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Soilborne diseases of grapevines present a complex problem with limited epidemiological
and management information available, both locally and internationally. Previous research in
South Africa indicated that Phytophthora and Pythium spp. were the most widespread and
devastating pathogens in grapevine nurseries and vineyards in the Western Cape province.
The local grapevine industry is currently expanding; new cultivars, methods of cultivation and
agricultural chemicals are being used which can affect soilborne pathogens. It has therefore
become necessary to re-assess the status of soilborne pathogens in nurseries, since
information in this regard is crucial for the development of disease management practices for
the expanding grapevine industry.

Soilborne fungal genera associated with roots and crowns of declining nursery grapevines
were assessed in surveys conducted at three grapevine nurseries in the Western Cape
province. Cylindrocarpon, Fusarium, Pythium, and Rhizoctonia spp. were consistently
isolated from roots and crowns of declining nursery grapevines. Cylindrocladiella spp. and
Phytophthora cinnamomi were infrequently isolated from diseased roots, crowns and soil
whereas Pythium spp. were abundant in most of the soils. Results therefore suggest that the
status of soilborne fungal pathogens in grapevine nurseries in the Western Cape province
has changed over the last 30 years.

The DNA phylogeny and pathogenicity of the isolates of Cylindrocladiella were determined.
Four species of Cylindrocladiella occur on grapevines in South Africa, namely C.
lageniformis, C. parva, C. peruviana, as well as a new species, described in this study as C.
viticola, which forms part of the C. infestans species complex. Pathogenicity trials were
inconclusive.

Ten Fusarium spp. were isolated from roots and crowns of declining nursery grapevines,
namely F. acuminatum, F. anthophilum, F. chlamydosporum, F. equiseti, F. nygamai, F.
oxysporum, F. proliferatum, F. scirpi, F. semitectum and F. solani. The dominant species
was F. oxysporum, followed by F. proliferatum and F. solani. On average, none of the three
Fusarium species was able to cause a significant decrease in root volume or dry root mass,
although isolates within species differed in their relative ability to cause a reduction in root
volume and dry root mass. The latter aspect might be indicative of a race-effect and should
be studied further. The two rootstocks, 101-14 Mgt and 99 Richter, used in this study also
differed with regard to susceptibility to the Fusarium spp. tested. This is the first report of the
pathogenicity of F. oxysporum, F. proliferatum and F. solani on grapevines in South Africa,
and the first report of the pathogenicity of F. proliferatum of grapevines in the world.

Phytophthora cinnamomi was isolated at low frequencies from declining grapevines,
although present in the rhizosphere soil. It was hypothesised that the extensive use of
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downy mildew chemicals (especially the phosphonate products) in grapevine nurseries may
protect grapevines from infection by P. cinnamomi. The effect of chemicals used to combat
downy mildew on Phytophthora root rot of nursery grapevines was evaluated in a
glasshouse. There was very little discernable effect of the chemicals tested relative to the
control plants for the parameters measured, nor for the inoculated treatments. It was
concluded that the inoculation technique needed refinement. However, plants treated with
phosphorous acid tended to be taller and had more leaves and root volume than controls or
plants treated with the other chemicals. The data obtained in this study are not conclusive,
but indicated certain trends that more glasshouse trials and field trials would resolve.

Results presented here indicate that a major shift has occurred in the status of soilborne
fungi associated with roots and crowns of grapevines in nurseries in the Western Cape since
the 1970s when Phytophthora and Pythium were predominant. The prevalence and role of
soilborne fungi need to be determined so that new appropriate disease management
strategies can be developed to limit losses in grapevine nurseries and ensure the sustainable
production of healthy plants for the grapevine industry.



Final report 4

FINAL REPORT
(Relevant publications may replace the final report)

1. Problem identification and objectives
State the problem being addressed and the ultimate aim of the project.

Soilborne diseases represent a complex problem that is largely underestimated, and can
have devastating consequences for commercial nurseries and farms. With the current
expansion in the local grapevine industry, there is an increase in demand for high quality,
disease-free vines. Recent observations from diagnostic analyses of nursery and field
grapevines have shown that the soilborne pathogen status in nursery and vineyard soils
might have changed from that reported by previous studies (Marais, 1980). This project aims
at investigating the situation regarding soilborne diseases of nursery grapevines in the
Western Cape Province, and identifying soilborne fungal pathogens of grapevines. Results
from this study can be used to develop a soilborne disease management program for
grapevine nurseries, thereby contributing to secure the development of the grapevine
industry in South Africa. The study is comprised of four main objectives:

OBJECTIVES

1. Determining the fungal genera associated with roots and crowns of diseased nursery
grapevines in the Western Cape province.

2. The characterisation and pathogenicity of Cylindrocladiella spp. associated with root
and cutting rot symptoms of grapevines in nurseries.

3. The identification and pathogenicity of Fusarium species associated with nursery
grapevines in the Western Cape province.

4. The effect of chemicals registered against downy mildew of grapevines on the
infection of nursery grapevines by Phytophthora cinnamomi.

WORKPLAN FOR OBJECTIVES

1. Determining the fungal genera associated with roots and crowns of diseased
nursery grapevines in the Western Cape province.

This objective was completed. The complete workplan is presented in Appendix A.

2. The characterisation and pathogenicity of Cylindrocladiella spp. associated
with root and cutting rot symptoms of grapevines in nurseries.

This objective was completed. See also Objective 6 of Objectives 2003/2004. The complete
workplan is presented in Appendix B.

3. The identification and pathogenicity of Fusarium species associated with
nursery grapevines in the Western Cape province.

This objective was completed. See also Objectives 5 & 7 of Objectives 2003/2004. The
complete workplan is presented in Appendix C.

4. The effect of chemicals registered against downy mildew of grapevines on the
infection of nursery grapevines by Phytophthora cinnamomi.

This objective was completed. See Progress Report 2002/2003. The complete workplan is
presented in Appendix D.

WORKPLAN FOR OBJECTIVES 2003/2004

5. Pathogenicity of Fusarium species associated with roots of nursery grapevines
(Repeat experiment; Sept. - Dec 2003).

This objective was completed. See Results and discussion.
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6. Morphological characterisation of Cylindrocladiella spp. (Jan - May 2004).

This objective was completed. See Results and discussion.

7. Molecular and morphological characterisation of Fusarium proliferation (Nov
2003 - May 2004).

It was decided that more useful information for the grapevine industry would be gained by
repeating the extensive Fusarium pathogenicity trial, than from molecular and morphological
characterisation of the F. proliferatum isolates, which needs to be addressed in a separate
project. The Fusarium pathogenicity trial was repeated (Objective 5).

Results and discussion
State results obtained and list any benefits to the industry. Include a short discussion if applicable to your results.
This final discussion must cover ALL accumulated results from the start of the project, but please limit it to essential
information.

1. Determining the fungal genera associated with roots and crowns of diseased
nursery grapevines in the Western Cape province.

Results and discussion are presented in Appendix A.

2. The characterisation and pathogenicity of Cylindrocladiella spp. associated
with root and cutting rot symptoms of grapevines in nurseries.

Results and discussion are presented in Appendix B.

3. The identification and pathogenicity of Fusarium species associated with
nursery grapevines in the Western Cape province.

Results and discussion are presented in Appendix C.

4. The effect of chemicals registered against downy mildew of grapevines on the
infection of nursery grapevines by Phytophthora cinnamomi.

Results and discussion are presented in Appendix D.

4. Accumulated outputs
List ALL the outputs from the start of the project.
The year of each output must also be indicated.

Technology developed
New pathogenic and potentially pathogenic soil fungi were isolated and characterised.
Knowledge attained regarding these and other known grapevine root pathogens provides a
better understanding of the soil pathology in grapevine nurseries. This knowledge, in turn,
will provide a platform for future studies toward an integrated soil management programme
aiming at minimising root diseases and subsequent replant shock, thereby maximising take
percentages in nurseries and in newly established vineyards.

Human resources developed/trained
One M.Sc.Agric. student, Gert van Coller - The following techniques have been used: PCR,
DNA sequence comparisons, phylogenetic analyses, fungal morphological analyses of fungi
and pathogenicity testing, as well as several aspects regarding soil pathology.

Patents
None.

Publications (popular, press releases, semi-scientific, scientific)
Van Coller, G.J., Denman, S., Groenewald, J.Z., Lamprecht, S.C. & Crous, P.W.
2005. Characterisation and pathogenicity of Cylindrocladiella spp. associated with root and
cutting rot symptoms of grapevines in nurseries. Australasian Plant Pathology (In press).

Van Coller, G.J., Denman, S., Lamprecht, S.C. & Crous, P.W. Fungal genera associated
with roots and crowns of diseased nursery grapevines in the Western Cape province. To be
submitted to Australasian Plant Pathology.
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Van Coller, G.J., Denman, S., Lamprecht, S.C. & Crous, P.W. Identification and
pathogenicity of Fusarium species associated with nursery grapevines in the Western Cape
province. To be submitted to European Journal of Plant Pathology.

Van Coller, G.J., Denman, S., Lamprecht, S.C. & Crous, P.W. A new perspective on
soilborne diseases of grapevines in nurseries. Submitted to Winelands.

Presentations/papers delivered

Poster presentations

Van Coller, G.J., Denman, S. & Crous, P.W. (2002). Results of a preliminary assessment of
soilborne fungi associated with nursery grapevines in the Western Cape Province. (40th
congress of the SA Society of Plant Pathology, Dikhololo, Brits, South Africa).

Van Coller, G.J., Denman, S. & Crous, P.W. (2002). Soilborne fungal pathogens associated
with declined nursery grapevines in the Western Cape. (26th annual SASEV Congress held
at the Lord Charles hotel, Somerset-West).

Van Coller, G.J., Denman, S., Crous, P.W. & Lamprecht, S.C. (2004) A re-assessment of
soilborne fungi associated with roots and crowns of nursery grapevines in the Western Cape
province. (42nd congress of the SA Society of Plant Pathology, Cathederal Peak resort,
South Africa).

Oral presentations

Van Coller, G.J., Denman, S., Crous, P.W. & Fourie, P.H. (2002) The effect of downy mildew
chemicals on Phytophthora cinnamomi infection of nursery grapevines. (41st congress of the
SA Society of Plant Pathology, Bains Game Lodge, Bloemfontein, South Africa).

Van Coller, G.J., Denman, S., Crous, P.W. & Lamprecht, S.C. (2003) A new perspective on
soilborne diseases of grapevines in nurseries. (27th congress of the South African Society
for Enology and Viticulture, Lord Charles hotel, Somerset-West).

Van Coller, G.J., Lamprecht, S.C, Denman, S. & Crous, P.W. (2004) Fusarium spp.
associated with roots and crowns of nursery grapevines in the Western Cape province. (42nd
congress of the SA Society of Plant Pathology, Cathederal Peak resort, South Africa).
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4. Total cost summary of project

Total cost in real terms for year 1

Total cost in real terms for year 2

Total cost in real terms for year 3

Total cost in real terms for year 4

Total cost in real terms for year 5

Year

2001

2002

2003

2004

TOTAL

CFPA DFPT DFTS Winetech

45 000

70 000

70 000

35 000

220 000

THRIP

0

0

0

0

0

Other

30 000

30 000

60 000

38 000

158 000

TOTAL

75 000

100 000

130 000

73 000

378 000
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Fungal genera associated with roots and crowns of diseased nursery grapevines

in the Western Cape province
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DCentraalbureau voor Scimmelcultures, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands.

EARC-PPRI, Private Bag X5017, Stellenbosch 7602, South Africa.

Corresponding author; email: GertvC@elsenburg.com

Abstract. Previous research conducted on soilborne diseases of nursery grapevines in the

Western Cape province of South Africa demonstrated that Phytophthora cinnamomi was the most

important fungal pathogen of nursery grapevines. In this study a re-assessment regarding the status

of soilborne fungal pathogens associated with diseased grapevines in nurseries was carried out.

Declining nursery grapevines representing different rootstock/scion combinations and rhizosphere

soil samples were collected from three commercial nurseries between February and April 2001

(survey one), November and December 2001 (survey two), and March and April 2002 (survey

three). Isolations were made from diseased root and crown tissue, and the effect of surface

disinfestation of diseased material on the incidence of fungal genera evaluated. Qualitative and

quantitative assessments of pythiaceous fungi in the soil were also made. Cylindrocarpon,

Fusarium, Pythium, and Rhizoctonia spp. were consistently isolated from roots and crowns.
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Surface disinfestation significantly affected the frequency of isolation of Cylindrocarpon, Fusarium

and Rhizoctonia. A higher incidence of Rhizoctonia in crown tissue was found during summer,

than in autumn, conversely a higher incidence of Fusarium occurred during autumn. Phytophthora

cinnamomi was infrequently isolated from diseased roots, crowns and soil. Pythium spp. were

abundant in most of the soil samples. These results suggest that the composition of soilborne fungal

pathogens in grapevine nurseries in the Western Cape province has changed considerably over the

last 30 years.

Additional keywords: Rootstock, soilborne pathogen, surface disinfestation

Introduction

The grapevine industry in the Western Cape province of South Africa is supplied with

planting material by nurseries where the vines are grafted and cultivated in field nurseries for a full

growing season. Thereafter it is uprooted and sold to farmers in different production areas (J.

Wiese, Voor-Groenberg nurseries, Wellington, South Africa, pers. comm.). Various constraints

hamper the sustainable production of nursery grapevines for the grapevine industry, of which

soilborne diseases are one of the main causes (Marais 1980; Keyser and Ferreira 1988).

In South Africa, black foot, Dematophora root rot, Phytophthora root and crown rot,

Pythium root rot, Rhizoctonia root rot, as well as girdling and death of nursery grapevines caused

by Sclerotium rolfsii are regarded as important soilborne diseases of grapevines in nurseries (Marais

1980, 1981; Keyser and Ferreira 1988; Fourie et al. 2000; Fourie and Halleen 2001; Halleen et al.

2003).

Major research regarding the status of soilborne fungal pathogens associated with declining

nursery grapevines in the Western Cape province of South Africa was conducted in the 1970s

(Marais 1980). Since then, not much work has been done in this field, while the local grapevine

industry has expanded considerably and cultivation and disease management strategies have
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changed. It has therefore become necessary to re-evaluate the status of potential soilborne

pathogens in grapevine nurseries.

The aims of this study was therefore to determine the incidence of potential soilborne fungal

pathogens occurring in the most popular rootstock cultivars, over various sampling times, in

different grapevine nurseries. Surface disinfestation of rotted feeder roots may kill pathogens

residing in these roots, as well as in watery crown lesions, but not much is known in this regard.

Therefore the effect of surface disinfestation on the incidence of soilborne pathogens was addressed

in this study. Qualitative and quantitative assessments of pythiaceous fungi residing in rhizosphere

soil was also conducted.

Methods

Surveys

Three surveys were conducted at three grapevine nurseries in the Wellington production

area of the Western Cape province. Survey one was conducted between February and April 2001,

survey two between November and December 2001, and survey three from March to April 2002.

During the first and third surveys, grapevines were collected 5 - 7 months after planting, and during

the second survey, grapevines were collected 1-2 months after planting. Grapevines exhibiting

symptoms of decline, e.g. chlorotic leaves, stunted growth and dieback were sampled. Plants were

carefully uprooted and placed in polythene bags, which were put in a cool box and brought to the

laboratory. Rhizosphere soil from around each plant was also collected. The number of plants of

each rootstock, with a rhizosphere soil sample, collected during every survey at each nursery is

given in Table 1.

Isolations from plants

All plants were washed in tap water to remove soil adhering to the roots. The roots of half

of the plants were surface disinfested by dipping into commercial bleach containing 1% sodium
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hypochlorite for 1 min, followed by 30 s in 70% ethanol and then washing in water. Roots of the

remaining plants were washed with tap water only. Diseased segments from roots and crowns were

plated onto various media. In the first survey Phytophthora selective medium (PH) (Solel and

Pinkas 1982); Pythium selective medium (P) (P=PH without hymexazol); potato dextrose agar

(PDA) (Biolab Diagnostics; Midrand, South Africa); water agar (WA+S) (Agar Bacteriological,

Biolab Diagnostics, Midrand, South Africa) containing 0.04g/L streptomycin sulphate, unamended

WA, and Fusarium oxysporum selective medium (Komada's medium) (Komada 1975) were used.

For surveys two and three, the same culturing media were used, except WA+S was left out, and

Komada's medium was replaced with selective Fusarium agar (Tio et al. 1977) to isolate a wider

range of Fusarium spp. During the first survey, three pieces each of root and crown tissue were

plated from each plant. During surveys two and three, only two pieces of root tissue and one piece

of crown tissue was plated. The fungal colonies that developed were transferred to divided plates

containing PDA in one half of the plate and carnation leaf agar (CLA) (Fisher et al. 1982) in the

other half. The plates were incubated under near-ultraviolet and cool white lights with a 12-hour

photoperiod for 3 weeks. Pure cultures were identified to generic level using the keys of Barnett

and Hunter (1999).

Parameters measured

The incidences of the different fungal genera isolated from crowns and roots were

determined by calculating the number of tissue pieces yielding the fungal genera out of the total

number of tissue pieces plated (percentages).

Soil assessments

Qualitative assessment for pythiaceous fungi: soil baiting

The qualitative assessment method devised by Pegg (1977) was used to determine the

presence of pythiaceous fungi in rhizosphere soils. Ten grams of soil were placed in a 90 mm Petri
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dish and moistened with 10 mL carbon-filtered water. Five, 5 mm diameter avocado leaf discs were

floated adaxial side upward on the water surface of each sample. After 72 h, four leaf discs were

transferred onto PH medium, and the remaining leaf disc to P medium. The dishes were monitored

after 72 h to determine the presence or absence of Pythium spp. and Phytophthora spp. in soils.

Leaf discs floated on carbon-filtered water only were used as controls.

Quantitative assessment for pythiaceous fungi: soil dilutions

A soil dilution series was prepared for each soil sample by adding 10 g of soil per sample in

90 mL of sloppy agar (1 g WA in 1 L water) to obtain the stock solution (10°). The first dilution

(10"1) was made by transferring 1 mL of the 10° suspension into 9 mL of sloppy agar. Serial

dilutions were made up to 10"4. One mL of each dilution was then plated onto five plates each of

PH and P medium. Plates were incubated for 72 h and the number of colony forming units (CFU's)

per gram of soil was calculated.

Statistical analysis

Isolations from plants

Data obtained from the different culturing media were pooled and the incidences of the

different fungal genera isolated from roots and crowns of grapevines were subjected to factorial

analysis of variance using SAS statistical software version 8.02 (SAS, 1999). Fischer's protected

least significant difference (Snedecor and Cochran 1989) was calculated at the 5% level of

probability to compare differences between means. Main factors that were subjected to analyses of

variance were (i) nurseries, (ii) rootstocks, (iii) surveys, and (iv) treatments (surface disinfestation

or not).

Soil assessments

Data obtained from qualitative and quantitative assessments were not statistically analysed.
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Results

Fungal genera obtained

Ten fungal genera potentially pathogenic to roots and crowns of grapevines, viz.

Botryosphaeria, Cylindrocarpon, Cylindrocladiella., Fusarium, Macrophomina, Phomopsis,

Phytophthora, Pythium, Rhizoctonia, and Sclerotium, were isolated from diseased grapevines.

Other fungal genera, viz. Acremonium, Alternaria, Aspergillus, Aureobasidium, Botrytis, Coniella,

Curvularia, Gliocladium, Hainesia, Mortierella, Mucor, Penicillium, Periconia, Pestalotia,

Pestalotiopsis, Phoma, Rhizopus, Robillarda, Sporothrix, Stemphylium, Trichoderma, Truncatella,

as well as sterile fungi and basidiomycetous hyphal colonies were also isolated. The data on the

latter were pooled and are indicated as "other" in Table 2.

The incidence of the different fungal genera could, however, not be compared against each

other to determine which genera occurred most commonly in grapevine nurseries, because the

different culturing media, especially selective media, could have favoured the isolation of certain

genera.

Rootstocks

Botryosphaeria, Cylindrocarpon, Fusarium, Pythium, Rhizoctonia, Sclerotium and "other"

were recorded in crowns of both 99 Richter and 101-14 Mgt. Cylindrocladiella and Macrophomina

were obtained only from 101-14 Mgt crowns, and Phomopsis and Sclerotium from 99 Richter

crowns. Rhizoctonia was significantly (P = 0.05) more frequently isolated from 101-14 Mgt and

Pythium from 99 Richter crowns.

Nine potentially pathogenic fungal genera were isolated from the roots of 99 Richter plants,

and six from roots of 101-14 Mgt (Table 2). Cylindrocladiella was not obtained from roots of

either rootstock. Phomopsis, Pythium and Sclerotium were yielded from 99 Richter roots only and

Pythium was significantly (P = 0.05) more frequently isolated from 99 Richter than 101-14 Mgt.

On the other hand, Rhizoctonia occurred more frequently on roots of 101-14 Mgt than 99 Richter.
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A significant rootstock x treatment interaction was observed for Cylindrocarpon [P =

0.0031) and Fusarium (P = 0.0053) isolates occurring in roots (Table 3). Surface disinfestation

aided the recovery of Cylindrocarpon from 99 Richter. However, not-surface disinfesting enhanced

isolation of Fusarium from both rootstocks, and Fusarium occurred at a higher incidence on 99

Richter than 101-14 Mgt. (Table 3).

Treatments

Surface disinfestation did not significantly affect the isolation of fungi from the crown tissue

of diseased nursery grapevines (Table 2). The significant rootstock x treatment interactions

recorded for the incidences of Cylindrocarpon (P = 0.0022) and Fusarium {P = 0.0056) on roots of

diseased nursery grapevines have already been discussed. Rhizoctonia and "other" were

significantly (P = 0.05) more frequently isolated from non-disinfested than disinfested roots of

diseased grapevine plants in nurseries.

Nurseries

The incidence of fungi isolated from crowns and roots of grapevines at the three nurseries

are given in Table 2. Phytophthora was not isolated from crowns of nursery grapevines.

Cylindrocladiella, Macrophomina and Phomopsis was only isolated from crowns of plants

collected at nursery 3 and Sclerotium from crowns of plants from nursery 2. There were no

significant (P = 0.05) differences in the incidences of Botryosphaeria, Cylindrocarpon,

Cylindrocladiella, Fusarium, Macrophomina, Phomopsis, Pythium and Sclerotium in crowns of

grapevines at the three nurseries. Rhizoctonia was significantly (P = 0.05) more frequently isolated

from grapevine crowns. "Other" was significantly {P = 0.05) less frequently isolated from crowns

at nursery 3 than at the other two nurseries.

A higher number of fungal genera was recorded on grapevine roots than on crowns (Table

2). Phytophthora was obtained from roots of plants at nursery 3 only, and Sclerotium only from
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roots at nursery 2. Significant differences in the incidence of Botryosphaeria, Cylindrocarpon,

Fusarium, Macrophomina, Rhizoctonia, Sclerotium and "other" were recorded on roots of plants

from the different nurseries. The highest incidences of Botryosphaeria and Cylindrocarpon were

obtained from nursery 1, while the highest incidences of Fusarium, Macrophomina, Sclerotium and

"other" from nursery 2. Nursery 3 yielded the highest percentage of Rhizoctonia isolates.

Surveys

Rhizoctonia and the "other" group were obtained more frequently from crowns of

grapevines during the second (November-December 2001) survey than during the third (March-

April 2002) survey (Table 2). Cylindrocladiella, Phomopsis and Sclerotium were only obtained

from the crown-area of grapevines collected during the second survey, while Macrophomina was

found during the first survey only (Table 2).

All fungal genera isolated from the crowns, except Cylindrocladiella were also obtained

from the roots. Botryosphaeria isolates were obtained significantly (P = 0.05) more frequently

from roots of diseased grapevines during the second compared to the first survey (Table 2). A

significantly (P = 0.05) higher occurrence of isolates of Cylindrocarpon, Rhizoctonia, and the

"other" group was obtained from roots of grapevines during the first and second surveys, than

during the third survey (Table 2). Phomopsis and Sclerotium were only obtained during the second

survey, and Phytophthora only during the first survey. A significantly (P = 0.05) higher incidence

of isolates of Fusarium was obtained during surveys one and three, than during survey two.

Pythium occurred at a higher (P = 0.05) incidence during survey two than during surveys one and

three. The occurrence of Macrophomina in roots of grapevines was significantly (P = 0.05) higher

during the first survey than during the second survey, while no isolates of Macrophomina were

obtained during the third survey (Table 2).



Soil assessments

Qualitative assessment for pythiaceous fungi: soil baiting

Phytophthora was only obtained from soil collected at nursery 3 during the first survey,

whereas Pythium was frequently isolated from all soil samples collected during all three surveys

(Table 4).

Quantitative assessment for pythiaceous fungi: soil dilutions

At nursery 3, high numbers of colony forming units (CFUs) of Phytophthora were obtained

from rhizosphere soils from the rootstock 99 Richter. Low numbers of CFUs were associated with

101-14 Mgt.

Rhizosphere soils sampled from all rootstock-scion combinations during the second and

third surveys yielded Pythium spp. (Table 4). Although the results obtained were not statistically

analysed, it appears as if rhizosphere soils of grapevines with the rootstock 99 Richter yielded a

higher number of colony forming units of Pythium than soils from the rootstock 101-14 Mgt during

the second and third surveys (Table 4).

Discussion

Potentially pathogenic fungal genera most commonly associated with crowns and roots of

declining grapevines in nurseries were Cylindrocarpon, Fusarium, and Rhizoctonia, while known

pathogenic genera like Phytophthora were isolated only occasionally. Phytophthora was isolated

from 99 Richter only. Pythium was also more frequently obtained from 99 Richter than from 101-

14 Mgt. Marais (1988) and Uys (1993) reported that the rootstock 99 Richter was more susceptible

to P. cinnamomi than 101-14 Mgt., which were previously considered as the most significant

soilborne pathogen of grapevines in nurseries. Results obtained in our study suggest however, that

a dramatic shift in the status of soilborne pathogens may have occurred over the last 20-30 years,

since Phytophthora was only obtained in our study at one nursery during one survey, but Pythium
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was isolated at low incidences during all surveys. The higher incidence of Pythium in roots during

the late season suggests that this pathogen attacks roots throughout the season and is able to

multiply and build up inoculum levels.

Pythium spp. were also frequently present in nursery soils during all surveys at all nurseries.

The relatively lower levels of isolation of Pythium species from roots of declined grapevines might

be attributed to loss of fine root material during the washing process. These pathogens contribute

significantly to loss of roots (Marais, 1980), thereby adding stress to young plants. Further

investigations are therefore essential.

Marais and Hattingh (1985) reported that P. cinnamomi was always present in soil before

symptoms developed, but not all grapevines in an infested area developed symptoms at the same

time, and grapevines died in patches. In our study, Phytophthora was seldomly detected in

rhizosphere soils and not frequently isolated from declining grapevines. A possible explanation for

this low occurrence of Phytophthora in nursery grapevines planted in a naturally infested nursery

may be due to the extensive use of chemicals against downy mildew of grapevines in nurseries.

Some of the systemic chemicals applied to the foliage against downy mildew, especially the

phosphonates, can be translocated downwards through the roots and thereby control Phytophthora

root rot of grapevines (Marais and Hattingh 1986). The low levels of detection of P. cinnamomi in

this study are not easily explained and it should be remembered that only three sites were studied

and these sites may not be representative of the whole industry.

Species from the genus Cylindrocarpon are well-known soilborne pathogens of grapevines

causing black foot (Maluta and Larignon 1991), a disease common on grapevines in the Western

Cape province, and Halleen et al. (2003) indicated that Cylindrocarpon was present in less than 1%

of plants before being planted in nurseries (October), whereas 50% or more of the plants were

infected in nurseries by the end of the season (June). This clearly shows the importance of nursery

soils as a source of inoculum for this disease and demonstrates that nursery grapevines might

already be infected when planted into commercial vineyards.
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In this study, Fusarium was frequently isolated from crowns and roots of diseased nursery

grapevines. Fusarium oxysporum causes both root rot and wilt, while F. solani causes root rot only

(Lele et al. 1978; Grasso 1984; Andrade 1993; Highet and Nair 1995; Gugino et al. 2001). Marais

(1979) isolated three Fusarium spp. from diseased grapevines in vineyards in the Western Cape

province, but did not identify these to species level and also reported that they were not pathogenic

to the rootstocks Jacquez, 99 Richter and 101-14 Mgt (Marais 1979). The Fusarium spp. obtained

in the current surveys were identified to species level and some species were shown to be

pathogenic (results reported in a separate study).

The seasonal occurrence of Fusarium was similar to that of Pythium with a significantly

lower occurrence during the second survey than during the first and third surveys. Thus, the level

of infection increases as the season progresses. Halleen et al. (2003) also indicated an increase in

the incidence of Fusarium spp. obtained from nursery grapevines as the season progresses.

Consequently, Fusarium levels needs to be reduced early in the season to prevent a high occurrence

later in the season.

Rhizoctonia also occurred at relatively high incidences in declining grapevines, and

significantly more Rhizoctonia was obtained from the rootstock 101-14 Mgt than from 99 Richter.

The apparent abundance of Rhizoctonia in some South African nurseries and reported pathogenicity

(Marais, 1979; Walker, 1992, 1994, 1997) emphasise the urgent need for further investigation of

species, AG types and role of this fungus in grapevine decline. In Australia, Walker (1992, 1994,

1997) showed that the combined effect of R. solani and Meloidogyne spp. on grapevines in a field

nursery resulted in decline and death of young plants. The isolates obtained in his studies were

mostly R. solani AG 4, but also AG 2-1, as well as an unknown group, and pathogenicity was

confirmed.

Some of the potentially pathogenic fungal genera, namely Botryosphaeria,

Cylindrocladiella, Macrophomina, Phytophthora, Phomopsis and Sclerotium occurred only

sporadically in crowns and roots of nursery grapevines, and will be discussed briefly below.
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Species of Cylindrocladiella are well-known pathogens of various crops and cause severe

losses in nurseries (Crous et al. 1991). Cylindrocladiella spp. have also been isolated from the graft

union of recently grafted green-shoot grapevines that showed symptoms of decline (Lamprecht et

al. unpubl. data). In the present study Cylindrocladiella was only isolated from crown tissue of the

101-14 Mgt rootstock.

Botryosphaeria and Phomopsis spp., especially B. obtusa, B. dothidea, B. ribis, and

Phomopsis viticola are well-known above-ground pathogens of grapevines in the Western Cape

province and are responsible for stem- and trunk diseases (Verwoerd and Dippenaar 1930; Doidge

et al. 1953; Du Plessis 1938, 1947; Mostert et al. 2001). The role of Botryosphaeria and

Phomopsis as potential soilborne pathogens of grapevines is uncertain, and since they occurred at

such low frequencies in roots and crowns of nursery grapevines, they can be regarded as having

little importance as potential soilborne pathogens.

The Sclerotium isolates obtained in this study were identified as S. rolfsii. Marais (1980)

found that S. rolfsii causes problems in young plants in and that infection led to death of grapevines

in field nurseries. Although Marais (1980) concluded that S. rolfsii was a lesser problem in

grapevine nurseries, Keyser and Ferreira (1988) reported that S. rolfsii caused significant losses in

the 1984/85 and 1985/86 seasons. In our survey, S. rolfsii was obtained from only one nursery, and

at low incidences. It therefore appears that serious disease caused by this pathogen is only sporadic

in South African nurseries.

Variation in the incidence of fungi amongst the nurseries demonstrate the importance of a

more comprehensive survey.

Results obtained from the surface disinfestation and non-surface disinfestation treatments

indicate that both treatments need to be included for root isolations.

Although the results of this study indicate that there appears to have been a shift in the status

of soilborne pathogens in nurseries, only three sites were studied and a wider investigation is

advisable so that the relative distribution and significance of the pathogens can be elucidated. This
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will highlight critical areas of research and provide a basis for the development of disease

management strategies for sustainable production of nursery vines.
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Table 1. Number of grafted declining grapevines sampled from three nurseries in the

Western Cape province

Rootstock

99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

Survey

1

1

2

2

3

3

Nursery 1

2

4

24
B

20

-

No. of samples A

Nursery 2

8

8

18

16

16

16

Nursery 3

8

15

20

20

16

16

A Number of plants collected, with soil samples from the rhizosphere.

Rootstock not available at that nursery.
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Table 2. Mean incidence of fungal genera in crowns and roots of disinfested and non-disinfested diseased plants of two rootstocks collected

from three nurseries during three surveys

Parameter

Incidence (%) of fungal genus ABC

Plant part
Bot Cylin Cyl Fus Mac Pho Phy Pyt Rhi Scl Other

Rootstock

99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

Crown

Roots

0.32

0.23

0.67

0.74

a

a

a

a

3.78

2.74

D

a

a

0.00

0.23

0.00

0.00

a

a

a

a

12

11

.06

.68

D

a

a

0.00

0.11

0.45

0.88

a

a

a

a

0.32

0.00

0.15

0.00

a

a

a

a

0.00

0.00

0.15

0.00

a

a

a

a

1.53

0.46

2.29

0.95

a

b

a

b

1.13

4.00

5.08

8.23

b

a

b

a

0.23

0.00

0.45

0.00

a

a

a

a

17.20

18.08

16.52

16.97

a

a

a

a

Treatment

Disinfested

Not-disinfested

Crown

Roots

0.38

0.19

0.80

0.61

a

a

a

a

3.22

3.48

D

a

a

0.19

0.00

0.00

0.00

a

a

a

a

1

1

1

1

.84 a

.97 a

D

0.00

0.09

0.41

0.84

a

a

a

a

0.00

0.38

0.09

0.09

a

a

a

a

0.00

0.00

0.12

0.06

a

a

a

a

1.23

0.94

1.73

1.74

a

a

a

a

1.99

2.63

4.53

8.22

a

a

b

a

0.00

0.19

0.53

0.00

a

a

a

a

16.19

18.92

12.84

20.54

a

a

b

a

Nursery

Crown 0.78

0.30

0.00

a

a

a

2.73

3.94

3.27

a

a

a

0.00

0.00

0.21

a

a

a

11.33

11.52

12.48

a

a

a

0.00

0.00

0.11

a

a

a

0.00

0.00

0.42

a

a

a

0.00

0.00

0.00

a

a

a

0

1

1

.00

.21

.58

a

a

a

0.00

1.52

4.11

b

b

a

0.00

0.39

0.00

a

a

a

21.48

20.91

13.12

a

a

b
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Table 2. Continue

Nursery

1

2

3

Survey (season)

1 (Feb-Apr 2001)

2(Nov-Dec2001)

3 (March-Apr 2002)

1 (Feb-Apr 2001)

2(Nov-Dec2001)

3 (March-Apr 2002)

Plant part

Roots

Crown

Roots

Bot

1.60 a

0.59 b

0.32 b

0.00 a

0.41 a

0.24 a

0.00 b

1.13 a

0.60 ab

Cylin

5.62 a

3.76 ab

2.52 b

6.29 a

2.86 b

2.86 b

4.72 a

4.54 a

2.03 b

Cyl

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

a

a

a

a

a

a

a

a

a

Fus

18.47

22.89

16.53

10.27

11.97

12.41

24.79

15.16

21.00

ab

a

b

a

a

a

a

b

a

Incidence

Mac

0.40 ab

1.29 a

0.14 b

0.33 a

0.00 a

0.00 a

2.78 a

0.10b

0.00 b

(%) of fungal

Pho

0.20 a

0.00 a

0.11 a

0.00 a

0.41 a

0.00 a

0.00 a

0.21 a

0.00 a

genus

Phy

0.00

0.00

0.21

0.00

0.00

0.00

0.42

0.00

0.00

ABC

a

a

a

a

a

a

a

b

b

Pyt

0.80

1.76

2.20

1.66

1.63

0.24

1.18

3.30

0.24

a

a

a

a

a

a

b

a

b

Rhi

3.82 b

5.87 ab

8.21 a

2.32 ab

3.47 a

0.96 b

9.17a

8.97 a

1.79 b

Scl

0.00

0.70

0.00

0.00

0.66

0.00

0.00

0.62

0.00

b

a

b

b

a

b

a

a

a

Other

12.65 b

21.83 a

14.20 b

16.23 b

24.01 a

10.50 b

21.60 a

20.21 a

9.85 b

A Fungal genus: Bot = Botryosphaeria, Cylin = Cylindrocarpon, Cyl = Cylindrocladiella, Fus = Fusarium, Mac = Macrophomina, Pho = Phomopsis,

Phy = Phytophthora, Pyt = Pythium, Rhi = Rhizoctonia, Scl = Sclerotium, Other = combined data for other fungal genera.
B Means within a parameter within a plant part within a fungal genus followed by the same letter do not differ significantly (P = 0.05).
c Mean value calculated as follows: (Number of tissue pieces yielding fungus / total number of tissue pieces) x 100.

See Table 3 (rootstock x treatment interaction).
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Table 3. Incidence of Cylindrocarpon and Fusarium isolates occurring in disinfested and non-

disinfested roots of plants of two rootstocks collected from three nurseries

Treatment

Disinfested

Not disinfested

Incidence (°/

Cylindrocarpon

99 Richter

6.47 a

1.74 b

101-14 Mgt

2.77 b

3.28 b

Fusarium

99 Richter

13.68 c

26.67 a

101-14 Mgt

16.74 bc

19.46 b

A Means within a fungal genus followed by the same letter do not differ significantly (P = 0.05).
B Mean value calculated as follows: (Number of tissue pieces yielding fungus / total number of

tissue pieces) x 100.



21

Table 4. A qualitative and quantitative assessment of Phytophthora and Pythium in rhizosphere soils of various rootstocks of nursery

grapevines collected from three nurseries during three surveys

Assessment Rootstock

Qualitative 99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

Quantitative 99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

99 Richter

101-14 Mgt

Survey (season)

l(Feb-April 2001)

2(Nov-Dec2001)

3 (March-April 2002)

1 (Feb-April 2001)

2(Nov-Dec2001)

3 (March-April 2002)

Nursery 1

0

0

0
B

0

-

0

0

0
B

0

-

Phytophthora (%)

Nursery 2

0

0

0

0

0

0

0

0

0

0

0

0

A

Nursery 3

100

85

0

0

0

0

1160

42

0

0

0

0

Nursery 1

100

63

-

63

-

240

1500

1001

-

610

-

Pythium (%) A

Nursery 2

100

78

88

78

83

864

1040

1105

872

852

1016

Nursery 3

90

80

90

83

90

1072

540

957

870

408

447

Percentage based on the number of samples that tested positive out of the total number of samples tested.

Rootstock not available.
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Abstract. Species of Cylindrocladiella occur on a variety of hosts, where they are known to

act as pathogens or saprobes. Eight species from this genus are currently recognised, of which

five have been reported previously in South Africa: C. camelliae, C. elegans, C. lageniformis, C.

parva, and C. peruviana. Isolates of Cylindrocladiella were obtained from a newly established

99-Richter grapevine mother vine block exhibiting decline symptoms. The DNA phylogeny of

these and additional isolates, also obtained from declining grapevines, was determined by

sequencing the ITS (ITS1, ITS2 and 5.8S) as well as P-tubulin and histone H3 gene regions.

This identified four species of Cylindrocladiella on grapevines in South Africa: C. lageniformis,
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C. parva, C. peruviana, and a new species described here as C. viticola, which forms part of the

C. infestans species complex. Pathogenicity trials, using stem inoculations on green and one-

year-old 99-Richter cuttings to determine the pathogenicity of selected isolates of these species,

gave inconclusive results.

Additional keywords: Cylindrocladiella viticola, 99-Richter, 101-14 Mgt.

Introduction

Boesewinkel (1982) proposed a new hypocrealean genus, Cylindrocladiella Boesew., to

accommodate small-spored species of Cylindrocladium Morgan. This decision was based on the

fact that species of Cylindrocladiella had different conidiophore branching patterns, conidial

shapes, dimensions, cultural characteristics and teleomorphs than Cylindrocladium. Although a

number of researchers continued to consider Cylindrocladiella and Cylindrocladium as a single

genus (Mandal and Dasgupta 1983; Peerally 1991; Sharma and Mohanan 1991), Crous et al.

(1994) confirmed the two genera to be distinct, with Cylindrocladium having Calonectria de Not.

teleomorphs (Rossman 1979; Crous 2002), and Cylindrocladiella having Nectricladiella Crous &

C.L. Schoch teleomorphs (Schoch et al. 2000).

Victor et al. (1998) recognised seven species in the genus Cylindrocladiella that could be

distinguished on Restriction Fragment Length Polymorphisms (RFLPs) and AT-DNA data (A+T-

rich), as well as morphology. Schoch et al. (2000) compared phylogenies derived from the ITS

regions flanking the 5.8S ribosomal RNA gene, and the 5' end of the P-tubulin gene of various

Cylindrocladiella isolates. Based on these data they distinguished the same seven species

recognised by Victor et al. (1998), as well as a further species, C. microcylindrica Crous & D.

Victor. The latter taxon was hitherto incorrectly treated as C. infestans Boesew. As was further
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noted by Schoch et al. (2000), and Crous (2002), significant DNA sequence variation was

observed within isolates identified as C. infestans, and these strains were thus best treated as a

species complex until their status could be resolved.

In South Africa, five species of Cylindrocladiella have been reported as pathogens or

saprobes on various hosts. Cylindrocladiella camelliae (Venkataram. & C.S.V. Ram) Boesew.

has been associated with cutting rot of Eucalyptus spp., C. elegans Crous & M.J. Wingf. with

roots of Arachis hypogaea L. and Eucalyptus leaf litter, C. lageniformis Crous, M.J. Wingf. &

Alfenas with soil and roots of Vitis vinifera L., C. parva (P.J. Anderson) Boesew. with soil,

Eucalyptus cuttings and roots of Fragaria sp., Persea americana Mill., Pinus spp., Prunus sp.

and V. vinifera, and C. peruviana (Bat., J.L. Bezerra & M.P. Herrera) Boesew. with root and

cutting rot of Acacia mearnsii De Wild., Eucalyptus spp., Protea sp. and V. vinifera (Crous and

Wingfield 1993; Victor et al. 1998; Crous 2002). Although isolates of C. lageniformis, C. parva

(P.J. Andserson) Boesew. and C. peruviana have over the past ten years been isolated from roots

and rootstocks of mature grapevines, cuttings and the graft union of grafted young grapevine

material (S.C. Lamprecht and P.W. Crous, unpubl. data), Koch's postulates have never been

proven, and their role as pathogens on Vitis spp. still needs to be elucidated.

In a recent survey of soilborne pathogens of grapevines in nurseries, isolates of several

Cylindrocladiella spp. were obtained from a newly established 99-Richter (Vitis berlandieri

Planch, x Vitis rupestris Scheele cv. du Lot) mother vine block, showing symptoms of decline,

e.g. chlorotic leaves and stunted growth, while another species of Cylindrocladiella was obtained

from a declining grafted nursery grapevine (Vitis vinifera x 101-14 Mgt [Vitis riparia Michx. x

Vitis rupestris]). The aims of this study were to characterise the species of Cylindrocladiella

associated with grapevines in South Africa and to determine their pathogenicity on this host.



Methods

Cultures

Strains used in previous studies (Crous and Wingfield 1993; Victor et al. 1998; Schoch et

al. 2000; Crous 2002) and deposited at the culture collection of the Department of Plant

Pathology at the University of Stellenbosch (STE-U) were included. Freshly obtained isolates

from diseased grapevines encountered during surveys at a grapevine nursery in the Western Cape

province of South Africa were also included. Strains were isolated using the methods explained

in Crous (2002). Representative strains were deposited at the Centraalbureau voor

Schimmelcultures (CBS) at Utrecht, the Netherlands (Table 1), and the nomenclature and species

description in MycoBank (www.MycoBank.org).

DNA extraction, sequencing andphylogeny

Genomic DNA was isolated from fungal mycelium following the protocol of Lee and

Taylor (1990), after which the ITS and (3-tubulin regions (Kang et al. 2001), as well as the

histone H3 region, were amplified (Crous et al. 2004). The primers ITS1 and ITS4 (White et al.

1990) were used to amplify the ITS1 region, 5.8S rRNA gene and the ITS2 region of the nuclear-

encoded ribosomal RNA gene. Part of the (3-tubulin gene was amplified with the primers Tl

(O'Donnell and Cigelnik 1997) and Bt-2b (Glass and Donaldson 1995). Part of the histone H3

gene was amplified and sequenced using the CYLH3F and CYLH3R primers described by Crous

et al. (2004). The amplification products were visualised under UV light using a GeneGenius

Gel Documentation and Analysis System (Syngene, Cambridge, U.K.) following ethidium

bromide staining. The amplified fragments were purified using a commercial kit (NucleoSpin

Extract 2 in 1 Purification Kit, Macherey-Nagel GmbH, Germany) and the PCR primers were

used to sequence both strands of the purified products using an ABI PRISM BigDye Terminator
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v3.0 Cycle Sequencing Ready reaction Kit (PE Biosystems, Foster City, CA, USA) according to

the manufacturer's instructions. Resulting fragments were analysed on an ABI Prism 3100 DNA

Sequencer (Perkin-Elmer, Norwalk, Connecticut).

The sequences generated, together with BLASTn retrievals from GenBank, were

assembled and aligned using Sequence Alignment Editor v2.0al 1 (Rambaut 2002). Sequences of

Cylindrocladium floridanum Sobers & C.P. Seym, were used as outgroup for the sequence

alignments. The phylogenetic analysis of the sequence alignment was done using PAUP

(Phylogenetic Analysis Using Parsimony) v4.0bl0 (Swofford 2000). Alignment gaps were

treated as a fifth character state and all characters were unordered and of equal weight.

Maximum parsimony analyses were performed for all data sets using the heuristic search option

with 100 random taxon additions and tree bisection and reconstruction (TBR) as the branch

swapping algorithm. Branches of zero length were collapsed and all multiple, equally

parsimonious trees were saved. The resulting trees were evaluated with 1000 bootstrap

replications to test the clade stability (Hillis and Bull 1993). Other measures calculated included

tree length, consistency index, retention index and rescaled consistency index (CI, RI and RC).

The resulting trees were printed with TreeView Version 1.6.6 (Page 1996). A partition

homogeneity test (Farris et al. 1994) was conducted in PAUP (Swofford 2000) to examine the

possibility of a joint analysis of the three data sets.

Morphological and cultural comparisons

Strains were cultured on 2% malt extract agar (MEA) (Biolab Diagnostics, Midrand,

South Africa), plated onto carnation-leaf agar (CLA) (Fisher et al. 1982; Crous et al. 1992),

incubated at 25°C under near-ultraviolet light, and examined after 7 days. Only material growing

on carnation leaves of the CLA was examined. Mounts were prepared in lactophenol, examined
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using Nomarski interference phase contrast and bright-field phase contrast microscopy, and

measurements made at xlOOO magnification. The 95% confidence intervals of conidial

measurements were determined from at least 30 observations and the minimum and maximum

ranges given in parentheses. Temperature requirements for growth and cultural characteristics

were determined after 7 days on MEA in the dark at 25°C, using procedures described by Crous

and Wingfield (1994). Colony colours were determined using the colour charts of Rayner

(1970).

Stem inoculations

The response of grapevine rootstocks to isolates of the different Cylindrocladiella spp.

was determined with stem inoculations in two different trials, which were both repeated in two

experiments, using the same methodology. In the first experiment, the isolates were inoculated

onto green shoots (7-15 mm diam, 30 cm long), and in the second experiment, 1-year-old shoots

(10-20 mm diam, 30 cm long) were inoculated. Eighteen isolates of Cylindrocladiella, obtained

from declining grapevines, were used, six of C. lageniformis, one of C. parva, nine of C.

peruviana, and two of an unknown Cylindrocladiella species. Shoots were pruned from a

visually healthy 99-Richter mother vine block. The shoots were placed in 500 mL flasks and 50

mL municipal tap water was applied to each flask, in order to establish sap flow in the shoots.

One day later, the grapevines were subjected to one of two different inoculation treatments,

namely wounded and unwounded inoculation. Shoots were wounded 5 cm from the apical end

using a 4-mm-diam cork borer to remove the cortex tissue (one wound per shoot). Colonised

mycelial plugs from two-week-old cultures of the different Cylindrocladiella cultures, grown on

2% potato-dextrose agar (PDA; Biolab Diagnostics, Midrand, South Africa) were inserted into

the wounds and sealed with Parafilm. Two control treatments were used, namely uncolonised
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PDA plugs, and a negative (non-pathogen) control, which consisted of mycelial plugs colonised

with Clonostachys rosea (Link : Fr.) Schroers, Samuels, Seifert & W. Gams. For the unwounded

treatment, the mycelial plugs were placed on the outside of the shoot, 5 cm from the apical end

and sealed with Parafilm. All treatments were replicated three times. The shoots were placed in

a dew chamber in a completely randomised design. The dew chamber temperature was

maintained at 22°C, with a 12-h fluorescent white light/dark regime. After 14 days, lesion

lengths were determined, and re-isolations were made from lesion margins onto PDA to confirm

Koch's postulates. Lesion lengths were calculated by subtracting the diameter of the cork-borer

from the lesion formed.

Statistical analysis

Results of wounded and unwounded treatments of the two experiments were analysed

separately. To test for homogeneity of variances between repeats of the pathogenicity

experiments, Levene's test was performed (Levene 1960). In cases where not enough evidence

for homogeneity existed, an analysis of combined data was performed using the variances of the

repeats as weights (John and Quenouille 1977). To test for non-normality, Shapiro-Wilk's test

was performed (Shapiro and Wilk 1965). Data obtained from the experiments were then

subjected to analysis of variance (ANOVA) using SAS statistical software version 8.02 (SAS

1999). Student's t least significant differences (LSD) pairwise comparisons (Snedecor and

Cochran 1989) were calculated at the 5% level of significance to establish differences between

treatment means.



Results

DNA phylogeny

DNA amplification products of approximately 550 bp were obtained for both ITS and (3-

tubulin and of approximately 475 bp for histone. The manually adjusted alignment of the three

loci contained 44 taxa (including the two outgroup taxa) and 1501 characters including alignment

gaps. Of the aligned nucleotide sites, 490 characters were parsimony-informative, 53 variable

characters were parsimony-uninformative and 958 were constant. The result of the partition

homogeneity test (P = 0.684; where P > 0.05 was taken as significantly incongruent) showed that

the three data sets were combinable. Sixteen equally most parsimonious trees (TL = 993 steps,

CI = 0.802, RI = 0.951, RC = 0.762) were obtained from maximum parsimony analysis of the

combined sequence data, one of which is shown in Fig. 1. New sequences were deposited in

GenBank (Table 1), and the alignments in TreeBASE (accession number SN2082).

The Cylindrocladiella isolates group in three main clades each with 100% bootstrap

support. The first main clade contains isolates of C. camelliae (100% bootstrap support), C.

microcylindrica (99% bootstrap support) and C. peruviana (100% bootstrap support). The

second main clade contains C. novaezelandiae (Boesew.) Boesew. and C. elegans. The third

main clade contains a subclade (99% bootstrap support) containing two isolates of C. infestans

that clusters with a bootstrap support value of 83%, and a second cluster containing a

Cylindrocladiella sp. (84% bootstrap support), a single Nectricladiella infestans Crous & C.L.

Schoch isolate that sits as a basal polytomy, and a clade containing C. viticola Crous & G.J. van

Coller (100% bootstrap support). Subclades containing isolates of C. lageniformis and C. parva

both received high bootstrap support.



Morphology and Taxonomy

Four species of Cylindrocladiella were found on grapevines in South Africa. The single

isolate of C. parva obtained (STE-U 5736), had conidia that were 12-20 x 2-3 µm in size, thus

similar to that reported for the species (Crous 2002). Vesicles were subcylindrical to pyriform, or

clavate with an acutely rounded apex, as shown in Fig. 296 in Crous (2002), thus closely agreeing

with the description of the species. Isolates of C. lageniformis had ovoid to ellipsoidal, or

lageniform to pyriform vesicles, which agreed with the species (Crous 2002), but were generally

narrower (7-9 µm wide), than reported for the ex-type strain. Conidia were 9-16 x 1.5-2 µm,

closely matching that of the species (Crous 2002). Isolates of C. peruviana were characterised by

their ellipsoidal to lanceolate vesicles, and conidia which were 9-15 x 2-3 µm in size, also

closely matching those of the species (Crous 2002).

In addition to confirming that these three species occur on grapevines in South Africa, a

previously undescribed species was also revealed in the C. infestans species complex. Although

this complex has been acknowledged as being variable based on sequence data obtained in

previous studies (Schoch et al. 2000; Crous 2002), the inclusion of additional isolates have

shown this complex to consist of at least 4 taxa (Fig. 1): C. infestans (ATCC 44816, ex-type),

Nectricladiella infestans (STE-U 2319, ex-type), a Cylindrocladiella sp. (STE-U 708, 10490),

and a new species which is described here.

Cylindrocladiella viticola Crous & G.J. van Coller, sp. nov. MB500187 Fig. 2

Characteribus culturae et morphologia C. infestanti similis sed distincta propter conidia

minoria. Conidia hyalina 1-septata, cylindracea apicibus obtusis, (8—)9—14(—15) x 2-2.5(-3) um.

Teleomorph unknown. Conidiophores monomorphic, penicillate, or dimorphic,

penicillate and subverticillate, mononematous, hyaline; penicillate conidiophores comprising a
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stipe, a penicillate arrangement of fertile branches, a stipe extension, and a terminal vesicle;

subverticillate conidiophores comprising a stipe, and one or two series of phialides; stipe septate,

hyaline, smooth; stipe extensions aseptate, straight, 80-145 µm long, thick-walled, with one basal

septum, terminating in thin-walled, irregularly ellipsoid to clavate vesicles, 4-8 urn wide.

Penicillate conidiogenous apparatus with primary branches aseptate or 1-septate, 13-25 x 3-4

µm; secondary branches aseptate, 9-13 x 2.5-3µm, each terminal branch producing 2-4

phialides; phialides doliiform to reniform, hyaline, aseptate, 8-15 x 2.5-3 urn, apex with minute

periclinal thickening and collarette. Subverticillate conidiophores in moderate numbers,

phialides cymbiform to subcylindrical, 10-25 x 2.5-3 µm. Conidia cylindrical, rounded at both

ends, straight, (8—)9—14(—15) x 2-2.5(-3) µm (mean = 13 x 2.5 µm), (0-)l-septate, frequently

slightly flattened at the base, held in asymmetrical clusters by colourless slime.

Cultural characteristics: Colonies raised, cottony, with smooth margins, white with straw

(2 I'd) tint in patches (surface), umber (13'i) (reverse); chlamy do spores extensive throughout

medium, occurring in chains; reaching 29 mm after 6 days on MEA at 25°C in the dark.

Type: SOUTH AFRICA. Western Cape province, Wellington, Vitis vinifera, Mar. 2001,

G.J. van Coller, herb. CBS 7951 (holotype), ex-type culture STE-U 5606 = CBS 112897.

Symptoms: Cutting rot.

Additional culture: SOUTH AFRICA. Western Cape province, Wellington, Vitis vinifera,

Aug. 2002, F. Halleen, STE-U 5620.

Notes: Cylindrocladiella viticola is presently only known from grapevines in South

Africa. It has smaller conidia (8—)9—14(—15) x 2-2.5(-3) µm than C. infestans and the

morphologically similar anamorph of Nectricladiella infestans, namely (10—) 14—16(—20) x 2(-3)

µm. Furthermore, C. viticola has irregularly ellipsoidal to clavate vesicles, in contrast to the

cylindrical vesicles of C. infestans, and the cylindrical to lanceolate vesicles of N. infestans.
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Stem inoculations

Green shoots: Since Levene's test for homogeneity (Levene 1960) indicated that the data

of the two repeats were of comparable magnitude (P = 0.074),_an analysis of combined data was

performed. Evidence against normality was due to kurtosis and not skewness, and therefore the

results were further analysed with ANOVA and Student's t LSD pairwise comparisons.

Cylindrocladiella parva and Cylindrocladiella peruviana were the only species that

caused lesions on unwounded green shoots, although lesions obtained were not significantly (P =

0.05) longer than either of the control treatments (Table 2). Isolates of C. peruviana differed in

their ability to induce lesions on unwounded green shoots, since the isolate STE-U 5613 caused

significantly (P = 0.05) longer lesions than isolates STE-U 5616, STE-U 5618 and STE-U 5619

(Table 3).

For the wounded treatment, only C. lageniformis (isolate STE-U 5611) caused lesions that

were significantly (P = 0.05) longer than the controls (Table 3). The other Cylindrocladiella

isolates induced a range of different lesion lengths on wounded green shoots, but these did not

differ significantly (P = 0.05) from the controls (Table 3).

One-year-old-shoots: One-year-old shoots subjected to unwounded inoculation yielded no

reaction, and therefore only results from the wounded inoculation were subjected to statistical

analysis. Since not enough evidence for homogeneity existed, an analysis of combined data was

performed using the variances of the repeats as weights (John and Quenouille 1977). Evidence

against normality was due to kurtosis and not skewness, and therefore the results were further

analysed with ANOVA and Student's t LSD pairwise comparisons. There were no significant

differences in lesion length caused by the various species of Cylindrocladiella tested compared

with the control treatments (P = 0.8626). Neither were there any significant differences in lesion

lengths caused by the various isolates (P = 0.9726).
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Discussion

Four species of Cylindrocladiella were found associated with grapevines in South Africa:

C. lageniformis, C. parva, C. peruviana, and C. viticola, a new species within the C. infestans

complex.

Although the present study has confirmed earlier records that C. lageniformis, C. parva

and C. peruviana occur on grapevines in South Africa, it has also added valuable information to

our understanding of the C. infestans species complex, and distinguished a new species within

this complex. Schoch et al. (2000) provided ITS and (3-tubulin sequence data to corroborate the

RFLP data of Victor et al. (1998), proving that Nectricladiella camelliae was not the teleomorph

of C. infestans. Furthermore, a newly collected isolate from Madagascar (Table 1) proved to be

morphologically and phylogenetically similar to C. infestans, and produced a teleomorph in

culture which was subsequently described as N. infestans. With the inclusion of additional

sequence data and isolates in the present study, however, it appears that the connection proposed

by Schoch et al. (2000) is probably incorrect, and that C. infestans could be a cryptic species

closely related to N. infestans. Although vesicle morphology is a reliable feature aiding in the

identification of Cylindrocladium spp. (Crous 2002), it seems considerably less reliable in

Cylindrocladiella. This is possibly due to Cylindrocladiella stipe extensions being aseptate,

which results in vesicles that are more prone to variation depending on the osmotic potential of

the medium used (Crous et al. 1992). Furthermore, DNA sequence data from additional isolates

lead us to conclude that the taxonomy of Cylindrocladiella is much more complicated than

currently assumed, and that many more species await formal description. Their potential role as

plant pathogens, however, remains to be resolved.
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Although the Cylindrocladiella isolates used for inoculations in this study were all

obtained from diseased grapevines exhibiting symptoms of dieback, chlorotic leaves and a

general unthrifty appearance, results obtained from the pathogenicity trials gave inconclusive

results. As was mentioned earlier, five species of Cylindrocladiella have been reported from

South Africa on various hosts, three of which were also recorded on declining V. vinifera (Crous

and Wingfield 1993; Victor et al. 1998; Crous 2002). Although these reports clearly confirm the

pathogenic ability of Cylindrocladiella to various hosts, we were not able to prove Koch's

postulates on grapevines. Further studies would therefore have to be conducted testing different

plant parts (e.g. roots and canes), under different environmental conditions (e.g. high moisture

regimes), and also using different methods of inoculation, to resolve the pathogenic status of

Cylindrocladiella spp. to grapevines.
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Table 1. Cylindrocladiella isolates included in this study for sequence analysis and/or morphological comparison

Anamorph Teleomorph Accession Substrate Country Collector Areas sequenced

no.

ITS P-tubulin Histone

Cylindrocladiella Unknown STE-U 234 Eucalyptus

camelliae grandis

Cylindrocladiella Unknown STE-U 277 Eucalyptus

camelliae grandis

Cylindrocladiella Unknown STE-U 518 Litter

elegans

Cylindrocladiella Unknown CBS 338.92 Leaf litter

elegans B

Cylindrocladiella Nectricladiella ATCC Pinus pinea

infestansB sp. 44816

Cylindrocladiella Nectricladiella CBS 191.50 Arenga pinnata

infestans sp. / IMI

299376

Cylindrocladiella Unknown STE-U 5607 Vitis vinifera cv.

Northern P.W. Crous

Province, South

Africa

Northern

Province, South

Africa

Western Cape, P.W. Crous

South Africa

KwaZulu-Natal, I. Rong

South Africa

New Zealand H.J.

Boesewinkel

Indonesia K.B. Boedijn

& J. Reitsma

AF220952 AY793471 AY793509

P.W. Crous AF220953 AY793472 AY793510

AF220954 AY793473 AY793511

AY793444 AY793474 AY793512

AF220955 AF320190 AY793513

AF220956 AY793475 AY793514

Western Cape, G.J. van AY793445 AY725652 AY725699
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lageniformis

Cylindrocladiella

lageniformis

Cylindrocladiella

lageniformis

Cylindrocladiella

lageniformis

Cylindrocladiella

lageniformis

Cylindrocladiella

lageniformis

Cylindrocladiella

lageniformis^

Cylindrocladiella

lageniformis

Cylindrocladiella

microcylindricaB

Cylindrocladiella

microcylindrica

Cylindrocladiella

microcylindrica

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Nectricladiella

camelliae

Unknown

Unknown

STE-U 5608

STE-U 5609

STE-U 5610

STE-U 5611

STE-U 5736

UFV115/

STE-U 2519

STE-U

11300

ATCC

38571

STE-U

10451

STE-U

10452

99-Richterc

Vitis vinifera cv.

99-Richter c

Vitis vinifera cv.

99-Richter c

Vitis vinifera cv.

99-Richter c

Vitis vinifera cv.

99-Richter c

Vitis vinifera cv.

99-Richter c

Eucalyptus sp.

Vitis vinifera

Pinus pinea

Echeveria elegans

Agalonema

commutatum

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Brazil

Western Cape,

South Africa

Australia

Indonesia

USA

Coller

G.J. van

Coller

G.J. van

Coller

G.J. van

Coller

G.J. van

Coller

G.J. van

Coller

A.C. Alfenas

G.J. van

Coller

W.A. Shipton

C.F. Hill

C.F. Hill

AY793446

AY793447

AY793448

AY793449

AY793450

AF220959

AY793451

AF220960

AY793452

AY793453

AY793476

AY793477

AY793478

AY793479

AY793480

AY793481

AY793482

AF320191

AY793483

AY793484

AY793515

AY793516

AY793517

AY793518

AY793519

AY793520

AY793521

AY793522

AY793523

AY793524
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Cylindrocladiella

novaezelandiaeB

Cylindrocladiella

parva B

Cylindrocladiella

parva

Cylindrocladiella

parva

Cylindrocladiella

parva

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

ATCC

44815

ATCC

28272

STE-U 373

STE-U 5735

STE-U

10956

STE-U 395

STE-U 683

STE-U 4210

STE-U 5612

STE-U 5613

STE-U 5614

Rhododendron

indicum

Telopea

speciosissima

Pinus radiata

Vitis vinifera cv.

101-14 MgtD

Quercus robur

Acacia mearnsii

Soil

Vitis vinifera

Vitis vinifera

Vitis vinifera

Vitis vinifera

New Zealand

New Zealand

Western Cape,

South Africa

Western Cape,

South Africa

Italy

KwaZulu-Natal,

South Africa

Thailand

California,

USA

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

H.J.

Boesewinkel

H.J.

Boesewinkel

P.W. Crous

G.J. van

Coller

S. Mutto

Accordi

P.W. Crous

M.J.

Wingfield

S.C.

Lamprecht

S.C.

Lamprecht

S.C.

AF220963

AF220964

AF220965

AY793454

AY793455

AF220967

AF220961

AY793456

AY793457

AY793458

AY793459

AY793485

AY793486

AY793487

AY793488

AY793489

AY793490

AY793491

AY793492

AY793493

AY793494

AY725653

AY793525

AY793526

AY793527

AY793528

AY793529

AY793530

AY793531

AY793532

AY793533

AY793534

AY725700
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peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana B

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

peruviana

Cylindrocladiella

viticola B

Unknown STE-U5615 Vitis vinifera

Unknown STE-U5616 Vitis vinifera

Unknown STE-U5617 Vitis vinifera

Unknown STE-U5618 Vitis vinifera

Unknown STE-U 5619 Vitis vinifera

Unknown IMUR 1843 Ants

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Western Cape,

South Africa

Peru

Lamprecht

S.C.

Lamprecht

S.C.

Lamprecht

S.C.

Lamprecht

S.C.

Lamprecht

S.C.

Lamprecht

M.P. Herrera

AY793460

AY793461

AY793462

AY793463

AY793464

AF220966

AY793495

AY793496

AY793497

AY793498

AY793499

AY793500

AY793535

AY793536

AY793537

AY793538

AY793539

AY793540

Unknown IMI384951 Oryza sativa ex India

rice field

Unknown CBS 115673 Soil South America P.W. Crous AY793466

/STE-U 917

Unknown CBS 115675 Soil South America P.W. Crous AY793467

Unknown STE-U 5606 Vitis vinifera cv. Western Cape, G.J. van AY793468

/CBS 99-Richterc South Africa Coller

AY793465 AY793501 AY793541

AY793502 AY793542

AY793503 AY793543

AY793504 AY793544
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112897

Cylindrocladiella Unknown STE-U 5620 Vitis vinifera cv. Western Cape,

viticola 99-Richterc South Africa

Cylindrocladiella Unknown STE-U 708 Soil Hong Kong

sp.

Cylindrocladiella Nectricladiella CBS 112364 Archontophoenix Australia

sp. infestans / Lynfield purpurea

791-A

/ STE-U

10490

Cylindrocladiella Nectricladiella STE-U 2319 Soil Madagascar

sp. infestansB

F. Halleen

M.J.

Wingfield

F. Hill

AY793469

AF220958

AY793470

AY793505

AY793506

AY793507

AY793545

AY793546

AY793547

J.E. Taylor AF220957 AY793508 AY793548

AATCC: American Type Culture Collection, Virginia, USA; CBS: Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands;

IMI: International Mycological Institute, CABI-Bioscience, Egham, Bakeham lane, UK; IMUR: Institute of Mycology, University of

Recife, Brazil; STE-U: Department of Plant Pathology, University of Stellenbosch, South Africa; UFV: (A.C. Alfenas), Department of

Plant Pathology, University of Vicosa, Vicosa, Minas Gerais, Brazil.

Ex-type cultures.

Richter 99 = Vitis berlandieri x Vitis rupestris cv. du Lot.

D 101-14 Mgt = Vitis riparia x Vitis rupestris.
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Table 2. Mean lesion lengths after inoculation of green shoots of 99-Richter with different

Cylindrocladiella species

Species

C. lageniformis

C. parva

C. peruviana

C. viticola

Negative control: Clonostachys rosea

Positive Control: Agar

A Means within a column followed by the same letter do not differ significantly (P = 0.05).

Lesion

Unwounded

0.00 a

0.50 a

0.66 a

0.00 a

0.00 a

0.00 a

length (mm)

Wounded

5.21 a

4.75 a

3.45 a

4.20 a

4.25 a

4.50 a
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Table 3. Mean lesion lengths after inoculation of green shoots of 99-Richter with isolates of

different Cylindrocladiella spp.

Species

C. lageniformis

C. parva

C. peruviana

C. viticola

Isolate no.

STE-U 5607

STE-U 5608

STE-U 5609

STE-U 5610

STE-U 5611

STE-U 5736

STE-U 5735

STE-U 4210

STE-U 5612

STE-U 5613

STE-U 5614

STE-U 5615

STE-U 5616

STE-U 5617

STE-U 5618

STE-U 5619

STE-U 5606

STE-U 5620

Lesion

Unwounded

0.00b

0.00 b

0.00 b

0.00 b

0.00 b

0.00 b

0.50 ab

0.00 b

0.80 ab

1.60 a

1.25 ab

1.33 ab

0.00 b

1.20 ab

0.00 b

0.00 b

0.00 b

0.00 b

length (mm) A

Wounded

4.67 a-d

5.83 ab

5.00 a-c

4.50 b-f

6.60 a

4.83 a-c

4.75 a-d

4.17 b-g

4.00 b-g

2.60 e-g

2.50 fg

2.17g

4.40 b-f

3.60 c-g

4.60 a-e

2.80 d-g

5.80 ab

2.60 e-g
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Clonostachys rosea Negative control 0.00 b 4.25 b-f

Control Control 0.00 b 4.50 b-f

A Means within a column followed by the same letter do not differ significantly (P = 0.05).
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Figure 1. One of sixteen most parsimonious trees obtained from the combined ITS, P-tubulin

and histone sequence data (TL = 993 steps, CI = 0.802, RI = 0.951, RC = 0.762). The scale bar

indicates 10 changes and the numbers at the nodes represent bootstrap support values based on

1000 resamplings. Branches that appear in the strict consensus tree are indicated by thickened

lines. Ex-type cultures are indicated in bold. The GenBank sequences of Cylindrocladium

floridanum (AF348247, AF348215, AF348231 and AF348251, AF348219, AF348235,

respectively for ITS, P-tubulin and histone) were included as outgroup.
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Fig. 2A-D. Cylindrocladiella viticola. A. Ellipsoidal to clavate vesicles. B. Penicillate

conidiophore. C. Subverticillate conidiophore. D. One-septate conidia. Bar = 1 0 µm.
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IDENTIFICATION AND PATHOGENICITY OF FUSARIUM SPECIES ASSOCIATED

WITH NURSERY GRAPEVINES IN THE WESTERN CAPE PROVINCE

ABSTRACT

Fusarium spp. are important soilborne pathogens of grapevines in some countries, causing

root necrosis and decline. Surveys conducted in a previous study to determine the status of

soilborne diseases of grapevines in three nurseries in the Western Cape province, showed that

Fusarium spp. were frequently associated with diseased grapevine crowns and roots. Subsequent

species identification revealed that F. oxysporum, F. proliferatum and F. solani were

predominantly isolated, while low frequencies of F. acuminatum, F. anthophilum, F.

chlamydosporum, F. equiseti, F. nygamai, F. scirpi and F. semitectum were recorded.

Pathogenicity was evaluated in glasshouse studies to determine the pathogenic status of F.

oxysporum, F. proliferatum and F. solani. None of the three Fusarium species, viz. F.

oxysporum, F. proliferatum, and F. solani was able to cause a significant decrease in root volume

or dry root mass, although the species did differ in their relative ability in causing a reduction of

root volume and dry root mass. The two rootstocks used in this study also differed with regard to

susceptibility to the Fusarium spp. tested. This is the first report of the pathogenicity of F.

oxysporum and F. solani of grapevines in South Africa. It is also the first report of the

pathogenicity of F. proliferatum of grapevines in the world.

INTRODUCTION

Fusarium spp. are commonly associated with grapevines, and have been isolated from

this host in Australia (Highet & Nair, 1995), Brazil (Andrade, 1993), Chile (Mujica, 1944), Egypt

(Mahrous, 2001), France (Foex & Ayoutantis, 1924, 1926; Rives, 1927; Branas & Bernon, 1933),

India (Sinha, Jawanda & Chohan, 1969; Lele et al, 1978), Italy (Petri, 1932), Russia (Mil'ko,

1959; Shterenburg, 1959), Sardinia (Petri, 1932), Sicily (Grasso, 1984), South Africa (Du Plessis,

1936; Marais, 1979; Ferreira, Matthee & Thomas, 1989), Switzerland (Osterwalder, 1943;



Benzoni, 1954), and the USA (Sprague, 1953; Gugino, Travis & Stewart, 2001). Fusarium

oxysporum Schltdl. em. W.C. Snyder & H.N. Hansen and Fusarium solani (Mart.) Appel &

Wollenw. are the two Fusarium spp. most commonly associated with grapevine decline.

Fusarium oxysporum causes both root rot and wilt of grapevines, while F. solani has been

associated with root rot only. Fusarium root rot is often restricted to feeder roots and contributes

to the decline syndrome, but is seldom fatal to the plant. On the other hand, most plants diseased

with vascular wilt do not recover and eventually die. Consequently Fusarium wilt of grapevines

is considered a very important disease with great economic implications (Lele et al. 1978;

Grasso, 1984; Andrade, 1993; Highet & Nair, 1995; Gugino et al, 2001).

In Brazil, Andrade (1993) reported a Fusarium sp., cited as "F. oxysporum f.sp.

herbemontis" as the most important pathogen of grapevines in some regions in Santa Catarina.

Fusarium oxysporum together with Cylindrocarpon destructans (Zinssm.) Scholten were also

consistently isolated from grapevines in Sicily. These grapevines were characterised by leaf

yellowing, wilting, and cane blight with necrosis of cortical tissues, discolouration and tylosis of

the xylem (Grasso, 1984). A number of grapevine diseases have also been attributed to non-wilt

causing forms of F. oxysporum. In South Africa, a Fusarium sp., cited as UF. oxysporum var.

auranticum" was associated with wastage of export grapes (Du Plessis, 1936) and F. oxysporum

with declined grapevines (Ferreira et al, 1989). Fusarium oxysporum was also associated with

decline of grapevines in Pennsylvania (Gugino et al, 2001). In California, Granett et al. (1998)

reported wounds on roots caused by phylloxera (Daktulosphaira vitifolia Fitch) to become

infested by various fungi, including Fusarium spp. cited as "Fusarium roseum (Schlecht)" and F.

oxysporum, as well as Pythium ultimum Trow.

Fusarium solani was the predominant species of Fusarium isolated from grapevines with

a high mortality rate in Brazil (Andrade, 1993). In India, severe crown and root galls on 2-year-

old grapevines were reported that were caused by combined infections with fungi, a nematode sp.

and bacterium, cited as "Rotylenchulus reniformis, Agrobacterium tumefaciens and F. solani"

(Lele et al, 1978). In California, Omer et al (1995) reported F. solani causing further damage to

grapevines that were already damaged by phylloxera. In Egypt, Mahrous (2001) identified

Fusarium spp., cited as "F. solani and Fusarium moniliforme", and other fungi, cited as

"Rhizoctonia solani and Botryodiplodia theobromae" as the predominant pathogens involved in

decline observed on nursery grapevines. It was recently decided that the name "Fusarium

verticillioides'" be used instead of "Fusarium moniliforme'", since the name F. moniliforme



represents an unacceptable broad species concept and F. verticillioides is indisputably the older

name for the species now commonly referred to as F. moniliforme (Hawksworth, 2003). Since

the name F. moniliforme was used loosely, no equivalency should be made between F.

moniliforme and F. verticillioides, especially when dealing with older literature (Hawksworth,

2003). Fusarium solani was also associated with decline of grapevines in Pennsylvania (Gugino

et al, 2001).

Other Fusarium spp. associated with diseased grapevines were cited as "Fusarium

viticold" (Foex & Ayoutantis, 1924; Rives, 1927), "Fusarium merismoides'" (Morquer, 1940),

"Fusarium acuminatum" (Sprague, 1953), "Fusarium avenaceum" (Morquer, 1940; Benzoni,

1954), "Fusarium equiseti" (Andrade, 1993; Gugino et al., 2001), and "Fusarium moniliforme

var. anthophilum" and "Fusarium moniliforme var. subglutinans" (Andrade, 1993). Fusarium

acuminatum was isolated from grape berries in Washington, USA but no indication of

pathogenicity was given (Sprague, 1953). Similarly, F. avenaceum was found in old excised

branches or emerging from the cortex of Bonarda grapevines in sheltered sites on calcareous soil,

but pathogenicity was not confirmed. According to Morquer (1940), in Toulouse, France, F.

avenaceum and F. merismoides grew and reproduced in the viscous exudates of grapevines in

spring. Tests using artificial inoculation demonstrated that these fungi resided as saprobes in the

vine sap (Morquer, 1940). According to Morquer (1940), F. avenaceum and F. merismoides

could propagate and reproduce in sap of grapevines in spring. Artificial inoculation tests

confirmed that these fungi reside as saprobes in the vine sap (Morquer, 1940). In Brazil, in an

experimental area with high grapevine mortality, Fusarium equiseti, F. moniliforme var.

anthophilum and F. moniliforme var. subglutinans were isolated from roots (Andrade, 1993).

Fusarium spp., cited as "Fusarium equiseti" and "Fusarium sporotrichioides" together with "F.

oxysporum", "F. solani", "C. destructans" and a Diplodina sp. were associated with decline of

grapevines in Pennsylvania. Foex and Ayoutantis (1924) and Rives (1927) reported F. viticola to

be associated with diseased grapevines in France. Rives (1927), however, stated that insufficient

information was available to confirm whether F. viticola was responsible for this condition.

In the USA, Falk et al. (1996) reported on the use of Fusarium proliferatum (T.

Matsushima) Nirenberg as a biological control agent against grape downy mildew and

maintained that the formulation tested was not pathogenic to grapes and no fumonisin

mycotoxins occurred in grape juice from treated plants. Later on, Bakshi, Sztejnberg and Yarden



(2001) isolated and characterised a cold-tolerant strain of F. proliferation as a biological control

agent against grape downy mildew.

Fusarium spp. associated with declining and wilting grapevines are often not identified to

species level. Unidentified Fusarium spp. associated with wilting of vines were reported in Italy

and Sardinia by Petri (1932), as well as by Branas and Bernon (1933) in France on soil

previously cultivated with lucerne. Unidentified Fusarium spp. associated with decline of

grapevines was reported by Agnihotrudu (1968) in Andhra Pradesh, India, by Shterenburg (1959)

in Russia, by Bumbieris (1972) in Australia, and by Marais (1979) and Halleen, Crous and Petrini

(2003) in South Africa, although no indication of the pathogenic status of these Fusarium isolates

was given.

In view of the recent increase in the number of vineyards in South Africa and the demand

for high quality disease free planting stock the need to reassess the status of root diseases on

nursery grapevines became clear. With the evident lack of information regarding Fusarium

species and their effect on grapevines in South Africa, a study was initiated to investigate this

area. The aims of this study were to determine which Fusarium spp. are associated with nursery

grapevines grafted onto popular commercial grapevine rootstocks in the Western Cape province

and origin of material (different grapevine nurseries). Furthermore, the effect of isolation

procedures, e.g. disinfestation and non-disinfestation of grapevine material prior to isolation, on

the incidence of different Fusarium spp. needs to be elucidated. Pathogenicity and relative

virulence of the most predominant species were also assessed on commonly planted rootstocks,

using different parameters for the evaluation.

MATERIALS AND METHODS

Surveys

Fusarium species associated with diseased grapevines in nurseries were recorded as part

of a survey programme (Chapter 2) to determine the incidence of pathogenic fungi on nursery

grapevines. The surveys were conducted in three commercial nurseries in the Western Cape

province over three seasons. The first survey was conducted from February to April 2001 when

the grapevines were 5-7 months old, the second survey from November to December 2001 when

the grapevines were 1 -2 months old, and the third survey from March to April 2002, when the



grapevines were 6-7 months old. Declining grafted nursery grapevines were sampled and

isolations made from root and crown tissue onto Phytophthora selective medium (PH medium)

(Solel & Pinkas, 1982); Pythium selective medium (P medium) (PH medium without

hymexazol); potato dextrose agar (PDA) (Biolab Diagnostics; Midrand, South Africa); water agar

(WA) (Agar Bacteriological, Biolab Diagnostics, Midrand, South Africa) containing 0.04g/L

streptomycin sulphate, unamended WA, and Komada's medium {Fusarium oxysporum selective

medium) (Komada, 1975). For surveys two and three, the same culturing media were used, but

the WA amended with streptomycin sulphate was left out, and Komada's medium was replaced

with selective Fusarium agar (Tio et al., 1977) to isolate a wider range of Fusarium spp. All

fungal colonies that developed were transferred to divided Petri dishes containing 2% potato

dextrose agar (PDA; Biolab Diagnostics, Midrand, South Africa) in one side, and carnation leaf

agar (Fisher et al., 1982) in the other side. Fusarium species were identified to species level

according to Nelson et al. (1983).

Pathogenicity trials

Two pathogenicity trials were conducted in separate glasshouses. Both these trials were

repeated the next year. In the first glasshouse, grafted grapevines were inoculated with F.

oxysporum and F. solani, and in the second glasshouse, grapevines were inoculated with F.

proliferatum. In each glasshouse a complete set of control plants were present. The trials were

conducted separately in order to avoid contamination of F. oxysporum and F. solani treatments

with the F. proliferatum treatment, because F. proliferatum can easily be dispersed. The

materials and methods for all trials were the same.

Isolates and preparation of inoculum. Three isolates each of F. oxysporum (STE-U

5725, STE-U 5726, STE-U 5727), F. proliferatum (STE-U 5715, STE-U 5716, STE-U 5719),

and F. solani (STE-U 5728, STE-U 5729, STE-U 5730) were plated onto 90 mm diam. Petri

dishes containing PDA amended with 0.04 g/L streptomycin sulphate. The developing cultures

were incubated for 14 days at 24°C under near ultraviolet and cool white lights with a 12 h

photoperiod.

The millet seed inoculation method developed by Strauss and Labuschagne (1995) was

used in this study. Two inoculum levels were prepared, namely 0.5% and 1% m/v inoculum.



The millet seed was soaked in distilled water for 12 h (250 g seed/125 mL in 1 L Schott bottles),

and then autoclaved for 20 min at 120°C on two consecutive days. The bottles were shaken

before autoclaving, as well as each time after autoclaving. Mycelial discs of the different

Fusarium isolates were made with a sterile cork borer (5 mm diam.) and 13 mycelial plugs were

transferred to each respective bottle. The bottles were incubated in the dark at 25°C for 10 days

and shaken every third day to ensure thorough seed colonisation.

Preparation of plant material. Dormant 1-year-old grafted nursery grapevines (Vitis

vinifera L. cv. Cabernet Sauvignon on 99 Richter (Vitis berlandieri PI x Vitis rupestris Sch. var.

du Lot), and V. vinifera cv. Cabernet Sauvignon on 101-14 Mgt (Vitis riparia M x Vitis rupestris

Sch.) rootstocks were subjected to hot water treatment (50°C for 30 min) to rid them of

pathogens that may be present (Von Broembsen & Marais, 1978; Crous, Swart & Coertze, 2001).

Following this treatment, the grapevines were hydrated in cold water for 24 h in order to break

the heat shock (Crous et al., 2001). The potting mixture consisted of fine sand and composted

pine bark (1 :1) (Nucellar nurseries, P.O. Box 73, Simondium), with a pH value of 6.2, and was

amended with either 0.5% or 1% m/v inoculum. The grapevines were transplanted into 5 L

plastic pots (one plant per pot) containing the amended potting mixture. The plants were

irrigated daily with municipal tap water until field capacity was reached and fertilised weekly

with a balanced, water-soluble fertiliser (Chemicult, Chemicult Producers (Pty) Ltd. P.O. Box

133, Camps Bay, 8040). A cloth dipped in penconazole (Topaz EW, Syngenta), was placed in

front of the air-conditioners of the glasshouse, and replaced weekly, to prevent the development

of powdery mildew (Uncinula necator (Schwein.) Burrill). No pest control was necessary.

Experimental design. The two experiments were conducted in separate glasshouses.

Both were factorial experiments in randomised block designs. The factors were two rootstocks

(101-14 Mgt, 99 Richter), three species in experiment 1 (control, F. oxysporum, F. solani), two

species in experiment 2 (control, F. proliferatum), and two inoculum densities (0.5% m/v, 1%

m/v) replicated randomly in five blocks. An experimental unit was one plant in a pot.

Disease assessments. Disease symptoms on the above-ground and below-ground parts of

the plants were assessed 3 months after inoculation. The following below-ground parameters

were used, (i) root volume (cm3) and (ii) dry root mass (g). To determine the root volume, the

washed roots were excised and placed into a 2 L measuring cylinder containing 1 L of water.



Root volume was determined by measuring the water displacement (cm3). Above-ground

parameters assessed for every plant were (i) the length of new shoot growth (mm), (ii) dry mass

of new growth (g), (iii) number of leaves, and (iv) percentage of chlorotic leaves. The length of

new shoot growth was determined by cutting off all new shoot growth (growth that occurred after

the grapevines were planted), and measuring the sum total of new growth (mm).

Re-isolation of Fusarium spp. Re-isolation of the different Fusarium spp. was carried

out by plating two pieces of root and crown tissue per plant onto both PDA and selective

Fusarium agar.

Statistical analysis.

Surveys. Data obtained from the surveys were subjected to analysis of variance

(ANOVA) using SAS statistical software version 8.02 (SAS, 1999). Student's t least significant

differences (LSD) pairwise comparisons (Snedecor and Cochran 1989) were calculated at the 5%

level of significance to establish differences between treatment means.

Pathogenicity experiments. To test for homogeneity of variances between repeats of the

pathogenicity experiments, Levene's test was performed (Levene 1960). In cases where not

enough evidence for homogeneity existed, an analysis of combined data was performed using the

variances of the repeats as weights (John and Quenouille 1977). To test for non-normality,

Shapiro-Wilk's test was performed (Shapiro and Wilk 1965). In order to compare the relative

virulence of the three different Fusarium spp. tested over two seasons in two separate

glasshouses, an adjusted analysis of variance (adjusted ANOVA) were then performed with

residual results obtained by subtracting the mean value of the inoculated treatments from the

mean values of the control treatments (Snedecor & Cochran, 1989). Student's t least significant

differences (LSD) pairwise comparisons (Snedecor and Cochran 1989) were calculated at the 5%

level of significance to establish differences between treatment means.

RESULTS

Surveys



Ten Fusarium species, viz. F. acuminatum Ell. & Ev. Sensu Gordon, F. anthophilum (A.

Braun) Wollenw., F. chlamydosporum Wollenw. & Reinking, F. equiseti (Corda) Sacc, F.

nygamai Burgess & Trimboli, F. oxysporum Schlecht. Emend. Snyd. & Hans., F. proliferatum

(Matsushima) Nirenberg, F. scirpi Lambotte & Fautr., F. semitectum Berk. & Rav., and F. solani

(Mart.) Appel & Wollenw. Emend. Snyd. & Hans., were isolated from root and crown tissue of

nursery grapevines.

Crown tissue. Results of the analyses of variance for the incidence of the different

Fusarium spp. obtained from crown tissue of nursery grapevines are given in Table 1. In crown

tissue, F. oxysporum was isolated significantly (P = 0.05) more than any other Fusarium spp.,

whereas F. proliferatum and F. solani were significantly (P = 0.05) more frequently isolated than

the remaining Fusarium spp. (Table 2).

Rootstocks and origin of material (i.e. nurseries) also affected the incidence of Fusarium

spp. obtained from grapevine crown tissue. A significant rootstock x nursery interaction (P =

0.0387) was observed for the incidence of Fusarium spp. obtained from crown tissue of

grapevines (Table 3). Crown tissue of the rootstock 101-14 Mgt at nursery 1 yielded a

significantly (P = 0.05) higher incidence of Fusarium spp. than 99 Richter. However, the

incidence of Fusarium spp. in crown tissue of these rootstocks at the other nurseries were not

statistically significant (Table 3).

Surface disinfestation did not significantly (P = 0.05) affect the incidence of Fusarium

spp. obtained from crown tissue (Table 2).

Nurseries differed with regard to the incidence of Fusarium spp. obtained from crown

tissues during the different surveys and a significant survey x nursery interaction (P = 0.0030)

was observed (Table 5). Grapevines collected at Nursery 1 yielded a significantly higher

incidence of Fusarium spp. during the first survey than the second and third surveys. There were

no significant differences in the incidences of Fusarium spp. in crown tissue of grapevines

collected at the other two nurseries during all three seasons (Table 5).

Roots. Results from the incidence of different Fusarium spp. obtained from root tissue of

nursery grapevines were subjected to analyses of variance (Table 6). A significant interaction (P

= 0.0002) was observed between the incidence of Fusarium species obtained from root tissue of

different grapevine rootstocks subjected to surface disinfestation and non-surface disinfestation



(Table 7). Roots of 99 Richter yielded a significantly (P = 0.05) higher level of F. oxysporum

than 101-14 Mgt when not surface disinfested, whereas 101-14 Mgt roots yielded significantly

more F. oxysporum than 99 Richter when surface disinfested (Table 7). Roots of 99 Richter

yielded significantly more F. solani whereas 101-14 Mgt roots did not yield significantly more F.

solani when not surface disinfested (Table 7).

Data on the effect of nurseries and different surveys on the incidence of Fusarium spp. on

grapevine roots are given in Table 8. A significant (P = 0.0005) survey x nursery interaction was

recorded for the incidence (%) of Fusarium species obtained from root tissue of grapevines. The

highest incidence of F. oxysporum was recorded on grapevine roots collected at nursery 2 during

the first survey (Table 8). Fusarium proliferatum was isolated more frequently during the second

and third surveys and F. solani more frequently during the first survey (Table 8).

Pathogenicity of F. oxysporum, F. proliferatum and F. solani.

Below-ground parameters. None of the isolates of any of the Fusarium species resulted

in a significant (P = 0.05) decrease in root volume or dry root mass (Table 9). However, the F.

solani isolate STE-U 5730 did result in a significantly decreased root volume than the F. solani

isolate STE-U 5729, as well as the F. oxysporum isolate STE-U 5727 (Table 9).

None of the different Fusarium species tested significantly (P = 0.05) resulted in a

reduced root volume or dry root mass when compared to the control treatments (Table 10).

Fusarium solani did however, result in a significantly (P = 0.05) more reduced root volume than

F. proliferatum (Table 10).

There were no significant (P = 0.05) differences between the rootstocks 99 Richter or

101-14 Mgt, with regard to root volume or dry root mass (Table 11).

The two different inoculum levels had no effect on the root volume, but a significantly

decreased dry root mass was observed after inoculation at the 1% m/v inoculum level, as

compared to the 0.5% inoculum level (Table 12).

The root volume and dry root mass was significantly (P = 0.05) more reduced during the

second season than during the first season (Table 13).



Above-ground parameters. None of the isolates of any of the Fusarium species resulted

in a significant (P = 0.05) decrease in the number of leaves (Table 9). However, all of the F.

oxysporum and F. proliferatum isolates, as well as the F. solani isolate STE-U 5728 resulted in a

significantly (P - 0.05) reduced percentage of chlorotic leaves (Table 9).

There were no difference between the number of leaves after inoculation of any of the

Fusarium species when compared to the control treatments, but all of the Fusarium species

resulted in a significantly (P = 0.05) reduced percentage of chlorotic leaves (Table 10).

Fusarium oxysporum resulted in a significantly (P = 0.05) increased length of new shoot growth

when compared to the controls (Table 10).

Grapevines grafted onto the rootstock 99 Richter had a significantly (P = 0.05) reduced

number of leaves than the rootstock 101-14 Mgt after inoculation with the different Fusarium

species, but a significantly increased percentage of chlorotic leaves than compared with the

rootstock 101-14 Mgt (Table 11).

The two different inoculum levels of the different Fusarium species had no effect on the

number of leaves of grapevines, or their percentage of chlorotic leaves (Table 12).

The number of leaves of grapevines was significantly (P = 0.05) more reduced during the

second season than during the first season, although the two different seasons had no effect (P =

0.05) on the percentage of chlorotic leaves (Table 13).

There was a significant rootstock x isolate interaction for the length of new shoot growth

(P <0.0001) and dry mass of new growth (P = 0.0008). The F. oxysporum isolate STE-U 5727

resulted in a significantly increased length of new shoot growth on the rootstock 99 Richter, but

not on the rootstock 101-14 Mgt (Table 14). The F. proliferatum isolates STE-U 5716 and STE-

U 5719 resulted in a significantly reduced dry mass of new growth on the rootstock 99 Richter,

but not on the rootstock 101-14 Mgt, while the F. oxysporum isolate STE-U 5727 resulted in a

significantly increased dry mass of new growth on the rootstock 99 Richter, but not on the

rootstock 101-14 Mgt (Table 14).

A significant (P = 0.0392) rootstock x species interaction was also observed for the dry

mass of new growth, where F. proliferatum resulted in a significantly reduced dry mass of new

growth on grapevines grafted onto the rootstock 99 Richter, but not on the rootstock 101-14 Mgt

(Table 17).



There was a significant season x isolate interaction for the length of new shoot growth (P

O.0001) as well as the dry mass of new growth (P O.0001). The F. solani isolate STE-U 5728

resulted in a significantly reduced length of new shoot growth and dry mass of new growth in the

first season, but not in the second season, while the F. oxysporum isolate STE-U 5727 resulted in

a significantly increased length of new shoot growth and dry mass of new growth in the second

season, but not in the first season (Table 15). The F. solani isolate STE-U 5729 also resulted in a

significantly increased dry mass of new growth during the second season, but not during the first

season (Table 15).

A significant season x species interaction was also observed for the length of new shoot

growth (P < 0.0001) and the dry mass of new growth (P < 0.0001). Fusarium oxysporum and F.

solani both resulted in a significant decrease in the length of new shoot growth and dry mass of

new growth during the first season, but resulted in a significant increase in both these parameters

during the second season (Table 18).

There was a significant inoculum level x isolate interaction for the length of new shoot

growth (P O.0001) as well as the dry mass of new growth (P O.OOOl). The F. solani isolate

STE-U 5728 resulted in a significantly reduced length of new shoot growth and dry mass of new

growth when inoculated at 1% m/v, but not at 0.5% m/v, while the F. oxysporum isolate STE-U

5727 resulted in a significantly increased length of new shoot growth and dry mass of new

growth when inoculated at 0.5% m/v, but not at 1% m/v (Table 16). The F. solani isolate STE-U

5729 also resulted in a significantly increased dry mass of new growth when inoculated at 1%

m/v, but not during at 0.5% m/v (Table 16).

A significant inoculum level x species interaction was also observed for the length of new

shoot growth (P = 0.0014) and the dry mass of new growth (P = 0.0021). Fusarium oxysporum

resulted in a significant increase in the length of new shoot growth and dry mass of new growth

when inoculated at the 0.5% m/v level, but not at the 1% m/v level, while F. solani resulted in a

significant decrease in the length of new shoot growth at the 1% m/v level, but not at the 0.5%

m/v level (Table 19).

A significant season x rootstock x treatment interaction was observed for the length of

new shoot growth (P = 0.0005) and the dry mass of new growth (P = 0.0379). The length of new

shoot growth and the dry mass of new growth was significantly reduced on grapevines grafted



onto both the rootstocks 101-14 Mgt and 99 Richter during the first season at the 1% m/v

inoculum level, but not during the second season (Table 20).

Re-isolation of Fusarium spp. The respective Fusarium spp. were re-isolated from

inoculated plant material, but not from the control plants.

DISCUSSION

Ten Fusarium spp. were isolated from crowns and roots of nursery grapevines. It is the

first report of F. acuminatum, F. anthophilum, F. chlamydosporum, F. equiseti, F. nygamai, F.

proliferatum, F. scirpi, and F. semitectum from grapevines in South Africa. Fusarium

oxysporum and F. solani were the predominant Fusarium species associated with crowns and

roots of diseased grapevines in nurseries in the Western Cape province, concurring with findings

of other researchers in Australia (Highet & Nair, 1995) and the USA (Gugino et al, 1999).

Fusarium proliferatum was also frequently isolated from crowns of diseased grapevines, but was

less frequently obtained from roots. The role of the different Fusarium spp. associated with

grapevines in vineyards of various ages in South Africa needs to be assessed.

The results obtained from the identification of the Fusarium spp. suggest that the number

of Fusarium spp. associated with declining grapevines have increased over the last 20-30 years.

Marais (1979) indicated three different groups of Fusarium that were infrequently obtained from

declining grapevines in the Western Cape province. These groups were, however, not identified

to species level. One possible explanation for this increase may be the use of rotation crops such

as legumes in grapevine nurseries (J. Wiese, pers. comm.). These crops may introduce Fusarium

spp. to grapevine nursery soil. This aspect needs to be further investigated.

In the pathogenicity trial, none of the three Fusarium species, viz. F. oxysporum, F.

proliferatum, and F. solani was able to cause a significant decrease in root volume or dry root

mass, although the species did differ in their relative ability in causing a reduction of root volume

and dry root mass. Fusarium oxysporum and F. solani have however resulted in a decrease in the

length of new shoot growth and dry mass of new growth in the first season, but not during the

second. Fusarium oxysporum and F. solani have been reported as pathogens of grapevines in

Australia (Highet & Nair, 1995), Brazil (Andrade, 1993), India (Lele et al, 1978), and the USA

(California and Pennsylvania) (Omer et al, 1999; Gugino et al., 2001). Ferreira et al. (1989) also



reported F. oxysporum to be associated with declining grapevines in South Africa. However, this

is the first report on the pathogenicity of F. oxysporum and F. solani as pathogens of grapevines

in South Africa. It is also the first report of the pathogenicity of F. proliferatum of grapevines in

the world.

It is well known that F. proliferatum produces fumonisins (Rheeder, Marasas & Vismer,

2002). This fungus has been evaluated for biocontrol of downy mildew on grapevines (Falk et

al, 1996). Falk et al. (1996) reported that the isolate used for biocontrol is not a fumonisin

producer. The fact that the F. proliferatum isolates evaluated in our study are pathogenic has

important implications for the use of F. proliferatum for biocontrol. Significant differences in the

effect of different F. proliferatum isolates on grapevine roots were, however, observed. Whether

these differences in pathogenicity are linked to fumonisin production is uncertain.

The two rootstocks used in this study differed with regard to susceptibility to the

Fusarium spp. tested. In earlier studies it was reported that 99 Richter was more susceptible to

the soilborne pathogen, P. cinnamomi (Von Broembsen & Marais, 1978). The reason for this

higher susceptibility of 99 Richter to soilborne pathogens is still unclear and needs to be

determined. In the case of infection of the rootstock 99 Richter by P. cinnamomi, Marais and

Hattingh (1985) showed that the higher levels of arginine, aspartic acid and glutamic acid in the

root exudates of 99 Richter resulted in a higher chemotactic index for zoospores of P. cinnamomi.

This may therefore be partially responsible for the higher susceptibility of 99 Richter to P.

cinnamomi. Omer et al. (1999) determined the pathogenicity of F. oxysporum to various

rootstocks. The rootstock Carignane was most susceptible, followed by the V. vinifera-hybhd

rootstock AXR#1, and lastly the non-F. vinifera rootstocks 11 OR and St. George. They also

mentioned that the cultivars that are highly susceptible to phylloxera appear to be susceptible to

F. oxysporum. The use of resistant rootstocks will be a useful means of disease management

therefore screening available rootstocks might yield valuable information for disease

management.
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Table 1. Analysis of variance for the incidence of different Fusarium spp. isolated from crown

tissue of nursery grapevines

Source of variation DF SS MS Pr>F

Model

Nursery (N)

Survey (S)

NxS

Rootstock (R)

NxR

RxS

N x R x S

Treatment (T)

NxT

SxT

N x S x T

RxT

N x R x T

RxSxT

N x R x S x T

Species (Sp)

NxSp

SxSp

N x S x Sp

RxSp

N x R x Sp

R x S x Sp

N x R x S x Sp

TxSp

N x Sp x T

S x Sp x T

N x S x Sp x T

R x Sp x T

N x R x Sp x T

R x S x Sp x T

N x R x S x S p x T

Error

Corrected total

279

2

2

3

1

2

2

1

1

2

2

3

1

2

2

1

9

18

18

27

9

18

18

9

9

18

18

27

9

18

18

9

2680

2959

21798.9227

130.0908

33.1769

748.2119

16.8338

517.4170

10.2461

37.5156

3.1569

72.8722

29.6658

83.3176

80.5445

183.6535

70.2044

0.7656

11235.4505

408.3911

875.9645

1255.7620

149.8075

923.7326

102.7096

425.1406

107.5225

494.3417

632.8511

852.7861

455.4097

1329.7074

459.1576

72.5156

144910.8333

166709.7560

78.1323

65.0454

16.5884

249.4040

16.8338

258.7085

5.1231

37.5156

3.1569

36.4361

14.8329

27.7725

80.5445

91.8268

35.1022

0.7656

1248.3834

22.6884

48.6647

46.5097

16.6453

51.3185

5.7061

47.2379

11.9470

27.4634

35.1584

31.5847

50.6011

73.8726

25.5088

8.0573

54.0712

< 0.0001

0.3005

0.7358

0.0032

0.5769

0.0084

0.9096

0.4049

0.8091

0.5098

0.7601

0.6729

0.2224

0.1832

0.5226

0.9053

< 0.0001

0.9844

0.5786

0.6725

0.9726

0.5176

1.000

0.5482

0.9916

0.9561

0.8617

0.9567

0.4929

0.1377

0.9702

0.9982



Table 2. Mean incidence of different Fusarium spp. isolated from crown tissue of nursery

grapevines

Fusarium species

F. acuminatum

F. anthophilum

F. chlamydosporum

F. equiseti

F. nygamai

F. oxysporum

F. proliferatum

F. scirpi

F. semitectum

F. solani

x Means followed by the same letter do not differ significantly (P = 0.05).
z Mean value calculated as follows: Number of tissue pieces yielding fungus / total number of

tissue pieces x 100.

Incidence

0.41

0.00

0.29

0.24

0.08

6.55

1.99

0.34

0.00

2.39

c

c

c

c

c

a

b

c

c

b

Table 3. Effect of rootstocks and nursery on the incidence of Fusarium spp. on crown tissue of

grapevines

Rootstock

99 Richter

101-14 Mgt

Nursery 1

0.85 b

3.33 a

Incidence (%)xy

Nursery 2

1.16b

1.18b

Nursery 3

1.16b

0.92 b

x Means followed by the same letter do not differ significantly (P = 0.05).
y Mean value calculated as follows: Number of tissue pieces yielding fungus / total number of

tissue pieces x 100.



Table 4. Mean incidence of Fusarium spp. isolated from crown tissue of nursery grapevines

subjected to different treatments

Treatmentx Incidence yz

D 1.20 a

ND 1.26 a

x D = plant material disinfected; ND = plant material not disinfected.
y Means followed by the same letter do not differ significantly (P = 0.05).
z Mean value calculated as follows: Number of tissue pieces yielding fungus / total number of

tissue pieces x 100.

Table 5. Effect of surveys and nurseries on the incidence of Fusarium spp. on crowns of

grapevines in nurseries

Survey

1 (Feb-April 2001)

2(Nov-Dec2001)

3 (March-April 2002)

Nursery 1

2.50 a

0.83 b

0.90 b

Incidence (%)xy

Nursery 2

1.10b

1.25 b

Nursery 3

0.54 b

1.30 b

1.44 ab

x Means followed by the same letter do not differ significantly (P = 0.05).
y Mean value calculated as follows: Number of tissue pieces yielding fungus / total number of

tissue pieces x 100.
z Fusarium spp. not isolated.



Table 6. Analysis of variance for the incidence of different Fusarium spp. isolated from root

tissue of nursery grapevines

Source of variation DF SS MS Pr>F

Model

Nursery (N)

Survey (S)

N x S

Rootstock (R)

N x R

R x S

N x R x S

Treatment (T)

N x T

S x T

N x S x T

R x T

N x R x T

R x S x T

N x R x S x T

Species (Sp)

NxSp

SxSp

N x S x Sp

RxSp

N x R x Sp

R x S x Sp

N x R x S x Sp

TxSp

N x Sp x T

S x Sp x T

N x S x Sp x T

R x Sp x T

N x R x Sp x T

R x S x Sp x T

N x R x S x S p x T

Error

Corrected total

319

2

2

4

1

2

2

2

1

2

2

4

1

2

2

2

9

18

18

36

9

18

18

18

9

18

18

36

9

18

18

18

3060

3379

66470.6830

1419.9173

374.2281

1131.9774

57.2617

47.9985

55.8755

68.0955

709.1474

53.7574

13.5761

365.1882

414.7502

138.6870

18.3674

66.7280

39841.9438

2747.4644

2140.5289

3876.9376

362.4772

810.0228

160.1899

851.3162

3080.2970

863.7533

1168.6762

2486.5878

1832.4649

503.3385

485.3506

323.77816

163425.3935

229896.0765

208.3720

709.9587

187.1140

282.9943

57.2617

23.9992

27.9377

34.0478

709.1474

26.8787

6.7881

91.2971

414.7502

39.3435

9.1837

33.3640

4426.8827

152.6369

118.9183

107.6927

40.2752

45.0013

8.8994

47.2953

342.2552

47.9863

64.9265

69.0719

203.6072

27.9633

26.9639

17.9877

53.4070

< 0.0001

< 0.0001

0.0302

0.0003

0.3005

0.6381

0.5927

0.5287

0.0003

0.6046

0.8806

0.1450

0.0054

0.2731

0.8420

0.5355

< 0.0001

< 0.0001

0.0021

0.0003

0.6593

0.6503

1.000

0.5967

< 0.0001

0.5805

0.2382

0.1136

< 0.0001

0.9488

0.9574

0.9959



Table 7. Effect of rootstock and surface disinfestation of plant material on the incidence of Fusarium spp. on roots of grapevines in

nurseries

Incidence (%)

Rootstock Treatment

99 Richter

101-14 Mgt

D

ND

D

ND

0.00

0.00

0.74

0.00

h

h

h

h

0

0

0

0

.00

.00

.00

.68

h

h

h

h

0.43

0.54

0.51

0.14

h

h

h

h

1.51 gh

1.73 f-h

2.02 f-h

0.66 h

0.13

0.00

0.00

0.34

h

h

h

h

0.00

0.10

0.00

0.00

h

h

h

h

2

9.

3

6,

.96

62

.84

08

fg

bc

ef

de

F. acu F. ant F. chl F. equ F. nyg F. oxy F. pro F. sci F. sent F. sol

7.61 cd 0.89 gh 0.51 h

16.27 a 0.79 gh 1.08 gh

11.15 b 1.58 e-h 0.74 gh

9.26 bc 1.15 gh 0.84 gh

w D = plant material surface disinfested; ND = plant material not surface disinfested.
x Fusarium spp: F. acu = F. acuminatum, F. ant = F. anthophilum, F. chl = F. chlamydosporum, F. equ = F. equiseti, F. nyg = F.

nygamai, F. oxy = F. oxysporum, F. pro = F. proliferatum, F. sci = F. scirpi, F. sem = F. semitectum, F. sol = F. solani.
y Means followed by the same letter do not differ significantly (P = 0.05).
z Mean value calculated as follows: Number of tissue pieces yielding fungus / total number of tissue pieces x 100.



Table 8. Effect of survey and nursery on the incidence oi Fusarium spp. on roots of grapevines in nurseries

Survey

l(Feb-Apr2001)

2(Nov-Dec2001)

3 (Mar-Apr 2002)

Nursery

1

2

3

1

2

3

1

2

3

F. acu

1.67 h-k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

F.ant

0.00 k

1.04 i-k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

F.chl

0.00 k

0.00 k

0.00 k

0.00 k

1.88 g-k

0.50 jk

1.00 i-k

0.31 jk

0.31 jk

F. equ

0.00 k

4.17 f-i

0.22 k

1.25 i-k

1.50 i-k

0.00 k

3.50 f-k

2.81 f-k

0.31 jk

Incidence

F.nyg

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.00 k

0.94 i-k

(%)xyz

F. oxy

5.00 e-h

19.79 a

7.87 de

9.17 d

9.69 d

8.00 de

16.00 b

13.75 bc

10.94 cd

F. pro

0.00 k

1.04 i-k

0.00 k

0.00 k

0.56 jk

2.00 g-k

1.50 i-k

3.13 f-k

1.25 i-k

F.

0

4.

0.

0

0.

0

0

0

0.

sci

00 k

17 f-i

67 jk

00 k

56 jk

,00 k

,00 k

.00 k

31 jk

F.

0.

0.

0.

0.

0.

0.

0.

0.

0.

sent

00 k

00 k

00 k

00 k

25 k

00 k

00 k

00 k

00 k

F. sol

1.67 h-k

10.42 cd

9.67 d

3.75 f-j

5.63 ef

3.75 f-j

5.50 ef

5.31 e-g

2.50 f-k

x Fusarium spp: F. acu = F. acuminatum, F. ant = F. anthophilum, F. chl = F. chlamydosporum, F. equ = F. equiseti, F. nyg = F.

nygamai, F. oxy = F. oxysporum, F. pro = F. proliferatum, F. sci = F. scirpi, F. sem = F. semitectum, F. sol = F. solani.
y Means followed by the same letter do not differ significantly (P = 0.05).
z Mean value calculated as follows: Number of tissue pieces yielding fungus / total number of tissue pieces x 100.



Table 9. Effect of different isolates of Fusarium oxysporum, F. proliferation and F. solani on

grapevines after inoculation of roots in a glasshouse

Species

F. oxysporum

F. proliferatum

F. solani

Control

LSD-value

Isolate

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

Root volume

(cm3) XY

10.30 a-c

5.17 a-d

-6.02 b-d

-17.52 d

0.86 a-d

-8.24 cd

19.33 ab

-9.44 cd

21.98 a

O a-d

25.53

Root mass

(g)XY

14.05 a

4.11 a

3.39 a

-0.33 a

13.82 a

10.83 a

16.77 a

10.62 a

10.32 a

0 a

23.73

Number of

leaves x

13.19a

20.43 a

14.54 a

8.28 a

10.89 a

7.82 a

23.88 a

-0.19 a

18.56 a

0 a

25.79

Chlorotic

leaves (%)X Y Z

33.77 ab

51.88 a

37.47 ab

47.44 a

35.47 ab

45.97 ab

32.06 ab

18.39 bc

27.18 a-c

Ocd

28.24

Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.
z Percentage chlorotic leaves / total number of leaves x 100.

Table 10. Effect of Fusarium oxysporum, F. proliferatum and F. solani on grapevines after

inoculation of roots in a glasshouse

Species

F. oxysporum

F. proliferatum

F. solani

Control

LSD-value

Root volume

(cm3) XY

3.30 ab

-8.23 b

10.70 a

O ab

14.74

Root mass

(g)XY

7.29 a

8.24 a

12.57 a

0a

13.70

New shoot

length

(mm) XY

-23.62 b

12.18a

11.48 a

0

18.51

Number of

leaves x

6.06 a

9.00 a

13.91 a

0a

14.89

Chlorotic

leaves (%)
XYZ

41.28 ab

43.02 a

25.94 b

0c

16.30

' Means within a column followed by the same letter do not differ significantly (P = 0.05).

Mean value of control treatments - mean value of inoculated treatments.

Percentage chlorotic leaves /total number of leaves x 100.



Table 11. Effect of Fusarium species on grapevine rootstocks after inoculation of roots in a

glasshouse

Rootstock

99 Richter

101-14 Mgt

LSD-value

Root volume

(cm3) XY

5.37 a

0.13 a

12.02

Root mass (g)
XY

15.18a

4.83 a

11.20

Number of
XY

leaves

22.89 a

4.89 b

12.18

Chlorotic leaves

(%)X Y Z

23.96 b

48.88 a

13.30

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.
z Percentage chlorotic leaves /total number of leaves x 100.

Table 12. Effect of different inoculum levels of Fusarium species on grapevines after

inoculation of roots in a glasshouse

Inoculum level

(%m/v)

0.5

1

LSD-value

Root volume

(cm3)XY

0.60 a

4.67 a

12.00

Root mass

(g)XY

3.34 b

15.68 a

11.14

Number of

leaves x

9.15 a

17.45 a

12.15

Chlorotic leaves

(%)X Y Z

37.18a

35.89 a

13.31

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.
z Percentage chlorotic leaves / total number of leaves x 100.

Table 13. Effect of Fusarium species on grapevines over two seasons after inoculation of

roots in a glasshouse

Season

1

2

LSD-value

Root volume

(cm3) XY

14.35 a

-20.53 b

12.66

Root mass

(g)XY

18.35 a

-8.55 b

11.83

Number of
YY

leaves

26.65 a

-1.26 b

12.14

Chlorotic leaves

(%)X Y Z

44.06 a

32.48 a

13.92

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.
z Percentage chlorotic leaves / total number of leaves x 100.



Table 14. Effect of different isolates of F. oxysporum, F. proliferatum and F. solani on

grapevine rootstocks after inoculation of roots in a glasshouse

Rootstock

101-14 Mgt

99 Richter

Control

LSD-value

Species

F. oxysporum

F. proliferatum

F. solani

F. oxysporum

F. proliferatum

F. solani

Isolate

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

New shoot

length (mm) XY

0.3 a-c

-21.26 c

-18.97 bc

7.61 a-c

8.95 a-c

-2.07 a-c

24.40 a-c

3.39 a-c

15.00 a-c

-11.56 a-c

24.16 a-c

-131.44 d

19.28 a-c

23.55 a-c

26.46 ab

29.73 a

-13.42 a-c

9.59 a-c

Oa-c

45.75

New growth

mass (g) XY

23.01 a-c

-10.94 b-d

-18.51 cd

4.97 a-d

5.08 a-d

-4.98 b-d

10.50 a-d

-23.85 d

13.46 a-d

12.88 a-d

20.94 a-c

-75.29 e

4.66 a-d

42.41 a

46.18 a

28.85 ab

-2.84 b-d

20.01 a-c

O b-d

41.69

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.



Table 15. Effect of different isolates of F. oxysporum, F. proliferation and F. solani on

grapevine roots over two seasons after inoculation of roots in a glasshouse

Season Species

F. oxysporum

F. proliferatum

F. solani

F. oxysporum

F. proliferatum

F. solani

Control

Isolate

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

New shoot

length (mm) XY

20.45 ab

35.30 ab

36.28 ab

10.19 a-c

27.76 ab

14.83 ab

46.97 a

15.05 ab

23.13 ab

-35.96 de

-43.70 e

-218.40 f

13.72 ab

4.87 a-d

5.39 a-d

-1.76 b-e

-33.68 c-e

-1.61 b-e

O b-e

New growth

mass (g) XY

32.59 ab

35.28 ab

35.96 ab

11.02 a-c

32.36 ab

17.99 a-c

43.60 a

13.89 a-c

27.84 ab

-4.20 b-d

-34.78 de

-163.47 f

-0.16 b-d

10.56 a-c

11.54 a-c

-14.06 c-e

-53.76 e

-1.61 b-d

O b-d

LSD-value 45.79 41.69

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.



Table 16. Effect of different isolates of F. oxysporum, F. proliferatum and F. solani

inoculated at different levels on grapevine roots in a glasshouse

Inoculum level Species

(% m/v)

0.5 F. oxysporum

F. proliferatum

F. solani

1 F. oxysporum

F. proliferatum

F. solani

Control

LSD-value

Isolate

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

STE-U 5725

STE-U 5726

STE-U 5727

STE-U 5715

STE-U 5716

STE-U 5719

STE-U 5728

STE-U 5729

STE-U 5730

New shoot

length (mm) XY

-20.76 c

-11.73 bc

-145.78 d

0.60 bc

14.09 a-c

4.94 bc

-1.59 bc

-10.89 bc

2.87 bc

10.67 bc

12.10 bc

0.02 bc

28.09 ab

15.91 a-c

15.40 a-c

58.97 a

0.87 bc

22.75 a-c

O bc

45.52

New growth

mass (g) XY

1.33 b-d

-1.85 b-d

-93.03 e

0.48 b-d

28.43 a-c

24.95 a-d

-6.03 cd

-15.01 d

-0.12 b-d

35.91 ab

10.08 a-d

4.86 a-d

10.23 a-d

10.38 a-d

1.48 b-d

45.27 a

-12.92 d

31.63 a-c

O b-d

41.22

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.



Table 17. Effect of F. oxysporum, F. proliferatum and F. solani on grapevine rootstocks after

inoculation of roots in a glasshouse

Rootstock Species New growth mass (g)XY

101-14 Mgt F. oxysporum -3.06 bc

F. proliferatum 1.69 bc

F. solani 0.46 bc

99 Richter F. oxysporum -10.47 c

F. proliferatum 31.42 a

F. solani 15.14 ab

Control 0 bc

LSD-value 24.04

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.

Table 18. Effect of F. oxysporum, F. proliferatum and F. solani on grapevine roots over two

seasons after inoculation of roots in a glasshouse

Season

1

2

Control

LSD-value

Species

F. oxysporum

F. proliferatum

F. solani

F. oxysporum

F. proliferatum

F. solani

New shoot length (mm) XY

30.68 a

17.59 ab

28.38 a

-92.94 d

7.89 a-c

-12.10c

O bc

26.42

New growth mass (g) xY

34.59 a

20.45 a-c

28.44 ab

-65.15 e

7.38 bc

-23.44 d

O cd

24.04

x Means within a column followed by the same letter do not differ significantly [P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.



Table 19. Effect of F. oxysporum, F. proliferatum and F. solani inoculated at different levels

on grapevine roots in a glasshouse

Inoculum level

(% m/v)

0.5

1

Control

LSD-value

Species

F. oxysporum

F. proliferatum

F. solani

F. oxysporum

F. proliferatum

F. solani

New shoot length

(mm)XY

-55.43 c

6.54 ab

-3.06 b

7.60 ab

19.60 ab

29.90 a

0b

26.26

New growth mass

(g)XY

-29.4 c

17.95 a

-7.17 bc

16.44 ab

7.44 ab

21.33 a

O ab

23.78

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.

Table 20. Effect of Fusarium species inoculated at different levels to different rootstocks

over two seasons on grapevine roots in a glasshouse

Season

1

2

LSD-value

Rootstock

101-14 Mgt

99 Richter

101-14 Mgt

99 Richter

Inoculum level

(% m/v)

0.5

1

0.5

1

0.5

1

0.5

1

New shoot

length (mm) XY

12.96 c

41.99 ab

14.95 bc

47.55 a

-22.98 de

-45.86 e

-45.57 e

12.78 c

27.72

New growth

mass (g) xY

12.96 b

41.99 a

14.95 b

47.55 a

-22.98 c

-45.86 c

-41.57 c

12.78 b

25.42

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
Y Mean value of control treatments - mean value of inoculated treatments.



128

USPP02-2001 Appendix D
Chapter 5 in MScAgric thesis of Gert van Coller, University of Stellenbosch, 2004

5. THE EFFECT OF CHEMICALS REGISTERED AGAINST DOWNY MILDEW OF

GRAPEVINES ON THE INFECTION OF NURSERY GRAPEVINES BY

PHYTOPHTHORA CINNAMOMI

ABSTRACT

Phytophthora cinnamomi was previously (1970s-1980s) reported to be the most important

soilborne pathogen associated with grapevines in nurseries in the Western Cape province. In a

recent survey conducted in three nurseries in this province, P. cinnamomi was isolated at low

frequencies from susceptible declined grapevines, although the pathogen was present in the

rhizosphere soil. A glasshouse trial was conducted to assess the effect of chemicals used to

combat downy mildew on Phytophthora root rot of nursery grapevines. Fosetyl-Al, metalaxyl,

and phosphorous acid were applied to the plants as foliar sprays every fortnight for 31 weeks. A

very low percentage of P. cinnamomi isolates was obtained from both treated and untreated

inoculated vines, indicating that the inoculation technique was insufficient for this trial. There

was very little discernable effect of the chemicals tested relative to the control plants for the

parameters measured. Consequently it can be concluded that the experimental technique needs to

be further developed to ensure conclusive results. However, although not statistically significant,

some trends were evident. Plants treated with phosphorous acid tended to be taller and had more

leaves, greater stem diameter and root volume than the controls or plants treated with the other

chemicals.

INTRODUCTION

Pythiaceous fungi, in particular species from the genera Phytophthora and Pythium, have

been identified as, among others, the cause of rapid decline and death of grapevines in many

countries such as Australia (McGechan, 1966; Bumbieris, 1970, 1972), British Colombia

(Utkhede & Vielvoye, 1984), California, USA (Chiarappa, 1959), Chile (Latorre, Wilcox &

Banados, 1997) India (Agnihothrudu, 1968), South Africa (Van der Merwe, Joubert & Matthee,

1972; Marais, 1979, 1980), and Spain (Mansilla, Pintos & Salinero, 1993). In South Africa,
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Marais (1980) indicated that Phytophthora spp. were, after Pythium spp., the most common

fungal pathogens isolated from the roots and rhizosphere soils of dead and dying nursery

grapevines. The Phytophthora spp. associated with diseased grapevines were P. cactorum

(Lebert & Cohn) J. Schrot, P. cinnamomi Rands, P. cryptogea Pethybr. & Laff, P. megasperma

Dreschler, and P. nicotianae Breda de Haan, with P. cinnamomi the predominantly isolated

species and the most aggressive root pathogen (Marais, 1980).

Effective control of soilborne pathogens in nurseries, and in particular P. cinnamomi, is

crucial for the production and cultivation of high quality grapevines (Stephens, Davoren &

Wicks, 1999). Marais and Hattingh (1986) maintained that in established vineyards the most

effective way of preventing infection of grapevines by P. cinnamomi is by using fungicides.

Marais and Hattingh (1986) tested a variety of chemicals as preventative and curative treatments

on 20 cm cuttings of rootstock cultivar 99 Richter (Vitis berlandieri PI x Vitis rupestris Sch. var.

du Lot) in glasshouse and field trials. They concluded that grapevine nursery soil should be

treated with a drench of metalaxyl (2 g a.i./m2) before planting, and that established grapevines

should receive drench applications of metalaxyl every five months, or monthly foliar applications

of fosetyl-Aluminium (3.2 g a.i./L), beginning in spring when shoots are 10 cm long.

Results obtained from recent surveys conducted in three selected grapevine nurseries near

the town of Wellington in the Western Cape province indicated that P. cinnamomi was present in

40% of the soils, but in only 1.9% of the diseased plants tested (chapter 2). Metalaxyl (chemical

class phenylamides) and the phosphonate fungicides, fosetyl-Al and phosphorous acid, are

commonly used against downy mildew in these nurseries. Since these chemicals were found to

be effective against Phytophthora (Marais & Hattingh, 1986) the question arose whether the

chemicals applied against downy mildew in grapevine nurseries could be preventing P.

cinnamomi from infecting nursery grapevines. The phosphonates are fully systemic chemicals

registered against Oomycetous plant pathogens, and are translocated both upward and downward

through the plant (Guest & Grant, 1991; Schwinn & Staub, 1996) and therefore foliar

applications could well have enormous value in controlling root pathogens. Metalaxyl is also a

systemic chemical and has very good curative activity, although pathogen resistance to metalaxyl

is well known (Schwinn & Staub, 1996). Metalaxyl has very little downward translocation

(Schwinn & Staub, 1996), and therefore has to be applied as a soil drench or as granules worked

into the soil to be effective against Phytophthora root rot (Marais & Hattingh, 1986). It could
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therefore be anticipated that foliar applications of metalaxyl would have little to no effect on

Phytophthora root infections.

The aim of this study therefore was to determine whether the chemicals fosetyl-Al,

metalaxyl, and phosphorous acid, registered against downy mildew on grapevines in South Africa

and applied as a foliar spray (Nel et al., 1999), could protect the roots of nursery grapevines from

infection by P. cinnamomi.

MATERIALS AND METHODS

Plant material. One-year-old dormant grafted nursery grapevines (Vitis vinifera L

cultivar Cabernet Sauvignon on 99 Richter and V. vinifera cultivar Cabernet Sauvignon on 101-

14 Mgt) were subjected to hot water treatment at 50°C for 30 min in order to rid the plants of P.

cinnamomi propagules (Von Broembsen & Marais, 1978), as well as other pathogens (Crous,

Swart & Coertze, 2001). Following hot water treatment, the grapevines were hydrated in cold

water for 24 h in order to break the heat shock (Crous et al., 2001). The grapevines were

transplanted into 5 L plastic bags (one plant per bag) in a pasteurised fine sand, composted bark

mixture (Nucellar nurseries, P.O. Box 73, Simondium, Paarl, South Africa) and Hygrotech

mixture ® (P.O. Box 379, Strand, South Africa) planting medium (1:1:0.5). The Hygrotech-

mixture was added since it has excellent water-holding capacity that is essential for P.

cinnamomi. The plants were irrigated daily with municipal tap water until field capacity was

reached, and fertilised weekly with a balanced, water-soluble, liquid-fertiliser (Hydropon®,

Solute, P.O. Box 3172, Matieland). A cloth, dipped in penconazole (Topaz EW, Syngenta), was

placed in front of the air-conditioners of the glasshouses, and changed weekly, in order to prevent

the development of powdery mildew (Uncinula necator (Schwein.) Burrill) (W. Schwabe, pers.

comm.). No pest control was necessary. The grapevines were pruned back to 2 nodes three

weeks after planting, and were inoculated with P. cinnamomi after two months.

Determination of mating type of P. cinnamomi isolates. Isolates of P. cinnamomi were

obtained from surveys conducted at three commercial grapevine nurseries near Wellington in the

Western Cape (Chapter 2). The mating type of the isolates was determined by placing a 4 mm

diam agar plug of mycelium from each isolate, made with a sterile cork-borer, onto potato carrot

agar opposite a 4 mm mycelial plug of strains of P. cinnamomi of known mating types (Al or
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A2) (Ribeiro, 1978). Plates were incubated for 6 weeks in the dark, and checked for the presence

of oospores (Ribeiro, 1978). Two isolates of mating type Al (accession numbers STE-U 5731,

STE-U 5732) and two of mating type A2 (accession numbers STE-U 5733, STE-U 5734) isolated

from 99 Richter at Wellington in 2001 were selected. All cultures are preserved in the culture

collection of the Department of Plant Pathology at the University of Stellenbosch.

Inoculum and inoculation method. The inoculation method of Swart and Denman

(2000) was used. Young shoots were cut from Leucospermum cordifolium (Salisb. ex Knight)

Fourc.) bushes, defoliated and dried in an oven at 60°C for 2 days. The shoots were then cut into

2.5 cm fragments, autoclaved at 120°C for 15 min, dried overnight in a laminar flow cabinet and

irradiated with gamma rays in order to completely sterilise the shoot pieces. The sterile

Leucospermum shoot pieces were colonised with P. cinnamomi by placing a 4 mm diam circular

mycelial plug of a P. cinnamomi isolate on a 90 mm diam Petri dish containing Corn Meal Agar

(CMA, Biolab Diagnostics, Midrand, South Africa) and positioning five Leucospermum shoot

pieces around the plug. In the negative controls, sterile shoot pieces were exposed to uncolonised

CMA plugs only. The dishes were incubated for three weeks under cool white lights with a 12 h

photoperiod by which time the shoot pieces were thoroughly colonised with the pathogen. The

plants were inoculated by pushing three inoculated shoot pieces equally spaced 10 cm around

each plant into the planting mixture to a depth of about 5 cm. Sterile shoot pieces that were

incubated on CMA plates for 3 weeks were used as controls.

Chemicals. The chemicals used in this trial were fosetyl-Al (800 g a.i./kg Aliette WG,

Aventis) applied at 3.25 g/L of water, metalaxyl (640 g a.i./kg Ridomil Gold WP, Syngenta) at

2.75 g/L of water, and phosphorous acid (400 g a.i./L Fosguard 400SL, Ocean Agriculture) at

4.00 ml/L of water. Application of all chemicals commenced two weeks after inoculation with P.

cinnamomi and all chemicals were applied as a foliar spray every two weeks throughout the

duration of the trial. Chemicals were applied to plants until runoff. Some of the chemicals

dripped onto the potting mixture following foliage runoff, but this was minimal. A "no

chemical" treatment in which water only was applied to the plants was also included. The trial

was terminated 31 weeks after inoculation with P. cinnamomi, which was two weeks after the last

application of chemicals.
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Experimental design. The experimental design was a 2 x 4 x 5 factorial (2 rootstocks x

4 fungicides x 5 isolates) design. The experiment was laid out as a randomised block design with

four blocks.

Disease assessments. Disease symptoms on the above-ground and below-ground parts of

the plants were assessed at termination of the experiment. The following above-ground

parameters were recorded: (i) Shoot height (mm), (ii) the number of leaves, (iii) the percentage

(%) chlorotic leaves, and (iv) the stem diameter (mm). Below-ground parameters assessed for

every plant were (i) the root volume (cm3) and (ii) the root length (mm). To determine the root

volume, the washed roots of vines were submerged up to the crown area of the vine in a 2 L

measuring cylinder that was filled with 1 L of water. Root volume was determined by measuring

the water displacement (cm ).

Re-isolation of P. cinnamomi. Re-isolation of P. cinnamomi was carried out by excising

and plating three pieces each of feeder roots, medium-sized roots, large roots and one piece of

crown tissue of every plant onto Phytophthora selective medium (PH) (Solel & Pinkas, 1982).

The plates were incubated for 3 weeks after which the number of P. cinnamomi colonies was

recorded.

Soil studies. Plants were removed from the pots and soil adhering to the roots was

removed with free running municipal tap water. Soil from each of the four replicate plants per

treatment was collected for soil studies. The presence of P. cinnamomi in the collected soil

samples was confirmed by using the avocado leaf disc baiting bioassay described by Pegg (1977).

Ten gram of soil were weighed from each soil sample and placed in a 90 mm diam Petri-dish, and

covered with carbon-filtered water until a film of water approximately 1 mm deep appeared on

the soil. Four leaf discs of sterile avocado leaves were made with a sterile cork borer (4 mm

diam), and floated adaxial side up onto the water film of each soil sample. The dishes were

incubated at room temperature (20-23°C) for 72 h, after which the leaf discs were lifted off the

soil suspension, rinsed in sterile water and placed onto freshly prepared PH-medium. The plates

were incubated for a further 72 h and the development of P. cinnamomi recorded.

Statistical analysis. Analysis of variance (ANOVA) was performed on the data using

SAS statistical software version 8.02 (SAS Institute Inc., Cary, NC, United States of America).
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Fisher's protected least significant difference (Snedecor & Cochran, 1989) was calculated at the

5% level of probability to compare treatment means.

RESULTS

There were no significant interactions (P > 0.05), therefore main effects were compared (Table 1-

6). These data are presented below.

Re-isolation of P. cinnamomi from plants. Overall there was a very low level of back-

isolation of the pathogen from inoculated plant material (Fig. 1) and P. cinnamomi was not re-

isolated from the uninoculated (negative) controls, indicating that the method of inoculation was

not suitable for this trial. Although levels of re-isolation were too low to carry out statistical tests

for significance, a trend in the data was evident. Lower numbers of isolates were consistently

obtained from inoculated 101-14 Mgt rootstocks than from inoculated 99 Richter rootstocks,

except for plants treated with phosphorous acid, where almost no difference was visible between

the number of P. cinnamomi isolates obtained from the 2 rootstocks (Fig 1).

Isolates. There were no differences in aggressiveness between isolates for most

parameters measured. However, isolate STE-U 5734 of the A2 mating type significantly (P =

0.05) reduced root length relative to the other isolates, except the Al isolate STE-U 5732 (Table

7). None of the isolates significantly affected the above-ground parameters (height, number of

leaves, percentage yellowed leaves, stem diameter) compared to the control (uninoculated). Root

volume was also not significantly affected by any of the isolates compared to the uninoculated

control.

Treatments (chemical effect). At the 95% confidence limit, there was very little

discernable effect of the chemicals tested relative to the control plants for the parameters

measured. However, a distinctive trend in the data was evident. Plants treated with phosphorous

acid tended to be taller and have more leaves, greater stem diameter and root volume than the

controls or plants treated with the other fungicides (Table 8). The phosphorous acid treatment

resulted in a significantly (P = 0.05) higher number of leaves per plant than the controls (Table

8).
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Rootstocks. A significantly lower number of leaves and root volume were recorded for

the 99 Richter rootstock compared to the 101-14 Mgt rootstock. There were, however, no other

significant differences in the other parameters between these two rootstocks (Table 9).

Soil studies. At the end of the experiment P. cinnamomi was baited from the inoculated

soils but not from the uninoculated (negative control) soil (Fig 2). In general a higher number of

baits from 99 Richter soils yielded the pathogen compared with soils in which 101-14 Mgt

rootstocks were planted.

DISCUSSION

Although these tests confirmed that P. cinnamomi could infect grapevines, the lack of

statistically significant differences between the treatments make the results difficult to interpret.

In future it is recommended that a higher level of inoculum and periodic flooding or water-logged

conditions be applied. By challenging the plant and the treatments with extreme conditions

suitable for the pathogen, differences are likely to be more clearly high-lighted. Furthermore if a

longer test period was used where grapevines were allowed to go through dormancy differences

in the treatment, effects might be emphasised in the spring flush, which is dependent upon the

root system. Removal of the grapevines from the plastic bags resulted in a massive loss of

diseased feeder roots, despite careful work to minimise it. Therefore, if the grapevines are left in

the plastic bags through dormancy, the onset of the new growing season may result in a large

amount of inoculum in the root system, which may result in more observable results.

This study did show, however, that none of the chemicals tested were able to eradicate P.

cinnamomi from plant tissues or soil. Although this is well documented (Marais & Hattingh,

1986) it has serious implications for the management of this pathogen. Although not statistically

significant, a trend that was visible, was that chemical treatments improve aboveground health

relative to the untreated ones in terms of plant height, number of leaves and root volume. This

trend suggests that the different chemicals may help the plants to overcome damage caused by P.

cinnamomi. Results obtained suggest that phosphorous acid is probably the most promising

compound tested, but more severe testing conditions are required to confirm this.

In this study, the two different mating types of P. cinnamomi (Al and A2), did not differ

from each other with respect to relative virulence, since no significant differences were obtained

with the different isolates and the control with regards to any growth parameter. The only
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exception was observed with root length, where the A2 isolate STE-U 5734 resulted in a

significant lower root length than the A2 isolate STE-U 5733, and the Al isolate STE-U 5731.

Little information is available on the relative virulence of the two mating types of P. cinnamomi,

although Zentmyer (1980) reported that on Persea (avocado), the A2 mating type is considered to

be more virulent to P. americana Mill., P. indica (L.) K. Spreng., and P. borbonia (L.) K.

Spreng. than the Al mating type. No difference in virulence was observed, however, between the

two mating types on P. pachypoda Nees. It is therefore important that the relative virulence of

the Al and A2 mating types on grapevines be determined in a separate experiment using more

isolates of each mating type, since both mating types occur on South African grapevines (chapter

2; Zentmyer, 1976).

In this study, 99 Richter had a significantly lower number of leaves and root volume than

101-14 Mgt. Marais (1988) showed that 99 Richter was more susceptible to P. cinnamomi than

101-14 Mgt. Since 99 Richter rootstocks have a lower root volume than 101-14 Mgt, any further

loss of roots caused by pathogens is likely to enhance its decline and susceptibility to infections.

This factor may contribute to its greater susceptibility than 101-14 Mgt.

The data obtained in this study are not conclusive with regard to the effect of the

chemicals registered against downy mildew on grapevines on the infection of nursery grapevines

with P. cinnamomi. More glasshouse as well as field trials will therefore need to be conducted,

which will enable a better understanding of the possible effect of these chemicals on the

microbial shift observed on grapevines in nurseries (Chapter 2).
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Table 1. Analysis of variance for the number of leaves of different grapevine rootstocks (R)

inoculated with different mating types of P. cinnamomi, and subjected to treatment (T) with

different chemicals in a glasshouse

Source of variation DF SS MS Pr>F

Model

Rep

Rootstock (R)

Treatment (T)

R x T

Error

Corrected total

60

3

1

3

3

39

99

15942.6354

5650.7010

683.7745

1537.2150

688.7823

8498.5247

24441.1600

265.7106

1883.5670

683.7745

512.4050

229.5941

217.9109

0.2571

< 0.0001

0.0287

0.0198

0.1662

Table 2. Analysis of variance for the percentage of chlorotic leaves (%) of different grapevine

rootstocks (R) inoculated with different mating types of P. cinnamomi, and subjected to treatment

(T) with different chemicals in a glasshouse

Source of variation DF SS MS Pr>F

Model

Rep

Rootstock (R)

Treatment (T)

R x T

Error

Corrected total

60

3

1

3

3

39

99

3.4574

0.7028

0.2064

0.0795

0.1226

1.4600

4.9174

0.05762

0.2343

0.2064

0.0265

0.0409

0.0374

0.0767

0.0034

0.0270

0.5392

0.3566
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Table 3. Analysis of variance for root length (mm) of different grapevine rootstocks (R)

inoculated with different mating types of P. cinnamomi, and subjected to treatment (T) with

different chemicals in a glasshouse

Source of variation DF SS MS Pr>F

Model

Rep

Rootstock (R)

Treatment (T)

R x T

Error

Corrected total

60

3

1

3

3

39

99

1340449.8260

274675.1885

379.2549

7920.1728

136422.2083

718165.1740

2058615.0000

22340.8300

91558.3962

379.2549

2640.0576

45474.0694

18414.4920

0.2626

0.0008

0.8505

0.8572

0.0575

Table 4. Analysis of variance for root volume (cm3) of different grapevine rootstocks (R)

inoculated with different mating types of P. cinnamomi, and subjected to treatment (T) with

different chemicals in a glasshouse

Source of variation DF SS MS Pr>F

Model

Rep

Rootstock (R)

Treatment (T)

R x T

Error

Corrected total

60

3

1

3

3

39

99

44063.3806

5386.7930

10414.9583

1122.2361

601.7084

19912.6194

63976.0000

734.3897

1795.5977

10414.9583

374.0787

200.5695

510.5800

0.1143

0.0614

0.0006

0.6164

0.8053
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Table 5. Analysis of variance for shoot height (mm) of different grapevine rootstocks (R)

inoculated with different mating types of P. cinnamomi, and subjected to treatment (T) with

different chemicals in a glasshouse

Source of variation DF SS MS Pr>F

Model

Rep

Rootstock (R)

Treatment (T)

R x T

Error

Corrected total

60

3

1

3

3

39

99

3.9394

0.4442

0.0137

0.1876

0.0757

3.5403

7.4796

0.0657

0.1481

0.0137

0.0625

0.0252

0.0908

0.8727

0.0730

0.6208

0.3522

0.7081

Table 6. Analysis of variance for stem diameter (mm) of different grapevine rootstocks (R)

inoculated with different mating types of P. cinnamomi, and subjected to treatment (T) with

different chemicals in a glasshouse

Source of variation DF SS MS Pr>F

Model

Rep

Rootstock (R)

Treatment (T)

R x T

Error

Corrected total

60

3

1

3

3

39

99

139.6515

8.3689

1.3035

3.0744

8.3158

112.7636

252.4151

2.3275

2.7896

1.3035

1.0248

2.7719

2.8914

0.7786

0.4013

0.4959

0.7688

0.4041
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Table 7. Effect of the inoculation of grapevines with P. cinnamomi in a glasshouse on above- and below-ground parameters

Isolate number

STE-U5731

STE-U 5732

STE-U 5733

STE-U 5734

Control

Mating

type

Al

Al

A2

A2

Height (mm) y

757.23 a

724.43 a

747.56 a

671.99 a

672.92 a

Above-ground x

Number of

leaves y

36.59 a

41.05 a

35.73 a

38.00 a

40.44 a

Chlorotic

leaves (%) yz

59.79 a

64.12 a

68.00 a

61.42 a

58.34 a

Stem diameter

(mm)y

10.58 a

10.60 a

9.87 a

9.85 a

9.88 a

Below-ground a

Root volume

(cm3) y

76.14 a

76.19 a

73.41 a

66.32 a

73.13 a

Root length

(mm)y

770.41 a

733.29 ab

780.77 a

653.16b

754.69 a

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
y Parameters measured.
z Number of chlorotic leaves/ total number of leaves x 100.
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Table 8. Effect of foliar application of chemicals on above- and below-ground parameters measured on grapevines in a glasshouse

Fungicide treatment

Fosetyl-Al

Metal axyl

Phosphorous acid

Control

Height (mm) y

729.68 a

716.17 a

752.69 a

676.36 a

Above-ground x

Number of

leaves y

39.59 ab

36.52 ab

42.76 a

33.96 b

Chlorotic

leaves (%) yz

63.57 a

57.68 a

62.23 a

65.74 a

Stem diameter

(mm)y

10.08 a

10.01 a

10.48 a

10.12 a

Below-ground x

Root volume

(cm3) y

73.33 a

69.29 a

77.20 a

72.41 a

Root length

(mm) y

755.74 a

726.67 a

729.56 a

744.67 a

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
y Parameters measured.
z Number of chlorotic leaves/ total number of leaves x 100.



144

Table 9. Differences between rootstocks in a glasshouse with regard to above- and belowground parameters

Above-ground * Below-ground x

Number of Chlorotic leaves Stem diameter Root volume Root length

Rootstock Height (mm)y leavesy (%)y z (mm) y (cm 3) y (mm) y

99Richter 728.99 a 36.07 b 65.65 a 10.31a 65.27 b 745.75 a

101-14 Mgt 703.44 a 40.96 a 58.69 a 10.01a 83.30 a 732.91a

x Means within a column followed by the same letter do not differ significantly (P = 0.05).
y Parameters measured.
z Number of chlorotic leaves/ total number of leaves x 100.
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Fosetyl-Al Positive control Negative controlMetakxyl Phosphorous acid

Treatment

• Richter99 • 101-14 Mgt

Figure 1. Detection of P. cinnamomi from excised tissue of inoculated grapevine rootstocks that were treated with various fungicides

in glasshouse trials; positive control = plants inoculated with P. cinnamomi, and receiving no fungicide treatments negative control =

plants not inoculated with P. cinnamomi.
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Fosetyl-Al Metalaxyl Phosphorous acid

Treatment

lRichter99 • 101-14 Mgt

Positive control Negative control

Figure 2. Number of artificially inoculated soil samples that tested positive for P. cinnamomi after different fungicide treatments

were applied to the plants growing in the soils; positive control = plants inoculated with P. cinnamomi, and receiving no fungicide

treatments, negative control = plants not inoculated with P. cinnamomi.


