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Executive Summary 
 
The DNA of black foot and crown and root rot pathogens were detected with qPCR in the 
soil of the five nurseries investigated in 2013, 2014 and 2015. Isolations from nursery 
grapevines confirmed the presence of these pathogens in the 2013 and 2015 grapevine 
sampling from four of the five nurseries. This is the first study to confirm the presence of 
black foot and crown and root rot pathogens with qPCR in grapevine nursery soils. 

Of the different rotation crops investigated only Triticale (5 plants) and forage radish 
(1 plant) harboured black foot and crown and root rot pathogens. Canola, white mustard and 
lupins did not have any of these pathogens. A variety of weeds including corn spurry, rye 
grass, winter grass, Cape marigold and Johnson grass had black foot and crown and root rot 
pathogen infections. 

The presence of the pathogen DNA in the soil as well as pathogen presence in 
grapevine plants shows that pathogen inoculum persist in the soil during the crop rotation 
year. The DNA concentrations in the crop rotation year (2014) were for Dactylonectria and 
Ilyonectria species as well as Phytophthora species equal or more than in the first grapevine 
year (2013) investigated. Together with the fact that the DNA concentrations for these 
pathogens were higher in the second grapevine year investigated (2015) indicate that the 
pathogens survive successfully in the soil or in the roots and basal ends of specific weeds 
and rotation crops. It is known that Dactylonectria, Ilyonectria and Phytophthora species 
form chlamydospores, which are hardened survival structures allowing these fungi to persist 
in soil. Pythium species are generally homothallic and can form sexual oospores that can 
survive in the soil. 

Soil not cultivated with grapevine nursery plants for a long period of time as well as a 
three-year rotation system were both characteristics of the nursery with the lowest pathogen 
DNA detected in the soil and vines with no pathogen infection. 
  Black foot pathogens isolated from grapevines include: Dactylonectria alcacerensis, 
Dactylonectria macrodidyma, Dactylonectria novozelandica, Dactylonectria pauciseptata, 
Dactylonectria torresensis, Ilyonectria liriodendri,   Campylocarpon fasciculare and 
Campylocarpon pseudofasciculare. One Dactylonectria and one Ilyonectria species are 
putative new species. This is the first report of Dactylonectria alcacerensis and D. 
pauciseptata on grapevines in South Africa.  
 Of the crown and root rot pathogens: Pythium irregulare, P. sylvaticum, P. ultimum, P. 
heterothallicum, P. rostratum, Py. vexans, and Ph. niederhauserii were isolated. 
Phytopythium helicoides and Py. litorale were also isolated from grapevines in nurseries and 
vineyards, but their pathogenicity toward this crop has not been determined. Pythium 
sylvaticum was isolated from nursery vines for the first time since 1980. Only one 
Phytophthora isolate (Ph. niederhauserii) was obtained in 2013. The low occurrence of 
Phytophthora species in nursery vines can be contributed to the application of fosetyl-Al and 
metalaxyl based fungicides for the control of downy mildew. 
 Since nursery vines get infected with black foot and crown and root pathogens present in 
nursery soils, the most viable solution is hot water treatment of nursery vines. 

A new species of Phytopythium was found from a single nursery grapevine. 
Phytopythium paucipapillatum sp. nov. was morphologically described and phylogenetic 
analyses of the ITS and CO1 genes were conducted. A pathogenicity trial was conducted on 
the grapevine rootstock 110-Richter.The trial results reveal that this species is non-
pathogenic and may therefore be a saprophytic soil inhabitant. 

The glasshouse based bioassay to correlate pathogen DNA concentration in the 
rhizosphere soil with disease expression was not successful. Reliable inoculation 
concentrations and methods causing disease first need to be determined to be able to get an 
optimal bioassay system in which the pathogen DNA concentration in the rhizosphere soil 
can be correlated with disease. 
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Problem identification and objectives 
 
The take percentage of plants in grapevine nurseries varies from 40 to 50%. This low 
success rate could be due to grafting incompatibilities, presence of soil borne diseases, 
quality of planting material and environmental factors. Knowledge regarding the presence of 
soilborne pathogens will aid in understanding its contribution to the high levels of dead plants 
in grapevine nurseries. The level of Cylindrocarpon, Phytophthora and Pythium species in 
grapevine nursery soils is not known. Knowledge regarding the presence of these soil borne 
pathogens is also important in evaluating the effect of rotation crops. The detection and 
quantification of soil borne pathogens in soils with conventional techniques is difficult, time-
consuming and unreliable. Recently, molecular-based methods have been developed at the 
Department of Plant Pathology to detect Cylindrocarpon, Phytophthora and Pythium species 
from roots with quantitative real-time PCR (qPCR). These methods, however, need to be 
validated for soil samples and soils of different types. The biological relevance of DNA 
detected in soil needs to be correlated to disease severity. The application of these 
molecular identification tools will provide the grapevine industry with more reliable 
recommendations with regards to the pathogen status of nursery and vineyard soils and 
could also be used to test new soils. These tools can then also be used to determine the 
effect of rotation and cover crops on soil pathogens.  
 
The aim of this project was to improve our knowledge on the presence of soilborne 
pathogens in grapevine nursery soils and plants. The specific objectives of this 
project were:  
To test with qPCR for the presence of Cylindrocarpon, Phytophthora and Pythium species in 
the soils of grapevine nurseries; 
 To isolate from roots and crowns from grapevine and rotation crop plants to determine the 
presence of Cylindrocarpon, Phytophthora and Pythium species and 
 To determine the influence of different rotation crops used in the nurseries on the presence 
of these soilborne pathogens. 
 
 
 
The workplan and results will be presented under the following headings: 
 
Detection of Cylindrocarpon, Phytophthora and Pythium species in the soils and plants of 
grapevine nurseries. 
 
Description of a new species: Phytopythium paucipapillatum sp. nov. 
 
Development of bioassays to correlate Cylindrocarpon, Phytophthora and Pythium species 
DNA concentration with disease severity. 
 
 
 
 
Workplan (materials and methods) 
 
 
Detection of Cylindrocarpon, Phytophthora and Pythium species in the soils and 
plants of grapevine nurseries 
 
Plant and soil sampling 
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In 2013, 2014 and 2015 plant material and soil samples were collected in five open field 
nurseries in the Western Cape. Due to the crop rotation system used in these nurseries, 
rooted grapevine cuttings were sampled in 2013 and 2015, while in 2014, rotation crops and 
weeds were sampled at these nurseries. Sampling of these plants were done in a zig-zag 
pattern (W-shape pattern) across the fields. Each year 10 plants were sampled per nursery, 
one plant per site. No distinction was made between the rootstocks sampled and therefore 
various rootstocks were sampled. The sampling was done at approximately the same sites 
every year. Nursery E employs a three year crop rotation system and as a result, rotation 
crops and weeds were sampled in 2015, instead of rooted grapevine cuttings. Approximately 
three rotation crop plants and/or weeds were sampled at each site. Additionally, soil samples 
were taken at the site where the plants were collected. Soil samples were taken 
approximately 10cm from the grapevine cutting at depths of 0-30cm and at 30-60cm using a 
soil auger and placed in separate bags. The soil samples were then placed at -20°C until 
processing. A subsample of each soil sample was sent for soil and particle analysis at 
Bemlab (Strand, South Africa) and the Central Analytical Facilities at Stellenbosch 
University, respectively (Table 1).  
 
Isolations from rootstocks and rotation crops  
Isolations were made from the roots and basal ends of various rootstock cultivars for crown 
and root (Oomycete) as well as black foot disease (fungal) pathogens. After thoroughly 
rinsing the roots under running water, it was plated onto PARP medium (Jeffers and Martin 
1986) amended with Switch fungicide (Syngenta) for the isolation of Pythium and 
Phytopythium species and onto PARPH medium for the isolation of Phytophthora species. 
The roots were then surface sterilised in 70% ethanol for 1 minute and left to air dry. 
Isolations were then made from the roots and basal ends onto potato dextrose agar (PDA, 
Biolab, Randburg) amended with streptomycin (0.04 g.L-1) for the rotation crops and weeds, 
isolations were only made from the roots onto PDA. The plates were incubated at 25°C for 1 
week. Any growth was transferred onto PDA plates. 
 
DNA extraction from mycelia and grapevine soil 
DNA was extracted from fungal mycelia in pure culture using a modified CTAB DNA 
extraction protocol by Lee et al. (1990). The modifications were as follows: 1) harvested 
mycelia was disrupted using 0.5g of glass beads which were shaken at 30Hz in a Retsch 
MM301 mixer/miller (Retsch, GmbH & Co., Haan, Germany) for 5 minutes; 2) Two 
chloroform-isoamylalcohol steps were done instead of one to enhance the purification of the 
DNA. The DNA concentrations were determined using a NanoDrop UV spectrophotometer 
(NanoDrop Technologies, Wilmington, DE, USA).  

The soil samples were removed from the freezer and allowed to thaw after which the 
soil was thoroughly mixed and left to air-dry in sterile Petri dishes for 2 days. The dried soil 
aggregates were crushed using a sterile spatula. The soil DNA extractions were done using 
the NucleoSpin Soil kit (Macherey-Nagel GmbH& Co., Germany) according to the 
manufacturer’s instructions. The SL1 lysis buffer was used together with the enhancer SX. 
The DNA was extracted from 0.5g of soil per sample. Two DNA extractions were carried out 
on each soil sample (2 x 0.5g) at each depth (0-30 cm and 30-60 cm) resulting in four DNA 
extractions per site (10 sites per nursery). The DNA was eluted in 100 µL of buffer SE. All 
soil DNA samples were diluted five times in sterile deionised PCR grade water before use in 
qPCR. 

 
Species-specific polymerase chain reaction (PCR) 
The DNA was diluted to 25ng µL-1 and was subjected to species-specific PCR using primer 
pairs CymaF1 and CymaR2, CyliF1 and CyliR1, CafaF1 and CafaR1, and CapsF1 and 
CapsR1 which are based on the beta-tubulin gene region and was used to screen for 
Dactylonectria macrodidyma complex, Ilyonectria liriodendri, Campylocarpon fasciculare and 
Ca. pseudofasciculare, respectively (Mostert et al., 2010) (Table 2). The PCR reactions were 
set up separately for each primer pair using 1x NH4 buffer (Bioline, USA Inc., Taunton, MA), 
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1.5mM MgCl2 (Bioline), 0.2 mg bovine serum albumin (BSA) Fraction V (Roche Diagnostics, 
Randburg, South Africa), 0.2mM of each dNTP, 0.4mM of each primer and 0.5 U of BIOTAQ 
(Bioline). The PCR reaction was conducted in an Applied Biosystems 2720 thermal cycler 
(Applied Biosystems, Foster City, CA, USA) using a touchdown cycling programme with an 
initial denaturation temperature of 94°C for 5min and then 94°C for 45s with 5 cycles at 66°C 
for 30s, 5 cycles at 62°C for 30s and 20 cycles at 60°C for 30s, with an extension step at 
72°C for 60s and a final extension step at 72°C for 6min. The PCR products were resolved 
on a 1.5% agarose gel (Lonza, Rockland, ME, USA) stained with ethidium bromide and 
viewed on a UV transilluminator (Syngene, Cambridge, UK). 
 
PCR and sequencing of ITS and histone H3  
DNA samples that were identified as D. macrodidyma complex were further subjected to 
sequencing of the histone H3 gene region to resolve the individual species in the D. 
macrodidyma species complex. The primers CYLH3F and CYLH3R were used to amplify 
500bp of the partial histone H3 gene according to Crous et al. (2004). The PCR consisted of 
1x NH4 buffer (Bioline), 1 mM MgCl2 (Bioline), 0.2 mg bovine serum albumin (BSA) Fraction 
V (Roche), 0.2 mM of each dNTP, 0.25 µM of each primer and 0.5 U of BIOTAQ (Bioline). 
PCR of the ITS region was conducted on all the remaining samples that could not be 
identified using the species-specific PCR approach as well as to identify all the Oomycete 
isolates. A subset of the samples that could be positively identified using the species-specific 
PCR was also subjected to the ITS PCR to test the robustness of the primers. For the fungal 
samples, the universal fungal primers ITS1 and ITS4 were used (White et al., 1990) to 
amplify 550bp of ITS region. The Oomycetes PCR was carried out using the primer pair 
ITS4 (White et al., 1990) and ITS6 (Cooke and Duncan, 1997). The reactions for both fungal 
and Oomycete ITS PCR consisted of 1x NH4 buffer (Bioline), 2mM MgCl2 (Bioline), 0.2 mg 
bovine serum albumin (BSA) Fraction V (Roche), 0.2mM of each dNTP, 0.2µM of each 
primer, 0.5U of BIOTAQ (Bioline) and 50 ng of target DNA. However, the Oomycete PCR 
consisted of 2.5 mM of MgCl2. The PCR was conducted in an Applied Biosystems 2720 
thermal cycler with an initial denaturation temperature of 95°C for 3min followed by 35 cycles 
at 95°C for 1min, 50°C for 1min, 72°C for 1.30min and a final extension step at 72°C for 
5min.  The PCR product was run on a 1.5% agarose gel stained with ethidium bromide 
followed by a post-PCR clean-up. The PCR was followed by a post-PCR clean-up using the 
MSB Spin PCRapace kit (STRATEC Molecular GmbH, Berlin, Germany). For both gene 
regions the PCR product was sequenced in the forward and reverse directions using the 
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) according to the 
manufacturer’s instructions.  

All the samples were sequenced on an ABI 3130XL Genetic Analyzer by the Central 
Analytical Facilities at Stellenbosch University. The resulting histone and ITS sequences 
were edited, aligned and consensus sequences were generated using Geneious Pro 5.33 
(Biomatters Ltd., Auckland, New Zealand) (Kearse et al., 2012). The consensus sequences 
were then compared to sequences on GenBank using the Basic Local Alignment Search 
Tool (BLAST, http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

 
Quantitative real-time polymerase chain reaction 
The total soil DNA was then used for DNA quantification of black foot and root and crown rot 
pathogens according to the qPCR protocol by Tewoldemedhin et al. (2011) for 
Dactylonectria and Ilyonectria species and Spies et al. (2011) for Phytophthora and Pythium 
irregulare, and Moein et al. (2016) for Phytopythium vexans. A five-fold D. macrodidyma, 
Phytophthora cinnamomi, Pythium irregulare and Phytopythium vexans DNA dilution series, 
using pure culture DNA, was made with the following concentrations 0.8 ng.µL-1, 0.16 ng.µL-

1, 0.032 ng.µL-1, 0.0064 ng.µL-1, 1.28 pg.µL-1, 0.256 pg.µL-1, 51.2 fg.µL-1, 10.2 fg.µL-1 and 
2.04 fg.µL-1 which were used to set up a standard curve for DNA quantification. The 
concentration standards were done in triplicate and the soil DNA samples were done in 
duplicate.  
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The qPCR assay for the detection of Ilyonectria and Dactylonectria species consisted 
of the following; 1x KAPA SYBR FAST qPCR master mix (contains SYBR Green I and 
MgCl2 at a concentration of 2.5mM) (KAPA Biosystems, Cape Town, South Africa) 0.3 µM of 
each genus specific primers YT2F and Cyl-R, and 2µL of five times diluted DNA. The MgCl2 
concentration was adjusted to 4.5mM by the addition of extra MgCl2 (Bioline, USA Inc., 
Taunton, MA) and the final reaction volume was adjusted to 20µL using sterile deionised 
PCR grade water (Bioline). The no template controls received 2µL of sterile deionised water 
instead of DNA. The qPCR was carried out at an initial denaturation temperature of 95°C for 
10min, and 60 cycles at 95°C for 10s, 60°C for 10s, and 72°C for 30s with a final extension 
step at 72°C for 30s. In addition, melt curve analysis was included in the run at temperatures 
between 65 to 95°C with 1.0°C increments at 5 second intervals. 

Phytophthora species in the soil samples were detected and quantified using the 
primers published by Schena et al. (2006) as optimised for use with SYBR Green I by Spies 
et al. (2011). This protocol uses a genus-specific primer pair Yph1F and Yph2R. Each qPCR 
reaction consisted of 1x KAPA SYBR FAST qPCR master mix (with 2.5 mM MgCl2), 0.3 mM 
of each primer Yph1F and Yph2R, 2 µL of five times diluted DNA. Each reaction was 
adjusted to 20 µL using sterile deionised PCR grade water (Bioline). No template controls 
were included in each run. The qPCR cycling conditions consisted of an initial denaturation 
at 95°C for 10 min, then 50 cycles at 95°C for 10s, 62°C for 15s and 72°C for 30s. Melt 
curve analysis was included in each run at temperatures between 65 to 95°C with 1.0°C 
increments at 5 second intervals. 

The protocol used for the detection and quantification of root rot pathogen, Pythium 
irregulare was developed by Spies et al. (2011). Each reaction consisted of 1x KAPA SYBR 
FAST qPCR master mix (contains SYBR Green I and MgCl2 at a concentration of 2.5mM) 
(KAPA Biosystems), 0.3 µM of primer PirF1 and 0.9 µM of PirR3, and 2µL of five times 
diluted DNA. The MgCl2 concentration was adjusted to 3 mM by the addition of extra MgCl2 
(Bioline) and the final reaction volume was adjusted to 20µL using sterile deionised PCR 
grade water (Bioline). No template controls and concentration standards were included in 
each run. The cycling conditions for each run consisted of an initial denaturation of 95°C for 
10 min, then 50 cycles at 95°C for 10s, 65°C for 5s and 72°C for 20s  Melt curve analysis 
was included in each run as described above. 

Phytopythium vexans was quantified in soil DNA using a hydrolysis probes 
developed for Moein et al. (2016).  Each reaction consisted of 1x KAPA PROBE FAST 
qPCR master mix (MgCl2 at a concentration of 5 mM) (KAPA Biosystems), 0.3 µM of each 
primer PV390F and PV456R and 0.2 µM of the probe PV412P, and 2µL of five times diluted 
DNA. The final reaction volume was adjusted to 20µL using sterile deionised PCR grade 
water (Bioline). A two-step cycling programme was used with an initial denaturation step at 
95°C for 3 min, followed by 95°C for 15s and 61°C for 30s. 

DNA concentration standards were included in triplicate in each run to enable DNA 
quantification after importing a saved standard curve.  The qPCR assay was initially 
conducted on a Bio-Rad CFX96 Real-Time System (all of the 2013 and 2014 samples for 
Ilyonectria and Dactylonectria species and Phytophthora). Due to the time consuming set up 
of the standards with the Bio-Rad CFX96 real-time system, all the other reactions were done 
on the RotorGene 6000 real-time rotary analyser (Qiagen Inc., Valencia, CA, USA). 

 
qPCR inhibition testing 
Nursery soil was sterilised by autoclaving (121kPa for 20 minutes) three times, on three 
consecutive days. Soil DNA extractions were carried out on the sterile soil using the 
Nucleospin soil kit (MacThis herey-Nagel GmbH & Co.). Three dilutions; 10x, 100x and 
1000x, were made of each extracted DNA sample and one sample was left undiluted. Each 
dilution and the undiluted samples were spiked with 10ng of I. liriodendri DNA. The spiked 
DNA extractions were then tested using the qPCR assay described above. The quantitation 
cycle (Cq) values were recorded and subjected to analysis of variance using SAS (V9.3, SAS 
Institute, Cary, NC). 
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Statistical analyses 
The experimental design was a completely randomised design with 10 replicates (sites). The 
treatment design was a combined split plot design. Five nurseries were studied and 
combined after homogeneity of nursery variances were verified (Brown & Forsythe, 1974). 
Means for two technical and biological repeats were calculated for each depth and site. The 
data were transformed using the natural logarithm function prior to analysis. The data was 
continuous data then subjected to analysis of variance (ANOVA) using General Linear 
Models Procedure (PROC GLM) of SAS software (Version 9.2; SAS Institute Inc, Cary, 
USA). Observations over time (year) were combined in a split-plot analysis of variance with 
year as sub-plot factor (Cramer et al., 1989). Shapiro-Wilk test was performed on the 
standardized residuals from the model to verify normality (Shapiro and Wilk, 1965). Fisher’s 
least significant difference was calculated at the 5% level to compare treatment means (Ott 
& Longnecker, 2001). A probability level of 5% was considered significant for all significance 
tests. Principal component analysis (PCA) with correlation matrix (to standardise the data) 
was performed to investigate the relationship between the variables (DNA content and soil 
characteristics) and nurseries and two soil depths for 2013 using XLSTAT (Version 
2015.1.03.15485, Addinsoft, Paris). 
 
 
 
Description of a new species: Phytopythium paucipapillatum sp. nov. 
 

Sampling 
During the 2013 sampling a new putative Phytopythium species was identified from a 
grapevine plant in a nursery.  

Morphological observation 
The Phytopythium isolates were cultured on corn meal agar (CMA) containing β-sitosterol 
(30 mg.L-1) and incubated for one week at 25°C. In addition, the isolates were grown in 
sterile soil extract (SSE) (Jeffers & Aldwinckle, 1987) containing grass blades (Pennisetum 
clandestinum Hochst. ex Chiov) and hemp seeds (Cannabis sativa L.) (de Cock & Lévesque, 
2004), and incubated for three days at room temperature. Observations and measurements 
of morphological structures were made using differential interference contrast (DIC) 
microscopy (Nikon Eclipse Ni, Nikon South Africa) at 400X and 1000X magnification. The 
biometric indices were calculated according to Shahzad et al. (1992). The monograph by 
Van der Plaats-Niterink (1981) and the keys of Dick (1990) were consulted for morphological 
descriptions. 

Growth studies were conducted on all isolates including an isolate of Ovatisporangium 
sp. 5 (MAFF241149) from Uzuhashi et al. (2010) that had high internal transcribed spacer 
(ITS) sequence similarity to the South African Phytopythium isolates (see Results). The 
isolates were sub-cultured onto CMA plates and incubated at temperatures ranging from 5°C 
to 40°C at 5° intervals. Colony radii were measured, using a digital calliper (Mitutoyo corp., 
Japan), at 24 hour intervals for three consecutive days. 

Genomic DNA extraction, PCR and sequencing 

DNA extraction 
DNA was extracted as described previously.  

PCR and sequencing 
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PCR of the ITS was conduction as previously described. The COI PCR was conducted using 
the primer pair OomCOILevup and FM85mod (Bala et al., 2010). Each 40 µL reaction 
consisted 1× NH4 buffer (Bioline), 3.5 mM MgCl2 (Bioline), 0.2 mg BSA Fraction V (Roche), 
0.1 mM of each dNTP, 0.1 µM of each primer and 0.5 U of BIOTAQ (Bioline). PCR cycling 
consisted of 94°C for 5 min followed by 32 cycles at 94°C for 30 s, 50°C for 30 s, 72°C for 90 
s and a final extension step at 72°C for 7 min. The PCR products were run on a 1.5% 
agarose gel stained with ethidium bromide followed by a post-PCR clean-up using the MSB 
Spin PCRapace kit (STRATEC Molecular GmbH, Berlin, Germany). For both gene regions 
the PCR product was sequenced in the forward and reverse directions using the Big Dye 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) according to 
the manufacturer’s instructions.  

All the samples were sequenced on an ABI 3130XL Genetic Analyser by the Central 
Analytical Facilities at Stellenbosch University. Single strand sequences were assembled 
and consensus sequences were generated using Geneious 9.1.4 (http://www.geneious.com, 
Kearse et al., 2012. The consensus sequences were then compared to sequences on 
GenBank using the Basic Local Alignment Search Tool (BLAST, 
http://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequences were deposited in GenBank with 
accession numbers KX372742–KX372748 for the COI sequences, and KX372749-
KX372754 for the ITS sequences. 

Phylogenetic analysis 
Phytopythium sequences were downloaded from GenBank for use in phylogenetic analysis. 
No COI sequences were available for P. palingenes and P. polytylum, as well as no ITS 
sequences for P. polytylum, and was thus excluded from phylogenetic analyses. Also, the 
invalid taxa P. megacarpum, P. sterile, and P. cucurbitacearum, as well as P. indigoferae 
were excluded from our analyses (de Cock et al., 2015). 

The ITS and COI consensus sequences of the putative new Phytopythium species were 
aligned with Phytopythium reference sequences obtained from GenBank using the L-INS-i 
alignment method of the MAFFT (v7.299) online alignment tool (Katoh & Toh, 2008). These 
alignments were subjected to maximum parsimony analysis using PAUP* (v4.0b10) 
(Swofford, 2003) as well as Bayesian analysis. Phytophthora batemanensis and 
Phytophthora boehmeriae served as outgroups. The parsimony analysis was conducted by 
using 100 random replicate additions. Tree bisection and reconstruction (TBR) was used as 
the branch swapping algorithm with the option of saving no more than 10 trees with a score 
greater than or equal to 5. All characters were of equal weight and of no specific order. 
Bootstrap values were determined from 1000 heuristic search replicates and 10 random 
taxon additions. Additional parsimony measures were calculated which include the retention 
index (RI), the rescaled consistency index (RC) values, consistency index (CI) and tree 
length (TL). 

Bayesian analysis was performed in PhyloBayes version 4.1 (Lartillot et al., 2009). Two 
independent chains were run under the non-parametric, CAT-GTR mixture model (Lartillot & 
Phillipe, 2004) for 5000 cycles. Convergence was assessed using the tracecomp and 
bpcomp commands, and found to be acceptable (maxdiff <0.3, effective size >50) 
when discarding the first 1000 cycles as burn-in. 

Pathogenicity trial 
Five isolates of the putative new Phytopythium species (STE-U 7843–7847) were grown on 
PDA plates for two weeks at 25°C. Pearled wheat (Triticum aestivum L.) (100g) was soaked 
in 100mL deionised water overnight, after which it was autoclaved on two consecutive days 
at 121kPa for 20 minutes.  The autoclaved pearled wheat was then inoculated with agar 
blocks cut from the two-week old cultures of the putative new species. The inoculated 
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pearled wheat was incubated at 25°C for three weeks and shaken intermittently to ensure 
even colonisation of the wheat grains. 

Rooted 110-Richter rootstocks were subjected to hot water treatment (50°C for 30 min) 
and planted in a pasteurised potting soil and perlite mixture (3:1) (Master Organics, Cape 
Town) in 4.5 L planting bags. The plants were kept in a greenhouse at 26°C and were 
watered twice daily by drip irrigation. After the first shoots emerged, one shoot was retained 
per plant and its length was measured. The plants were then inoculated by adding the 
colonised pearled wheat to the soil (2% w/v). The control plants were inoculated with sterile 
pearled wheat only. The plants were left to grow for eight months. Plant fertilisers Nutrifeed 
(Starke Ayres, Johannesburg) and Seagro (Seagro, Cape Town) were administered weekly. 
The trial was conducted using a randomised block design and seven replicates were 
included for each isolate including the controls. 

After eight months, the trial was evaluated by measuring all the shoot lengths for each 
treatment. Re-isolations were made from the roots of all the plants to fulfil Koch’s postulates. 
The pathogenicity results were analysed using a one-way analysis of variance (ANOVA) 
(Statistica v13, Dell Software, Texas, USA) at a 95% confidence interval. 
 
 
Development of bioassays to correlate Cylindrocarpon, Phytophthora and Pythium 
species DNA concentration with disease severity 
 
One-year-old grapevine rootstocks R110, from cold storage, were subjected to hot water 
treatment at 50°C for 30 min. After trimming the roots, the rootstocks were planted in a 3:1 
mixture of potting mix and perlite in 4L planting bags. Three 12 mL disposable test tubes 
were inserted in to soil adjacent to the plant roots which would create holes in the soil for 
inoculating the bags.  Six isolates, two Pythium isolates, two Phytophthora isolates and two 
Dactylonectria isolates were selected for inoculating the grapevine rootstocks. Inoculum was 
prepared by growing the Pythium irregulare (SL217 & STE-U 6752), Phytophthora 
cinnamomi isolates (STE-U 7392) and Phytophthora niederhauserii (STE-U 6791) in sand 
bran (Lamprecht, 1986) for three weeks. The Dactylonectria macrodidyma isolates (SL9 & 
SL281) were grown in millet seed according to Strauss and Labuschagne (1995). After the 
sand bran and millet seed were fully colonised, the test tubes were removed from the soil in 
the planting bags and the holes were filled with inoculum at concentrations of 0.25%, 0.5%, 
1.0%, 2% and 4% v/v. Seven replicates were included for each treatment as well as controls. 
All shoots were removed from the plants except for one shoot per plant, which was 
measured directly after inoculation. The plants are watered twice daily through drip irrigation 
to maintain soil moisture levels which would promote infection. Plant fertilisers (Seagro & 
Nutrifeed) are added to the soil weekly to replenish nutrients. After a eight months the plants 
were uprooted. Isolations were made from the roots and rootstocks and the shoot lengths 
were measured.  Rhizosphere soil was collected but due the inconsistency of the inoculum 
concentration and reduction in shoot length the pathogen DNA concentration in the 
rhizosphere soil was not determined. 
 
 
 
Results and discussion 
 
Detection of Cylindrocarpon, Phytophthora and Pythium species in the soils and 
plants of grapevine nurseries 
 
Soil sampling and analysis 
The soil analysis revealed that the soil sampled from nurseries A, B and D were coarse 
sand, and nurseries C and E had loamy coarse sand and loamy medium sand, respectively. 
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There were no differences in soil texture at both 0-30cm and 30-60cm depths except for 
nursery E, which had loamy medium sand at depth 0-30cm and loamy coarse sand at a 
depth of 30-60cm (Table 1). 

Species-specific polymerase chain reaction 
Successful amplification was obtained by using the species-specific PCR. The I. liriodendri, 
D. macrodidyma complex, C. fasciculare and C. pseudofasciculare isolates were positively 
identified using specific primers (Table 2). This assay was also able to amplify the DNA of all 
species belonging to the D. macrodidyma complex found in the Western Cape. This was 
confirmed after sequencing the histone H3 gene region of these isolates. No non-specific 
amplification was observed. 

Isolations from rootstocks and weeds 
In 2013, the black foot pathogens were the predominant species isolated from roots and 
basal ends of grapevine rootstocks. Among these, Dactylonectria macrodidyma was the 
predominant species isolated from 22 plants in four out of five nurseries (Table 3). This was 
followed by Campylocarpon fasciculare which was isolated from 6 plants in three out of five 
nurseries. Phytopythium vexans was the most predominant Oomycete species infecting 5 
plants in two nurseries. Nursery B had the most infected plants (22 plants), as well as the 
only Phytophthora species, followed by nursery C (21 infected plants). No pathogens were 
obtained from nursery E. Fungal isolates were first stored at 4°C and thereafter plated again 
for identification. Due to this process, several of the putative pathogen isolates did not grow 
again after storage and could not be identified. The total number of black foot isolates could 
therefore have been more from the 2013 isolations.  

In 2015, Campylocarpon pseudofasciculare was the predominant fungal pathogen 
isolated from 20 plants across four nurseries. This was followed by Campylocarpon 
fasciculare which infected 11 plants in four nurseries. The predominant Oomycete pathogen 
was Pythium irregulare (20 infected plants) followed by Ph. vexans (15 infected plants). 
Again, nursery B had the highest number of infected plants (32 plants) followed by nursery C 
(23 plants). Nurseries A and E had the lowest number of infected plants (13 plants each).  

 
Isolations from rotation crops and weeds 
In 2014, rotation crops and weeds were sampled in the five nurseries. The rotation crops 
sampled include Canola, white mustard, forage radish, Triticale and lupins. The weeds 
sampled included Johnson grass, rye grass, winter grass, Cape marigold and Corn spurry 
(Table 4). One isolate of D. macrodidyma was obtained from the weed, Corn spurry. One 
isolate of P. irregulare was obtained from forage radish, while one and two isolates of P. 
irregulare were obtained from the weeds, winter grass and rye grass, respectively. Two P. 
ultimum isolates were also obtained from rye grass and Cape marigold. Triticale had the 
greatest diversity of pathogens isolated from including four isolates of P. irregulare as well as 
2 isolates of P. ultimum. Lastly, four P. irregulare isolates were obtained from the weed 
Johnson grass and three unknown weed species. No pathogens were isolated from the lupin 
rotation crop. 
 
qPCR inhibition testing 
Quantitative PCR amplification was successful and amplified the spiked I. liriodendri DNA 
with an efficiency of 88.4% and the standard curve had a correlation coefficient of 0.993 to 
the concentration standards. The Cq values were recorded for each sample at the various 
soil DNA dilutions. The Cq values across all dilutions were similar indicating no to very little 
qPCR inhibition. 
 
Quantitative real-time polymerase chain reaction 
Ilyonectria and Dactylonectria, P. irregulare and Phytophthora species DNA were detected 
and quantified in grapevine soil samples. The detection of the Py. vexans was not adequate 
and was therefore not included in the results. 
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The fluorescence obtained during the SYBR Green I assays for Ilyonectria and 
Dactylonectria species reached 100%. The efficiencies for the standard curves ranged 
between 80-86% with R2 values of 0.99. The melting temperatures ranged between 85-
87°C. The DNA melting temperature for the standard DNA (D. macrodidma) was 86.5°C.  

The assay for the detection of P. irregulare reached a fluorescence of 100% with 
standard curve reaction efficiencies between 78-100% with R2 values of 0.99. The melting 
temperature for the P. irregulare amplicons was 79.5°C. The DNA melting temperature for 
the standard DNA (P. irregulare) was 79.5°C.The minimum and maximum amount of DNA 
detected in a nursery was 0.01pg.µL-1 and 3.77 pg.µL-1.   

The fluorescence obtained during the Phytophthora assay reached 100% with 
standard curve reaction efficiencies between 80-100% with R2 values of 0.99. The melting 
temperatures for the Phytophthora species ranged between 82-88°C. The DNA melting 
temperature for the standard DNA (Ph. cinnamomi) was 85°C.  

 
Dactylonectria and Ilyonectria species 
The qPCR results of Dactylonectria and Ilyonectria species (Addendum A, Tables 1 and 2) 
showed that these species were present in all the samples tested except for one site in 
nursery A in 2013. The minimum and maximum amount of Ilyonectria and Dactylonectria 
DNA detected across all nurseries was 0.04pg.µL-1 and 37.14 pg.µL-1. In only one sample 
(nursery A, site 6, 2015) in the depth of 30-60cm, Dactylonectria and Ilyonectria species 
were not detected. There was no significant differences between the top and lower layer of 
soil (P = 0.2058) and was therefore combined (Table 5). Significant nursery and year 
interaction was observed (P < 0.001). In 2015, nursery A had a significantly higher DNA 
concentration than all the other nurseries and years. Following this, nurseries B, C and D in 
2015 and nurseries A and C in 2014 had concentrations that did not differ significantly from 
each other. Nursery E had the lowest concentration which did not significantly differ from 
nurseries B, C and D in 2013 and nurseries B and D in 2014.   
 
Pythium irregulare 
Pythium irregulare (Addendum A, Tables 3 and 4) were detected in most of the samples 
tested except from six sites in nursery A, nine sites in nursery B and four sites in nursery D 
in 2013. Furthermore, in 2014, P. irregulare was not detected in one site each in nurseries B, 
C and D. In 2015, no detections were made from one site in nursery A. The minimum and 
maximum amount of Phytophthora DNA detected in a nursery was 0.01 pg.µL-1 and 29.53 
pg.µL-1.  There was no significant differences between the top and lower layer of soil (P = 
0.3970) and was therefore combined (Table 6). Significant nursery and year interaction was 
observed (P < 0.001). Higher concentrations was observed in 2015 for nurseries A, B, C and 
D, however, these mean concentration of nursery C were not significantly different from that 
obtained for this nursery in 2013. The remaining sampling of the nurseries in 2013 and 2014 
had equally lower DNA concentrations.   
 
Phytophthora species 
Phytophthora species were detected in most of the samples tested, except in three sites of 
nursery A in 2013 (Addendum A, Tables 5 and 6).  There was no significant differences 
between the top and lower layer of soil (P = 0.2516) and was therefore combined (Table 6). 
Significant nursery and year interaction was observed (P < 0.001). In 2015, nurseries A and 
C had significantly higher mean Phytophthora spp. concentrations, followed by nursery B. A 
middle group was formed by nurseries D and E in 2015 and A, B, C and D in 2014. These 
were all significantly higher than all the nurseries in 2013 and D and E in 2014. 
 
In general, higher concentrations were measured from the 2015 sampling, except nursery E. 
For nursery E Phytophthora species were also higher in the 2015 sampling. Nursery E had 
the lowest DNA concentrations for all three pathogen types tested.  
 
PCA analyses 
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Since higher DNA concentrations was detected for Dactylonectria and Ilyonectria species, 
associations between soil characteristics and DNA concentration will only be presented for 
these pathogens (Figure 1). Strong correlations were found between DNA concentration and 
% stone (0.80), % carbon (0.77), phosphor (0.87), zinc (0.74) and manganese (0.78). 
Nursery A was associated with these characters as can be seen by the Nursery A positions 
lying in the same quarter as these soil characters (Figure 1). Higher values in these 
characters was also observed for nursery A from Table 1. Interestingly % clay was 
negatively correlated with DNA concentration (Figure 1). This would be due to the fact that 
nursery E, which had the lowest DNA concentration had higher levels of clay. From Figure 1 
it is clear that the low levels DNA detected in nursery E is not linked to soil properties. 
 
 
 
Discussion 
This was the first study to quantify black foot and root and crown rot pathogen DNA in 
grapevine nursery soils in South Africa. The DNA of black foot and crown and root rot 
pathogens were detected with qPCR in the soil of all five nurseries in 2013, 2014 and 2015. 
Isolations from nursery grapevines confirmed the presence of these pathogens in the 2013 
and 2015 sampling from four of the five nurseries. Grapevine plants could only be sampled 
from nursery E in 2013 and all of these grapevines were clean, harbouring none of these 
pathogens.  
 Of the different rotation crops investigated only Triticale (5 plants) and forage radish 
(1 plant) harboured black foot and crown and root rot pathogens. Canola, white mustard and 
lupins did not have any of these pathogens. The potential of biofumigation through Brassica 
plants or Brassica products of black foot pathogens have been shown (Bleach et al. 2010; 
Barbour et al. 2014; Whitelaw-Weckert et al. 2014). Brassica species can release volatile 
isothiocyanates when incorporated into soil, and these compounds in turn can suppress 
pathogenic fungi. A variety of weeds including corn spurry, rye grass, winter grass, Cape 
marigold and Johnson grass had pathogen infections. Soil samples from 2014 were taken 
after the growth of the rotation crop (spring), close the time that the rotation crop will be 
ploughed in. It is expected that at the end of the rotation period the pathogen DNA 
concentrations would be less than in the previous grapevine planted year. However, the 
qPCR results showed that pathogen DNA concentrations did not lower in the rotation crop 
year (2014). For the Brassica rotation crops this could be due to sampling that occurred 
before ploughing in of the crop and therefore not assessing the biofumigation effect. It is 
interesting that in nursery E which had an additional non-grapevine year in 2015, the DNA 
concentrations remained similar to the previous two years except in the case of 
Phythophthora that showed an increase for 2015. It would seem that a two-year bare land or 
crop rotation practice would hold a benefit. Even though pathogens were not isolated from 
canola and white mustard, did the nurseries that use these rotation crops had higher 
numbers of grapevines infected with black foot and crown and root rot pathogens. The 
absence of these pathogens from lupins, might be due to the fact that nursery E had lower 
levels of pathogen DNA in the soil, also no grapevine plants had infections in the 2014 
sampling from this nursery. This may be due to the use of lupin as a rotation crop as these 
leguminous plants are known to produce phytochemicals known as saponins. Saponins are 
produced by many plant families as a deterrent for pest and pathogens and are released into 
the soil. The composition of the saponins produced by a plant affects how effectively a plant 
can respond to certain pest and pathogens (Moses et al. 2014). 

It is interesting to note that nursery A generally had low numbers of infected plants, 
but high levels of black foot pathogen DNA were detected across all years, and high levels of 
Phytophthora and Pythium irregulare DNA were found in 2015. Soil analyses from this 
nursery revealed higher levels of phosphorous, potassium and manganese in this nursery 
compared to the other nurseries. It is possible that these levels of nutrients are more 
adequate for the growth of grapevines, leading to healthier nursery plants that are more 
resistant to pathogen infection, despite the presence of pathogens in the soil. 
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 The presence of the pathogen DNA in the soil as well as in grapevine plants shows 
that pathogen inoculum persist in the soil during the crop rotation year. The DNA 
concentrations in the crop rotation year (2014) were for Dactylonectria and Ilyonectria 
species as well as Phytophthora species equal or more than in the first grapevine year 
(2013) investigated. Together with the fact that the DNA concentrations for these pathogens 
were higher in the second grapevine year investigated (2015) indicate that the pathogens 
survive successfully in the soil or in the roots and basal ends of specific weeds and rotation 
crops. It is known that Dactylonectria, Ilyonectria and Phytophthora species form 
chlamydospores, which are hardened survival structures allowing these fungi to persist in 
soil. Pythium species are generally homothallic and can form oospores that can survive in 
the soil. 

 In general over the three years there was an increase in the mean DNA 
concentrations across all pathogens. The reason for this observation is not clear. A period 
longer than 3 years is necessary to be able to see to what extent there is a build-up of 
inoculum in the soil over time. What is interesting to note is that the average rainfall was 
considerably lower for 2015, versus 2014  and 2013 (Agromet ARC-ISCW).  However, the 
effect of the lower rainfall in 2015 is not certain since grapevine nurseries irrigate their fields. 

  A wide diversity of black foot pathogens were identified in this study. Five 
Dactylonectria species, two Ilyonectria species, Campylocarpon fasciculare and 
Campylocarpon pseudofasciculare. One Dactylonectria and one Ilyonectria species are 
putative new species. This is the first report of Dactylonectria alcacerensis and D. 
pauciseptata on grapevines in South Africa. Dactylonectria species were frequently isolated 
from nursery vines and is in accordance with other studies conducted in Spain (Alaniz et al., 
2007; Agustí-Brisach et al., 2014). 

Of the crown and root rot pathogens five Pythium species, three Phytopythium 
species and one Phytophthora species was isolated. Pythium irregulare, P. sylvaticum, P. 
ultimum, P. heterothallicum, P. rostratum, Py. vexans, and Ph. niederhauserii were isolated 
and are known grapevine pathogens (Marais 1979, 1980; Spies et al. 2011). Phytopythium 
helicoides and Py. litorale were also isolated from grapevines in nurseries and vineyards 
(this study, Spies et al. 2011), but their pathogenicity toward this crop has not been 
determined. Pythium sylvaticum was isolated from nursery vines for the first time since 1980 
(Marais, 1980). Only one Phytophthora isolate (Ph. niederhauserii) was obtained from 
nursery B in 2013. This is in accordance with Spies et al. (2011) who also only found Ph. 
niederhauserii in one nurseryThe low occurrence of Phytophthora species in nursery vines 
can be contributed to the application of fosetyl-Al and metalaxyl based fungicides for the 
control of downy mildew.  It is also known that it is difficult to isolate Phytophthora and this 
could also contribute to the low occurrence of this pathogen. To ascertain the risk of the 
DNA of Phytophthora measured in the soil, another approach is needed. Soil baiting will 
enable to know if the Phytophthora inoculum that is in the soil is still viable. Quantitative PCR 
of root samples can also be done to verify if plants have infections or not.  

The weeds that harboured pathogens in the current study included corn spurry, Cape 
marigold and three grasses; rye grass, winter grass and Johnson grass.   A study in Spain 
found that 26 weed species including grasses (Poaceae) and flowering weeds in the 
Asteraceae carried Dactylonectria macrodidyma (Agustí-Brisach et al., 2011). They 
furthermore demonstrated that the Dactylonectria macrodidyma isolated from weeds could 
induce typical black foot symptoms on grapevines. The current study showed that both black 
foot pathogens and Pythium species can occur on weeds. Weeds can be a source of 
inoculum, but the relevance of the different weeds in terms of incidence of infection with 
pathogens need to be determined before control strategies can be recommended for the 
removal of weeds.  
 It is difficult to ascertain the biological relevance of the DNA concentrations determined 
with qPCR. The question remains as to how much DNA in the soil will relate to disease? 
Various factors also influence this equation that can’t be answered by only the presence of 
the pathogen in the soil. Disease will not necessarily develop with the host and pathogen 
present, but also needs specific environmental conditions. In the current scenario, conditions 
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that would favour disease would be any form of stress that the plant might experience such 
as water logging, too little water or abundance of nematodes.  
 Conclusions regarding the influence of the rotation crop on the basis of the measured 
DNA concentrations alone is difficult, since at the end of the growing season of the rotation 
crop there was not less DNA than the previous year planted with grapevines. Soil samples 
need to be taken in spring just before planting of the grafted grapevines to be able to 
measure the effect of the ploughed in rotation crop. Two soils samples need to be taken, at 
the start of the new grapevine growing year and again at the end, to measure the 
accumulation in a growth season. Also multiple years of data would be needed, not only one 
year of rotation crop as in the present study. 

Nurseries are known to be sources of inoculum for black foot disease pathogens 
(Halleen et al. 2003, Agustí-Brisach et al., 2014) and root and crown rot pathogens (Spies et 
al. 2011).The results of the current study confirm the presence of decline pathogens in the 
soils of grapevine nurseries in South Africa. Triticale and forage radish harboured grapevine 
pathogens and would need to be taken into account in decision making over which rotation 
crop to plant in nurseries with a history of black foot and crown and root rot. Furthermore, a 
more extensive study should be conducted on the suitability of different rotation crops 
currently used in grapevine nurseries in South Africa especially the contribution of Brassica 
crops to biofumigation.  
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Table 1. Selected characteristics of the soil samples taken at 0-30 cm and 30-60 cm depth from five grapevine nurseries. 

Nursery Soil texture Depth 
(cm) pH stones 

(%) 
Carbon 

(%) 
Resistance 

(Ohm) 
P Bray II 
(mg/kg) 

K 
(mg/kg) 

Cu 
(mg/kg) 

Zn 
(mg/kg) 

Mn 
(mg/kg) 

B 
(mg/kg) 

Fe 
(mg/kg) 

Clay 
(%) 

A Coarse sand 0-30 6,9 18 1 1050 808 114 9.56 37.5 42.0 0.41 188.61 6,18 
A Coarse sand 30-60 7,1 18 0,84 280 53 241 7.76 33.7 38.1 0.44 178.04 6,07 
B Coarse sand 0-30 6 6 0,66 3300 207 52 14.61 15.5 19.3 0.12 92.67 6,31 
B Coarse sand 30-60 6,1 6 0,66 1370 196 80 18.55 19.1 23.3 0.14 97.22 6,83 
C Loamy 

coarse sand 
0-30 6,3 9 0,6 2610 188 54 3.34 40.6 16.4 0.25 269.73 10,46 

C Loamy 
coarse sand 

30-60 6,2 11 0,74 1920 135 48 4.53 34.1 22.0 0.50 875.51 10,61 

D Coarse sand 0-30 6 11 0,74 620 117 56 4.53 21.4 25.9 0.20 76.47 5,43 
D Coarse sand 30-60 5,8 13 0,71 390 133 55 5.86 25.1 33.2 0.14 93.67 5,04 
E Loamy 

medium sand 
0-30 6,6 1 0,22 1340 56 89 1.70 1.4 7.8 0.43 121.07 8,29 

E Loamy 
coarse sand 

30-60 6,6 1 0,17 1340 44 78 1.31 1.1 5.7 0.65 88.69 8,04 
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Table 2. Species-specific primers for the detection of Dactylonectria macrodidyma complex, Ilyonectria liriodendri, Campylocarpon fasciculare 
and Campylocarpon pseudofasciculare. 
 

 
 

Primer Pathogen Sequence (5’-3’) Tm (°C) Amplicon 
size Reference 

CymaF1 Dactylonectria macrodidyma complex CTGGGACATGATGGCTAATATGACTT 56.6 304bp Mostert et al., 2010, this study 

CymaR2  GGTGGTGTGAGTTTCGTGC 56.7  Mostert  et al., 2010, this study 
      

CyliF1 Ilyonectria liriodendri CTCCTCTTCAACGATCCGACGTGCC 63.0 192bp Mostert  et al., 2010, this study 

CyliR1  GGGGCAGAGCAGATTTCG 56.2  Mostert  et al., 2010, this study 
      

CafaF1 Campylocarpon fasciculare CAACACAGCTCACGACAGCAG 58.7 350bp Mostert  et al., 2010, this study 

CafaR1  CTGTGTAGTCCAATATTAGTTGTTGTG 53.9  Mostert  et al., 2010, this study 
      

CapsF1 Campylocarpon pseudofasciculare AACACAGCTCGCGGCAGC 61.9 339bp Mostert  et al., 2010, this study 

CapsR1  GAGGCCTGTRTTGTGTAAGTTTAGTTGC 58.8  Mostert  et al., 2010, this study 
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Table 3. The number of plants infected by black foot and root and crown rot pathogens in five nurseries sampled in 2013, 2014 and 2015.  
 

 

1Nursery E uses a 3 year crop rotation system and as a result no grapevines were planted in 2015. Only weeds and rotation crops were sampled. 

    Number of infected plants 

   2013 2014 (rotation crops & weeds) 2015 

    Nursery Nursery Nursery 

Disease Pathogen A B C D E A B C D E A B C D E1 

Crown & root rot Pythium irregulare - 1 - - - - - 4 4 4 3 2 3 2 10 

  Pythium ultimum 
Pythium heterothallicum 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- - 
- 

2 
- 

1 
2 

- 
- 

- 
- 

2 
2 

- 
10 

1 
1 

1 
1 

  Pythium rostratum 1 - - - - - - - - - - - - - - 

  Pythium sylvaticum 
 
Phytopythium helicoides 
Phytopythium litorale 

- 
- 
- 
- 

- 
1 
1 
- 

- 
2 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

2 
- 
- 
- 
 

- 
- 
- 
- 

- 
- 
1 
- 

- 
- 
- 
- 

  Phytopythium vexans - 3 2 - - - - - - - 2 4 6 1 2 

  Phytophthora niederhauserii - 1 - - - - - - - - - - - - - 

                  

 Black foot Dactylonectria alcacerensis - - 1 - - - - - - - 1 - - - - 

  Dactylonectria macrodidyma 5 7 7 3 - - 1 - 3 - 1 5 2 2 - 

  Dactylonectria novozelandica - 1 4 - - - - - 2 - - 1 - 2 - 

 Dactylonectria pauciseptata - 3 - - - - - - 2 - - 2 - 1 - 

  Dactylonectria torresensis 1 1 - - - - - - - - - - 1 - - 

  Dactylonectria sp. - - - - - - - - - - - - - 1 - 

  Ilyonectria liriodendri - - - 1 - - - - - - - 1 - - - 

  Ilyonectria sp. - - - - - - - - - - 1 0 0 0 - 

  Campylocarpon fasciculare - 3 2 1 - - - - - - 2 6 2 1 - 

  Campylocarpon pseudofasciculare - - 3 - - - - - - - 1 7 8 4 - 
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Table 4. Pathogens isolated from weeds and rotation crop species sampled in four of the grapevine nurseries in 2014. 

Site1 Plant Common name Genus and species Family Weed or rotation crop Pathogen 
9 3 corn spurry Spergula arvensis  Caryophyllaceae weed D. macrodidyma  
1 2 rye grass Lolium temulentum Poaceae weed P. irregulare   
 5 winter grass Poa annua Poaceae weed P. irregulare   
2 3 forage radish Raphanus sativus Brassicaceae rotation crop P. irregulare   
 4 ryegrass Lolium temulentum Poaceae weed P. irregulare   
4 1 Cape marigold Arctotheca calendula  Asteraceae weed P. ultimum var. ultimum 
 4 ryegrass Lolium temulentum Poaceae weed P. ultimum 
1 1 Triticale x Triticosecale  rotation crop D. pauciseptata 
4 1 Triticale x Triticosecale  rotation crop P. irregulare  
5 2 Triticale x Triticosecale  rotation crop P. irregulare 

D. pauciseptata 
 2 Triticale x Triticosecale  rotation crop P. ultimum var. ultimum  

P. heterothallicum  
P. irregulare 
D. novozelandica 

8 1 Triticale x Triticosecale  rotation crop D. macrodidyma 
D. novozelandica 

9 1 Triticale x Triticosecale  rotation crop D. macrodidyma 
10 1 Triticale x Triticosecale  rotation crop P. irregulare  

P. heterothallicum  
D. macrodidyma 

3 1  Johnson grass Sorghum halepense Poaceae weed P. irregulare 
 2  Unknown weed    P. irregulare 
6 1 Unknown weed    weed P. irregulare 
8 1 Unknown weed    weed P. irregulare 
1In total ten sites were sampled per nursery field. 
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Table 5. Mean Dactylonectria and Ilyonectria DNA concentrations from five nursery soils 
sampled over three years (depths combined).  
 
 

 
1Ln transformed concentrations 
LSD for ln transformed concentrations = 0.3137 
 
 
 
 
 
 
 
 

Nursery Year Mean soil DNA concentration (pg.µL-1) 

A 2013 2.10 d (11.13)      

 
2014 4.82 bc (1.76) 

 
2015 10.14 a (2.41)      

B 2013 0.33 ef (0.29)      

 
2014 0.49 ef (0.40)      

 
2015 6.04 bc (1.95) 

C 2013 0.80 e (0.59)      

 
2014 4.17 c (1.64)      

 
2015 6.01 bc (1.95) 

D 2013 0.33 ef (0.29)      

 
2014 0.55 ef (0.44)      

 
2015 6.38 b (2.00) 

E 2013 0.30 f (0.26)      

 
2014 0.25 f (0.23)      

 
2015 0.28 f (0.24)      
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Table 6. Mean P. irregulare DNA concentrations from five nursery soils sampled over three 
years (depths combined). 
 

 
1Ln transformed concentrations 
LSD for ln transformed concentrations = 0.1454 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nursery Year Mean soil DNA concentration (pg.µL-1) 

A 2013 0.07ef (10.07)  

 
2014 0.04f (0.04) 

 
2015 0.83a (0.61) 

B 2013 0.01f (0.005) 

 
2014 0.10ef (0.09) 

 
2015 0.50bc (0.41) 

C 2013 0.21de (0.19)      

 
2014 0.02f (0.02) 

 
2015 0.39cd (0.33) 

D 2013 0.08ef (0.08) 

 
2014 0.04f (0.04) 

 
2015 0.64ab (0.50) 

E 2013 0.08ef (0.08) 

 
2014 0.06ef (0.06) 

 
2015 0.07ef (0.07)      
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Table 7. Mean Phytophthora DNA concentrations from five nursery soils sampled over three 
years (depths combined).  

 
 
 
1Ln transformed concentrations 
LSD for ln transformed concentrations = 0.3129 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nursery Year Mean soil DNA concentration (pg.µL-1) 

A 2013 0.11f (10.10) 

 
2014 1.45de (0.90) 

 
2015 10.47a (2.44) 

B 2013 0.17f (0.15) 

 
2014 2.45c (1.24) 

 
2015 4.96b (1.78) 

C 2013 0.13f (0.12) 

 
2014 2.14cd (1.14) 

 
2015 7.74a (2.17) 

D 2013 0.16f (0.15) 

 
2014 0.92e (0.65) 

 
2015 2.97c (1.38) 

E 2013 0.04f (0.04) 

 
2014 0.17f (0.16)    

 
2015 2.24cd (1.18) 
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Figure 1. Bi-plot of the principle component analysis of twelve soil characteristics together with 
the DNA concentration of Dactylonectria and Ilyonectria of five nursery soils sampled at two 
depths (0-30 cm and 30-60cm). (F1 = PC1 and F2 = PC2) 
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Description of a new species: Phytopythium paucipapillatum sp. nov. 
 

Isolates 
In total, six Phytopythium isolates displaying rosaceous growth on PDA were obtained from 
asymptomatic roots of a single plant in the open field nursery. The new Phytopythium species 
was isolated together with known grapevine pathogens, namely Phytophthora niederhauserii 
Z.G. Abad & J.A. Abad, P. vexans, Dactylonectria macrodidyma Halleen, Schroers & Crous, 
and Campylocarpon fasciculare Schroers, Halleen & Crous. Several isolates of P. litorale and P. 
helicoides were also obtained from the same plant.  The type strain (STE-U 7843) of the new 
Phytopythium species was also deposited in the culture collection of the Centraal Bureau vir 
Schimmelcultures (CBS) in the Netherlands. An isolate (MAFF241149, Ovatisporangium sp. 5) 
which, upon BLAST analysis, displayed high sequence homology to the six grapevine isolates 
was obtained from the National Institute of Agrobiological Sciences (NIAS) Genebank, Ibaraki, 
Japan. 

Morphological observations  
Morphological examinations were done for all isolates of the new Phytopythium sp. and one 
isolate of Ovatisporangium sp. 5 (MAFF241149) (Uzuhashi et al. 2010). Morphological 
structures were produced in abundance on grass blades in SSE, however, no antheridia were 
observed for MAFF241149. These isolates displayed growth on the selective PARPH 
(containing hymexazol) growth medium at 25°C. The putative new species was homothallic and 
displayed morphological features which include sporangia with variable shapes (globose to 
ovoid, limoniform to ellipsoid and distorted; Fig. 4) that germinated directly or formed biflagellate 
zoospores extrasporangially in an ephemeral vesicle. Extended internal proliferation was 
observed. Oogonia were globose and also, occasionally, displayed multiple papillae on the 
oogonial surface. The oospores were globose and mostly plerotic. Contoured antheridia (up to 
three per oogonium) were usually laterally or broadly apically attached to the oogonia with 
constrictions. The sporangia and oogonia were relatively smaller in size than other closely 
related species.  
All South African isolates of the new Phytopythium sp. exhibited similar morphological 
characteristics. There were, however, differences between these isolates and and 
MAFF241149. Oogonia of the South African isolates were mainly plerotic whereas those of the 
MAFF24119 isolate were mainly aplerotic, as was also reported by Uzuhashi et al. (2010). 
These isolates also varied with regards to colony morphology, optimum growth temperature and 
growth rate. 
The South African isolates each had minimum, optimum and maximum growth grew at 
temperatures of between 10°C, 20°C and 30°C on CMA, with an optimum growth temperature 
at 20°C. 
 
Phylogenetic analysis  
During BLAST analysis, the ITS sequences of the South African isolates displayed a 99% 
sequence identity to the undescribed Japanese Phytopythium species,  Ovatisporangium sp. 5 
(isolate MAFF241149 = UZ612, GenBank accession AB468814). Similarly, the COI sequences 
of Phytopythium STE-U showed 98% sequence identity to the COI sequence of this isolate that 
was generated de novo during this study.  The ITS and COI sequences of Ovatisporangium sp. 
5 was subsequently included in the phylogenetic analysis. ITS sequences of the South African 
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isolates were 89% and 88% similar to Phytopythium chamaehyphon CBS 259.30 and 
Phytopythium helicoides CBS 286.31, respectively. Also, the COI sequences of the South 
African isolates were 96% similar to Phytopythium chamaehyphon PPRI8625 and 95% similar 
to Phytopythium helicoides CBS 286.31. 

Maximum parsimony analysis of the ITS rDNA region yielded a total of three equally 
parsimonious trees of length 2146 (TL = 2146, CI = 0.565, RI = 0.78, RC = 0.441, HI = 0.435). A 
total of 505 characters were constant, with 158 variable characters which were parsimony 
uninformative. There were 537 parsimony informative characters in total. The maximum 
parsimony analysis of the COI gene region resulted in 23 equally parsimonious trees with a 
length of 488 (TL = 488, CI = 0.520, RI = 0.728, RC = 0.379, HI = 0.480). Constant characters 
numbered 477, with 41 parsimony uninformative variable characters and 154 parsimony 
informative characters.  

Phylogenetic analysis of the ITS rDNA and COI gene regions revealed the presence of four 
well supported clades.  In both the ITS and COI phylogenies, the six South African isolates 
formed a single monophyletic grouping with good bootstrap support that also included 
Ovatisporangium sp. 5 isolate (Figures 2 and 3). This clade was distinct within the larger 
Phytopythium clade that also contained P. chamaehyphon, P. helicoides, P. fagopyri, P. sp. 
WJB-3 and P. palingenes.    

Taxonomy  
Phytopythium paucipapillatum S.D. Langenhoven, W.J. Botha, & L. Mostert, sp. nov. 
MycoBank MB819417, Figure 3. 
Etymology 
Latin. The specific epithet refers to the sparsely papillated sporangia and oogonia 

Main hyphae up to 5µm wide. Sporangia mostly apapillate germinating directly, some 
papillate, internally proliferating with extended proliferation. Sporangia globose, subglobose, 
ovoid, obovoid, limoniform to ellipsoid or distorted shapes 15-34 µm diam, most 19-25 µm diam. 
Position of papilla apical or subapical close to sporangiophore, 4-5 µm. Sporangia apical, 
unilaterally intercalary or perpendicular on sporangiophore, some sporangia clustered in groups 
of 3-5 at apex of sporangiophore, connected by short hyphal segments. Discharge tubes 3.7-5 
µm wide, 7.5-11 µm long. Zoospores differentiated extrasporangially in an ephemeral vesicle. 
Zoospores biflagellate. Zoospore cysts spherical 9-11 µm diam. Hyphal swellings not observed. 
Oogonia small globose terminal, intercalary, some unilaterally intercalary, (18-)20-23(-26) (av. 
22) µm diam, some oogonia ornamented with one to three short, blunt papillae. Antheridia up to 
three per oogonium, mostly monoclinous, or occasionally diclinous at a distance. Antheridia 
applied lengthwise to oogonium wall with a central fertilisation tube, antheridial cell 4-5 x 11-20 
µm with an undulating contour and one to several constrictions; some antheridia applied broadly 
apical to oogonium. Oospores plerotic or nearly so, (14-)18-20(-23) (av. 20) µm diam. 
Occasionally two oospores per oogonium. Oospore wall thickness 0.9-1.9 µm. Ooplast 7-13 µm 
diam. Aplerotic index 76.9%, ooplast index 54.4%, oospore wall index 45.2% 

Colony characteristics – colony growth pattern on PDA and PCA rosaceous, CMA slight 
aerial mycelium with coarsely radiate pattern and numerous micro tufts of aerial mycelium (Fig. 
4). Grows on PARP and PARPH selective media. Cardinal temperatures - minimum 10°C, 
optimum 20°C, maximum 30°C. Average growth rate at the optimum temperature was 12.2 
mm/day on CMA (Fig. 5). 

Type. South Africa, Wellington, Vitis vinifera roots, May 2013, S.D. Langenhoven. Culture 
ex-type deposited as STE-U 7843 at the Stellenbosch University culture collection. 
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Additional cultures examined. South Africa, Wellington, grapevine roots (STE-U 7844, STE-U 
7845, STE-U 7846, STE-U 7847, STE-U 7848). Japan, Ibaraki, uncultivated soil 
(Ovatisporangium sp. 5 MAFF241149).
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Figure 2. A phylogeny of the ITS rDNA gene region displaying species of the Phytopythium 
genus. Phytopythium paucipapillatum is shown in the grey shading. Bootstrap support values 
(parsimony analysis) and Bayesian probabilities are shown at the nodes. (TL = 2146, CI = 0.565, 
RI = 0.78, RC = 0.441, HI = 0.435).  
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Figure 3. A maximum parsimony phylogeny of the COI gene region displaying species of the 
Phytopythium genus. Phytopythium paucipapillatum is shown in the grey shading. Bootstrap 
support values (parsimony analysis) and Bayesian probabilities are shown at the nodes (TL = 
488, CI = 0.520, RI = 0.728, RC = 0.379, HI = 0.480). 



 
 

This document is confidential and any unauthorised disclosure is prohibited 
 Consider all findings as preliminary 
Version 2015 
 
 
 
 

 
 
Figure 4. Morphological structures of Phytopythium paucipapillatum. a) a globose, intercalary 
sporangium without papillation. b) a sub-globose papillate sporangium. c) young, terminal 
mulyipapillate sporangia. d) young, terminal sporangia with papillation. e) zoospore discharge 
into a vesicle with a zoospore stuck in the sporangium (arrow). f-g) globose oogonia displaying 
broadly attached,  contoured antheridia with constrictions. h) an oogonium with a monoclinous, 
length-wise attached antheridium. i) sub-globose oogonium displaying broadly attached,  
contoured antheridium with constrictions . j) an oogonium with three antheridia attached. k-l) 
oogonia with papillation on its surface (arrow). m) an intercalary oogonium with monoclinous 
antheridium. scale bar = 10µm



 
 

This document is confidential and any unauthorised disclosure is prohibited 
 Consider all findings as preliminary 
Version 2015 
 
 
 
 

 
Pathogenicity 
The pathogenicity trial yielded re-isolation percentages of 33.6%, 4.3%, 30.7%, 23.6% and 
7.1% for isolates STE-U7843, 7844, 7845, 7846, and 7847, respectively. Most of the re-
isolations were obtained from thicker roots.  The control plants yielded no positive re-isolations. 
The average shoot lengths of the inoculated plants ranged from 1010 mm to 1210 mm. The 
average shoot length of the uninoculated control plants was 986.1 mm  Statistical analysis of 
the pathogenicity trials showed no significant differences (F (5, 35) = 0.44634, P = 0.81297) in 
shoot lengths between all the treatments and controls. 
 
 
 
Development of bioassays to correlate Cylindrocarpon, Phytophthora and Pythium 
species DNA concentration with disease severity 
 
In general the reisolation percentages were low (Tables 8 and 9). In the case of Pythium 
irregulare and Phytophthora niederhauserii the pathogens were not re-isolated in two and three 
of the inoculum concentrations tested, respectively (Table 9).  
 
 
Table 8.  Reisolation percentages of black foot pathogens inoculated onto rooted 110 Richter 
plants kept in the glasshouse for 8 months. 
 
 Reisolation percentage 

Inoculum concentration D. macrodidyma SL9 D. macrodidyma SL153 

0,25% 28,6 28,6 

0,5% 28,6 35,7 

1% 28,6 10 

2% 12,9 24,3 

4% 14,3 18,6 

 
 

 
 
Table 9. Reisolation percentages of Oomycete pathogens inoculated onto rooted 110 Richter 
plants kept in the glasshouse for 8 months. 
 
 Reisolation percentage 

Inoculum concentration P.irregulare SL217 P.irregulare STE-U 6752 P.niederhauserii 
STE-U 6791 

P.cinnamomi 
STE-U 7392 

0,25% 10 0 0 12,9 

0,5% 15,7 0 0 11,4 

1% 14,3 4,3 0,7 7,1 

2% 22,9 1,4 5 2,9 

4% 15,7 0,7 0 25 
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Figures 5 and 6 illustrate the shoot lengths measured at the end of the trial for the five different 
pathogen concentrations tested in comparison with the control. No or poor correlations were 
observed between soil inoculum concentrations (percentage) and shoot length (as an 
expression of disease severity). Therefore, no further analyses were done with collected 
rhizosphere soil samples. Reliable pathogen inoculation methods and concentrations causing 
disease first need to be determined. This will enable an optimal bioassay system in which the 
pathogen DNA concentration in the rhizosphere soil can be correlated with disease. 
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Figure 5. Mean shoot length of 110 Richter plants kept in the glasshouse for 8 months inoculated with Oomycete pathogens. Four pathogen 
inoculum concentrations were tested (0.25x, 0.5x, 1x, 2x, 4x v/v) as well as an uninoculated control. 
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Figure 6. Mean shoot length of rooted 110 Ricther plants kept in the glasshouse for 8 months 
inoculated with Dactylonectria macrodidyma isolates SL9 and SL153. Four pathogen inoculum 
concentrations were tested (0.25x, 0.5x, 1x, 2x, 4x v/v) as well as an uninoculated control. 
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Complete the following table 
 
  
Milestone Target Date Extension  

Date 
Date 
Completed Achievement 

1.1 Optimise DNA 
isolation protocol for 
different soil types 
present in grapevine 
nurseries. 

June 2013  August 
2013 

The Nucleospin soil kit proved 
to be the most effective 
extraction method resulting in 
higher quality DNA and more 
consistent qPCR amplification. 

1.2 To develop 
bioassays to correlate 
Cylindrocarpon, 
Phytophthora and 
Pythium species DNA 
concentration with 
disease severity. 

Start middle 
of 2014. 

May 2015 February 
2016 

The reduction in shoot length 
could not be correlated to 
inoculated pathogen 
concentration. The development 
of a bioassay was not 
successful. There was no time 
to repeat the trial. 

1.3 Determine the 
presence of 
Cylindrocarpon, 
Phytophthora and 
Pythium species in 
the roots of grapevine 
nursery plants with 
isolations. First 
season of sampling 
(2013). 

Take 
samples May 
2013. 
Complete 
identifications 
Dec 2013. 

June 2014 September 
2014 

Two Pythium spp, three 
Phytopythium spp. and one 
Phytophthora sp. was isolated 
from grapevine plants. Black 
foot pathogens included five 
Dactylonectria spp., Ilyonectria 
liriodendri, Campylocarpon 
fasciculare and Campylocarpon 
pseudofasciculare. 

1.4 Determine the 
quantity of DNA of 
Cylindrocarpon, 
Phytophthora and 
Pythium species in 
the roots, rhizosphere 
and bulk soil of 
grapevine nursery 
plants (2013 
sampling). 
 

Take 
samples May 
2013. 
Complete 
qPCRs Dec 
2013. 

May 2014 November 
2014 

Ilyonectria and Dactylonectria 
(new genera names for 
Cylindrocarpon), Pythium 
irregulare and Phytophthora 
species DNA were detected in 
all five nurseries.  

1.5 Determine the 
presence of 
Cylindrocarpon, 
Phytophthora and 
Pythium species in 
the roots of grapevine 
nursery plants with 
isolations from roots. 
Second season of 
sampling (2015). 

Take 
samples May 
2015. 
Complete 
identifications 
Dec 2015. 

 Completed 
December 
2015 

Crown and root rot pathogens 
isolated included four Pythium 
spp. and two Phytopythium spp. 
Black foot pathogens included 
six Dactylonectria spp., two 
Ilyonectria spp., Campylocarpon 
fasciculare and Campylocarpon 
pseudofasciculare. 

1.6 Determine the 
quantity of DNA of 
Cylindrocarpon, 
Phytophthora and 
Pythium species in 
the roots, rhizosphere 
and bulk soil of 
grapevine nursery 
plants (2015 

December 
2015 

October 2016 Completed 
December 
2016 

Ilyonectria and Dactylonectria 
(new genera names for 
Cylindrocarpon), Pythium 
irregulare and Phytophthora 
species DNA were detected in 
all five nurseries. 
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sampling). 
 
2.1 Determine the 
presence of 
Cylindrocarpon, 
Phytophthora and 
Pythium species in 
the roots of rotation 
crops and weeds in 
nurseries (2014).  

Take 
samples in 
August 2014. 
Complete 
identification 
October 
2014. 

May 2015 Completed 
December 
2015 

Two rotation crops, Triticale and 
forage radish harboured 
pathogens. A variety of weeds 
including corn spurry, rye grass, 
winter grass, Cape marigold 
and Johnson grass had 
pathogen infections. 
 

2.2 Quantify the DNA 
of Cylindrocarpon, 
Phytophthora and 
Pythium species in 
rhizosphere soil and 
bulk soil before the 
rotation crop is 
ploughed in or 
removed (2014). 
 

Take 
samples in 
August 2014. 
Complete 
qPCRs 
January 
2015. 

September 
2016 

November 
2016 

Ilyonectria and Dactylonectria 
(new genera names for 
Cylindrocarpon), Pythium 
irregulare and Phytophthora 
species DNA were detected in 
all five nurseries. 

5. Journal 
publication/s – final 
milestone 

Submit by 
December 
2017 

   

 
Accumulated outputs 
 
 
Langenhoven SD, Halleen F, Mostert L. 2013. Quantification of soil borne pathogens in 

grapevine nurseries – an update. SASEV/Winetech workshop, 13-15 November, 
Somerset West, South Africa. 

 
Langehoven SD, Halleen F, Mostert L. 2015. Detection and quantification of soilborne 

pathogens in grapevine nurseries. Poster presentation at the 49th Congress of the 
Southern African Society of Plant Pathology, 18-21 January 2015, Bloemfontein. 

 
Langenhoven SD, Halleen F, Mostert L. 2016. A survey of soilborne grapevine decline 

pathogens in nurseries. 38th SASEV Conference (23-25 August 2016, Somerset West). 
 
 
Two presentations were made at the Department of Plant Pathology as part of the postgraduate 
feedback seminars. 
 
 
Conclusions 
 
Black foot and crown and root rot pathogens were detected in all five nursery soils up to a depth 
of 60cm. Isolations from nursery vines confirmed the presence of pathogenic Dactylonectria, 
Ilynonectria and Campylocarpon species. Of the root and crown rot pathogens, Phytophthora 
niederhauserii was isolated once as well as five Pythium and three Phytopythium species. 
 
Triticale and forage radish harboured black foot and crown and root rot pathogens. Canola, 
white mustard and lupins did not have any of these pathogens. A variety of weeds including 
corn spurry, rye grass, winter grass, Cape marigold and Johnson grass had pathogen 
infections. The influence of the rotation crop on the level of pathogen DNA in the soil was 
difficult to determine since an increase in pathogen DNA in the soil was observed over the 
three-year period investigated.  The effect of Brassica crops should be further investigated since 
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their biofumigation efficacy has been shown towards black foot pathogens. In terms of the 
choice of rotation crop a general recommendation can be made for the use of canola, white 
mustard or lupins, since no pathogens were isolated from these crops. 
 
Vines can get infected with black foot and crown and root rot pathogens in the nursery (in one 
nursery the grapevines did not have any infections). Proactive measures need to be taken to 
ensure that nursery vines are planted well since latent infections could be problematic if young 
vines experience stress.  
 
Soil not cultivated with grapevine nursery plants for a long period of time as well as a three-year 
rotation system were both characteristics of the nursery with the lowest pathogen DNA detected 
in the soil and vines with the least pathogen infection. 
 
Since nursery vines get infected from BFD and CCR pathogens present in nursery soils, the 
most viable solution is hot water treatment of nursery vines. 
 
 
 
 
Technology development, products and patents 
 
A protocol was developed for DNA extraction from soil and the use of qPCR detection tools for 
the identification of Dactylonectria/Ilyonectria, Phytophthora and Pythium irregulare DNA in 
grapevine vineyard soils. The developed protocol can be further used by diagnostic laboratories 
for the screening of soil samples for the presence of these pathogens in the soil.  
 
 
 
Suggestions for technology transfer 
 
The diagnostic laboratories at the Infruitec Agricultural Research Council and Disease Clinic at 
Stellenbosch University both have access to a Rotorgene qPCR machine. These laboratories 
can extend their current service to the industry by testing soils for the presence of black foot and 
crown and root rot pathogens. This service would provide a special advantage to producers that 
want to plant in virgin soils and to test status of it beforehand. 
 
Knowledge regarding the occurrence of black foot and crown and root rot pathogens on rotation 
crops and weeds need to be communicated to the nursery industry through a popular 
publication. 
 
 
 
Human resources development/training 
 

Student level (BSc, MSc, PhD, Post doc) Cost to Project 

One Honors student (graduated Dec 2013) R65 000 

One MSc student (to graduate Dec 2017) R205 000 
One Postdoctoral fellow (aided in primer 
development) No cost, was funded by NRF/DST 
 
 
Publications (popular, press releases, semi-scientific, scientific) 
 
Langenhoven SD, Halleen F, Spies CFJ, Stempien E, Mostert L. 2018. Detection and 
quantification of black foot and crown and root rot pathogens in grapevine nursery soils in the 
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Western Cape of South Africa. Phythopathologia Mediterranea 57: 519-537. DOI: 
10.14601/Phytopathol_Mediterr-23921 
 
Langenhoven SD, Spies CFJ, Halleen F, Mostert L. Phytopythium paucipapillatum sp. nov. 
isolated from nursery grapevines in South Africa. Article in preparation. Submitted to 
Mycological Progress. 
 
Langenhoven SD, Halleen F, Spies CFJ, Stempien E, Mostert L. 2018. Detection and 
quantification of soilborne pathogens in grapevine nurseries. SATI Technical bulletin August, 
pp. 19-20.  
 
A popular publication for the Winelands is underway. 
 
 
Presentations/papers delivered 
 
 
Langenhoven SD, Halleen F, Mostert L. 2013. Quantification of soil borne pathogens in 

grapevine nurseries – an update. SASEV/Winetech workshop, 13-15 November, 
Somerset West, South Africa. 

 
Langehoven SD, Halleen F, Mostert L. 2015. Detection and quantification of soilborne 

pathogens in grapevine nurseries. Poster presentation at the 49th Congress of the 
Southern African Society of Plant Pathology, 18-21 January 2015, Bloemfontein. 

 
Langenhoven SD, Halleen F, Mostert L. 2016. A survey of soilborne grapevine decline 

pathogens in nurseries. 38th SASEV Conference (23-25 August 2016, Somerset West). 
 
Langenhoven SD, Halleen F, Mostert L. 2017. Detection and quantification of black foot 

pathogens in grapevine nursery soil, rotation crops and weeds in South Africa. 10th 
International Grapevine Trunk Disease Workshop, 4-7 July, Reims, France. 

 
 
 
 
 
 
Total cost summary of the project 
 
 

TOTAL 
COST IN 

REAL 
TERMS 

COST 
 

CFPA DFTS Deciduous SATI Winetech THRIP TOTAL 

YEAR 1  
 

   
 108 225 108 225 216 450 

YEAR 2  
 

   
115 800 116 430 108 852 341 082 

YEAR 3  
 

   
124 580 

 
124 580 

 
124 580 

 
373 740 

 

YEAR 4  
 

   125 660      17 500  143 160 

YEAR 5  
 

       

TOTAL  
 

      1 074 432 
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ADDENDUM A 
 
Table 1. Ilyonectria and Dactylonectria mean DNA concentrations in grapevine soil at 0-30 cm depth for the years 
2013 (grapevines), 2014 (rotation crop and weeds) and 2015 (grapevines with the exception of Nursery E with 
weeds). 

1 Mean of two biological repeat soil samples and two technical qPCR repeats. 
2 Standard deviation calculated from means of the 10 sites.  
 

 Mean DNA concentration (pg.ul-1) 

Site Nursery A Nursery B Nursery C Nursery D Nursery E 

2013 

1 5.261 0.39 0.6 0.12 0.07 

2 15.32 0.41 0.94 0.04 0.3 

3 1.59 0.35 2.78 0.04 0.05 

4 0.00 0.65 1.57 0.09 0.13 

5 37.14 0.28 0.6 0.64 0.04 

6 0.62 0.19 0.36 3.02 0.5 

7 0.80 0.09 1.18 0.88 0.37 

8 9.75 0.16 0.66 0.33 1.43 

9 0.67 0.49 0.44 0.19 0.05 

10 0.85 0.70 0.65 0.36 0.06 

Mean 7.20 a ± 11.662 0.37 b ± 0.20 0.98 b ± 0.73 0.57 b ± 0.90 0.30 b ± 0.28 

2014 

1 5.99 0.64 1.81 0.5 0.35 

2 4.22 0.53 2.05 0.54 0.32 

3 4.8 0.38 4.27 0.43 0.1 

4 7.14 0.47 3.79 1.22 0.53 

5 12.65 0.39 17.24 1 0.12 

6 7.04 0.63 11.39 0.61 0.08 

7 7.73 0.4 3.22 2.15 0.24 

8 6.08 1.26 8.82 0.06 0.25 

9 3.28 0.95 11.02 0.42 0.39 

10 4.88 1.32 21.11 1.11 0.74 

Mean 6.38 a ± 2.61 0.70 b ± 0.36 8.47 a ± 6.70 0.80 b ± 0.59 0.31 b ± 0.21 

2015 

1 7.67 3.38 4.82 6.36 0.18 

2 11.5 5.15 4.85 4.28 0.34 

3 21.53 17.59 4.95 3.14 0.13 

4 8.75 4.94 10.69 6.6 0.27 

5 4.6 3.17 5.63 5.31 0.12 

6 20.99 3.89 8.11 5.69 0.27 

7 21.02 5.14 6.77 3.76 0.09 

8 11.92 3.54 5.37 8.76 0.13 

9 8.02 3.39 3.74 15.71 0.78 

10 6.71 3.95 4.91 4.7 0.73 

Mean 12.27 a ± 6.50 5.41 b ± 4.34 5.98 b ± 2.05 6.43 b ± 3.64 0.30 c ± 0.25 
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Table 2. Ilyonectria and Dactylonectria mean DNA concentrations in grapevine soil at 30-60 cm depth for the years 
2013 (grapevines), 2014 (rotation crop and weeds) and 2015 (grapevines with the exception of Nursery E with 
weeds). 

1Mean of two biological repeat soil samples and two technical qPCR repeats. 
2 Standard deviation calculated from means of the 10 sites. 
 
 
 
 
 

Mean DNA concentration (pg.ul-1) 

Site Nursery A Nursery B Nursery C Nursery D Nursery E 

2013 

1 8.011 0.18 1.04 0.04 0.48 

2 0.39 0.37 0.58 0.18 0.42 

3 0.3 0.74 1.46 0.09 0.06 

4 0.43 0.24 0.58 0.27 0.2 

5 1.54 0.13 1.14 0.22 0.06 

6 1.66 0.54 0.27 0.12 0.41 

7 1.82 0.29 1.12 1.04 0.05 

8 3.44 0.35 0.93 0.37 0.64 

9 1.07 0.12 0.18 0.08 1.51 

10 0.65 0.2 0.42 0.3 0.08 

Mean 1.93 a ± 2.342 0.32 bc ± 0.20 0.77 b ± 0.43 0.27 c ± 0.29 0.39 bc ± 0.45 

2014 

1 3.84 0.35 0.9 0.31 0.3 

2 2.66 0.53 1.01 0.45 0.34 

3 2.27 0.16 6.45 0.28 0.04 

4 6.18 0.3 1.78 0.6 0.26 

5 6.01 0.37 4.69 0.34 0.3 

6 3.7 0.13 1.7 0.72 0.11 

7 4.25 0.19 2.4 1.12 0.12 

8 2.02 0.21 1.5 0.05 0.23 

9 6.75 0.49 5.66 0.13 0.15 

10 2.99 0.63 3.99 0.21 0.27 

Mean 4.07 a ± 1.71 0.34 c ± 0.17 3.01 b ± 2.03 0.42 c ± 0.32 0.21 c ± 0.10 

2015 

1 7.37 11.49 7.41 15.55 0.16 

2 15.18 3.45 5.64 1.62 0.25 

3 23.1 13.46 7.76 3.18 0.12 

4 26.76 5.67 7.85 5.99 0.16 

5 23.23 5.45 8.55 3.12 0.15 

6 0 5.79 6.69 9.63 0.14 

7 12.13 3.94 7.9 11.73 0.1 

8 11.73 13.33 3.22 3.17 0.05 

9 6.53 9.09 7.07 27.25 1.29 

10 4.4 13.5 3.24 11.17 0.64 

Mean5 13.04 a ± 8.94 8.52 a ± 4.13 6.53 a ± 1.91 9.24 a ± 7.85 0.31 b ± 0.38 
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Table 3. Pythium irregulare mean DNA concentrations in grapevine soil at 0-30 cm depth for the years 2013 
(grapevines), 2014 (rotation crop and weeds) and 2015 (grapevines with the exception of Nursery E with weeds). 

1Mean of two biological repeat soil samples and two technical qPCR repeats. 
2 Standard deviation calculated from means of the 10 sites. 
 
 
 

Mean DNA concentration (pg.ul-1) 

Site Nursery A Nursery B Nursery C Nursery D Nursery E 

2013 

1 0.141 0.05 0.18 0.14 0.61 

2 0.3 0 0.45 0 0.05 

3 0 0 0.19 0.03 0.04 

4 0 0.04 0.1 0.17 0.05 

5 0 0 0.16 0.14 0.03 

6 0 0 0.03 0.07 0.07 

7 0.14 0 0.12 0.15 0.04 

8 0 0 0.13 0.11 0.04 

9 0.15 0 0.02 0 0.09 

10 0.19 0.01 0.59 0 0.08 

Mean 0.09 ab ± 0.112 0.01 b ± 0.02 0.20 a ± 0.18 0.08 b ± 0.07  0.11 ab ± 0.18 

2014 

1 0.02 0.13 0.02 0.04 0.06 

2 0.01 0.1 0.05 0 0.24 

3 0.01 0.06 0.02 0.06 0.01 

4 0.15 0.1 0.01 0.03 0.06 

5 0.03 0.06 0.01 0.02 0.01 

6 0.01 0.57 0.01 0.09 0.03 

7 0.03 0.11 0.01 0.04 0.02 

8 0.31 0.11 0 0.01 0.05 

9 0.05 0.23 0.04 0.01 0.09 

10 0.03 0.01 0.03 0.02 0.19 

Mean 0.07 b ± 0.10 0.15 a ± 0.16 0.02 b ± 0.02 0.03 b ± 0.03 0.08 ab ± 0.08 

2015 

1 0.81 1.28 0.42 0.27 0.08 

2 0.56 0.32 0.37 1.06 0.15 

3 1.62 1.2 0.35 0.1 0.07 

4 0.43 0.34 0.57 0.2 0.18 

5 0.74 0.22 0.55 1.02 0.02 

6 1.07 0.47 0.15 0.19 0.06 

7 0.84 0.26 0.5 1.25 0.07 

8 0.99 0.07 0.11 0.09 0.1 

9 2.2 0.24 0.11 2.33 0.11 

10 0.98 0.04 0.05 0.14 0.03 

Mean 1.02 a ± 0.52 0.44 b ± 0.44 0.32 bc ± 0.20 0.67 b ± 0.74 0.09 c ± 0.05 
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Table. 8. Pythium irregulare mean DNA concentrations in grapevine soil at 30-60 cm depth for the years 2013 
(grapevines), 2014 (rotation crop and weeds) and 2015 (grapevines with the exception of Nursery E with weeds). 

1Mean of two biological repeat soil samples and two technical qPCR repeats. 
2 Standard deviation calculated from means of the 10 sites. 
 
 
 

Mean DNA concentration (pg.ul-1) 

Site Nursery A Nursery B Nursery C Nursery D Nursery E 

2013 

1 0.151 0 0.3 0.03 0.01 

2 0 0 0.88 0.06 0.16 

3 0 0 0.27 0.01 0.01 

4 0.06 0.01 0.14 0.26 0.1 

5 0.06 0 0.11 0.12 0.06 

6 0 0 0.07 0.04 0.03 

7 0.02 0 0.17 0 0.01 

8 0.06 0 0.15 0.23 0.03 

9 0.18 0 0.17 0.01 0.16 

10 0.04 0 0.21 0.03 0 

Mean2 0.06 b ± 0.063 0.001 b ± 0.0032 0.25 a ± 0.23 0.08 b ± 0.09 0.06 b ± 0.06 

2014 

1 0.07 0.01 0.01 0.06 0.06 

2 0.01 0.14 0.02 0.01 0.15 

3 0.01 0.06 0.02 0.16 0.01 

4 0.06 0.03 0.01 0.01 0.03 

5 0.02 0.12 0.02 0.04 0.07 

6 0.01 0 0.08 0.13 0.02 

7 0.01 0.12 0.02 0.02 0.01 

8 0.01 0.03 0 0.02 0.02 

9 0.05 0.01 0.08 0.05 0.05 

10 0.03 0.06 0.04 0.04 0.11 

Mean4 0.03 a ± 0.02 0.058 a ± 0.05 0.03 a ± 0.03 0.05 a ± 0.05 0.05 a ± 0.05 

2015 

1 0.15 1.83 1 1.54 0.06 

2 1.51 0.19 0.61 0.18 0.04 

3 3.77 0.87 0.89 0.34 0.08 

4 1.58 0.4 0.82 0.09 0.12 

5 0.8 0.71 0.78 0.27 0.04 

6 0 0.18 0.12 1 0.01 

7 0.13 0.31 0.54 2.4 0.03 

8 0.57 0.21 0.1 0.06 0.02 

9 0.42 1 0.28 3.76 0.02 

10 0.29 1.17 0.09 0.36 0.08 

Mean5 0.92 a3 ± 1.14 0.687 a ± 0.54 0.52 a ± 0.35 1.00 a ±1.23 0.05 b ± 0.03 
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Table 9. Phytophthora mean DNA concentrations in grapevine soil at 0-30 cm depth for the years 2013 (grapevines), 
2014 (rotation crop and weeds) and 2015 (grapevines with the exception of Nursery E with weeds). 

1Mean of two biological repeat soil samples and two technical qPCR repeats. 
2 Standard deviation calculated from means of the 10 sites 
 
 
 
 
 

Mean DNA concentration (pg.ul-1) 

Site Nursery A Nursery B Nursery C Nursery D Nursery E 

2013 

1 0.21 0.16 0.09 0.19 0.01 

2 0.04 0.17 0.28 0.01 0.05 

3 0.05 0.12 0.07 0.07 0.02 

4 0 0.12 0.05 0.1 0.05 

5 0.01 0.13 0.04 0.1 0.01 

6 0 0.05 0.02 0.2 0.11 

7 0.1 0.04 0.09 0.23 0.05 

8 0.01 0.2 0.09 0.22 0.07 

9 0.29 0.01 0.06 0.24 0.02 

10 0.32 0.03 0.13 0.29 0.02 

Mean 0.10 ab ± 0.122 0.10 ab ± 0.07 0.09 ab ± 0.07 0.17 a ± 0.09 0.04 b ± 0.03 

2014 

1 1.41 1.88 1.34 2.5 0.28 

2 1.82 2.32 2.19 1.34 0.42 

3 1.48 1.53 6.03 0.9 0.11 

4 1.25 1.11 1.41 1.91 0.11 

5 1.25 1.55 3.14 1.1 0.16 

6 1.85 4.83 1.73 1.75 0.04 

7 3.74 1.77 1.92 1.01 0.14 

8 2.76 6 9.15 0.25 0.08 

9 0.55 7.04 0.59 0.07 0.19 

10 0.79 1.34 1.06 0.06 0.36 

Mean 1.69 ab ± 0.94 2.94 a ± 2.17 2.86 a ± 2.69 1.09 b ± 0.82 0.19 c ± 0.13 

2015 

1 11.02 2.38 6.1 2.91 2.63 

2 17.87 2.95 16.6 3.58 2.83 

3 24.75 8.42 5.83 2.27 1.59 

4 9.85 3.11 10.17 2.04 3.49 

5 20.34 2.38 6.18 1.51 0.57 

6 6.27 3.66 9.15 4.29 3.81 

7 5.15 5.26 5.14 3.73 1.52 

8 12.02 2.75 3.1 6.5 12.56 

9 33.48 12.37 4.83 5.82 0.83 

10 18.58 14.97 3.35 3.3 1.11 

Mean 15.93 a ± 8.83 5.83 bc ± 4.56 7.05 b ± 4.03 3.60 cd ± 1.60 3.09 d ± 3.51 
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Table 10. Phytophthora mean DNA concentrations in grapevine soil at 30-60 cm depth for the years 2013 
(grapevines), 2014 (rotation crop and weeds) and 2015 (grapevines with the exception of Nursery E with weeds). 

1Mean of two biological repeat soil samples and two technical qPCR repeats. 
2  Standard deviation calculated from means of the 10 sites. 
 
 

Mean DNA concentration (pg.ul-1) 

Site Nursery A Nursery B Nursery C Nursery D Nursery E 

2013 

1 0.071 0.09 0.31 0.09 0.02 

2 0.01 0.25 0.16 0.09 0.04 

3 0.07 0.72 0.14 0.16 0.02 

4 0.09 0.3 0.15 0.22 0.09 

5 0.22 0.03 0.11 0.11 0.07 

6 0 0.29 0.12 0.14 0.01 

7 0.16 0.27 0.23 0.26 0.03 

8 0.1 0.27 0.29 0.07 0.02 

9 0.38 0.07 0.09 0.05 0.03 

10 0.11 0.16 0.19 0.41 0 

Mean 0.12 bc ± 0.112 0.25 a ± 0.19 0.18 ab ± 0.08 0.16 ab ± 0.11 0.03 c ± 0.03 

2014 

1 1.09 1.19 0.99 1.74 0.08 

2 1.99 3.29 1.13 0.91 0.46 

3 1.58 1.64 5.46 2.93 0.09 

4 1.82 3.88 2.19 0.64 0.12 

5 1.43 5.07 3.44 0.39 0.31 

6 1.1 1.02 3.29 3.25 0.1 

7 1.84 3.12 1.75 1.36 0.05 

8 1.84 1.89 1.34 0.11 0.1 

9 0.82 2.91 2.88 0.11 0.07 

10 0.48 1.99 0.46 0.06 0.22 

Mean 1.40 bc ± 0.51 2.60 a ± 1.29 2.29 ab ± 1.50 1.15 c ± 1.17 0.16 d ± 0.13 

2015 

1 5.88 3.54 7.3 2.67 1.18 

2 6.1 1.94 7.57 1.4 1.54 

3 17.97 11.49 18.13 1.45 0.97 

4 11.54 2.18 8.86 2.3 3.47 

5 6.95 3.03 5.76 2.2 24.2 

6 0.01 2.54 15.9 3.8 5.07 

7 7.3 3.17 17.19 3.03 0.92 

8 5.15 4.78 10.59 2.25 0.4 

9 19.33 16.81 3.54 3.5 1.99 

10 29.53 23.13 9.36 4.97 0.67 

Mean 10.98 a ± 8.80 7.26 ab ± 7.39 10.42 a ± 5.01 2.76 bc ± 1.10 4.04 c ± 7.23 
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