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We seek it here

We seek it there

We seek it everywhere



Background

• Sugarcane smut caused by 
Ustilago scitaminea

• First recorded in Qld near 
Childers in June 2006

• Causes major production 
losses (30-100%) in 
susceptible varieties

• Identified by whips formed 
from the growing point

• Spores spread by wind, 
planting infected material, 
machinery and shoes



Typical smut whip and thin grassy shoot



Surveillance

• Developed surveillance 
strategies to detect smut
– Based on sampling unit of 

double rows for practicality 
and safety

– Outcome - if no infected 
stool is found after 
examining the required 
number of double rows in a 
block we are 99% confident 
that the disease prevalence 
is <5% (of double rows)

• But what can we say 
about the prevalence on 
a per plant basis?









Simulations

• Done in GenStat

• Range of imposed infection 
patterns

• Range of inspection 
methods

• Successful run defined as 
detecting the disease



Patterns of infection



Methods of inspection



Parameters

• Block size : 100 rows with 1,150 plants per 
row (115,000 plants)

• Confidence level : 99%
• Sensitivity : 100%
• Number of runs : 5,000 for each simulation
• Sample size / prevalences : We couldn’t 

arbitrarily select prevalences to examine 
since we had restrictions on the sample sizes 
determined by the length of a row for 4 of the 
6 sampling methods, so …



• we chose samples ranging between 2,300 plants (1 
double row) and 13,800 plants (6 double rows)

• then, determined prevalences which should be detected 
by sampling the above; roughly between 0.002 and 
0.000335 depending on the method used
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Estimating sample numbers / 
prevalences

• Cannon and Roe : 
Preliminary runs (random 
infection only)

• Modified hypergeometric 
exact : (used FreeCalc v 2.0)

a full series of runs for the 
different infection patterns 
and inspection methods
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• Distinct upward 
trend in percent 
successful runs

• Overkill
• Assumption that 

population can be 
considered infinite 
at 10,000 is leading 
to oversampling



Random infection - modified hypergeometric exact
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Cluster of 12 plants along a row
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• No real 
differences 
evident between 
double and single 
row sampling

• Both dramatically 
worse than plant 
based sampling



Rectan gular cl usterin g
3*4 in two configurations
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Rectan gular cl usterin g
6*2 in two configurations
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Systematic selection

“for pests with a clustering distribution, a 
systematic survey can provide a better 
chance of detecting the pest than a random 
sample”; 
a random sample “may be ineffective in 
detecting the pest, particularly at low pest 
levels”
Guidelines for the establishment of pest free 
areas for Australian quarantine (Jorgensen, 
Cannon and Muirhead 2003) pg 72
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Random or systematic?

• Random plants based sampling always 
achieved the target level

• Systematic plant based sampling 
sometimes achieved higher than the 
target though could achieve 
dramatically lower levels of confidence 

• Problems when step size is exactly 
divisible into row length





Estimating prevalence
Clustering – 3 plants along a row
• Over the 5,000 simulation runs

– means same for all sampling strategies
– at lowest prevalence tested (0.000313) all methods produced 

acceptable estimates (0.0003125 to 0.0003181)
• Range in any single run

– double row sampling gives a wide range – distribution skewed to 
the left 

• between 0 and 18 detections in a run for random DR
• between 0 and 21 detections in a run for systematic DR

– Single row sampling also gives a wide range – distribution skewed 
to left

• Between 0 and 21 detections in a run for random SR
• Between 0 and 18 detections in a run for systematic SR

– plant based sampling has a narrower range – normal distribution of 
results

• between 0 and 13 for random selection of plants
• between 0 and 10 for systematic selection of plants



Systematic by double row Systematic by plant



Clustering – 12 plants – 6/row * 2 rows
• Over the 5,000 simulation runs

– means same for all sampling strategies
– at lowest prevalence tested (0.000313) all methods produced 

acceptable estimates (0.0003134 to 0.0003205)
• Range in any single run

– double row sampling gives a wide range – distribution skewed to 
the left 

• between 0 and 36 detections in a run for random DR
• between 0 and 36 detections in a run for systematic DR

– Single row sampling also gives a wide range – distribution skewed 
to left

• Between 0 and 24 detections in a run for random SR
• Between 0 and 18 detections in a run for systematic SR

– plant based sampling has a narrower range – normal distribution of 
results

• between 0 and 13 for random selection of plants
• between 0 and 6 for systematic selection of plants



Conclusions & practical implications

• If the infection is clustered then plant based 
sampling is required to attain the confidence 
the sample numbers suggest

• If systematic sampling is employed then care 
needs to be taken to ensure that the step size 
chosen is not divisible into the number of 
plants in a row thus producing a grid which 
effectively misses strips

• All sampling methods unbiased for estimating 
prevalence but estimates from row based 
sampling are more variable




