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Summary   A series of spatially explicit simulations 
were conducted to examine factors that affect early 
detection of an invading weed, three-horned bed-
straw ( Galium tricornutum Dandy), in a paddock and 
potentially reduce further spread of the weed beyond 
the paddock in the harvester or as a contaminant of 
grain. The factors examined were the degree of move-
ment of weed seed by harvesting equipment and the 
characteristics of the spatial distribution of the weed 
that may affect detection of the weed by the farmer. 
Reducing the median distance of spread of the weed 
by the harvester was found to reduce the probability 
that weed seed would be exported from the paddock 
in the harvester. Reducing spread by the harvester 
also increased the rate of population build-up within 
weed patches and reduced the proportion of the pad-
dock infested, thereby affecting the probability of 
early detection.

Keywords    Seed movement by harvester,  detec-
tion of weeds,  weed incursions,  spatial model,   three-
horned bedstraw.

INTRODUCTION
Early detection of weed incursions is a key factor 
in limiting damage (Hobbs and Humphries 1995), 
but in cropping systems little work has been done to 
quantify the factors that influence detection. It seems 
possible that the spatial distribution of weeds in a 
paddock may influence the probability of detection, 
however the nature of this relationship is not obvious. 
Paddocks are viewed periodically during the course of 
farm management: while operating equipment, while 
passing by or through paddocks or while specifically 
inspecting the state of crops. However, detailed close-
up examinations of entire paddocks are rare. 

For some farmers with a particular botanical 
interest in weeds, it may only be necessary to notice 
a single individual of a new species to result in detec-
tion. For many other farmers a new weed would have 
to be obviously different or present in high enough 
numbers to suggest possible yield loss before an ef-
fort would be made to identify the weed. In the case 

Spatial distribution of invading weeds: implications for 
detectability and management

 Art J. Diggle1,4,  Marta Monjardino2,4 and  John Moore3,4

1 Department of Agriculture and Food WA, Locked Bag 4, Bentley DC, Western Australia 6983, Australia
2 Universidade dos Açores, Campus de Angra do Heroísmo, Terra-Chã, 9701-851 Angra do Heroísmo, 

Açores, Portugal
3 Department of Agriculture and Food WA, 444 Albany Highway, Albany, Western Australia 6330, Australia

4 CRC for Australian Weed Management

of showy and distinctive weeds it seems plausible that 
a scattered distribution would increase the chance of 
detection because it would increase the chance that a 
viewer would pass somewhere near a weed. For less 
obvious weeds a patchy distribution may increase the 
chances that the weed or its effects would register as 
important. It is also possible that weed seeds may be 
detected through testing of a grain sample. In that 
case, because samples are examined in considerable 
detail and because substantial mixing of grain occurs 
during harvest and transport of grain, the probability 
of detection may be quite independent of spatial dis-
tribution of the weed.

Considerable literature exists relating to percep-
tion of objects that contrast with their background 
(Meinecke et al. 2002, Nothdurft 1991). There has 
also been work on optimal search patterns for invasive 
plants (Rew et al. 2006), but we have been unable to 
find any research relating to factors that influence 
detection in the common situation on a farm where 
nobody is specifically looking for the weed.

Is it important that we understand the process of 
detection of invading weeds on farms? We have ad-
dressed an aspect of this question in this paper using a 
spatially explicit model of the spread of weeds within 
a farm paddock. Using the model we have examined 
the interaction between rate of spread of a weed and 
spatial factors that may trigger detection. This inter-
action is examined in terms of elapsed time between 
an incursion event and detection, the resulting weed 
populations and the number of weed seeds that are 
exported from the paddock.

MATERIALS AND METHODS
The model   The simulation model used in this analy-
sis was that of Monjardino et al. (2004). All parameter 
settings were the same as those presented in that 
paper except that the conditions triggering detection 
were varied. 

The model represents an incursion event and the 
subsequent spread of three-horned bedstraw (Galium 
tricornutum Dandy) by harvesting equipment in a 100 ha 
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paddock under conditions typical of the southern 
cropping region of Western Australia. A 20 year crop 
rotation sequence of canola/wheat/lupin/wheat was 
simulated with canola being grown in the first year. The 
farmer was considered to be initially unaware of the 
incursion. Therefore, it was assumed that three-horned 
bedstraw was only ‘accidentally’ controlled by herbi-
cides that were applied to control other weeds. Before 
detection, some degree of selective control occurred 
by chance in both the wheat and lupin phases, but not 
in canola. After detection herbicides were chosen in 
all phases to specifically target three-horned bedstraw, 
imidazolinone tolerant (IT) canola was substituted for 
triazine tolerant canola, and IT wheat was substituted 
for conventional wheat in the year after canola. 

The paddock was divided into 10,000 10 m square 
cells, and the three-horned bedstraw and crop popu-
lations were accounted separately in each cell. As in 
Monjardino et al. (2004), three-horned bedstraw seed 
that was taken in by the harvester was partitioned into 
the grain, straw or chaff fractions in proportions that 
varied between the crops because of variations in set-
tings of the harvester. The harvester was presumed to 
travel in a spiral path from a corner of the paddock to 
the centre. The harvester then travelled directly back 
to the starting point. Seed in the straw and chaff was 
spread behind the harvester according to a Cauchy 
distribution. Weed seed continued to be spread behind 
the harvester on the path from the centre of the pad-
dock to the starting point, but no new seed entered the 
harvester during that time. Weed seed removed from 
the paddock in the grain was taken to be that part of the 
weed seed that was partitioned into the grain fraction. 
Weed seed removed from the paddock in the harvester 
was the proportion of the seed that remained in the 
harvester when it reached the starting point. 

Treatments applied   Six simulations were conducted. 
These consisted of combinations of two rates of spread 
of seeds and three triggers of detection of the weed. 
In the two rates of spread, seed was moved a median 
distance of either 16 or 32 metres by the harvester. The 
three triggers for detection of the weed were all based 
on the populations of growing three-horned bedstraw 
plants that were present any of the times when applica-
tions of herbicides were applied during the growing 
season. The first trigger was the population in the most 
densely populated cell in the paddock exceeding 2000 
plants (20 plants m-2 in 100 m2). This trigger favoured 
detection of relatively clumped weed distributions. The 
second trigger was the presence of growing weeds 
in more than 5000 of the 10,000 cells. This trigger 
favoured relatively evenly spread weed distributions. 
The third trigger was the total three-horned bedstraw 

population in the paddock exceeding 300,000 plants. 
This trigger was not directly influenced by the spatial 
distribution of weeds.

The initial incursion of three-horned bedstraw in 
all cases consisted of 20 three-horned bedstraw seeds 
in each of three cells. The same three cells were used 
each time so that there was a constant relationship 
between the locations of the initially infested cells and 
the end of the harvester run. This arrangement reduced 
randomness in the amount of seed exported from the 
paddock in the harvester and allowed the outcomes of 
each simulation to be compared in a relative manner.

RESULTS
In all simulations three-horned bedstraw numbers 
increased through time until detection occurred and, 
after a lag, declined steadily (Figures 1, 2 and 3). In 
each cropping cycle, the highest populations tended 
to occur in the wheat years (the even numbered years) 
before application of selective herbicides, because 
seedset was higher in the preceding canola and lupin 
years. In all but one case, detection occurred in a wheat 
year (Table 1). Seedset of three-horned bedstraw in 
lupin years (years 3, 7, 11, 15 and 19) remained high 
even after detection because of poor competitiveness 
of lupin, so spikes in three-horned bedstraw plant 
numbers occurred in the years following those years.

The three-horned bedstraw populations in the most 
densely populated cells built up more rapidly where 
spread by the harvester was less, so detection via that 
trigger occurred earlier where median spread was 16 m 

Figure 1.   Time sequence of the maximum population 
of three-horned bedstraw plants in the most densely 
populated cell in the paddock for the two simulations 
where detection was triggered by the population of 
three-horned bedstraw plants exceeding 2000 plants 
in that cell.
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rather than 32 m (Figure 1). The three-horned bedstraw 
population then fell more rapidly in that case.

Conversely the number of cells containing grow-
ing three-horned bedstraw plants built up more rapidly 
where spread by the harvester was 32 m, so detection 
triggered by number of occupied cells occurred earlier 
where median spread was 32 m rather than 16 m (Fig-
ure 2). Again, the three-horned bedstraw population 
fell more rapidly where detection was earlier.

The total three-horned bedstraw population built 
up at a similar rate regardless of rate of spread, so 
detection triggered by total population, and the sub-
sequent decline were the same for high and low rates 
of spread (Figure 3).

More seed was exported in the harvester where the 
seeds were moved further by the harvester regardless of 
the criterion on which detection was based (Table 1). 
This trend was most pronounced where detection was 
based on the population in the most densely populated 
cell, because reduced spread by the harvester allowed 
the three-horned bedstraw to build up more quickly in 
the patches causing earlier detection and more rapid 
imposition of control. The trend was least pronounced 
where detection was based on the number of cells 
occupied by three-horned bedstraw plants because 
more spread caused more cells to be occupied and 
hastened detection.

There was no simple relationship between the 
amount of seed exported in the grain and either rate 
of spread or the trigger for detection (Table 1). Within 
the detection trigger categories there was a trend for 
less export in the grain with earlier detection.

DISCUSSION
An interaction was found between the factors that trig-
gered detection of three-horned bedstraw and median 
spread distance of weed seed by the harvester in terms 
of the amount of seed that was exported from the pad-
dock in the harvester. It was particularly the case that 
reduced rate of spread of seed by the harvester caused 
less export of seed where detection was driven by the 
population density within weed patches. 

Table 1.   Year of detection and the sum over all years of seed exported in the harvester and seed exported as a 
contaminant of grain for all six of the simulated treatments.

Threshold detection criterion

Maximum population
2000 per cell

Occupied cells
5000

Total population
300,000

Median spread (m) 16 32 16 32 16 32

Year detected 10 12 12 11 10 10

Seed exported in harvester 5,033 20,016 16,430 20,554 13,525 21,485

Seed exported in grain 85,539 110,616 179,046 99,139 107,843 123,879

Figure 2.   Time sequence of the number of cells in the 
paddock containing growing three-horned bedstraw 
plants for the two simulations where detection was 
triggered by the presence of growing weeds in half 
of the cells.

Figure 3.   Time sequence of the total population of 
three-horned bedstraw plants in the paddock for the 
two simulations where detection was triggered by 
total three-horned bedstraw population in the paddock 
exceeding 300,000.

0

1000

2000

3000

4000

5000

6000

7000

8000

0 5 10 15 20

Time (years)

Median spread 16 m

Median spread 32 m

Threshold cells with plants

G
ri

d 
ce

lls
 w

ith
 g

ro
w

in
g 

pl
an

ts

0

500

1000

1500

2000

2500

0 5 10 15 20

Time (years)

Median spread 16 m

Median spread 32 m

Threshold total plants

To
ta

l p
la

nt
 p

op
ul

at
io

n 
(0

00
’s

)



698

Fifteenth Australian Weeds Conference

For many weeds that are a potential incursion risk 
in cropping systems it seems plausible that high weed 
population density within patches would be a major 
factor in stimulating farmers to identify and manage 
a new weed. It would be useful to have evidence of 
whether or not this is true.

Management practices exist that reduce spread 
of seed by harvesters. These include chaff catching 
behind the harvester and directing chaff and straw into 
narrow windrows, which are then burnt or otherwise 
treated to kill weeds. These simulations suggest that 
such practices have a value above and beyond reduc-
ing seed numbers by also reducing export of invading 
weeds to other paddocks. This value exists regardless 
of the factors that trigger detection because reduced 
seed movement reduces the probability that the weed 
will be spread towards the end of the harvester run. 
Consequently there is a lower probability of export 
in the harvester in that generation and also a reduced 
population of plants near the end of the harvester run, 
from where export is more likely, in subsequent gen-
erations. If weed population density in patches is the 
main driver of detection then such practices would also 
promote early detection of invading weeds. If so it may 
be valuable to promote reduction of seed movement as 
a routine crop hygiene practice on farms. 

Exploring the factors that cause farmers to de-
tect invading weeds appears to be an area of weed 
research that has gathered little or no attention. Per-
haps such studies should be undertaken to clarify the 
management practices that would best limit spread 
of invaders.
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