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Summary     Branched broomrape is a noxious, parasit-
ic weed. In Australia its distribution has been restricted 
to a containment area of about 200,000 hectares in 
the lower Murray Mallee region of South Australia. 
Current management tactics have a long-term aim of 
eradication. Key to the strategy is the ability to detect 
low incidences of branched broomrape in the field. 
The main tool for detection is spring surveys, which 
are based on line transects that typically only cover 
a small percentage of each field. The paper shows 
how data from this sampling can be enhanced using 
spatial methods. 

A technique of biological enhancement is outlined 
as a method for detecting branched broomrape. The 
technique deliberately creates conditions that would 
be conducive to branched broomrape multiplication 
had any been present. The technique would enable 
detection of branched broomrape at levels that could 
not be detected by normal survey methods. 
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INTRODUCTION
Branched broomrape ( Orobanche ramosa L.) is a 
noxious, parasitic weed. Locations where it occurs in 
South Australia have been declared a quarantine area 
(Figure 1). There is strong economic pressure from 
farmers for a sampling strategy that would enable a 
field to be declared free of the weed.

Sampling for detection of branched broomrape 
presents a range of challenges. Two of these are 
sampling very sparse events and non-germination 
of seeds.

Being able to detect very low levels of branched 
broomrape is extremely difficult. In the extreme 
there may be only a single unit present. Once the 
sampling fraction becomes less than one, there is a 
finite probability that that unit would be missed. If 
the sampling fraction was 1%, using conventional 
sampling there would be a 99% chance of that single 
unit being missed. 

Non-germination of branched broomrape seeds 
presents a further challenge, as there is no guarantee 
that, if a seed is present, it will germinate in the sam-
pling period. For example, seeds may remain dormant 
but viable for many years in the soil.
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SAMPLING METHODS
Currently there are two main techniques of sampling 
for branched broomrape. These are based on seed 
sampling in soil or systems based on detection of 
flower spikes. There are other methods that are being 
contemplated, including catch crops and biological 
enhancement.

Soil sampling   Soil sampling for branched broomrape 
has been enhanced by the development of a branched 
broomrape DNA probe (Alan McKay, SARDI pers. 
comm.). While the technique has been enhanced to 
detect a single branched broomrape seed in 200 g of 
soil, this would represent a minute sampling fraction 
of the soil in a field. For example, there would be ap-
proximately 140,000 t of soil in the top 10 cm of soil 
in a 100 ha field. The probability of detecting even a 

Figure 1.   Broomrape containment area.
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moderate density of branched broomrape in a field by 
sampling seeds is therefore extremely low. Sampling 
of branched broomrape seeds from the soil is there-
fore not feasible for detection, although the technique 
is very useful for following the decline of branched 
broomrape seed numbers.

Flowering spikes   The most common method for 
sampling branched broomrape is to use line transects 
to detect flowering plants. Trained observers who walk 
either around the perimeter of the field or traverse the 
field using a Z-like pattern undertake this sampling. 
Initially it is assumed that the observers are of similar 
ability and that they observe all plants that are exactly 
on the transect line.

Data on the distance from the transect line to where 
each branched broomrape was found were recorded 
and the results are shown in Figure 2. The sighting 
distances are quite short, with a median distance of 
1.3 m, with no significant difference between cereal 
and non-cereal land uses. These data, together with 
the field area and transect length, enable a sampling 
area and hence a sampling fraction to be determined 
(Buckland et al. 2001). 

Data from Figure 2 were used to produce esti-
mates of the sampling fraction (Table 1) and these in 
turn enabled the probability of detecting a flowering 
branched broomrape plant (Table 2). That calculation 
assumed that the branched broomrape plants were 
spread randomly in the field. There is a reduced prob-
ability of detection if the branched broomrape plants 
are clustered.

In practice once a plant has been detected, a second 
team is used to map the extent of the infestation. The 
results recorded from the survey team are therefore 
effectively only whether a plant had been detected in 
a field, rather than the number of plants present. 

Use of spatial data   Information concerning the 
probability of detection of branched broomrape in 
the sample transects can be enhanced by using spatial 
methods. The probability of detection was regressed 
against whether there had been a detection within 500 
m, in the range 500–1000 m or in the range 1000–1500 
m and similarly out to 4500–5000 m. A generalised 
linear model with binomial errors was used for the 
regression. Detection in one of the ranges was scored 
as a 1 and non-detection as a 0. When there was no 
detection recorded in any of the ranges, the modelled 
predictor reduced to the intercept. When all the regres-
sors were included, the probability was 0.070 if there 
were no detections in the surrounding ranges, whereas 
when no regressor was included the probability was 
0.136 (Figure 3).

The inclusion of spatial variables clearly en-
hanced the detection probability. Most of the effect 
was achieved by including information out as far as 

Table 1.   Effective sampling fractions for fields of 
different areas.

Area of field (ha) 10 50 100

Area sampled (ha) 0.56 1.24 1.76

Sampling fraction 5.6% 2.5% 1.8%

Table 2.   Probability of detection in fields of different 
size with different branched broomrape densities and 
random spread.

Broomrape 
density

Area of field (ha)

10 50 100

0.1 ha-1 4% 9% 12%

1 ha-1 34% 61% 73%

10 ha-1 98% 100% 100%

Figure 2.   Effect of distance from the transect on the 
probability of detection of branched broomrape.
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Figure 3.   Effect on buffer width on probability of 
detection.
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2000 m, when the probability was reduced to about 
50%.

Catch crops   Catch crops have some clear advan-
tages. The main advantage is that the catch crops offer 
a large number of potential host roots. These ensure 
that the branched broomrape seeds that are present are 
close to a host root so that there is a large probability 
of the seeds germinating. This technique overcomes 
(at least in part) the problem of seeds potentially being 
dormant in the soil for many years.

An appropriate catch crop may also be chosen 
so that branched broomrape can be observed from a 
greater distance than in the usual crop. The increased 
visibility effectively increases the sampling fraction, 
which increases the probability of detection.

An incidental observation is that there is generally 
little point in planting the catch crop in areas that are 
not going to be inspected.

Biological enhancement   One of the aims of the 
branched broomrape management program is to 
provide a mechanism for the release of areas from 
quarantine. Release of an area should only be granted 
when there is a high probability that no infestations 
will be generated from that area. The existing sam-
pling schemes only have a low probability of detect-
ing emerged plants when their density is as low as 
0.1 plants ha-1. The sampling scheme cannot detect 
dormant seeds.

The converse of the above is that where the seeds 
have germinated and there is a moderate density of 
branched broomrape plants, there is a good probability 
of detection. The detection probability of branched 
broomrape at a very low density would be increased 
by a process that not only ensures germination of any 
seeds that are present, but also increases the plant 
density. We refer to such a process as biological 
enhancement.

This technique of biological enhancement suggest-
ed here is a development of the use of a catch crop. In 
this case, the catch crop is sown across an entire field 
where no branched broomrape is expected. If, as op-
posed by expectation, there was at least one branched 
broomrape present, then there is a high probability of 
that seed germinating and an increased possibility of 
it maturing and producing seeds. These seeds in turn 
have the potential to produce many plants, as described 
by the relationship

N r = N 0M  r

where N r is the number of branched broomrape plants 
after r cycles and M is the relative increase in plant 
numbers from one year to the next. If M >1, then Nr 

will increase with time. After enough years, the density 
of the branched broomrape (had it been present) would 
be sufficiently high that detection would be effectively 
guaranteed. An estimate of M is required before a value 
of r can be chosen1.

DISCUSSION
The current methods of sampling to determine the 
presence of branched broomrape have been shown 
to have low power when the plant densities are very 
low. Spatial methods offer significant enhancement 
to the methods currently used in surveys for branched 
broomrape. They offer a rationale for the selection of a 
buffer width of 2 km. Unfortunately, the likelihood of 
detecting a branched broomrape does not asymptote 
to zero in the data examined, indicating that there is 
always a small baseline probability of detection.

At this stage there has been insufficient study 
of the temporal data to make useful statements. It is 
hoped that a similar type of result can be achieved 
with temporal records in order to provide a rationale 
for the length of time a clean field should remain in 
quarantine.

Techniques for the eradication of branched broom-
rape are currently concentrating on the reduction in 
the number of plants and the number of viable seeds. 
Eventually, if the eradication program is successful, it 
must move into a phase where some areas are declared 
free of branched broomrape. Declaring an area with 
freedom status must be backed up by methods that 
give a high degree of assurance that there is a very 
low probability that an infestation could be initiated 
from that area. The power of the current sampling 
strategy, even when supported by spatial and temporal 
enhancements, may not be adequate to give such an 
assurance in a reasonable timeframe. The biological 
enhancement technique outlined in this paper is a tool 
that might be considered.

Critical to the success of the method of biological 
enhancement is an estimate of M, the expected number 
of successful seeds produced by a plant that in turn 
mature into a seed producing plant. In practice M will 
vary depending on the season and field factors (such 
as soil type). The time required to develop a guaran-
teed detectable plant density will be smaller for large 
values of M. An estimate of M is therefore critical to 
the success of the biological enhancement technique. 

Footnote
1 Biological enhancement as method of detecting 
branched broomrape is untested and has not been 
adopted as policy by the Branched Broomrape Eradi-
cation Program. 
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For branched broomrape to survive, M must be greater 
than 1, but potentially it could be equal to the number 
of seeds per plant.

If M is about 1 under ideal conditions for branched 
broomrape, then under less favourable conditions it 
would be less than 1. Under those conditions the weed 
could be expected to decrease in density.

The ability to detect branched broomrape is neces-
sary to enable the release of fields from quarantine. 
Although it seems counter-intuitive to suggest creating 
conditions that are ideal for branched broomrape, when 
the aim is to eradicate it, we maintain that the method 
of biological enhancement is an option currently avail-
able to enable detection at very low plant densities.

The benefit of the technique must be weighed 
against the risk of an increased number of branched 
broomrape plants. Once detection has occurred, the 
field would be returned to time zero in the quest for 
release from quarantine, and with the potential for 
there being a larger area and increased seed density 
of the weed. This would present a significant manage-
ment problem. However, this detrimental aspect must 
be weighed against the decreased probability of a field 
being released from quarantine when in fact there is 
some seed remaining.

A critical part of the strategy is the ability to 
monitor the areas where there could be enhanced 
branched broomrape numbers. This may require ap-
plying the technique only to a section of a field (for 
example the outmost 10 m) and monitoring this area 
intensely. There is no point in creating conditions 
that unnecessarily create the potential for increased 
multiplication of branched broomrape unless there is 
a corresponding benefit of enhanced detection. The 
resources available for monitoring may limit the ap-
plicability of the technique.

There are also possibilities of using existing 
farming strategies as part of a biological enhance-
ment strategy. For example, the use a pasture phase 
that is rich in potential hosts would achieve a level 
of biological enhancement. The effect of such a land 
use might be made even more effective because of the 
restrictions required in the choice of herbicides. At the 
very least, an investigation of the technique is likely 
to indicate areas and times where there is a greater 
likelihood of detection.

An effective sampling scheme for the detection of 
branched broomrape is critical to the current program. 
Current research has quantified the effectiveness of the 
currently sampling schemes for branched broomrape 
and shown that they lack power in areas of low plant 
density. The power of those strategies can be augment-
ed by using spatial and temporal techniques. Further 
understanding of the effects of land use will lead to 
greater power in the sampling scheme and hence to the 
success of the branched broomrape program.
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