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ABSTRACT
The effects of arbuscular mycorrhizae (AM), Glomus mosseae and
Acaulospora laevis, on growth of six grape rootstock varieties and their 
infection by Cylindrocarpon species were investigated in a greenhouse 
experiment that challenged the mycorrhizal plants with a mixed inoculum 
of Cylindrocarpon

G. mosseae had a more consistent 
positive effect and A. laevis was the only species to decrease plant growth 

species and 
two rootstock varieties. After 9 months, compared to control plants 
mycorrhizal plants had similar incidence of Cylindrocarpon infection 

G. mosseae clearly has 
potential for improving health and growth of young grapevine plants.
Keywords: mycorrhizal, Glomus mosseae, Acaulospora laevis, colonisation, 
Cylindrocarpon, black foot disease, grapevines, rootstocks. 

INTRODUCTION
Cylindrocarpon Vitis

as a major cause of death of young vines in South Africa, North and South America, 

Three species of Cylindrocarpon Wollenw., C. destructans 
C. macrodidymum and C. liriodendri 

growth, abnormal root development, necrotic root crowns, dark discolouration of vascular 
tissue and internal necrosis extending from the bark to the pith of affected rootstocks. 
The primary source of inoculum is the soil and infection is usually via the roots and basal 
end of the trunk. Research has shown that all rootstock varieties commonly used in New 

Cylindrocarpon 
Arbuscular mycorrhizae (AM) are believed to suppress infection by root pathogens 

mainly through competition with the pathogens for infection points on the roots 

the vineyard. This greenhouse experiment at Lincoln University investigated colonisation 
of six common rootstocks by two mycorrhizal species, G. mosseae and A. laevis, and 

Marlborough tested the effectiveness of mycorrhizae compared with four other soil 
treatments to enhance establishment of young rootstock plants. 
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MATERIALS AND METHODS
Greenhouse experiment 

each treatment combination. The six rootstocks were inoculated with G. mosseae or 
A. laevis

by staining with trypan blue followed by microscopic examination, as previously 

6 C. destructans, C. macrodidymum and C. liriodendri.

Cylindrocarpon spp. Initially, the experimental design included pathogen free control 
plants for each of the three treatments (no mycorrhizae, G. mosseae only, A. laevis only). 
However, it soon became apparent that splash dispersal during watering had resulted in 
all treatments being infected with Cylindrocarpon spp. As the amount of inoculum was 
not consistent, the pathogen free controls were removed from the analysis. 
Field experiment 

A sample of roots was taken from these plants to verify AM colonisation. 

and known to be infested with Cylindrocarpon spp. They had also been inoculated for 
C. destructans, C. macrodidymum and

C. liriodendri 6 2 to a depth of about 
2. Prior to planting the soils 

were cultivated, thereby mixing the remaining inoculum (if any) through the site. In 

from the initially inoculated soil. Therefore, inoculum levels were expected to be lower 

One month prior to planting, four soil treatments were applied. These were two soil 

2

untreated soil with AM treated rootlings. The treatments were replicated six times. The 
two rootstock varieties were planted as subplots. Within this layout, each sub-plot had a 
double row of six plants of which the centre eight were assessed and the end plants treated 

and then harvested. 
Harvest

was recorded. The plant trunks were surface-sterilised, dissected and segments of the 
basal trunk tissue transferred to potato dextrose agar (Oxoid) as described by Halleen et 

Cylindrocarpon spp. growing from the 

Statistical analysis
In the greenhouse experiment, incidence of infection by Cylindrocarpon spp. data 

for the three treatments (A laevis Cylindrocarpon, G. mosseae Cylindrocarpon and 
Cylindrocarpon only) were back transformed prior to analysis using the generalized linear 
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RESULTS AND DISCUSSION
Greenhouse experiment 

Table 1 shows that the six rootstocks had very different responses to inoculation with 

with AM, although only A. laevis also improved root DW for this rootstock variety. 
G. mosseae improved shoot DW, whereas both AM increased 

A. laevis increased both root and shoot 
G. mosseae

the effect of A. laevis

Schwarzmann. The percentage infection by Cylindrocarpon

infection in the G. mosseae treatment.

TABLE 1: Shoot and root dry weights (g DW/plant) for grapevine rootstocks 
inoculated with Cylindrocarpon spp. with or without arbuscular 
mycorrhizae (Glomus mosseae or Acaulospora laevis) and mean 
incidence of Cylindrocarpon infection (%) of rootstocks across all 
treatments.

Rootstock variety

Schwarz

Shoot DW

Control 1

A. laevis 21.69b

21.94c

Root DW

Control 12.62a

A. laevis 22.22b

G. mosseae

Cylindrocarpon
infection

1

deleterious effects of soil-borne pathogens have also shown that these effects vary 

grapevine rootstocks inoculated with AM showed some variation in their resistance to 
infection by Cylindrocarpon G. mosseae
than A. laevis across all rootstocks, and only A. laevis had a negative effect on the growth 
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G. intraradices decreased disease severity in grapevines infected by Cylindrocarpon
spp. The mechanisms by which AM protect plants against soil-borne pathogens is 
poorly understood, but is thought to include increasing nutrient uptake, competition 

this study the AM associations improved plant growth, although the exact mechanism 
by which this occurred is unclear. 
Field experiment

reduce Cylindrocarpon

the initial planting. Early plant survival data were not recorded for the Auckland site. At 

are known to alleviate drought stress and this effect is thought to be variable between 

with A. laevis and G. mosseae seemed to have increased survival during the drought 

effect in the present research was attributable to one of the AM species or the combination. 
Future experiments could address the relative effect of each AM species on increasing 
drought tolerance in grapevines. 

lower soil inoculum, since they were planted alongside and not in the site that had been 
inoculated with Cylindrocarpon spp. the previous year. The treatments at both these 

Cylindrocarpon incidence, although there were 

Cylindrocarpon incidence by 

Wormtech™ product caused a trend for reducing Cylindrocarpon

on plant growth at the Auckland site (Fig. 1), with AM causing far greater increases in 

rooted cuttings prior to planting led to an increased root mass, which is likely to contribute 

A. laevis and G. mosseae in the 

the inoculated strains. 
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FIGURE 1: Mean root and shoot dry weights and the number of live plants in 

FIGURE 2: Mean root and shoot dry weights and the number of live plants in 

different (P>0.05).

CONCLUSION
The greenhouse experiment showed that plants colonised by AM had improved vigour, 

These data indicate that the relationship between the plant and symbiont is complex and 

changes in the mycorrhizosphere to elucidate the mechanism by which Cylindrocarpon
spp. are inhibited and whether these and other AM species can protect against other 
soil-borne diseases. In addition, it would be useful to know whether the different AM 
species can exhibit synergy or whether they compete with each other for the ecological 
niche, with one or some species preferentially colonising the roots. 
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root mass over other treatments. Increased root mass is likely to contribute to better 
establishment and healthier plants that have a greater ability to withstand environmental 
stressors such as drought. The experiments demonstrated that, not only are AM a realistic 
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