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Sampling challenges in detecting branched broomrape seed bank decline
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Summary Branched broomrape, Orobanche ramosa
L., is the subject of a nationally funded eradication pro-
gram in the Murray Mallee region of South Australia.
Small and satellite infestations are being targeted for
soil fumigation to provide rapid destruction of existing
branched broomrape seedbanks. Methyl bromide has
been used in the eradication program but is very expen-
sive and poses significant environmental impacts.

Alternative fumigants have been examined in
field plot experiments. Whilst plot sampling data
have shown apparent reductions in branched broom-
rape seed numbers with fumigants such as cyanogen
and metham sodium, statistically significant differ-
ences between treatments have not been detectable.
This lack of detection is more likely to be due to
sampling difficulties rather than the efficacy of the
fumigants. Sampling challenges include low soil seed
bank density, spatial variability in this seed bank, the
likely detection of dead branched broomrape seed in
the DNA-probe used to quantify seed numbers and
potential sampling of branched broomrape vegetative
material in control plots.
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INTRODUCTION

Fumigation of branched broomrape (Orobanche ra-
mosa L.) infestations is an integral part of the National
Branched Broomrape Eradication Program in Murray
Mallee region of South Australia. Destruction of out-
lying and edge populations of branched broomrape
within the quarantine zone have been prioritised for
control to minimise the chance of the infested area
expanding. Application of methyl bromide was imple-
mented by the program as it has been shown to provide
excellent control of Orobanche spp. in New Zealand
(James 1976), California (Musselman and Sand 1982),
Greece (Vasilakakis ef al. 1988) and Turkey (Nemli et
al. 1991), and is used by farmers in Israel for large-
scale control of Orobanche crenata (Musselman et al.
1989). Unfortunately, although methyl bromide is very
effective at killing Orobanche seeds, it is not economi-
cal for broad acre application, currently costing about
$18,000 ha'! and it is a stratospheric ozone-depleting
chemical (Ruzo 2006).
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Field trials were undertaken during 2002 and
2003 to assess the potential of alternative fumigants
for destroying branched broomrape seed. Metham so-
dium, dazomet, 1,3-dichloropropene, didecyldimethyl
ammonium chloride, chloropicrin and cyanogen were
compared to methyl bromide. In both field trials, soil
cores were collected post-treatment for extraction
of DNA and assessment of the level of infestation
of branched broomrape seeds. This assessment was
used to evaluate the effect of each treatment on seed
destruction.

MATERIALS AND METHODS
2002 field trial In 2002, a field trial was conducted
8 km east of Mannum, South Australia, located within
the Branched Broomrape Quarantine Area. Eleven
fumigation treatments, each replicated four times, were
applied to 10 x 3 m plots in a randomised complete
block design. All plots were kept weed free with herbi-
cides for one month prior to the start of the experiment
and rotary hoed before application of the treatments.
The site was irrigated 24 h prior to treatment.
The treatments were:

1. Control (no fumigant);
2. 100 g m? methyl bromide mix (980 g kg! methyl
bromide, 20 g kg™ chloropicrin) + plastic cover;
50 g m*? methyl bromide mix + plastic cover;
20.5 kg a.i. m? metham sodium + plastic cover;
20.5 kg a.i. m? metham sodium;
60 g m™ Basamid® granular soil fumigant (940 g
kg! dazomet);
60 g m? Basamid + plastic cover;
4 ¢ m? Basamid + plastic cover;
29.5 g m chloropicrin + plastic cover;
0. 40 g m? Rural Telone C-35 Soil Fumigant® (615 g

kg 1,3-dichloropropene, 345 g kg chloropicrin)

+ plastic cover;
11. 2 L m? 0.01% v/v Nipro Quat® (120 g L! quar-

ternary ammonium compound).

All treatments were applied on 20 August 2002.
Plastic covering (polyethylene sheeting) is routinely
used to keep volatile fumigants in the soil to extend
the duration of their activity against target organisms.
Its application and removal can be a significant cost
component of fumigation and hence treatments 5 and
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6 were included to examine efficacy without plastic
covering. Covers were removed after three weeks for
all treatments where they were used. All plots were
sown to triticale for soil stability, and weed control
was maintained until November 2002.

Twenty soil cores (50 mm diameter x 100 mm
deep) were collected per plot on 8 January 2003. The
cores were mixed together and divided with a soil
sub-sampler. Two sub-samples were used for DNA
analysis, which was performed by the Crop Pathology
diagnostics group of the South Australian Research
and Development Institute (SARDI), to determine the
number of broomrape seeds per 200 g of soil. DNA
was extracted from the soil and amplified following a
protocol adapted from Ophel Keller ef al. (2003). Soil
samples were similarly collected in untreated areas
adjacent to each plot.

2003 field trial In 2003, a trial was conducted in field
plots located approximately 200 m south of the plots
used for the 2002 trial. Nine treatments were applied
to an area of 10 x 2 m within 10 x 3 m plots (leaving
two 10 x 0.5 m untreated reference areas within each
plot). Each treatment was replicated four times in a
randomised complete block design. All plots were
kept weed free with herbicides for one month prior
to the start of the experiment and rotary hoed before
application of the treatments.

The treatments were:

25 g m? cyanogen + plastic cover;

50 g m*? cyanogen;

50 g m? cyanogen + plastic cover;

50 g m? methyl bromide mix (980 g kg!' methyl
bromide, 20 g kg! chloropicrin) + plastic cover;
29.5 g m? chloropicrin + plastic cover;

2 L m? pine oil;

Cereal (with weed control by herbicides);

Weed control (by glyphosate herbicide);

No weed control (after rotary hoeing).

All treatments were applied or sown during July 2003.
One hundred soil cores (13 mm diameter x 100 mm
deep) were collected per plot during July and August
2004. Four sub-samples were used for DNA evalua-
tion of broomrape seed numbers per 200 g soil. DNA
analysis was performed by SARDI. Soil samples were
similarly collected in the untreated reference areas
adjacent to each plot.

el o e

© %N L

RESULTS AND DISCUSSION
Branched broomrape seed distribution was found to
be spatially variable within the trial sites, and seed
numbers were much lower in 2003 than in 2002. The
amount of DNA detected in the 2002 trial equated to
between 11 to 174 seeds per 200 g soil in the reference
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(untreated) areas, while analysis indicated between
0 to 14.35 seeds per 200 g soil in the reference area
for the 2003 trial (note that SARDI data changed from
whole seed equivalents in 2002 to part seed equivalents
in 2003). Within individual treatments, broomrape
seed numbers were also highly variable. In 2002, the
greatest range detected was within the 60 g Basamid
with plastic cover treatment, with results from 1 to
104 seeds detected in 200 g soil. Due to the large
range in seed numbers measured within treatments,
no significant differences were detectable between
the number of broomrape seeds following treatment
in the 2002 trial and the control (Figure 1), although
the trend strongly suggests that the fumigants tested
do kill broomrape seeds.

Due to the high variability in seed distribution, a
soil sampling study was conducted in late 2002, and the
collection method was revised for the 2003 trial. The
soil sampling study concluded that the most efficient
and practical sampling procedure for soil coring was
to collect 100 small cores (13 mm diameter x 100 mm
deep) per experimental plot. These were combined into
four replicates of 25 cores per plot. The coefficient of
variation was 35%. Whilst this is still a high coefficient
of variation, taking more soil cores would be time and
cost prohibitive.

Variance within treatments was lower in the 2003
trial. However, the average number of broomrape
seeds was also considerably lower in 2003 compared
to 2002, even though both trial sites were located
within the same field. Overall, the average number of
broomrape seeds present in untreated areas in 2002 was
49.21 £+ 3.98, whereas in 2003 the average number of
seeds in untreated areas was 1.15 £ 0.12. These dif-
ferences may be due to spatial variability within the
broomrape infestation, or the extra cropping season
and weed control applied to the remainder of the field
next to the trial plots during 2002 may have suppressed
broomrape seed numbers.

Due to the low seed numbers detected in the 2003
trial, it is difficult to determine the effectiveness of
the treatments. Also, some of the untreated reference
areas had lower broomrape numbers than their paired
treated areas. The paired plots may not have had
similar amounts of broomrape in the seed bank prior
to treatment allocation, or the cultivation associated
with applying the treatments may have created a more
uniform distribution of the seed within the treated
plots compared to a clumped seed distribution within
the reference areas, which were not cultivated during
fumigation.

Significant differences between treatments were
only found when the amount of broomrape seeds in
the reference areas was included as a covariate when

623



Fifteenth Australian Weeds Conference

100% 1
80% A
L
k1%
c H
L n
=
gg 60% -
S8
@
o
O
o
Sc  40% A
Qo
z 8
o
20% T
0% -
— e e £
o ) ) %) €
£ B3 B3 =28 2
Q o ° go 8o ®
(@) a< = c »C @»
= Q= =
=3 =3 gg €
= < 2 8
£ <
5 5 = <
£ £ £ 2
€ €
s o 2 2
o o °
= 0 ) s

60 g Basamid
60 g Basamid
with cover

4 g Basamid

50 g chloropicrin
with cover

50 g Telone

with cover
Niproquat

Figure 1. Effect of fumigation treatments on number of branched broomrape seeds in soil in the 2002 field
trial. Each column is the percent difference in number of seeds in treated areas compared to adjacent untreated

areas (standard error bars shown).

analysing the amount of seed in treated plots. Analysis
of the data in this way standardises the fumigant treat-
ments so that they can be compared to control plots
which all have the same amount of broomrape seed.
It could then be concluded that the 25 g m™ cyanogen
treatment had the least amount of broomrape seed, on
average, although not less than either of the higher
cyanogen applications, the chloropicrin or the pine oil
treatments. Also, of all the fumigation treatments, only
25 g m”? of cyanogen was significantly different to the
methyl bromide treatment. Cereal, weed control and no
weed control treatments were found to have the highest
amount of broomrape after treatment (Figure 2).
These trials demonstrate a number of complica-
tions associated with conducting field experiments on
branched broomrape. Due to the tiny size of broom-
rape seeds (<0.2 mm diameter), DNA detection of
seed in soil is the most efficient method to compare
treatments. However, as demonstrated in these trials,
branched broomrape seed does not have uniform distri-
bution across fields or even within small experimental
plots, and this can complicate or impede analysis.
Soil sampling of the experimental plots was de-
layed for four months after treatment in 2002 and for
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one year after treatment in 2003 to allow time for killed
broomrape seeds to decay. However, it is not known
exactly how long it takes for the DNA in dead broom-
rape seeds to decay. There may have been insufficient
time for the DNA of dead seeds to degrade due to the
fumigants’ effects on soil microbial activity. Hence,
some DNA extracted from the soil samples may be
contaminated with dead seeds. The decay rate is also
likely to vary depending on seasonal conditions expe-
rienced after treatment, which complicate the results.
Delayed collection of soil samples requires that the
plots are maintained weed free until the experiment is
concluded. If weedy host plants are allowed to grow,
they could cause false concentrations in the DNA
samples by stimulating germination and emergence
of broomrape. Also if parts of branched broomrape
plants are collected in soil samples, they artificially
spike the samples with high levels of DNA. For
example, in Figure 2, more broomrape was detected
in soil samples from the cereal, weed control and no
weed control treatments. This may have been caused
by accidental collection of broomrape tubercles or
stems from broomrape plants that were parasitic on
weeds present.
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Figure 2. Average number of branched broomrape seeds in soil after application of treatments compared with
untreated reference areas in the 2003 field trial (standard error bars shown).

The development of an efficient and robust soil
sampling technique to detect branched broomrape
seed bank death is needed for ongoing, routine use in
the eradication program to ensure that future research
for branched broomrape eradication can be accurately
analysed. Ongoing projects include investigation into
the time required for DNA decay in dead broomrape
tissue, and investigation into alternative soil collection
techniques.
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