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ABSTRACT
This study used a molecular technique to identify airborne basidiospores 
caught using a SporeWatch volumetric spore trap in order to understand 
the nature of basidiospore dispersal by Armillaria novae-zelandiae.

podocarp-hardwood forest containing fruitbodies of A. novae-zelandiae,

forest edge. Results indicated that although a high proportion of Armillaria
basidiospores were trapped within the forest by screening and reduced air 
currents, others escaped and were dispersed beyond the stand edge. Year 1 
results showed the presence of A. novae-zelandiae
A. novae-zelandiae 

used indicated that the minimum detectable basidiospore concentration 
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INTRODUCTION
Four species of Armillaria A. novae-

zelandiae A. limonea A. hinnulea Kile & Watling 
Armillaria novae-

zelandiae is recognised as the main cause of Armillaria root disease in contemporary 
Pinus radiata

Armillaria spread vegetatively within 
the forest by means of growth of mycelium along host root systems and rhizomorphs 

Armillaria novae-zelandiae is capable of colonising freshly cut 
wood of P. radiata by means of basidiospores, and establishment of the pathogen in pine 
debris produced during site preparation may result in new infection centres in succeeding 

through the dispersal of basidiospores from indigenous forests in which Armillaria species 

basidiospores produced by Armillaria fruiting bodies, it is probable that some will travel 

A. novae-zelandiae be obtained.
The cryptic nature of the disease hampers efforts to follow its development in current 

pine forests or to predict its impact in future pine stands. Monitoring basidiospore 
dispersal provides a complementary approach to help resolve these questions. This 
study, therefore, aimed to investigate the airborne dispersal of A. novae-zelandiae
by basidiospore trapping, followed by a polymerase chain reaction (PCR) based 
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the pathogen spreads will help to determine the extent to which A. novae-zelandiae is 
becoming established in new stands, and if the presence of disease is increasing through 

METHODS
Airborne basidiospore collection

A volumetric spore trap was used to capture and measure air-dispersed basidiospores 

drum makes one full revolution in seven days, after which the tape is replaced. The spore 

days (midnight to midnight) were marked on the spore trap tape.
Site selection

 E). The stand at this site is a mature podocarp-hardwood 

metres of a fallen tree bearing many fruitbodies of A. novae-zelandiae
spore trap was placed in the open on private property at the edge of the same forest, and 

(121 days). Deployment of the trap was timed to coincide approximately with the onset 
of fruiting of A. novae-zelandiae based on past records from indigenous forests, and to 

PCR reactions
PCR reactions were carried out by scraping a sterile pipette tip along a single line 

over one marked day on the tape. The scraped material was then dipped into an aliquot 
of PCR cocktail and mixed to act as template DNA for the reaction. All scrapings were 
tested with the A. novae-zelandiae 

2

stained using ethidium bromide and visualised and photographed under UV light.
Sensitivity analysis

A dilution series of A. novae-zelandiae basidiospores was prepared in order to determine 
the minimum number of basidiospores detected by the PCR method. A small aliquot of 
basidiospores collected from A. novae-zelandiae
sterile distilled water and the concentration determined using a haemocytometer. After 

2

4 to 1 basidiospores per PCR reaction.
The minimum concentration of DNA that was detectable by the PCR protocol was 

A. novae-zelandiae DNA ranging in 
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Through comparison of the intensity of bands generated by the PCR reaction with 
known numbers of basidiospores and known concentrations of DNA, it was possible to 
estimate the minimum number of basidiospores detected by the assay.

RESULTS
Sensitivity analysis

4

concentrations of basidiospores were not detected. The limit of sensitivity of DNA 

dilution of DNA was less 

PCR reactions
th week of 

trapping (from 26 May to 4 August). The majority of the PCR products on positive 
collection days produced bright bands, indicating a large amount of DNA and therefore 

indicating a greater concentration of basidiospores. Figure 1 graphically represents 

each year were compared, basidiospores of A. novae-zelandiae

TABLE 1: Percentage of days on which basidiospores were detected each year 
between 26 May and 17 August (84 days). Days with no data available 
are excluded. 

Year No. days detected No. days not detected

29

9 11

16 64

DISCUSSION
To assess basidiospore dispersal by Armillaria novae-zelandiae, basidiospores were 

trapped from the air using a volumetric spore trap that was placed within a native forest 

years.

basidiospore movement within the forest and that the comparatively still air may also 
have assisted in preventing basidiospores from spreading beyond the forest edge. Reduced 
wind speed within forest canopies results in steeper spore dispersal gradients than in 

dispersal studies, which indicate that the vast majority of spores fall within a few metres 

their concentration decreases rapidly with distance due to wind shear and atmospheric 
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FIGURE 1: Basidiospore trapping results for (a) 2005, (b) 2006 and (c) 2007. Relative 
abundance of basidiospores estimated by PCR product intensity: 0=no 
PCR product, 1=faint, 2=moderate, 3=bright. X indicates days on which 
data were not collected. Note starting dates vary for each year and 
X-axis records consecutive days of spore trap operation.
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sited in the open beyond the forest edge further from the assumed basidiospore source. 
A. novae-zelandiae

collected. Results suggest that there was little dilution of airborne basidiospore between 

The production and release of basidiospores depends on a number of conditions, 

Wind direction and strength, atmospheric turbulence and rainfall are all factors known 

spore release and dispersal during and between the different years of the present study 

During part of this study tests were made to determine the minimum basidiospore 
concentration required to produce a positive PCR result. The minimum detectable 

as template. Detection of A. novae-zelandiae DNA did not seem to be affected by non-

of basidiospores on the tape will be undertaken in the future, in order to validate the 

for PCR analysis. Destructive sampling of a greater area of the spore trap tape may 
provide more accurate results.

the indigenous forest, many Armillaria basidiospores escape, thus providing potential 
inoculum for spread to pine plantations and establishment of new infection centres. The 
small fraction of spores that is dispersed longer distances is crucial for the establishment 
of new populations in distant localities and to achieve genetic exchange between 

dispersal over greater distances in order to assess this directly. There is strong indirect 
evidence that establishment of A. novae-zealandiae is occurring in pine plantations as 
a result of airborne basidiospores. There is a need to ascertain the extent to which this 
long distance dispersal is occurring in order to understand the likely impact of this 
disease in the future. 
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