 38 
weeks, with only two weeks showing high spore release peaks of 295 and 225, in weeks 
18/03/2013 and 07/10/2013, respectively. Some pathogens were trapped at very low counts, 
including Pm. scolyti in weeks 06/04/2013 (50 spores) and 27/05/2013 (5 spores), Pm. 
subulatum in week 10/06/2013 (13 spores) and Pm. venezuelense in week 13/05/2013 (1 
spore). More pathogens were trapped in 2013 than in 2012. A total of six pathogens were 
trapped in 2012, namely Pa. chlamydospora, Pm. minimum, Pm. parasiticum, Pm. 
sicilianum, Pm. subulatum, and Pm. scolyti and in 2013, all those pathogens and an addition 
of two more pathogens, which are Pm. australiense and Pm. venezuelense. 
Phaeoacremonium sicilianum was predominantly trapped in both seasons. 
Phaeoacremonium scolyti was released at higher counts in 2012 than in 2013. 
Phaeoacremonium parasiticum was trapped on only two occasions in 2012, and this 
increased to five weeks in 2013. The total number of spores released, spore release events 
and the number of peaks ≥ 100 spores/week recorded were also higher in 2013 than 2012. 
Spore release activity for Pm. sicilianum was high from July to November in 2012 whereas in 
2013, higher spore release of Pm. sicilianum were from March to December 2013.  
 
Slanghoek (rootstock mother block) 
A total of six Petri disease pathogens were reported in Slanghoek in 2012, namely Pa. 
chlamydospora, Pm. minimum, Pm. australiense, Pm. scolyti, Pm. subulatum and Pm. 
sicilianum (Fig. 18). Phaeomoniella chlamydospora was released at higher total spore 
counts (947 spores) than the other pathogens, however, there was only one week of ≥ 100 
spores/week and that was 03/07/2012 with 587 spores. Spores were released for 19 out of 
28 weeks, from week 05/06/2012 to 27/11/2013. Phaeoacremonium minimum was trapped 
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for 22 out of 28 weeks from week 12/06/2012 to 04/12/2012. There were two spore release 
peaks of ≥ 100 spores/week in weeks 26/06/2012 (239 spores) and 10/07/2012 (121 
spores). Phaeoacremonium scolyti was recorded for 10 out of 28 weeks, between weeks 
19/06/2012 and 06/11/2012. The spore release peaks of ≥ 100 spores/week were recorded 
in weeks 19/06/2012 (146 spores) and 26/06/2012 (195 weeks) (Fig. 18). Phaeoacremonium 
australiense was only recorded in week 07/08/2012 at 100 spores. Two pathogens were 
recorded for Slanghoek in 2013, namely Pa. chlamydospora and Pm. minimum (Fig. 19). 
Spores were recorded for only eight weeks between 18/03/2013 and 06/05/2013 because 
the block was pulled out. Phaeoacremonium minimum was the predominant pathogen 
trapped within this period with spore release peaks in weeks 08/04/2013 (105 spores), 
27/05/2013 (169 spores), 18/06/2013 (250 spores), 01/07/2013 (206 spores) and 15/07/2013 
(113). Phaeomoniella chlamydospora was detected for only one week (18/03/2013) at very 
low counts.  
 
Wellington (rootstock mother block) 
There were only two pathogens trapped in Wellington in 2012, namely Pa. chlamydospora 
and Pm. minimum (Fig. 20). Phaeomoniella chlamydospora was the predominant pathogen 
based on the total number of spores released (1281 spores) and the number of spore 
release events, with spores released for 23 out of 27 weeks from week 11/06/2012 to 
04/12/2012. Spore release peaks of 108, 188 and 578 were recorded in weeks 11/06/2012, 
02/07/2012 and 27/08/2012, respectively. The highest spore release peak of Pa. 
chlamydospora of 578 spore counts was in week 11/06/2012. Phaeoacremonium minimum 
spore release were recorded for 20 out of 27 weeks, with only one week showing a spore 
release peak of 103 in week 09/07/2012. In 2013, Pa. chlamydospora and Pm. minimum 
were the only two pathogens trapped in Wellington (Fig. 21). Phaeoacremonium minimum 
was the predominant pathogen based on the total number of spores (4061 spores) and the 
number of spore release events recorded for 26 out of 38 weeks between weeks 26/03/2013 
and 02/12/2013. High spore release peaks of ≥ 100 spores/week of Pm. minimum were 
recorded for nine weeks, namely 22/04/2013 (352 spores), 27/05/2013 (800 spores), 
04/06/2013 (109 spores), 01/07/2013 (174 spores), 15/07/2013 (800 spores), 29/07/2013 
(220 spores), 23/09/2013 (627 spores), 04/11/2013 (178 spores) and 18/11/2013 (483 
spores). The highest spore release peak was 800 spores occurring in two weeks, week 
27/05/2013 and 15/07/2013. Phaeomoniella chlamydospora was recorded for 16 out of 38 
weeks from week 15/04/2013 to 02/12/2013. High spore release of ≥ 100 spores/week of Pa. 
chlamydospora were recorded in only three weeks, namely 29/07/2013 (465 spores), 
02/09/2013 (102 spores) and 02/12/2013 (159 spores). Petri disease pathogens, Pa. 
chlamydospora and Pm. minimum were the only pathogens recorded in both seasons. 
Phaeomoniella chlamydospora was the predominant pathogen in 2012 and Pm. minimum in 
2013. Spore release peaks were more in 2013 (4 events for Pm. minimum and 9 events for 
Pa. chlamydospora) than in 2012 (3 events for Pm. minimum and 1 event for Pa. 
chlamydospora). There are periods of several consecutive weeks without spore release 
events, but it varies and cannot be predicted without sophisticated prediction models.  
 
Spore release events during and after pruning periods 
Pruning dates of each vineyard studied in 2012 and 2013 are listed in Table 1 and also 
indicated by the red arrow in each figure of spore release patterns (Fig. 6 to 21). Spore 
release events occurred during the week of pruning in Paarl Z, Stellenbosch B3, 
Stellenbosch P2 and Durbanville in 2012. Spore release of either Pa. chlamydospora or Pm. 
minimum, or of both these pathogens were trapped during the week of pruning, and also in 
the subsequent three weeks after pruning. Spores of Pa. chlamydospora, Pm. minimum and 
Pm. sicilianum were also trapped within the weeks after pruning occurred in Rawsonville. No 
spores were released during the week of harvesting rootstock material in Slanghoek and 
Wellington, however, highest spore release of Pm. minimum were recorded in Wellington in 
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the first week after pruning. In Slanghoek, the highest spore release of Pm. minimum and 
Pm. scolyti for this block were trapped in the fourth week after pruning. 
 
In 2013, spore release was recorded in the same week that pruning occurred in all vineyards 
studied, with high spore release peaks of Pm. minimum observed in Paarl A, Stellenbosch 
P2, Durbanville and Wellington. Phaeomoniella chlamydospora together with Pm. minimum, 
Pm. parasiticum Pm. iranianum, Pm. sicilianum, Pm. scolyti and Pm. inflatipes were also 
released within the four weeks after pruning. Spores of Pa. chlamydospora and Pm. 
minimum were recorded in rootstock mother blocks within four weeks after rootstock harvest 
in Wellington.  
 
Correlation of spore release events with weather data 
There was no correlation between colony counts of Phaeoacremonium spp. and all the 
weather variables tested. Scatterplots, PCA, PLS and multiple regression analysis also 
showed no correlations between colony counts and weather variables. There was, however, 
a significantly moderate positive correlation between Pm. sicilianum counts and maximum 
temperatures (0.051; P <0.001; R2 = 0.251) and a weak correlation between colony counts 
and minimum temperatures (0.339; P < 0.005; R2 = 0.115). There was also a negative 
correlation between Pm. sicilianum and minimum relative humidity (-0.476; P < 0.0001; R2 = 
0.227). 
 
Discussion 
Knowledge on the biology of Petri disease pathogens is important to develop sound 
management strategies. This spore trapping study was conducted to understand when 
spores of Petri disease pathogens are released in vineyards of the Western Cape Province, 
and what risk they pose to pruned vines.  
 
Aerial spores of Pa. chlamydospora together with Phaeoacremonium species were trapped 
in this study. A total of 14 Phaeoacremonium species, namely Pm. minimum, Pm. 
australiense, Pm. alvesii, Pm. griseo-olivaceum, Pm. griseorubrum, Pm. inflatipes, Pm. 
iranianum, Pm. scolyti, Pm. sicilianum, Pm. subulatum, Pm. parasiticum, Pm. pruniculum, 
Pm. venezuelense and Pm. viticola were detected in vineyards and rootstock mother blocks. 
Compared to similar spore trapping trials conducted in other countries, this is by far the 
highest species diversity recorded in vineyards. Only two Petri disease pathogens were 
detected in France (Pa. chlamydospora and Pm. minimum) (Larignon and Dubos, 2000) and 
three pathogens in California (Pa. chlamydospora, Pm. minimum and Pm. inflatipes) 
(Eskalen and Gubler, 2001). Phaeoacremonium species found in this study were among the 
12 species previously reported from South African vineyards (Crous et al., 1996; Mostert et 
al., 2005; Mostert et al., 2006; White et al., 2011), accept for Pm. krajdenii, Pm. 
austroafricanum and Pm. fraxinopennsylvanicum which were not found in the current study.  
 
Five Phaeoacremonium species only reported on Prunus spp. were trapped as aerial 
inoculum in our study, namely Pm. australiense, Pm. griseorubrum, Pm. griseo-olivaceum 
and Pm. pruniculum (Damm et al., 2008). Moreover, Pm. inflatipes is reported for the first 
time in South African vineyards, with its occurrence previously reported in vineyards of the 
USA (Rooney et al., 2001), Chile (Mostert et al., 2006) Iran (Mohammadi et al., 2013) and 
Spain (Gramaje et al., 2009). Finding of aerial inoculum of species never reported on 
grapevines suggests a need to conduct pathogenicity studies to understand their role in 
vineyards.  
 
Two pathogens were trapped in all vineyards and rootstock mother blocks, namely Pa. 
chlamydospora and Pm. minimum. The fact that Pa. chlamydospora and Pm. minimum 
fruiting bodies were found on grapevines in the vineyards surveyed (Baloyi et al., 2013; 
2016) is most likely the reason why they are abundant as aerial inoculum. One of these two 
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pathogens were the predominant species in all vineyards, except Rawsonville. In some 
blocks the predominant species also changed between the two seasons, for example Pm. 
minimum was high in Paarl A in 2012 but in 2013 season it was Pa. chlamydospora. These 
two pathogens are widely distributed in all grape growing regions (Larignon and Dubos, 
2000; Eskalen and Gubler, 2001; Halleen et al., 2003; Mohammadi et al., 2012). Their ability 
to grow in a wide range of biotic conditions could be one of the reasons for their adaptive 
character and wide-spread occurrence (Whiting et al., 2001; Mostert et al., 2006). In 
Rawsonville, Pm. sicilianum was the predominant species in both seasons. 
Phaeoacremonium sicilianum was previously isolated from vineyards in Calitzdorp (White et 
al., 2011) and was also found in Italian (Essakhi et al., 2008) and Spanish vineyards 
(Gramaje et al., 2009).  
 
Petri disease pathogens were detected throughout the trapping period, with occasional 
weeks of no spore release. Spore counts differed according to vineyards, sampling date and 
year of collection. This could be attributed to differences in inoculum density of fruiting 
bodies between vineyards or favorable microclimatic conditions. The periods of high spore 
release peaks (≥ 100 spores per week) were inconsistent between seasons and pathogens. 
Phaeoacremonium minimum spore release peaks were high between June and October in 
2012 in the Paarl and Stellenbosch vineyards, and between March and October in all 
vineyards except Rawsonville in 2013. Phaeomoniella chlamydospora high spore release 
peaks were mostly between June to October in 2012 and only in the month of August in 
Stellenbosch B3, Paarl A and Paarl Z and in Durbanville in 2012. This was also observed 
between August and October 2013 in Durbanville and Rawsonville. Phaeoacremonium 
sicilianum peak releases were between May and December in 2012 and between April and 
December in 2013. Spore release of some pathogens were at very low counts in both 
seasons, which implicate that the pathogen might have just recently been introduced into the 
area or could be due to unfavorable conditions. The presence of aerial spores in autumn 
(March and April) discourages recommendation of clean pruning practices without wound 
protection during this period, as spores are available to infect the large wounds made during 
this activity. 
 
Spore release occurred during winter (June-August) and spring (September-November) 
pruning periods. Spore release events were recorded in every week of the winter pruning 
period in Stellenbosch P2 and Durbanville in 2012 and again in Stellenbosch B3, Paarl A, 
Durbanville and Rawsonville in 2013. Although this was not the case for every vineyard 
studied, spore release events occurred in most weeks during winter and spring pruning 
periods. Spore release events occurred every week in Durbanville and Rawsonville in 2012 
and in Stellenbosch B3, Paarl A, Durbanville and Rawsonville in 2013. This emphasizes the 
high probability that wounds can become infected. Furthermore, winter and spring wounds 
remain susceptible for long periods (Eskalen et al., 2007; Van Niekerk et al., 2011; Makatini, 
2014). In the current study, spore release events were observed during the four-week period 
after winter pruning when wounds are at their most susceptible for infection. During this 
period, pathogens such as Pa. chlamydospora, Pm. minimum, Pm. parasiticum, Pm. 
inflatipes, Pm. griseorubrum, Pm. iranianum, Pm. sicilianum, Pm. scolyti and Pm. subulatum 
were recorded. This is in agreement with previous results of Eskalen and Gubler (2001) 
which showed spore release of Pm. minimum and Pm. inflatipes to coincide with winter and 
spring pruning periods in California (Eskalen and Gubler, 2001). The capability of Pa. 
chlamydospora to infect spring wounds under field conditions has been proved (Makatini, 
2014). These results emphasize the fact that pruning activities in South Africa coincide with 
spore release events, which poses high chances of new wound infections. Therefore, wound 
protectants should be applied whenever pruning occurs, and specifically wound protectants 
that provide prolonged protection as a result of the long susceptibility period together with 
the availability of a diversity of Petri disease spores.  
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The occurrence of aerial spore inoculum of Pa. chlamydospora and Phaeoacremonium 
species in the rootstock mother blocks is a great concern, especially since these pathogens 
were trapped during the first week after pruning in which rootstock cuttings were removed 
and supplied to nurseries for propagation purposes. Phaeomoniella chlamydospora and Pm. 
minimum were found in both rootstock mother blocks in 2012. Use of infected rootstock 
mother plants and propagation material seriously impact trunk disease spread as infected 
asymptomatic shoots may be used for grafting and planted in newly established vineyards 
(Bertelli et al., 1998; Fourie and Halleen, 2002; Halleen et al., 2003; Fourie and Halleen, 
2004). Results of Edwards et al. (2003) suggested Pa. chlamydospora spores to be carried 
in sap flow of infected mother plants which causes subsequent contamination of canes. 
Multiple pruning wounds serve as the port of entry to infect the rootstock stump, which will 
subsequently start producing infected shoots (Fourie and Halleen, 2002; 2004). There are to 
date neither resistant rootstock cultivars nor wound protectant programs in South African 
rootstock mother blocks against Petri disease pathogens. The finding of six different Petri 
disease pathogens in the Slanghoek mother block illustrate the fact that different pathogens 
could possibly infect rootstock mother vines and spread in propagation material to vineyards 
in different regions. Initiation of wound protection research in rootstock mother blocks should 
be considered as a major priority in order to prevent mother plant infections and to improve 
the phytosanitary status of propagation material.  
 
There was no correlation between colony counts and rainfall in this current study. This 
finding is similar to report of Larignon and Dubos (2000) who did not find correlation between 
Pm. minimum spore release and rainfall in California. However, earlier studies did 
successfully correlate spore release of Pa. chlamydospora and Pm. inflatipes with rainfall in 
France (Eskalen and Gubler, 2001). The increase in maximum temperatures resulted in 
increased colony counts for Pm. sicilianum. This could be the reason for the abundance of 
Pm. sicilianum in Rawsonville area, which is warmer than other areas at which spore 
trapping was conducted. The species has an optimum temperature requirement of 27oC in 
culture (Essakhi et al., 2008), which could favour its adaptability in Rawsonville.  
 
The total number of pathogens varied between vineyard and rootstock mother blocks. 
Stellenbosch P2, Rawsonville and the Slanghoek rootstock mother block had the highest 
species diversity (eight, eight and six species, respectively), compared to the two species 
found in the Wellington rootstock mother block. However, it was noteworthy that vineyards in 
the same area shared the same pathogens. For instance, in Stellenbosch, Pm. parasiticum, 
Pm. pruniculum and Pm. viticola aerial inoculum were trapped in Stellenbosch P2 and 
Stellenbosch B3. Phaeoacremonium australiense, Pm. subulatum, Pm. scolyti and Pm. 
sicilianum were trapped in Rawsonville and Slanghoek. Phaeoacremonium iranianum aerial 
inoculum was trapped in Paarl A and Paarl Z. These results suggests aerial spores of 
species to travel between vineyards that are in close proximity to each other. This can also 
be the case in vineyards established in close proximity to fruit orchards (Cloete et al., 2011). 
For example aerial spores of species previously reported on Prunus spp. were trapped 
inside vineyards in this study, namely Pm. griseo-olivaceum and Pm. pruniculum (Damm et 
al., 2008). The status of these species as pathogens of grapevine needs to be determined.  
 
These results therefore show the risk at which infected vineyards and orchards can serve as 
a source of aerial spore inoculum to healthy vineyards in close proximity. This is supported 
by the finding of Pm. minimum which was isolated from Prunus spp. (Damm et al., 2008), 
Olea europea (Ùrbez-Torres et al., 2013), Cudonia oblonga (Sami et al., 2014), Malus 
domestica (Cloete et al., 2011), Phoenix dactylifera (Mohammadi, 2014) and Salix spp. 
(Hausner et al., 1992). Phaeoacremonium parasiticum was also isolated from other hosts 
including Achtinidia chinesis (Dí Marco et al., 2004), Aquilaria agalocha and Cupressus spp. 
(Mostert et al., 2006), Prunus spp. (Damm et al., 2008) and Olea europea (Nigro et al., 
2013). According to Cloete et al. (2011) and Arzanlou et al. (2013) these species have the 
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capability of forming lesions on grapevines irrespective of the host from which they were 
originally isolated. These results highlight the risk of establishing vineyards in close proximity 
to Prunus and other woody hosts. This was also mentioned by Eskalen et al. (2007) after 
finding Pm. fraxinopennsylvanicum and Pm. viticola sexual morphs on grapevines and ash 
trees that were in close proximity to vineyards in California. Further research on alternative 
hosts as inoculum sources of Petri disease pathogens should be investigated to better 
understand the host range of these pathogens. However, in practical terms the importance 
of effective pruning wound protection is even of higher priority because vineyards, orchards 
and other woody hosts are increasingly planted in close proximity to each other in almost all 
production areas of the world. Farming with single crops in large areas is not a viable option 
in most agricultural areas. 
 
Inevitably, the common practice of establishing new vineyards in close proximity to older 
vineyards may lead to faster disease progression in young vines and early infection during 
wounding as spores are aerially dispersed. In this study spore traps were also placed in 
newly established vineyards adjacent to old blocks (data not shown). In these vineyards, 
pathogens trapped in old blocks were also trapped in young blocks, including Pa. 
chlamydospora, Pm. minimum, Pm. sicilianum and other trunk disease pathogens. This 
emphasizes the need to adopt wound protection and control strategies as early as possible. 
According to Kaplan, et al. (2014) farmers in California delay adoption of preventative 
measures against Petri disease pathogens until 10−40% disease incidence. There are 
several ways in which Petri disease pathogens can be dispersed from one vineyard to 
another, namely arthropods which act as vectors (Moyo et al., 2014), aerial dispersed spores 
(Larignon and Dubos, 2000; Eskalen and Gubler, 2001), and pruning shears (Augustí-
Brisach et al., 2015). Most commonly, vineyards are infected from the start through the use 
of infected planting materials (Gramaje et al., 2013). 
 
The purpose of this study was to determine which spores of Petri disease pathogens are 
found in South African vineyards and when they are released. To conclude these findings, 
15 Petri disease pathogens were trapped as aerial spore inoculum in vineyards and 
rootstock mother blocks. The spore release events coincide with periods of pruning activities 
in vineyards and rootstock mother blocks. Interestingly, spores were available even during 
spring pruning and the late summer periods, a period some viticulturist believed to be free of 
spores and consequently a perfect time to conduct clean pruning practices where large 
wounds are created. The occurrence of spores extends to periods at which wounds are still 
susceptible. Therefore, wound protectants should be applied whenever vine wounding 
occurs irrespective of the time of the year. Developing new wound protectant formulations 
should consider the length of wound susceptibility, as well as the constant availability of 
aerial spore inoculum. Spore release differs between years possibly due to variation in 
climatic conditions, and therefore, trapping over several consecutive seasons is suggested 
to better understand spore release patterns and to develop accurate spore release 
forecasting models. Further studies on sources of inoculum within vineyards and mother 
blocks are highly recommended in order to reduce aerial inoculum.  
 
 
Milestone 7. Genetic diversity among Phaeoacremonium aleophilum isolates from 
South African grapevines 

Mating type determination 
The amplification of the Mat1-2 locus yielded a product of approximately 230 bp, confirming 
the presence of the Mat1-2 mating type (Fig. 22). The species-specific primers yielded a 
product of approximately 550 bp confirming the isolates to be Pm. minimum (Fig. 22). The 
presence of the 550 bp product and absence of a product at 230 bp indicated that the isolate 
is of the opposite mating type, MAT1-1. Both mating types of Pm. minimum were found in all 
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eight vineyards. Chi-square analyses confirmed a distribution of near 1:1 ratio for MAT1-1 
and MAT1-2, therefore accepting the null hypotheses that both mating types are distributed 
at equal ratios in six vineyards, except for Paarl A and Wellington (Table 11). The majority 
(85%) of isolates in Paarl A were MAT1-2 whereas in Wellington 68% of the isolates were 
MAT 1-1.  
 
SSR development 
Fifteen loci were found to display sufficient heterogeneity for analysis (Table 12). All 
microsatellite loci amplified were polymorphic and the number of alleles per locus ranged 
from two to 15 (Table 12). Also listed in Table 12 are the primers and fluorescent labels used 
for amplification as well as the observed size distribution within populations.  
 
Population genetics analyses 

MLG diversity 
The 15 microsatellite loci were analysed for 320 isolates of Pm. minimum, representing eight 
populations. A total of 134 MLG’s were observed in South African vineyards. The clonal 
fraction was highest in Paarl Z (0.60) and lowest in Paarl A (0.30) (Table 13). In the total 
population, 115 of the genotypes were observed once and 19 genotypes were observed 
either two or more times (Table 14). The observed fixation indexes value of all 15 of the 
polymorphic microsatellite markers was within the 95% confidence interval of theoretical 
expectation, therefore accepting the null hypothesis of neutral selection for these loci, which 
indicates that they are unlinked. 
 
Mode of reproduction 
A non-random association of alleles was indicated by the significant IA and ṝd. Linkage 
disequilibrium was high in all populations, and was highest in Paarl Z, Paarl A, Durbanville, 
Rawsonville and Wellington which suggest asexual reproduction to be prevalent in Pm. 
minimum populations in South Africa (Table 13).  
 
Genetic diversity within and between populations 
The mean number of alleles in all populations within all loci was 0.34 (Table 13). Mean gene 
diversity (H) ranged from 0.48 (Wellington) to 0.58 (Slanghoek) (Table 13). The AMOVA 
revealed that 6% of the genetic variation was distributed among populations and 94% within 
populations with a PhiPT of 0.063 (P = 0.001) (Table 17).  
 
Results of the pairwise determination of population differentiation showed one case of 
significant high genetic differentiation and thirteen cases of significant moderate genetic 
differentiation (Table 15). Significant high genetic differentiation was found between Paarl A 
and Stellenbosch P2 (PhiPT = 0.159, P = 0.001). Significant moderate genetic differentiation 
was found between Paarl A and all other vineyards, except for Stellenbosch P2. Wellington 
had significant moderate genetic differentiation with Paarl Z, Stellenbosch B3, Stellenbosch 
P2 and Durbanville. Other significant moderate genetic differentiation values were observed 
between Slanghoek with Stellenbosch B3 and Stellenbosch P2, Stellenbosch P2 and Paarl Z 
as well as Stellenbosch P2 versus Rawsonville. All other pairwise comparisons were non-
significant (Table 15).  
 
Examination of shared MLGs showed direct evidence of genotype flow between two or more 
populations. The two most frequently isolated genotypes occurred 77 (genotype M) and 36 
(genotype P) times each and was found in all vineyards. The third most frequently isolated 
genotype occurred 19 times and was isolated from six vineyards, namely Slanghoek, 
Rawsonville, Durbanville, Stellenbosch P2, B3 and Paarl A. The fourth most common 
genotype occurred 17 times in all vineyards except Paarl A. The MLG distribution in four of 
the populations is presented in Figs. 24 to 27. The most commonly occurring MLG, M, was 
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found from spore traps of all five vines in Stellenbosch P2 (Fig. 24), Rawsonville (Fig. 26) 
and Durbanville (Fig. 27). It was also distributed from March to December in either one or 
more vineyards (Table 16). The distribution of clonal MLGs across vineyards and months is 
shown in Table 16. Certain months had a higher incidence of clonal MLGs. In April (12 
MLGs), June (8 MLGs), July (9 MLGs), August (8 MLGs) and September (10 MLGs) higher 
number of MLGs were found than in March (3 MLGs), May (5 MLGs), October (4 MLGs), 
November (6 MLGs) and December (1 MLG) (Table 16). Some MLGs were only found in 
certain months, for instance MLG O was found in September, October and November, MLG 
K was found in May and June only. Some MLGs were only found in one month namely, MLG 
L in April and MLG I in July. 
 
Isolates assigned to the same MLGs had different mating types, especially in MLGs that 
were frequently encountered (M, P, B, N; Table 18), indicating that the 15 SSR loci were 
insufficient to discriminate among genotypes. Isolates of the same MLG collected from the 
same vine at different collection dates could indicate the presence of asexual reproduction. 
Isolates trapped from young vineyards established close to the older vineyards shared the 
same MLGs and mating type (Table 18). This suggests dispersal of the same genotypes is 
possible from an older vineyard to a younger vineyard since these isolates were obtained 
from aerial inoculum, however, similar genotypes from nursery material can’t be ruled out.  
 
MSN analyses divided the MLGs into two major groups (Fig. 23). On the left hand side of the 
figure are multiple nodes/genotypes representing isolates from more than one vineyard 
(genotypes that got shared widely). On the right hand side are nodes/genotypes comprised 
of a single colour, only present in specific vineyards. The nodes to the right harbour a lot of 
isolates from Paarl A, Rawsonville and Slanghoek. Interestingly, Wellington is situated 
between the two groups, indicating that this area where most of the grapevine nurseries are 
situated, might play a pivotal role in the distribution of genotypes. The widely distributed 
genotypes most probably came from plant material sourced from similar grapevine 
nurseries.  
 
Discussion 
In this study the genome of Pm. minimum was mined for di-nucleotide microsatellite loci. 
Fifteen polymorphic loci were identified suitable for population genetic analyses. The genetic 
variation of 320 Pm. minimum isolates obtained from eight populations from six vineyards 
and two rootstock mother blocks in the Western Cape Province were assessed using these 
SSR makers. Additionally the mating type of the 320 isolates was determined with Mat1-2 
specific primers. 
 
The Mat1-2 specific primers revealed a near equal mating type distribution for all the Pm. 
minimum isolates as well as for six of the vineyards. Therefore, agreeing with the null 
hypotheses that Mat1-1 and Mat1-2 are equally distributed, except for Paarl A (30-year-old 
Red Muscadel) and Wellington (17-year-old Ramsey rootstock block). In the latter two 
vineyards, unequal mating type distributions could be due to a more abundant occurrence of 
asexual reproduction. Unfortunately, the distribution of Pm. minimum mating types within 
vineyards has been poorly studied. Gramaje et al. (2013) analysed too few isolates at intra-
vineyard level. Other studies assessed mating type distribution of Pm. minimum isolates 
from various vineyards and always found an equal distribution (Mostert et al., 2003; Rooney-
Latham et al., 2005b; Gramaje et al., 2013), except in the case of Iran where more Mat1-2 
than Mat1-1 isolates were found. On a regional level, Gramaje et al. (2013) also reported 
skewed mating type distributions of Pm. minimum isolates from Valencia and Zaragoza. The 
near to equal distribution of the mating types in six of the vineyards indicates that random 
mating and recombination most likely occur in these vineyards and rootstock mother block.   
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Phaeoacremonium minimum populations in South Africa were in linkage disequilibrium 
suggesting predominance of asexual reproduction with possibly infrequent sexual 
reproduction occurring in vineyards. The relatively low incidence of finding sexual fruiting 
bodies of this species in vineyards supports the finding (Baloyi et al., 2013).  
 
The gene diversity (H) obtained over the total South African Pm. minimum population was 
0.526 (Nei, 1973). Together with a high number of MLGs indicate that the Pm. minimum 
population in South Africa is genetically diverse. Using SNPs Nei’s gene diversity for 11 Pm. 
minimum isolates from South Africa was low (Abreo, 2015). This might be due because too 
few isolates were investigated, and eight of the isolates were from Prunus trees. Comparing 
the genetic diversity of Pm. minimum effectively with that found in other countries, would 
require similar SSR analyses on world-wide populations of this pathogen.   
 
Most genetic diversity was distributed within populations and among populations contributed 
another 6% of genetic variation. No significant differences were found in the genetic variation 
of Pm. minimum populations between different geographic regions in Italy (Tegli et al., 
2000), France (Péros et al., 2000); or in Spain (Gramaje et al., 2013).  
 
Comparing different vineyards in South Africa, Paarl A was highly differentiated from 
Stellenbosch P2. Unique features of Paarl A and Stellenbosch P2 is that both these 
vineyards are situated next to fruit orchards. The rootstock mother block in Wellington again 
is surrounded by many different grapevine rootstock cultivars. Phaeoacremonium minimum 
has been reported as a pathogen of fruit trees usually found near vineyards (Cloete et al., 
2011; Damm et al., 2008; Arzanlou et al., 2013), suggesting these hosts serve as source of 
different genotypes that can spread to vineyards. The surrounding variety of grapevine 
cultivars next to the Wellington rootstock mother block could serve as reservoirs of different 
genotypes which differentiate it from Paarl Z. Another reason could be due to insufficient 
time of genotypes to diverge (Milgroom and Lipari, 1995), since the Wellington rootstock 
mother block was the youngest vineyard investigated (17-years-old). These factors could all 
contribute to the Pm. minimum population of Paarl Z being different from the other three 
vineyards. The moderate to low genetic differentiation between populations of other 
vineyards may be due to sufficient unrestricted gene flow that allowed wide spread of 
genotypes to different regions or these vineyards were established from vines from the same 
nursery harbouring the same pathogen population, hence it looks like there is no population 
differentiation.  
 
In the total South African Pm. minimum population investigated, 19 MLGs occurred more 
than once. The presence of the same MLG in a vineyard supports the presence of asexual 
reproduction. The most common MLG occurred 76 times, being present in all of the eight 
vineyards and also over the whole of the sampling period (March to December). Finding the 
same MLG in different vineyards is most probably from sourcing planting material from the 
same nurseries since asexual spores would not be able to disperse over such long 
distances. Ten MLGs found in rootstock mother blocks, were also found in one or more 
vineyards in which samples were collected. The role of infected grapevine planting material 
is well documented. These findings agree with previous studies that showed infected 
rootstock material as the source of pathogen spread to newly infected vineyards (Fourie and 
Halleen, 2002; 2004). One of the rootstock mother blocks (Wellington) was situated between 
two groups of MLGs as illustrated on the minimum spanning network diagram, linking both 
wide spread genotypes and genotypes that occur in one place. The same MLG, also having 
the same mating type, was often found from the same vine at different collection times. 
Since the isolates were not obtained from isolations from the vine, but from aerially 
dispersed spores, this finding supports aerially transmission of asexually produced spores. 
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A high number of unique MLGs (134 out of 320 isolates) were obtained among the Pm. 
minimum population in South Africa. Even higher levels of genotype/haplotype diversity were 
also found in Pm. minimum populations in Spain with 54 out of 60 isolates (UP-PCR) 
(Gramaje et al., 2013) and 27 out of 36 isolates (RAPDs) (Martín et al., 2014) having unique 
genotypes. In the present study the diversity of MLGs per vineyard ranged from 10 to 25. 
The presence of different genotypes in a vineyard indicates the exposure to several sources 
of inoculum and multiple infection events (Gramaje et al., 2013). Unique genotypes could 
also be the consequence of sexual recombination. According to the MSN analysis genotypes 
situated in one place were found more commonly in Paarl A, Rawsonville and Slanghoek. 
Interestingly in Rawsonville and Slanghoek perithecia of Pm. minimum were found (Chapter 
3), both vineyards with a higher occurrence of unique genotypes.   
 
In conclusion, populations of Pm. minimum in South African vineyards have both multiple 
unique MLGs as well as multiple isolates with the same MLG. The presence of both mating 
types in vineyards and also trapped from one vine indicate that the sexual morph is possible 
to form. The high number of similar MLGs indicates the presence of asexual reproduction. 
Similar MLGs are widespread occurring in multiple vineyards on almost every vine. This 
confirms the importance of infected planting material distributing similar MLGs over long 
distances. The management of Petri disease needs to focus on ensuring clean mother 
material and nursery plants. Also knowledge regarding the potential for Pm. minimum to 
recombine in the field is important in the management of any single site inhibitor fungicides 
that could be used to control Petri disease.  
 
 
Milestone 8. Pathogenicity study 
Mean lesion lengths of vascular discoloration caused by the 27 treatments and mean re-
isolation percentages are given in Table 19. Inoculated pruning wounds had developed black 
to brown discoloration after 18 months from the date of inoculation (Fig. 27). All isolates 
were considered pathogenic as they produced lesion lengths significantly different to the 
negative control (P<0.0001), and some lesions extended beyond the inoculated pruning 
wound into the cordon. There was no significant variation between species observed. 
Phaeoacremonium griseo-olivaceum (strain STE-U 7859) produced the longest lesion length 
of 79.53 mm. The shortest lesion length (62.00 mm) was produced by Pm. iranianum (STE-
U 6998). Positive control wounds inoculated with Pm. parasiticum produced lesion lengths of 
74.5 and 65.21 mm. All the inoculated isolates produced lesion lengths similar to Pm. 
parasiticum, a known pathogen, and therefore all these isolates can be regarded as 
pathogenic. There was no significant differences between isolates of the same species 
except for Pm. pruniculum where STE-U 5968 produced a significantly longer lesion (77.27 
mm) than STE-U 7857 (62.26 mm).  
 
All isolates were re-isolated from inoculated pruning wounds after 18 months. The most 
frequently re-isolated isolates were STE-U 7854 and STE-U 7855 (Pm. scolyti), STE-U 7860 
and STE-U 7858 (Pm. griseo-olivaceum), STE-U 7879 (Pm. sicilianum), and STE-U 6987 
(Pm. fraxinopennsylvanicum), with re-isolation percentages that ranged from 78.57 to 
84.62%. Two of the three Pm. alvesii isolates were re-isolated at the lowest re-isolation 
percentages of 28.57 and 35.71% as compared to all tested isolates (Table 19). 
 
 

d) CONCLUSIONS 

Pm. minimum perithecia and Pa chlamydospora pycnidia were found in several vineyards 
as well as rootstock mother blocks. The fact that perithecia for some of the other 
Phaeoacremonium species could be initiated in vitro indicates that they might also be 
produced in nature. Several reasons could contribute to the apparent absence of these 
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fruiting structures in the current study.  These structures are formed in deep cracks and 
crevices which makes detection almost impossible. These structures could also be produced 
on other hosts in the vicinity of vineyards, an aspect which has not been investigated in full 
in the current study.  Spore trapping studies showed that spores are released throughout the 
year.  The study concluded that asexual reproduction plays a major role and that infected 
propagation material is a major mode of disease spread. Asexual and sexual 
reproduction occurs in vineyards.  Pruning wound protection in rootstock mother 
blocks and sanitation practices during the propagation process is therefore highly 
recommended, together with pruning wound protection strategies and sanitation 
practices in established vineyards to combat Petri disease. 
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Table 1. Characterization of vineyards and rootstock mother blocks in which spore trapping studies were conducted in 2012 and 2013, and the 
pruning dates. 
 
Vineyard Cultivar Age of vineyard   Pruning date 
        2012   2013 
Paarl A Red Muscadel 30    26/06/2012    27/08/2013 
Paarl Z Hanepoot 40    17/07/2012    08/07/2013 
Stellenbosch B3 mixed cultivar 27    24/07/2012    27/07/2013 
Stellenbosch P2 Pinotage 35    10/07/2012    27/07/2013 
Durbanville Sauvignon blanc 29    31/07/2012    18/06/2013 
Rawsonville Chenin blanc 24    24/07/2012    27/05/2013 
Slanghoek Ramsey 19    29/05/2012    06/05/2013 
Wellington Ramsey 17    04/06/2012    04/06/2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Halleen (spore ecology)   36         

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

Version 2015 
 

Table 2. Collection details of Phaeoacremonium isolates used for mating studies. 
 
Phaeoacremonium species Accession number Location Host/ Origin Collector 

Pm. australiense PMM 2277a Stellenbosch  Cydonia oblonga P. Moyo 

 PMM 1842b Stellenbosch Rosa sp. P. Moyo 

 FH-P742d Rawsonville Spore trap in vineyard M.A. Baloyi 

 PMM 2277d Stellenbosch  Cydonia oblonga P. Moyo 

 PMM 989b Vredendal Rosa sp. P. Moyo 

 FH-P742c Rawsonville Spore trap in vineyard M.A. Baloyi 

 FH-P314a Rawsonville Spore trap in vineyard M.A. Baloyi 

 PMM 989c Vredendal Rosa sp. P. Moyo 

 PMM 735c Franschhoek Diospyros virginiana P. Moyo 

 PMM 1826 Stellenbosch Vitis vinifera P. Moyo 

 PMM 2231 Durbanville Malus domestica P. Moyo 

 PMM 735a Franschhoek Diospyros virginiana P. Moyo 

 FH-P312a Slanghoek Spore trap in vineyard M.A. Baloyi 

 PMM 2231b Durbanville Malus domestica P. Moyo 

 PMM 758c Stellenbosch Prunus domestica P. Moyo 

 PMM 758e Stellenbosch Prunus domestica P. Moyo 
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 PMM 758d Stellenbosch Prunus domestica P. Moyo 

 FH-P185c Slanghoek Spore trap in vineyard P. Moyo 

 PMM 758a Stellenbosch Prunus domestica P. Moyo 

 FH-P185b Slanghoek Spore trap in vineyard M.A. Baloyi 

 FH-P185a Slanghoek  Spore trap in vineyard M.A. Baloyi 

 PMM 991a Vredendal Rosa sp. P. Moyo 

 PMM 1911a Constancia Psidium guajava P. Moyo 

 PMM 1911c Constancia Psidium guajava P. Moyo 

 PMM 1911 Constancia Psidium guajava P. Moyo 

 FH-P314b Slanghoek  Spore trap in vineyard M.A. Baloyi 

Pm. scolyti FH-PS 2 Wellington Vitis vinifera F. Halleen 

 FH-P30 Rawsonville Spore trap in vineyard M.A Baloyi 

 FH-P31 Rawsonville Spore trap in vineyard M.A Baloyi 

 FH-P267 Rawsonville Spore trap in vineyard M.A Baloyi 

 FH-PS 54 Wellington Vitis vinifera F. Halleen 

 FH-PS 58 Wellington Vitis vinifera F. Halleen 

 FH-PS 59 Wellington Vitis vinifera F. Halleen 

 FH-P67 Rawsonville Spore trap in vineyard M.A Baloyi 

 FH-PS 72 Wellington Vitis vinifera F. Halleen 

 FH-P85 Slanghoek Spore trap in vineyard M.A Baloyi 

 FH-P86 Slanghoek Spore trap in vineyard M.A Baloyi 

 FH-PS 91 Wellington Vitis vinifera F. Halleen 
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 FH-P122 Rawsonville Spore trap in vineyard M.A Baloyi 

 FH-PS 163 Wellington Vitis vinifera F. Halleen 

 FH-PS 157 Wellington Vitis vinifera F. Halleen 

 FH-P183 Slanghoek Spore trap in vineyard M.A Baloyi 

 FH-P188 Slanghoek Spore trap in vineyard M.A Baloyi 

 FH-P201 Rawsonville Spore trap in vineyard M.A Baloyi 

 FH-P208 Slanghoek Spore trap in vineyard M.A Baloyi 

 FH-P239 Slanghoek Spore trap in vineyard M.A Baloyi 
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Table 3. Primers and hydrolysis probes used in this study. Oligonucleotide modifications and template specificity are indicated. 
 
Name Sequence Modifications Specificity 
(Primers)   
F_ibt_Paleo GCTTCGACGTCCTCGA none Pm. minimum 
F_ibt_Ppara GCTTCGACGACCTCGA none Pm. parasiticum 
F_ibt_Psicil AGCTTCGAACCATCTCGA none Pm. sicilianum 
R_ibt_uni GCATTGGCCGGTCTG none universal 
(Hydrolysis probes)   
Paleo CAGAATCTACCCCAGATCATCGACCAGC 5’-FAM™, 3’-QSY® Pm. minimum 
Ppara CGACTCTGACCCCAAAAGCATCGAC 5’-VIC®, 3’-QSY® Pm. parasiticum 
Psicil CCTCGATATCGTCCTCAAAATGTCTCTCAGAC 5’-JUN®, 3’-QSY® Pm. sicilianum 
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Table 4. Phaeoacremonium species and isolates used in the pathogenicity study with the host and place of origin. 

Phaeoacremonium species Accession number 
 
Hosta 

 
Place of origin 

Pm. australiense STE-U 7863 Spore trap Slanghoek 

STE-U 7862 Spore trap Slanghoek 

  STE-U 7861 Spore trap Slanghoek 

Pm. austroafricanum LM 733 Vitis vinifera  

Pm. alvesii STEU-6988 Vitis vinifera Klawer 

STEU-6989 Vitis vinifera Klawer 

  STEU-7000 Vitis vinifera De Rust 

Pm. fraxinopennsylvanicum STE-U6987 Vitis vinifera Hermanus 

Pm. griseorubrum STE-U 7881 Vitis vinifera Wellington 

STE-U 7882 Vitis vinifera Wellington 

  STE-U 7856 Vitis vinifera Wellington 

Pm. griseo-olivaceum STE-U 7860 Spore trap Durbanville 

STE-U 7859 Spore trap Durbanville 

  STE-U 7858 Spore trap Durbanville 

Pm. iranianum STE-U 6998 Vitis vinifera Calitzdorp 

  STE-U 6999 Vitis vinifera Calitzdorp 

Pm. pruniculum STE-U 5968 Prunus salicina  

  STE-U 7857 Spore trap Stellenbosch 

Pm. scolyti STE-U 7854 Spore trap Slanghoek 
STE-U 7855 Spore trap Rawsonville 

  STE-U 7876 Spore trap Rawsonville 

Pm. sicilianum  STE-U 7879 Spore trap Rawsonville 

 STE-U 7880 Spore trap Rawsonville 

  STE-U 7877 Spore trap Rawsonville 
a Isolates were obtained as aerial spore inoculum in vineyards. 
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Table 5. Total number of infected grapevine wood sampled collected between 2012 and 2014, and microscopically assesed for presence of 
pycnidia and perithecia of Phaeomoniella chlamydospora and Phaeoacremonium species, respectively.  
 

Vineyards sampled Total number of samples a               
Number of samples with Pa. 

chlamydospora pycnidia 
Number of samples with Pm. 

minimum perithecia 

Stellenbosch P2 196 11 2 

Stellenbosch B3 116 6 8 

Paarl A 64 1 0 

Paarl Z 20 1 0 

Durbanville 230 3 0 

Rawsonville 1023 28 1 

Slanghoek 110 2 31 

Wellington 230 2 0 

Total  1989 54 42 
a Grapevine wood piece cut into 5−10 cm in length. 
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Table 6. Summary of pycnidia of Phaeomoniella chlamydospora and perithecia of Phaeoacremonium minimum found in six vineyards and two 
rootstock mother blocks surveyed during 2012, 2013 and 2014. 
 

 Fruiting 
body Vineyard 

Date of 
collection 

Total number of 
samples with fruiting 

bodies a Locations where fruiting bodies were found 
Number of fruiting 

bodies 

        
Wood 
surface Crevices Cracks 

On pruning 
wound   

Pycnidia Stellenbosch - Block P2 2012/07/23 1 1 -  -   - - 
    2014/06/06 8 1 5 1 1 3-50  
    2014/08/07 2 2  -  -  - 2-5  

  
Stellenbosch - Block 
B3 2012/11/16 1 -   -  - 1 4  

    2014/03/01 5 2  - 3  - 2-11  
  Paarl - Block A 2012/05/24 1  - - 1  - - 
  Paarl - Block Z Unknown nd b  1  -  -  - 3  
  Durbanville - Block D 2012/06/18 -  3  -  -  - 3-5 
  Rawsonville - Block K 2012/06/18 14 2  - 6 6 - 
    2013/04/29 6 1  -  - 5 - 
    2014/08/07 8 2  - 5 1 2-18  
  Slanghoek - Block H 2013/10/07  - 2  -  -  - - 
  Wellington - Block O Unknown  nd b  -  - 2  - - 
Perithecia               
  Stellenbosch - Block P2 2014/06/06 2 -  2 -    -  2-3 a 

  
Stellenbosch - Block 
B3 2012/06/18 1  - -  1  - nd b 

    2014/03/01 7 2 2 3  - 2-56 a 
  Rawsonville - Block K 2012/07/23 1  -  - 1  - nd b 
  Slanghoek - Block H 2012/06/18 9 1 1 7  - nd b 
    2012/07/23 3 1 2  -  - nd b 
    2012/10/22 4 3 1  -  - nd b 
    2013/06/18 15 5 5 3 2 nd b 

a A sample was a 5−10 cm wood piece. 
b nd = not determined. 
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Table 7. Distribution of mating types among conidial strains of two Phaeoacremonium species after being subjected to in vitro mating studies. 

Species Number of conidial strains Mating type distribution P-value a 

Phaeoacremonium australiense 26 17:4 0.005 

Phaeoacremonium scolyti 20 7:6 0.429 
a Probability value calculated with a proportion test under the null hypothesis of a 1:1 ratio. 
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Table 8. Summary of perithecial, ascus and ascospore dimensions of 13 Phaeoacremonium sexual morphs. 

Species Perithecial dimensions (µµµµm) Neck length (µµµµm) Ascus dimensions (µµµµm) Ascospore shape  Ascospore 

dimensions (µµµµm) 

Pm. africanaa (270–)315–440(–460) tall 

(215–)270–395(–440) diam 

550–1000 (16–)18–23(–24)×4–4.5 ellipsoidal to subcylindrical (2.5–)3.5–4.5(–

5.5)×1.5–2(–2.5) 

Pm. argentinensisb (142–)144–245 tall 

(113–)115–171 diam 

390–1470 (12–)13–18(–20)×(3–

)3.5–4 

oblong-ellipsoidal to  

  cylindrical 

3–4×1–1.5 

Pm. australiensec (200–)236–425(–500) tall 

(250–)273–395(–450) diam 

250-260 (15–)17–22×4–5.5 oblong-ellipsoidal to 

allantoid 

4–6×1–2 

Pm. austroafricanab (88–)92–193(–201) tall 

(64–)66–175(–181) diam 

490–1470 (16–)17–21–(–22)×4–5 reniform to oblong-

ellipsoidal 

3–5×1.5–2 

Pm. 

fraxinopennsylvanicab  

(181–)187–258(–270) tall 

(181–)185–252(–270) diam 

390–1125 15–20×4(–5) oblong-ellipsoidal to 

slightly  

  curved 

3.5–5×1 

Pm. inconspicuab 142–196 tall 

74–167 diam 

83–113 20–30(–32)×6–8 allantoid or oblong-

ellipsoidal 

7–10×1.5–2 

Pm. krajdeniib (202–)203–284(–287) tall 

(197–)203–275 diam 

 

220–440 (16–)18–22(–23)×4–5 allantoid to oblong-

ellipsoidal 

4–5(–6)×1–1.5 
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Pm. minimab  (200–)285–325(–400) tall 

 (160–)250–285(–420) diam 

800–1800 (17–)19–20(–27)×4–5 oblong-ellipsoidal or 

allantoid 

(4–)5(–6.5)×1–2 

Pm. novae-zealandiaeb (147–)158–196 tall 

(142–)144–177(–181) diam 

220–1250 (15–)17–23×4–5 oblong-ellipsoidal 3–4×1–2 

Pm. parasiticab (216–)229–379(–409) tall 

(181–)199–345–(368) diam 

215–810 (12–)14–18×(3.5–)4–5 allantoid 4–5×1–1.5 

Pm. rubrigenab (225–)234–354(–362) tall 

(172–)198–459(–470) diam 

515–1300 (12–)16–19×4–4.5 allantoid or cylindrical 4–6×1–1.5 

Pm. scolytic (260–)301–664(–675) tall 

(250–)268–578(–675) µm diam 

250-1050 (16–)17.5–20.6(–21) allantoid (4–)4.5–6×1–2 

Pm. viticolab (211–)222–324(–328) tall 

225–362(–377) diam 

360–1030 (17–)18–24(–26)×(3–

)3.5–4(–5) 

oblong-ellipsoidal to 

reniform 

3–5×1.5–2(–2.5) 

Pm. vibratilisd 340–500(–700) tall 

335–500(–670) diam 

No neck (20–)23–27×5–6 suballantoid to oblong (5–)5.5–6(–7)×1–1.5 

a Damm et al., 2008. 

b Mostert et al., 2006a. 

c Sexual morph described in this current study. 

d Réblova and Mostert, 2007. 
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Table 9. Diversity of Petri disease causing pathogens collected from spore traps placed in six vineyards and two rootstock mother blocks in the  

Western Cape Province during 2012 and 2013. (*) Denotes species trapped in 2012, (*) Denotes species trapped in 2013. 

Pathogens 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013c
2012 2013

Pa. chlamydospora * * * * * * * * * * * * * * * *
Pm. minimum * * * * * * * * * * * * * * * *
Pm. alvesii *
Pm. australiense * *
Pm. griseorubrum *
Pm. griseo-olivaceum *
Pm. parasiticum * * * * * * * * * *
Pm. pruniculum * *
Pm. inflatipes * * *
Pm. iranianum * * *
Pm. sicilianum * * *
Pm. scolyti * * *
Pm. subulatum * * *
Pm. venezuelense *
Pm. viticola * * *
Total 3 5 3 5 4 4 3 8 3 4 6 8 6 2 2 2

WellingtonbStellenbosch P2a DurbanvilleaStellenbosch B3aPaarl Aa Paarl Za Rawsonvillea Slanghoekb

 
a Paarl A, Paarl Z, Stellenbosch B3, Stellenbosch P2, Durbanville and Rawsonville were vineyards. 
b Slanghoek and Wellington were rootstock mother blocks. 
cRootstock mother block was pulled out from week 13/05/2013, data from 13/05/2013 to 02/12/2013 not available. 
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Table 10. Number of weeks with spore release events in the 2012 and 2013 trapping seasons. 

    Paarl A Paarl Z Stellenbosch B3 Stellenbosch P2  Durbanville Rawsonville Slanghoekd Wellingtond 
2012 

Winter pruninga 8 of 11 9 of 11 10 of 11 11 of 11 11 of 11 9 of 11 4 of 4 3 of 4 
Spring pruningb 10 of 14 7 of 14 12 of 14 14 of 14 13 of 14 13 of 14 N/A N/A 
Totale 23 of 31 19 of 30 26 of 29 29 of 29 28 of 30 25 of 29 25 of 28 25 of 27 

2013 
Winter pruninga 11 of 11 9 of 11 11 of 11 10 of 11 11 of 11 11 of 11 N/Ac 4 of 4 
Spring pruningb 12 of 14 14 of 14 13 of 14 14 of 14 13 of 14 13 of 14 N/A N/A 

  Totale 35 of 38 38 of 38 33 of 38 37 of 38 37 of 38 37 of 38 7 of 8 37 of 38 
a Winter pruning refers to pruning from mid-June to end-August 

b Spring pruning refers to pruning occurring from beginning of September to end-November 
c Rootstock mother block was pulled out during the week of 13/05/2013 
d Rootststock cuttings were harvested from early-June to mid-June 
e Total number of spore trapping weeks for each vineyard and the total number spore release events 
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Table 11. Distribution of mating type frequencies of Phaeoacremonium minimum isolates. 

Population No. of isolates MAT1-1 MAT1-2 X2 a 

Paarl A 40 6 34 21,05 b  
Paarl Z 40 24 16 1,6 
Stellenbosch B3 40 16 24 1,6 
Stellenbosch P2 40 19 21 0,1 
Durbanville 40 23 17 0,9 
Rawsonville 42 17 25 1,52381 
Wellington 40 27 13 6,5b 
Slanghoek 38 16 22 0,947368 
Total 320 148 192 1,65625 
a X2value based on 1:1 ratio and 1 d.f. 

 b Significant values (P < 0.05) 
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Table 12. Characteristics of 15 microsatellite loci for Phaeoacremonium minimum amplifications: locus name, core repeat, primer sequences, 
annealing temperature (Tm) and number and size range in base pair. 

Loci Repeat motif Primer sequence (5'-3')  Tm (oC) Size range (bp) 
Total 

(n=320) 
Number of 

alleles 
M1 (CA)20 F:ACCTAGACGCTCGAATGTGC 58 146-176 253 7 
    R:TTGGCTCGATGGGGTAGTAG         
M2 (GT)20 F:AAGTCTTCTGATCGGCTCCA 57 163-193 221 9 
    R:AGATCACAGCGGCTCTTTGT         
M3 (AGG)16 F:AATTCCACCCTTCCTTTCGT 55 192-196 308 3 
    R:GCCACTGACCCCTGTAACAT         
M5 (TG)19 F:GACAGGCAGTGGCACAGAT 58 190-218 244 7 
    R:CTGGAGAATATGGGGTCTCG         
M6 (AC)17 F:AGAGACAGTGCGACCTCGAT 59 185-201 251 6 
    R:TTTGTCTTCGGGTACCTTGC         
M7 (AC)17 R:GTTCCATCCATCCACCATCT 55 199-231 264 7 
    R:AACGCACAGGATCAGCAAG         
M9 (GA)15 F:CATGATTGCAAAACGCAAAG 53 169-199 145 6 
    R:TGTAAGCAGTGGCACAGGTC         
M11 (CA)17 F:CGACGTTTGGCTTTCTTTGT 55 183-191 259 5 
    R:GGGCTAAAGGAGATCAAGACA         
M12 (CT)15 F:CCCATCCCATCTTTCATTTG 52 194-272 252 15 
    R:CATGTGCAGCGATAGGAAAA         
M20 (AG)14 F:CCATGTGCTTCTCTCCTTGA 55 139-169 256 6 
    R:GCTAGTAACGCCACATTAGAA         
M16 (AC)10(TC)10(AC)5 F:GCCAAATGTGGATTTGGATT 53 213-251 253 9 
    R:GTTAATAAGCTGTGGAAGTG         
M19 (AG)14 F:ACTTAAACAAAGCAGGTGTTG 53 160-214 258 10 
    R:TCATCTGCAGGTATCTGTCTT         
M27 (AG)12 F:CTCGACTGTAGACTGGAGAAC 55 125-169 250 7 
    R:TACGTGATGGACGGAAGTTG         
M22 (AC)13(AG)10 F:AGAGGGTCTTCAGGTACCTAC 56 208-234 248 8 
    R:GACATCAAAAGGACGGCATG         
M23 (AC)10-AT-(AG)2-GG-(AG)8 F:CCTTAGCTCTAGGAGTGCTG 55 161-163 255 2 
    R:TGCCGACTGGATGTGATAC         
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Table 13. Genetic diversity indices of Phaeoacremonium minimum populations from eight vineyards in South Africa. 

Population 
No. of 

isolates 
No. of 
MLG’s a 

Clonal  
Fraction 

 
 
 
 

eMLG 

 
 
 
 

E.5 H b 

 
Mean number 
of alleles per 
locus  

 No. effective 
alleles 

 
 
 
 

IA 

 
 
 
 

ṝd 

Paarl A 40 28 0.30 
 
21.24 

         
0.55     0.533 (0.044) 4.2 (±0.33) 2.36 (±0.20) 

 
4.20 (0.001) 

 
0.303 (0.001) 

Paarl Z 40      16 0.60 26.8 0.7 0.540 (0.030) 3.07 (±0.25) 2.29 (±0.14) 8.50 (0.001) 0.606 (0.001) 
Stellenbosch B3 40 21 0.48 15.54 0.62 0.41 (0.045) 3.53 (±0.29 1.86 (±0.17) 5.60 (0.001) 0.417 (0.001) 
Stellenbosch P2 40 24 0.40 20.34 0.54 0.37 (0.042) 3.67 (±0.33) 1.72 (±0.14) 4.60 (0.001) 0.334 (0.001) 
Durbanville 40 22 0.45 26 0.61 0.44 (0.039) 2.73 (±0.23) 1.89  (±0.14) 6.10 (0.001) 0.474 (0.001) 
Rawsonville 42 22 0.48 20.2 0.64 0.49 (0.038) 3.8 (±0.38) 2.09 (±0.41) 6.60 (0.001) 0.480 (0.001) 
Slanghoek 38 26 0.32 23.05 0.68 0.54 (0.04) 3.8 (±0.33) 2.31 (±0.16) 5.50 (0.001) 0.397 (0.001) 
Wellington 40 24 0.40 23.05 0.62 0.470 (0.050) 2.93 (±0.32) 2.08 (±0.17) 6.40 (0.001) 0.501 (0.001) 
Total 320 134  0.58 22.76 0.27 0.47 (0.015) 0.34 (±0.12) 3.5 (±0.12) 5.84 (0.001) 0.42 (0.001) 
aMLG: Multilocus Genotypes. 

bH: Gene diversity (Nei, 1973), standard error shown in parentheses. 

cStandard deviation shown in brackets. 

dStandard error shown in brackets. 
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Table 14. Frequency distribution of Phaeoacremonium minimum microsatellite multilocus genotypes (MLGs) within eight vineyards in Western Cape. 

No. of times observed Paarl A Paarl Z Stellenbosch B3 Stellenbosch P2 Durbanville Rawsonville Slanghoek Wellington 
Total 
popa 

1 24 9 11 13 12 16 17 14 115 
2 1 5 1 1 6 2 4 3 6 
3 2 0 1 2 1 1 0 0 4 
4 0 0 1 0 0 0 0 0 1 
5 0 0 1 1 0 1 0 0 0 
6 0 0 0 0 0 0 0 1 1 
7 1 0 0 0 0 0 0 0 2 
8 0 0 0 1 0 0 0 0 1 
9 0 0 0 0 0 0 1 1 0 

10 0 1 1 0 0 0 0 0 0 
11 0 1 0 0 1 0 0 0 0 
12 0 0 0 0 0 1 0 0 0 
17 0 0 0 0 0 0 0 0 1 
19 0 0 0 0 0 0 0 0 1 
36 0 0 0 0 0 0 0 0 1 
77  0  0  0  0  0  0  0  0 1 

aEight vineyards pooled together. 

 



Halleen (spore ecology)   52         

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

Version 2015 
 

Table 15. Pairwise population differentiation, PhiPT (above diagonal) with P values (below diagonal) among eight Phaeoacremonium minimum 
populations sampled from vineyards (significant PhiPT values in bold print). 
 

Population Paarl A Paarl Z Stellenbosch B3 Stellenbosch P2 Durbanville Rawsonville Slanghoek Wellington 

Paarl A   0.084 0.111 0.159 0.115 0.052 0.085 0.135 
Paarl Z  0.011b   0.063 0.088 0.023 0.023 0.027 0.071 
Stellenbosch B3  0.005b 0.067   0.000 0.000 0.000 0.054 0.095 
Stellenbosch P2  0.001a 0.032 b 0.371   0,017 0.015 0.071 0.092 
Durbanville  0.004 b 0.195 0.344 0.185   0.000 0.039 0.079 
Rawsonville  0.028 b 0.194 0.379 0.178 0.346   0.018 0.052 
Slanghoek  0.004 b 0.143 0.034 b 0.013 b 0.063 0.166   0.039 
Wellington  0.001a 0.05 b 0.009 b 0.012 b 0.027 b 0.061 0.068   

a Significant values (P≤0.001) 

b Significant values (P<0.05) 

 



Halleen (spore ecology)   53         

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

Version 2015 
 

Table 16. Distribution of shared Phaeoacremonium minimum multilocus genotypes (indicated by a letters) in six vineyards and two rootstock 

mother blocks in the Western Cape Province. 

Population March April May June July August September October November December
Paarl A M B,M B,M M P D,P P D
Paarl Z L,M,R S E,M,P,Q E,M,Q M,P P N,P
Stellenbosch B3 B,G,M M B,M B,E,M,N,P D,E,J,M M,N,P F,M,P N,O,P
Stellenbosch P2 C,M,N,P B,J,K,M I,M,P P B,C,F,M,N H O
Durbanville L,M B,M,Q L,M,N A,E,I,M M,P,Q E,P M,O,P N,O
Rawsonville B,M,P M M,N,G B,M N,P B,D,M B,O
Slanghoek B,M,R B,J,K,L,M,N,P,Q, M
Wellington M H,K E,L,M,N M C,N,P E,M,O,P,Q P M,O,P M
Total 3 11 5 9 8 8 10 5 6 1  

 

Table 17. Analyses of molecular variance (AMOVA) with geographic origin as grouping factors. 

Source df SS MS Est. Var. % Stats Value P value 

Among Pops 7 66.307 9.472 0.252 6%       

Within Pops 175 653.764 3.736 3.736 94%       

Total 182 720.071   3.987 100% PHiPT 0.063 0.001 
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Table 18. Isolates of four microsatellite multilocus genotypes (MLGs) that occurred 17 times 
or more, indicating the vine position and the mating type (MAT type). 
 

MLG 
Vineyard/Row/Vine 
Number 

MAT type Collection date 

M (77) Paarl A (R4) 2 16/07/2013 
  Paarl A (R10) 2 08/04/2013 
  Paarl A (R10) 2 02/07/2013 
  Paarl A (R23) 2 28/05/2013  
  Paarl A (R23) 2 25/06/2013 
  Paarl A (R23) 2 16/07/2013 

  Paarl A (AJ3)a 2 30/04/2013 

  Paarl Z (R3V3) 2 16/07/2013 
  Paarl Z (R3V3) 1 30/07/2013 
  Paarl Z (R3V3) 1 13/08/2013 
  Paarl Z (R3V3) 1 03/09/2013 
  Paarl Z (R4V3) 2 03/09/2013 
  Paarl Z (R4V5) 1 02/04/2013 
  Paarl Z (R4V5) 1 23/04/2013 

  Paarl Z (R4V5) 1 16/07/2013 
  Paarl Z (R4V5) 1 13/08/2013 
  Paarl Z (R4V5) 1 03/09/2013 
  Stellenbosch B3 (R14P1) 1 23/04/2013 
  Stellenbosch B3 (R14P1) 2 23/04/2013 
  Stellenbosch B3 (R14P1) 2 21/05/2013 
  Stellenbosch B3 (R14P13) 2 21/05/2013 
  Stellenbosch B3 (R16) 1 02/04/2013 
  Stellenbosch B3 (R16) 2 30/07/2013 
  Stellenbosch B3 (R16) 1 01/10/2013 
  Stellenbosch B3 (R21) 2 11/06/2013 
  Stellenbosch B3 (R21) 2 06/08/2013 
  Stellenbosch B3 (R21) 2 17/09/2013 
  Stellenbosch P2 (R7) 2 30/04/2013 
  Stellenbosch P2 (R9A) 1 11/06/2013 
  Stellenbosch P2 (R11B) 1 18/06/2013 
  Stellenbosch P2 (R16) 2 16/07/2013 
  Stellenbosch P2 (R19) 2 04/06/2013 
  Stellenbosch P2 (R19) 2 03/09/2013 
  Stellenbosch P2 (R23) 2 16/04/2013 
  Stellenbosch P2 (23) 2 30/07/2013 
  Durbanville (R5) 1 28/05/2013 
  Durbanville (R5) 1 02/07/2013 
  Durbanville (R12) 2 16/04/2013 
  Durbanville (R12) 1 04/06/2013 
  Durbanville (R20) 1 23/04/2013 
  Durbanville (R20) 1 13/08/2013 
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  Durbanville (R20) 1 08/10/2013 
  Durbanville (R28) 2 23/04/2013 
  Durbanville (R28) 1 25/06/2013 
  Durbanville (R31) 2 30/04/2013 
  Durbanville (R31) 2 14/05/2013 
  Rawsonville (R8) 1 08/04/2013 
  Rawsonville (R8) 2 17/09/2013 
  Rawsonville (R9) 2 28/05/2013 
  Rawsonville (R9) 1 08/04/2013 
  Rawsonville (R9A) 1 11/06/2013 
  Rawsonville (R24A) 1 11/06/2013 
  Rawsonville (R24B) 2 09/07/2013 
  Rawsonville (R36) 1 28/05/2013 
  Rawsonville (R36A) 2 09/07/2013 
  Rawsonville (R36) 2 03/09/2013 
  Rawsonville (R42) 2 11/06/2013 
 Rawsonville (R42) 2 28/05/2013 

  Rawsonville (RJ37)a 2 28/05/2013 

  Slanghoek (H1) 1 02/04/2013 
  Slanghoek (H1) 1 02/04/2013 
  Slanghoek (H1) 2 02/04/2013 
  Slanghoek (H1) 1 07/05/2013 
  Slanghoek (H1) 1 07/05/2013 
  Slanghoek (H1) 2 23/04/2013 
  Slanghoek (H3) 1 02/04/2013 
  Slanghoek (H3) 1 16/04/2013 
  Slanghoek (H5) 2 18/03/2013 
  Wellington (W2) 2 02/07/2013 
  Wellington (W4) 2 08/04/2013 
  Wellington (W4) 1 23/04/2013 
  Wellington (W4) 1 19/06/2013 
  Wellington (W4) 2 16/07/2013 
  Wellington (W4) 1 17/09/2013 
  Wellington (W4) 1 03/12/2013 
  Wellington (W5) 1 19/06/2013 
  Wellington (W5) 2 16/07/2013 

P (36) Paarl A (R10) 2 06/08/2013 
  Paarl A (R10) 2 15/10/2013 
 Paarl A (R10) 1 05/11/2013 
  Paarl A (R35) 1 10/09/2013 
  Paarl Z (R3V3) 1 01/10/2013 
  Paarl Z (R3V3) 1 05/11/2013 
  Paarl Z (R4V3) 2 29/10/2013 
  Paarl Z (R4V5) 2 05/11/2013 
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  Paarl Z (R4V5) 1 19/11/2013 
  Paarl Z (R4V5) 2 26/11/2013 
  Paarl Z (R5V4) 2 10/09/2013 
  Paarl Z (R5V4) 2 01/10/2013 
  Paarl Z (R5V4) 2 05/11/2013 
  Paarl Z (R5V7) 2 16/07/2013 
  Paarl Z (R5V7) 2 30/07/2013 
  Stellenbosch B3 (R16) 2 16/07/2013 
  Stellenbosch B3 (R16) 2 15/10/2013 
  Stellenbosch B3 (R18) 2 10/09/2013 
  Stellenbosch B3 (R18) 1 22/10/2013 
  Stellenbosch B3 (R18) 1 26/11/2013 
  Stellenbosch P2 (R19) 1 02/04/2013 
  Stellenbosch P2 (R19) 2 02/07/2013 
  Stellenbosch P2 (R19) 1 13/08/2013 
  Durbanville (R5) 1 10/09/2013 
  Durbanville (R12) 1 20/08/2013 
  Durbanville (R28) 2 08/10/2013 
  Rawsonville (R8) 2 20/08/2013 
  Rawsonville (R36) 2 08/04/2013 
  Rawsonville (R36) 1 06/08/2013 
  Slanghoek (H2) 2 23/04/2013 
  Wellington (W5) 2 13/08/2013 
  Wellington (W4) 1 23/09/2013 
  Wellington (W4) 1 22/10/2013 
  Wellington (W5) 2 01/10/2013 
  Wellington (W5) 2 19/11/2013 
  Wellington (W5) 2 05/11/2013 

B (19)  Paarl A (R4) 1 28/05/2013 

  Paarl A (R10) 2 04/06/2013  
  Paarl A (R10) 2 19/06/2013 
  Stellenbosch B3 (R14P13) 1 08/04/2013 
  Stellenbosch B3 (R14P13) 1 11/06/2013 
  Stellenbosch B3 (R18) 2 09/07/2013 
  Stellenbosch P2 (R7) 2 04/06/2013 
  Stellenbosch P2 (R7) 2 23/09/2013 
  Stellenbosch P2 (R7D) 1 11/06/2013 
  Stellenbosch P2 (R9) 2 21/05/2013 
  Stellenbosch P2 (11) 1 10/09/2013 
  Durbanville (D12) 1 07/05/2013 
  Rawsonville (R8) 1 26/11/2013 
  Rawsonville (R24) 1 30/04/2013 
  Rawsonville (R24) 2 30/07/2013 
  Rawsonville (R42) 2 08/04/2013 



Halleen (spore ecology)   57         

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

Version 2015 
 

  Rawsonville (R42) 2 03/09/2013 
  Slanghoek (H4) 1 18/03/2013 
  Slanghoek (H4) 1 16/04/2013 

N (17) Paarl Z (R4V3) 1 19/11/2013 
  Paarl Z (R5V7) 2 05/11/2013 
  Stellenbosch B3 (R14P1 1 23/09/2013 

  Stellenbosch B3 (R14P1 1 19/11/2013 
  Stellenbosch B3 (R21) 2 30/07/2013 
  Stellenbosch B3 (R21) 2 26/11/2013 
  Stellenbosch P2 (R19A) 1 10/09/2013 
  Stellenbosch P2 (R9D) 1 10/09/2013 
  Stellenbosch P2 (R23) 2 08/04/2013 
  Durbanville (R20) 2 25/06/2013 
  Durbanville (R20) 1 26/11/2013 
  Rawsonville (R24B) 1 11/06/2013 
  Rawsonville (R42A) 1 05/08/2013 
  Slanghoek (H1) 2 16/04/2013 
  Slanghoek (H1) 2 16/04/2013 
  Wellington (W2) 1 19/06/2013 
  Wellington (W5) 2 13/08/2013 

a Isolates from young vines placed adjacent to the old vineyards. 
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Table 19. Mean lesion lengths and re-isolation percentages of Phaeoacremonium spp. 
inoculated on Cabernet Sauvignon pruning wounds. 
 

Phaeoacremonium spp. Mean lesion length 

(mm) 

Mean re-isolation 

(%) 

Accession 

number 

Pm. griseo-olivaceum 79.53a 78.57 STE-U 7859 

Pm. pruniculum 77.27ab 64.29 STE-U 5968 

Pm. griseo-olivaceum 75.54abc 80.00 STE-U 7858 

Pm. parasiticum 74.53abc 78.57 STE-U 7875 

Pm. sicilianum 74.44abc 76.92 STE-U 7880 

Pm. australiense 74.30abc 73.33 STE-U 7863 

Pm. griseorubrum 73.27abc 69.23 STE-U 7881 

Pm. australiense 73.06abc 42.86 STE-U 7861 

Pm. griseorubrum 72.95abc 69.23 STE-U 7882 

Pm. sicilianum 72.04abc 76.92 STE-U 7877 

Pm. scolyti 71.59abc 85.71 STE-U 7854 

Pm. scolyti 71.51abc 84.62 STE-U 7855 

Pm. sicilianum 71.51abc 80.00 STE-U 7879 

Pm. alvesii 70.91abc 35.71 STE-U 7000 

Pm. iranianum 70.05abc 71.43 STE-U 6999 

Pm. austroafricanum 67.97abc 69.23 LM 733 

Pm. alvesii 67.54abc 28.57 STE-U 6988 

Pm. griseo-olivaceum 67.33abc 84.62 STE-U 7860 

Pm. scolyti 65.77abc 66.67 STE-U 7876 

Pm. fraxinopennsylvanicum 65.65abc 78.57 STE-U 6987 

Pm. parasiticum 65.21abc 57.14 STE-U 7878 

Pm. alvesii 64.50bc 53.85 STE-U 6989 

Pm. australiense 64.39bc 57.14 STE-U 7862 

Pm. griseorubrum 64.17bc 73.33 STE-U 7856 

Pm. pruniculum 62.26c 57.14 STE-U 7857 

Pm. iranianum 62.00c 60.00 STE-U 6998 

Control (sterile water) 14.46d 0  

LSD% (P = 0.05) 14.93   
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Figure 1. Phaeomoniella chlamydospora pycnidia on infected dead wood of Vitis vinifera. 
A−C. Cracks with pycnidia indicated by arrows. D−F. Pycnidia on the wood surface. G-J. 
Conidiophores. K. Conidia. Scale bar: D-F = 500 µm; G, I-K = 10 µm; H = 5 µm. Scale bar at 
G applies for I-J. 
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PMM 2277aPMM 1842b FH-P742d PMM 2277d PMM 989b FH-P742c FH-P314a PMM 989c PMM 735c PMM 1826 PMM 2231 PMM 735a FH-P312a PMM 2231b PMM 758c PMM 758e PMM 758d FH-P185c PMM 758a FH-P185b FH-P185a PMM 991a PMM 1911a PMM 1911c PMM 1911 FH-P314b

PMM 2277a - - ⁺ - - - - - - - - - - - - - - - - - - - - - - -
PMM 1842b - ⁺ - - - - - - - - - - - - - - - - - ⁺ - - - - -
FH-P742d - ⁺ - - ⁺ - ⁺ - - ⁺ ⁺ - - ⁺ ⁺ ⁺ ⁺ ⁺ - - - - - ⁺
PMM 2277d - - - - - - - - - - - - - - - - - - - - - - -
PMM 989b - - - - - - - - - - - - - - - - - - - - - -
FH-P742c - - - - - - - - - - - - - - - - - - - - -
FH-P314a - - - - - - - - - - - - - - - - - - - -
PMM 989c - - - - - - - - - - - - - - - ⁺ - - -
PMM 735c - - - - - - - - - - - - - - - - - -
PMM 1826 - - - - - - - - - - - - - - - - -
PMM 2231 - - - - ⁺ - - - - - - - - - - -
PMM 735a - - - - - - - - - - - - - - -
FH-P312a - - - - - - - - - - - - - -
PMM 2231b - ⁺ - - - - - - - ⁺ - - -
PMM 758c - - - - - - - - - - - -
PMM 758e - - - - - - - ⁺ - - -
PMM 758d - - - - - - - - - -
FH-P185c - - - - - - - - -
PMM 758a - - - - - - - -
FH-P185b - - - - - - -
FH-P185a - - - - - -
PMM 991a - - - - -
PMM 1911a - - - -
PMM 1911c - - -
PMM 1911 - -
FH-P314b -  

Figure 2. Schematic representation of the mating study with single conidial isolates of Phaeoacremonium australiense. A (-) means no 
perithecia formed, while (+) means perithecia formed and exuded fertile ascospores. 
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FH- PS 2 FH-P30 FH-P31 FH-P267 FH-PS 54 FH-PS 58 FH-PS 59 FH-P67 FH-PS 72 FH-P85 FH-P86 FH-PS 91 FH-P122 FH-PS 163 FH-PS 157 FH-P183 FH-P188 FH-P201 FH-P208 FH-P239

FH- PS 2 - + - + - - - - - + - - - - - + - + - -
FH-P30 - + - - - - - - - - - - - - - - - - -
FH-P31 - + + - - - - + - - - - - - - - - -
FH-P267 - - - - - - - - + - - - - - - +
FH-PS 54 - - - - - - - + - - + - - - - +
FH-PS 58 - - - - + - - - - - - - - - -
FH-PS 59 - - - - - - - - - - - + - -
FH-P67 - - - - - - - - - - - - -
FH-PS 72 - - - - - - - - - - - -
FH-P85 - - - - - - - - - - -
FH-P86 - - - - - - - - - -
FH-PS 91 - - - - - - - - -
FH-P122 - - - - - - - -
FH-PS 163 - - - - - - -
FH-PS 157 - - - - - -
FH-P183 - - - - -
FH-P188 - - - -
FH-P201 - - -
FH-P208 - -
FH-P239 -  

Figure 3. Schematic representation of the mating study with single conidial isolates of Phaeoacremonium scolyti. A (-) means no perithecia 
formed, while (+) means perithecia formed and exuded fertile ascospores. 
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Figure 4. Phaeoacremonium australiense sexual morph formed in vitro. A-D. Perithecia on agar. 
E. Perithecia on canes of Vitis vinifera. F-G. Longitudinal section through perithecium. H-L. 
Ascogenous hyphae with asci attached. M. Remnant bases. N. Paraphyses. O. Paraphyses 
becoming thread like towards the tips. P-Q. Asci. R. Ascospores. Scale bars: A-B = 100 µm; C = 
500 µm; G, K, N, O, P, R = 10 µm; H = 20 µm. Scale bar for C applies to D-E, bar for H applies for 
I, J, Q. 
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Figure 5. Phaeoacremonium scolyti sexual morph formed in vitro. A. Perithecia on canes of Vitis 
vinifera. B-C. Perithecia on agar. D. Perithecial wall. E. Longitudinal section through perithecia F-H. 
Ascogenous hyphae with asci attached. I. Remnant base. J-K. Paraphyses becoming thread-like 
towards the tips. L. Immature asci. M-N. Asci. O. Ascospores. Scale bars: A, C = 100 µm; B = 500 
µm; D, E, G, K = 10 µm; F = 20 µm. Scale bar for G applies to H, I, L, M, N, O; bar for J applies for 
K. 
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Figure 6. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date at which vines 
were pruned. 
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Figure 7. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2013. The red arrow indicates the date at  
which vines were pruned. 
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Figure 8. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date  
at which vines were pruned. 
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Figure 9. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2013. The red arrow indicates the date  
at which vines were pruned. 
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Figure 10. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date  
at which vines were pruned. 
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Figure 11. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2013. The red arrow indicates the date at which 
vines were pruned. 
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Figure 12. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date at which 
vines were pruned. 
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Figure 13. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week 2013. The red arrow indicates the date at which vines 
were pruned. 
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Figure 14. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date at which 
vines were pruned. 
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Figure 15. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2013. The red arrow indicates the date  
at which vines were pruned. 
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Figure 16. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date  
at which vines were pruned. 
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Figure 17. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2013. The red arrow indicates the date 
 at which vines were pruned. 
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Figure 18. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date  
at which rootstock cuttings were harvested. 
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Figure 19. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date at which 
rootstock cuttings were harvested. 
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Figure 20. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date at 
 which rootstock cuttings were harvested. 
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Figure 21. Total number of Pa. chlamydospora and Phaeoacremonium spp. CFU per week in 2012. The red arrow indicates the date  
at which rootstock cuttings were harvested. 
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Figure 22. Example of a gel of the multiplex PCR for simultaneous amplification of 
Phaeoacremonium minimum and the Mat 1-2 locus. The 500 bp fragment confirms Pm. minimum 
and the 230 bp fragment the presence of the Mat 1-2 locus.  Lanes 1, 3, 4, 6, 7 and 9 represent 
isolates of the MAT1-2 mating type. Lane M contained a 100 bp DNA ladder (Promega) and lane 
11 the negative control. 

230 bp 
500 bp 

M 1 2 3 4 5 6 7 8 9 10 11 
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Figure 2. A minimum spanning network based on pairwise distances between 134 MLGs in the 
Phaeoacremonium minimum populations. Each node represents a different MLG. Node sizes and 
colors correspond to the number of individuals and population membership, respectively. Edge 
thickness and color are proportional to absolute genetic distance. 
 

 

 

 

 

Figure 23. A minimum spanning network based on pairwise distances between 134 MLGs in the 
Phaeoacremonium minimum populations. Each node represents a different MLG. Node sizes and 
colors correspond to the number of individuals and population membership, respectively. Edge 
thickness and color are proportional to absolute genetic distance.
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Figure 24. Vineyard layout of Stellenbosch P2 with distribution of shared multilocus genotypes of 
Phaeoacremonium minimum on five vines. 
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Figure 25. Vineyard layout of Stellenbosch B3 with distribution of shared multilocus genotypes of 
Phaeoacremonium minimum on five vines.   
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Figure 26. Vineyard layout of Rawsonville with distribution of shared multilocus genotypes of 
Phaeoacremonium minimum on five vines.   
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Figure 27. Vineyard layout of Durbanville with distribution of shared multilocus genotypes of 
Phaeoacremonium minimum on five vines.  
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Figure 28. Vascular discoloration observed in Cabernet Sauvignon grapevines after 18 months of 
inoculation with Phaeoacremonium species (A) and untreated control (B). 
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6. ACCUMULATED OUTPUTS  
 
 

a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
 
Identification of the fruiting bodies associated with Petri disease. 
Utilisation of spore release data to optimise management strategies. 
Genetic structure of Phaeoacremonium minimum. 
 
b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 

At least three scientific publications will be published.  
A popular publication will be submitted to Winetech Tegnies. 
Knowledge regarding the presence of fruiting structures (inoculum), spore release, susceptibility of 
grapevines to Petri disease pathogens and the importance of pruning wound protection will be 
transferred to the South African wine grape industry at Farmers/Information days as well as other 
suitable platforms.  
 
 
c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
 

Student Name and 
Surname 

Student Nationality Degree (e.g. MSc 
Agric, MComm) 

Level of studies 
in final year of 

project 

Total cost to 
industry 

throughout 
the project 

Honours students  

     

Masters Students  

     

PhD students  

M.A. Baloyi South African 
PhD Plant 
Pathology 

4th year - final R0 

     

Postdocs  

M. Bester  South African Postdoc  R0 

     

Support Personnel (not a requirement for HORTGRO Science) 

Shubane, A. South African B Tech  R0 
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PERSONS PARTICIPATING IN THE PROJECT (Excluding students) 
 

Initials & 
Surname 

Highest 
Qualification 

Degree/ 
Diploma 

registered 
for 

Race 
(1) 

Gender 
(2) 

Institution & 
Department 

Position 
(3) 

Cost to 
Project 

R 

Halleen, F. PhD Agric  W M ARC Infruitec-Nietv. 
(Plant Protection) 

PL  

Mostert, L. PhD Agric  W F University of 
Stellenbosch (Dep. 
Plant Pathology) 

TM 
 

Shubane, A. Nat. Dipl. B. Tech B F ARC Infruitec-Nietv. 
(Plant Protection) 

TA  

Vermeulen, C. Matric  W F ARC Infruitec-Nietv. 
(Plant Protection) 

RA  

Marais, J. Matric  W F ARC Infruitec-Nietv. 
(Plant Protection) 

RA  

Knipe, M    W F 
ARC Infruitec-Nietv. 
(Plant Protection) 

TA  

        

        

 
(1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(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 
 TA = Technical assistant/ technician 

 
 
 
d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
 
Baloyi, MA, Eskalen, A, Mostert, L, Halleen, F. (2013).  First report of Togninia minima perithecia 
on esca- and Petri-diseased grapevines in South Africa. Plant Disease (2013) 97(9): 1247.  
 
Baloyi, MA, Eskalen, A, Mostert, L, Halleen, F. (2016). First report of Phaeomoniella 
chlamydospora pycnidia as Petri disease inoculum sources in South African vineyards. Plant 
Disease (2016) 100(12): 2528. 
 
 
e) PRESENTATIONS/PAPERS DELIVERED  
 
Presentations at conferences: 
 
Spies, CFJ, Moyo, P, Mostert, L, Halleen, F. (2017). Phaeoacremonium species diversity and host-
range in the Western Cape Province of South Africa. Presentation at the 10th International 
Workshop on Grapevine Trunk Diseases (4-7 July, Reims, France)   
 
Halleen, F, Mostert, L. (2017). Advances made in grapevine trunk disease research. INVITED 
LECTURE at 40th SASEV Conference (29-31 August 2017, Simondium) 
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Baloyi, MA, Mostert, L, Halleen, F. (2016).  Inoculum sources and spore release patterns of Petri 
disease pathogens in Western Cape vineyards. Presentation at SASEV Conference (23-25 August 
2016, Somerset West) 
 
Halleen, F, Mostert, L. (2015).  Grapevine Trunk Disease research in South Africa.   INVITED 
LECTURE at Workshop: COST Action FA1303 “Sustainable control of GTD’s: current state and 
future prospects” (Cognac, France, 23 & 24 June 2015) 
 
Halleen, F, Mostert, L. (2015).  South African perspective of Grapevine Trunk Diseases: biocontrol 
and future perspectives. INVITED LECTURE at International Seminar: Control strategies of 
grapevine trunk diseases. (22 April 2015, Santiago Chile)   
 
Halleen, F, Mostert, L. (2015).  Management of Grapevine Trunk Diseases through pruning wound 
protection.   INVITED LECTURE at International Seminar: Control strategies of grapevine trunk 
diseases. (23 April 2015, Molina Chile)   
 
Baloyi, MA, Mostert, L, Halleen, F. (2014). Spore release patterns of Petri disease fungi in South 
African vineyards and rootstock mother blocks.  Presentation at 9th International Workshop on 
Grapevine Trunk Diseases (18-20 November 2014, Adelaide, Australia) 
  
M.A. Baloyi, L. Mostert, & F. Halleen. (2013). Epidemiology of Petri disease pathogens: inoculum 
sources and vine to vine spread of the disease within vineyards.  Presentation at 35th SASEV 
Conference (13-15 November 2013, Somerset West) 
 
 
Posters at conferences: 
 
Baloyi, MA, Mostert, L, Halleen, F. (2016).  Pathogenicity of Phaeoacremonium species recently 
found in Western Cape vineyards. Poster presented at SASEV Conference (23-25 August 2016, 
Somerset West). BEST STUDENT POSTER AWARD (Baloyi) 
 
Baloyi, MA, Mostert, L, Halleen, F. (2015).  Spore release patterns of Petri disease pathogens, 
Phaeomoniella chlamydospora and Phaeoacremonium spp., in South African vineyards. Poster 
presented at 49th Congress of the Southern African Society for Plant Pathology (19-21 Jan 2015, 
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Baloyi, MA, Mostert, L, Eskalen, A, Halleen, F., (2013).  Occurrence of Togninia minima in South 
African vineyards.  Poster presented at 48th Congress of the Southern African Society for Plant 
Pathology (20-24 Jan 2013, Bela Bela). 
 
 
Other presentations: 
 
Halleen, F, Mostert, L. (2016).  What can be done to prevent/manage trunk diseases, and should 
we treat pruning wounds.  Presentation at VinPro Information Day (Malmesbury, 4 May 2016 / 
Stellenbosch, 19 May 2016)  
  
Baloyi, MA, Mostert, L, Halleen, F. (2016). Survey of Phaeoacremonium minimum fruiting bodies 
and mating type distribution in vineyards.  Presentation at University of Stellenbosch (Dep. Plant 
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Halleen, F, Mostert, L. (2015).  Grapevine Trunk Diseases: A South African perspective. 
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INVITED LECTURE – at INRA, Bordeaux (18 June 2015, Bordeaux, France)   
   
Baloyi, MA, Mostert, L, Halleen, F. (2014).  Mating results of Phaeoacremonium scolyti with the 
first report of the sexual stage.  Presentation at University of Stellenbosch (Dep. Plant Pathology, 
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Halleen, F. (2013).  Grapevine Trunk Diseases: A South African perspective. INVITED LECTURE - 
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Baloyi, MA, Halleen, F, Mostert, L. (2013).  Spore release of Petri disease pathogens in vineyards. 
Presentation at University of Stellenbosch (Dep. Plant Pathology, 10 May 2013) 
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7. BUDGET 
 
TOTAL COST SUMMARY OF THE PROJECT 
 

YEAR  CFPA DFTS SAAPPA 
SASPA SATI Winetech THRIP OTHER TOTAL 

2011/12      97784  101777 199561 

2012/13      106997  111366 218363 

2013/14      117697  122502 240199 

2014/15      127113  132302 259415 

2015/16      139824  145532 285356 

TOTAL      589415  613479 1202894 
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