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Abstract 

Exotic fungal plant pathogens pose a great threat to Australian agriculture. Some of the 

most devastating fungal pathogens are transported by rain splash, wind dispersal or a 

combination of both. Ascochyta rabiei, causal agent of ascochyta blight of chickpea, is a 

wind and rain borne pathogen already present in Australia. A. rabiei, therefore, provides a 

suitable pathogen for studying the potential spread of any exotic fungal pathogen having 

similar dispersion mechanism. In this study, firstly, laboratory and field experiments were 

conducted to examine the key environmental factors influencing the rain-splash triggered 

short distance and wind triggered long distance distribution of propagules (conidia) of A. 

rabiei. Secondly, a weather-based simulation model was developed and implemented for 

spatio-temporal dissemination of spread of chickpea ascochyta blight in natural 

environments.  

The influence of temperature and relative humidity (RH) was studied on the viability of 

conidia of A. rabiei to help clarify in what environments the conidia initiate epidemics. 

Conidia were exposed to conditions of 5 - 45 °C (dry) and 12.5 - 100 % RH. Viability 

decreased from 100 % after 2 h at all the temperatures tested to 0 % after 144 h of 

exposure to temperatures exceeding 25 °C. Conidia failed to germinate when incubation 

period exceeded 8 h at 40 ºC. After 4 days of exposure to 30 - 35 °C germination of 

conidia was 1 - 88 %. Conidia remained viable and able to germinate when given 

optimum conditions following incubation in RH ranging from 12.5 to 100 % over a 

period of 96 h at 20 °C. More than 50% of conidia germinated following exposure to the 

lowest RH (12.5%) at 20 °C. 

The effect of wind speed (m s
-1

) and rain splash (mL m
-1

) on the dispersal of conidia in a 

purpose-built wind and rain tunnel was investigated. Conidia were trapped on 40 cm tall x 
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2 mm wide rods placed between 2 and 110 cm along the tunnel; pieces of double-sided 

sticky tape were applied parallel to the rods at heights of 1 - 6, 11 - 16 and 31 - 36 cm. In 

the presence of simulated wind and wind-rain, conidia were distributed at least 66 cm, 

and the distance to which conidia were distributed increased with wind speed. Most 

conidia, in the order of hundreds to thousands, were trapped close to the inoculum source 

whereas fewer, in the order of tens to hundreds, were caught further from the source, with 

rain causing a greater number of conidia to be dispersed. Simulated rain also dispersed 

conidia to vertical tape positions 31 - 36 cm where none were trapped in the presence of 

wind alone. 

Two field experiments were conducted to investigate the spread of ascochyta blight in 

natural environments at Kingsford (2007) and Turretfield (2008), South Australia. The 

disease was assessed following inoculation via infested stubble in plots (11 x 11 m each) 

for three chickpea cultivars, Howzat (moderately susceptible), Genesis 090 (resistant) and 

Almaz (moderately resistant). Logistic regression analysis was used to compare the rate 

of change of disease severity and the distance over which disease occurred. Weather data 

from a local automatic weather station were compiled and associations between wind 

direction, wind speed, rainfall, cultivar and disease severity were examined. Specifically, 

higher rainfall in 2008 was associated with faster rate and further spread of disease. In 

both years, disease spread was faster and further in Howzat than in Almaz, whereas no 

disease was observed in Genesis 090. Strong and continual winds in the southern and 

eastern directions in both years influenced the rate of increase in disease severity and the 

distance over which disease spread.  

A spatiotemporal model was developed, based on Anthracnose Tracer for lupins, to 

determine the spread of ascochyta blight in natural environments. The model was based 
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on a published model, written in Mathematica™ and runs on an hourly basis. The model 

is driven by the hourly weather data, viz. air temperature (°C), rainfall (mm h
-1

), wind 

speed (m s
-1

), wind direction (°), and standard deviation of the wind direction (°). The 

parameters of the model were estimated using the data collected in this study. The model 

was calibrated using 2007 field data. When validated with 2008 field data, the prediction 

from the model for the incidence of chickpea ascochyta blight closely matched with 

observation. 

The results from this study have a number of implications. One, the newly developed 

model can form a basis for studying the likelihood of disease spread for exotic plant 

pathogens that have similar epidemiology to A. rabiei. Two, the model can be used to 

predict the pathogens, potential to cause damage in the regions where chickpea ascochyta 

blight has not yet spread. Three, this modelling work can contribute to the formulation of 

strategies for management of ascochyta blight in chickpea by targeted fungicide 

application and sowing regimes.  
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