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1. Methyl bromide alternatives for branched 

broomrape control 

John Virtue 

Animal and Plant Control Commission 

December 2002 

Aim 

To identify potential alternatives to methyl bromide for eradication of branched broomrape (Orobanche 
ramosa) 

Method 

The trial was located at the Mannum Trial site on Bow Hill Road, approx. 5km east of Mannum, a cropping 

paddock on sandy soil, with a high branched broomrape seedbank.  

The experiment layout comprised fourteen 20 X 6 m plots that had previously been sown to vetch. Each 

plot was split into four 10 X 3 m plots. With four replicates there were 14 possible treatments set out 

randomly (not all plots were used): 

1. Control (no fumigants applied) 
2. Methyl bromide high rate + plastic  
3. Methyl bromide low rate + plastic (say 200 kg/ha) 
4. Metham sodium + plastic (@205 kg ai /ha = 500 L/ha) 
5. Metham sodium without plastic (500 L/ha) 
6. Dazomet (Basamid @600 kg/ha) 
7. Dazomet + plastic (@600 kg/ha) 
8. Dazomet low rate (@40 kg/ha) 
9. Chloropicrin + plastic (@300 kg/ha) 
10. Telone + plastic (@470 kg Rural Telone C35** /ha) 
11. NiproQuat (@ 0.01% conc.) 

 

The plots were cultivated in late June to remove broomrape hosts and again a week prior to applying the 

fumigants on 20 August 2002 to give a fine tilth for ease of application and dispersion of the chemicals. 

The treated areas within each plot measured 2 X 10 m. The treatments were applied after the plots were 

irrigated. Plastic covers (polyethylene sheeting) on some treatments were left in place for three weeks. 

Plots were maintained free of broadleaf weeds until November. This ensured that any treatment 

differences in the soil seed bank were due to the fumigants only, and not also to any differences in host 

growth. 

Twenty soil samples (13 mm diameter x 100 mm depth) were collected from each plot and combined to 

yield a 400 g subsample. A DNA probe was used to estimate seed number per 200 g of soil. Samples 

were collected in late November. This lag between samples gave a long period to allow for decay of DNA 

of killed seeds. The sample was only taken within the central 5 m length of plot, as fumigant rates were 

likely to be higher at the start and end of the plot. Samples were also collected from the area adjacent to 

the plot as an untreated reference. 

A further set of soil samples was collected in January 2003. The DNA assay was used to estimate 

broomrape seed numbers per 200 g soil from treated plots and adjacent reference areas. DNA assays 

were used to estimate broomrape seed numbers of some of these samples, six months later in July 2003. 
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Results 

The number of broomrape seeds in plots was very variable (Fig. 1). Fewer seeds were measured in 

samples from treated plots in comparison to reference areas (paired t-test, p < 0.001 pooled across 
treatments, controls omitted).  

 

 

 

 

 

 

 

 

 

 

Figure 1. Number of broomrape seeds per 200 g soil collected from experimental plots 3 months 

after treatment (Treat) and untreated areas adjacent  (reference) Bars are means ± 1 SE, n =4. 

The number of seeds in treated plots in proportion to the number of seeds in adjacent reference areas did 

not differ significantly between treatment types (ANOVA on log-transformed data, p = 0.122). Given the 

variability in seed numbers it is not possible to determine whether one treatment was superior to another. 

No treatment successfully reduced the seed bank to less than 10%.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Difference between the proportion of broomrape seeds in reference samples and collected 

from treated plots. Bars are means ± 1SE, n = 4.  
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There were no differences in broomrape seed numbers among treatment plots, sampled in January 2003 

(Fig. 3). Broomrape numbers were similar to samples collected in November demonstrating no further 
decay in seeds or broomrape DNA since the previous samples had been taken.  

 

Figure 3. Number of broomrape seeds in plots treated in August 2002 and sampled in January 

2003. Bars are means ±1 SE, treatment plots n = 4. 

There was high variability in seed numbers between treatment plots. The sampling design included 

collections adjacent to treatment plots, however there were still inconsistencies in the efficacy of 

treatments amongst replicate plots.  For example, plots treated with methyl bromide at a high rate had 
more seeds than adjacent untreated areas in Plot D but fewer seeds in Plots E, J and K.  

DNA assays of samples collected in January 2003 but processed in July 2003 found similar numbers of 

broomrape seeds to samples assayed in January 2003, indicating no further DNA decline over this time 
period.  

Discussion 

The DNA assay is the most efficient means of measuring the broomrape soil seed bank. The seed bank is 

spatially variable and is difficult to sample adequately. This makes interpretation of the results difficult.  

There was large variation in estimates of seeds numbers therefore comparisons between the efficacy of 
each fumigant remains inconclusive. 

Although soil samples were collected 3 months after treatments were applied and plots remained host-free, 

there is the possibility that broomrape vegetative material remained in plots. This may have over-inflated 

the DNA assay results. However, samples collected approximately 6 months after treatments were applied 
did not show any further decline in broomrape seed numbers in treated soils. 
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Figure 4.  Number of broomrape seeds in plots sampled in January 2003. Each bar is the mean of 

two samples collected from each plot or control reference area, adjacent to the treated plot. 
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2. Seed bank reduction field trial ï fumigants and 

chemical stimulants  

John Virtue1, Graham Fromm2 and Tom McInenrny2 

1 Department of Water, Land and Biodiversity Conservation 

2 Rural Solutions South Australia 

2003 

Seed kill (6 treatments) 

Fumigant / soil drench Rates Plastic Supplier/Applicator 

Methyl bromide  

SA Rural Methyl Bromide 980 

Fumigant (= 980g/kg MeBr + 

20g/kg chloropicrin)  

1 rate: 

1) 50 g/m
2 

 

Yes Peter Williamson, SA Rural Agencies 

 

Wet soil 1 week prior to application (if needed). 10 L 

H2O/m
2
. 

Chloropicrin 

Chloropicrin Soil Fumigant (= 

985 g/kg chloropicrin) 

1 rate: 

1) 25 g/m
2 

 

Yes Peter Williamson, SA Rural Agencies 

Wet soil 1 week prior to application (if needed). 10 L 

H2O/m
2
. 

Cyanogen (carbon nitride) 

 

 

3 treatments: 

1) 25 g/m
3
 + plastic 

2) 50 g/m
3
 + plastic 

3) 50 g/m
3
 , no plastic 

Yonglin Ren, CSIRO Entomology, Canberra 

 

Wet soil 1 week prior to application (if needed). 10 L 

H2O/m
2
. 

Pine oil 1 rate: 

1) 2 L m
-2 

 

No  

 

Chemical stimulant (21 treatments) 

Stimulant Rates Conditioner Supplier/Applicator 

Nijmegen  

 

 

3 rates: 

1) 3.125 g/ha 

2) 6.25 g/ha
 

3) 12.5 g/ha 

 

in 10 L H2O/m
2
 

3 types: 

1) 0.005 g/m
2
 diflufenican 

(use Brodal @ 0.01mL/m
2
) 

in 10 L H2O/m
2
 

2) 0.1 g/m
2
 norflurazon 

(use Solicam DF @ 0.125 

g/m
2
) in 10 L H2O/m

2
 

3) water only (10L H2O/m
2
) 

Apply conditioners 3 days prior to stimulant. 

 

 

Dazomet 

 

Basamid Granular 

Soil Fumigant (= 940 

g/kg dazomet) 

2 rates: 

1) 2 g/m
2 

2) 4 g/m
2 

 

 

 Need to rotary hoe dazomet in after 

application. 

 

 

Acetone 2 rates: 

1) 0.1% 

2) 0.01% 

 

in 10 L H2O/m
2
 

3 types: 

1) diflufenican 

2) norflurazon 

3) water only 

Apply conditioners 3 days prior to stimulant. 
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Host crop (20 treatments)   

Brassicas Seeding Rates Nutrition Management 

5 varieties: 

1) K124* (high iTC) 

2) Sapphire* (med 

iTC) 

3) LowPE* (low iTC) 

4) Clearfield 

5) local best variety 

 

2 rates: 

1) 5 kg/ha  

2) 10 kg/ha
 

 

2 rates: 

1) standard 

2) high (esp. 

for sulfur) 

 

Need good weed control as other weed hosts 

(especially Brassica tournefortii) will complicate 

interpretation of any variety differences. Lontrel will not 

affect broomrape directly. 

 

Spray all varieties at 75 days after planting, using a 

Group B herbicide. 

  

Controls (3 treatments) 

1. Volunteer pasture/weed growth (initial cultivation only). 

This indicated normal broomrape germination % with no intervention. Group B herbicide sprayed 

at 75 days after initial rotary hoe.  

 

2. Cereal with high broadleaf weed control. 

This indicated normal broomrape germination % under cropping. Standard district cropping 

practice followed (including early broadleaf weed control, use of Group Bs). 

 

3. No vegetation (either frequent herbicide knockdown or white weedmat). 

This indicated broomrape seedbank levels at the end of 2003 with no germination. 
  

General Method:   

Two arable, accessible 1 hectare sites were selected with even, high density broomrape infestations: sites 

at Mannum Trial Site and Mypolonga. Plot size 10 x 3 m, four replicates, 224 plots per site.  

A 0.5m width untreated area was allowed either side of plot (but still received the same amount of 

cultivation as the treated area). This provided a control for each plot to determine % broomrape seed bank 

decline at the end of the experiment. One rotary hoe cultivation occurred prior to pegging out, to give a 

more uniform broomrape seed distribution and to breakup soil for fumigants/stimulants. 

 

All plots were kept broadleaf weed-free (barring the volunteer pasture treatment) to prevent non-treatment 

broomrape germination: glyphosate was used pre-treatment. No herbicides were used for volunteer 

pasture treatment until the Group B herbicide was applied at 75 days. Fumigants and stimulants plots 

were maintained host-free. Broadleaf selectives were sprayed early to prevent host development and 

subsequent broomrape germination. 

 

Brassicas and cereal were sown in early May and irrigated where needed to get good establishment. 

Chemical fumigants and stimulants were applied in June. Plots were oversown with triticale 1 month later 

to provide soil stabilisation (and maintain broadleaf weed control). All non-experimental areas were treated 

with a Group B or glyphosate at appropriate times to prevent broomrape emergence.  

 

Measurements: 

Soil samples were collected from each plot and adjacent control buffer area for estimation of branched 

broomrape seed bank levels by DNA assay (SARDI soil sampler, 20 subsamples per plot to give 500g). 
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Samples were collected at the end of season, from July ï August 2004, allowing a sufficient period for 

decomposition of killed seed.  

 

Analysis 

There are only results for the fumigants component of this study. Canola crops failed so no samples were 
collected. As low seeds were sampled from untreated plots, it was decided not to sample the stimulants 
plots. 
 
The statistical analysis was done by Michelle Lorimer, Biostatistics SA. The data from the trial was 
analysed using analysis of covariance (ANCOVA) assuming a randomized complete block design. The 
number of seeds in the adjacent untreated reference area of each plot was the covariate with the number 
of seeds in the treated area as the response variable. These data were log-transformed. This standardized 
the fumigant treatments so they could be compared to the control reference plots that were presumably 
more closely matched in the number of original broomrape seeds.  
 

Results 

Fumigants 

For the Mannum site, using the number of seeds in the untreated area as a covariate a difference was 

detected between treated and untreated areas (ANCOVA, p = 0.041). The highest number of seeds were 

sampled from the pasture plots (Fig. 1). All fumigant treatments had fewer seeds than pasture plots. 

Cyanogen 25 g m-2- treatments had the least amount of broomrape seed and this was significantly less 

than the methyl bromide treatment but not the other cyanogen treatments at the higher rate (Table 1). 

There was no significant difference between covered and uncovered cyanogen 50 g m-2 treatments. 

Further details about the cyanogen treatments are reported in Section 8.13. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Number of broomrape seeds per 200 g soil collected from treated plots 3 and untreated 

areas adjacent at the Mannum site. Bars are means ± 1 SE, n = see Table 1. 
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the treatment has can be observed. Therefore, it can be assumed from the control reference plots that 

there is more seed in plots to start with, fumigants are going to have more effect (Fig. 2).   

 

Table 1. Table of means for number of broomrape seeds in treated plots (log-transformed), at the 

average level of the covariate, the number of seeds in adjacent control reference areas (log 

transformed). Means with the same subscript are not significantly different at Ŭ < 0.05. 

Treatment Cyanogen 

25g 

Cyanogen 

50g 

Cyanogen 

50g no 

cover 

Chloropicrin Pine oil Methyl 

bromide 

cereal No 

vegetation 

Volunteer 

pasture 

Mean -0.38a 0.03ab 0.17abc 0.35abc 0.39abc 0.76bcd 1.43bcd 1.64cd 1.97d 

n 8 8 8 12 8 20 4 4 4 

 

The conclusions that can be drawn from the data are limited as very few seeds were sampled from control 

plots. Where larger numbers of seed were sampled from these plots the effect of the treatments became 
evident. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Fumigant response as a percentage of control reference broomrape seed number at given 

levels of seed density. 
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the favoured hosts for broomrape, cretan weed and capeweed, across the site. These plants were 

sometimes absent from reference plots. Some broomrape plants emerged in fumigated plots, 
demonstrating that fumigation did not prevent emergence (Fig. 3). 
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Samples were not collected from all plots at the Mypolonga site. There was also high variability in 

broomrape seed density at this site in control reference areas. Although fewer seeds were sampled from 
the treated part of the plot this did not differ significantly from the untreated part of the plot (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Number of emerged broomrape plants in treated plots and adjacent untreated parts of 

the plot at the Mannum site, bars are means. 

 

 

 

 

 

 

 

 

 

 

Figure 4. Number of broomrape seeds per 200 g soil collected from treated plots and adjacent 

untreated areas at the Mypolonga site. Bars are means ± 1 SE, n = 8 cyanogen treatments, n = 12 

methyl bromide treatment.  
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3. Testing the efficacy of dazomet granular 

fumigant applied via a conventional air-seeder 

Nick Secomb 

Branched Broomrape Eradication Program 

2006 

With amendments and additions by Jane Prider (June 2011) 

Aim 

To determine the efficacy of Dazomet granular soil fumigant as a control agent for branched broomrape 

(Orobanche ramosa).   

Methods 

The trial site was located in the Hundred of Ettrick (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location of Dazomet Trial Site 

 

Dazomet was applied on 8th June 2004 at a rate of 120 kg of the product Basamid® per hectare. The 

seeder applied the dazomet at a depth of approximately 100m in rows approximately 30mm wide and 
150mm apart. 

Once applied, the trial site was rolled with a heavy, non-corrugated stoneroller to create a surface barrier 
to escaping MITC gas. 
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N 

The site was not artificially irrigated after application although approximately 6mm of rain fell on the site on 

the night following application. 

Soil samples were taken prior to application and at 3-month intervals for one year.  The soil sample 

method is detailed below.  Samples were subjected to the SARDI DNA test to obtain an estimate on the 
number of viable broomrape seeds present. 

Dazomet was applied again in 2006 and 2008 (Table 1) and further soil samples collected for testing for 
the presence of broomrape seed.  

Table 1. Site history 

Year Treatment Broomrape 

1999  Emergence 

2000  No emergence 

2001  No emergence 

2002  No emergence 

2003  No emergence 

2004 dazomet part paddock 120 kg ha-1 No emergence 

2005  No emergence 

2006 dazomet all paddock 120 kg ha-1 No emergence 

2007  Emergence 

2008 dazomet all paddock 120 kg ha-1 

pine oil fence lines and remnant veg 

Emergence 

2009  Emergence 

2010  No emergence 

 

Soil Sampling Method 

Ten sites were established across a known infestation.  At each of these sites, a collection plot was setup 

with the GPS location of the centre of each plot being recorded using a differential GPS unit for accurate 
location in the future.  The dimensions of each collection plot were as follows: 

 

 

 

 

 

 

 

 

 

 

Each 5-metre by 5-metre quadrat was then divided into five, 5m X 1m linear transects running in a north / 

south direction.  Five soil cores were collected randomly from within each of these transects and pooled 

into a single sample for each quadrat.  Soil was collected with a 13 mm augur to a depth of 10 cm.Four 

25-core samples were collected for each site as a result.  

5 metres 5 metres 

5 

metres 

5 

metres 
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Results 

The seed estimates for each site are shown in Table 2 and in Figure 2.  Total estimated seed numbers 

have been generated by SARDI according to the amount of identifiable broomrape DNA present in each 
sample. 

Table 2. Estimated broomrape seed numbers, Dazomet Trial. The values are the total number of 

seeds from four composite  soil cores in each plot. 

Plot No. 

Sampling date 

June '04 Sep '04 Dec '04 March '05 July 05 

 

May 2011 

1 76 22 10 19 28 1 

2 278 111 52 49 52 0 

3 407 126 85 81 104 3 

4 434 103 103 71 125 8 

5 59 23 22 11 16 0 

6 192 52 29 27 18 6 

7 113 69 33 17 22 3 

8 88 54 32 20 37 2 

9 188 105 61 42 57 5 

10 527 98 115 56 104 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Number of broomrape seeds from the soil seed bank at a site treated with dazomet. The 

arrows indicate when dazomet was applied. Mean + 1SE, n = 10. 

Conclusions 

Dazomet has potential as a treatment for seeds of branched broomrape in soil.  Sites showed a reduction 
in seed numbers of approximately 75% three months after a single dazomet application in 2004. 
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The absence of control plots means that we cannot rule out factors other than Dazomet which may be 

affecting the amounts of viable broomrape DNA collected. 

The soil sampling method is an effective means of collecting samples for DNA analysis (estimated seed 

numbers reduced on a proportional scale across sites over time). 

Analysis from BiometricsSA shows that there is a significant initial drop in viable DNA 3-months after 

application and another significant drop in the following 3-months with no significant change after this time.  

This suggests that a waiting period of at least 6-months is required prior to analysing results from Dazomet 
application. 

Problems Encountered 

Basamid is difficult to handle (itôs a fine, flowable powder) and needed significant assistance to maintain 
consistent flow through the seed box of the air-seeder. 

Dazomet efficacy will most likely be affected by soil moisture and temperature at the time of application 

and the amount of rainfall after application.  This will give variable results when used on a broad acre 
basis. 

Dazomet has low lateral mobility in soil.  Results may be improved if Dazomet can be applied as an even 
band at depth rather than in rows 150mm apart. 

DNA results can be skewed by the presence of developing broomrape tubers.  If broomrape tubers are 
collected as part of a soil sample, this can artificially inflate results. 

2011 - Has the Basamid been effective? 

Due to the sampling design it is not possible to confidently attribute any decline in the broomrape seed 

bank to the fumigation treatment. We would need to compare the treated sites to other sites that had not 

been treated to see if the seed bank there had declined as well. However, the decline in seed numbers 

from June 2004 to May 2011 is consistent with what we would expect from losses due to fumigation 

(Figure 2). The trend for increasing seed numbers that occurred from March 2005 to July 2006 has not 

continued. It also appears that broomrape emergence post 2006 has not resulted in an increase in seed 
bank size so there have not been substantial seed inputs.  
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4. The mobility of MITC in field soils for the 

destruction of branched broomrape seeds 

Anna Williams and Nick Secomb 

Branched Broomrape Eradication Program 

July 2006 

Aim 

To determine the mobility of methyl isothiocyanate (MITC) gas in Mallee soil & the concentration of MITC 
required for optimum branched broomrape seed mortality. 

Methods 

This trial was conducted at a field site on a sandy loam soil at Younghusband. 

Basamid granular fumigant was applied at a depth of 50 - 100 mm and the rate of 2 g per linear metre 

(equivalent to 120 kg ha-1) to an open furrow and the furrow then covered with soil. Two such furrows were 

made in five replicate plots. A portion of the furrow was left untreated as a control. Basamid was applied to 

plots 1 and 2 on 18 July 2006 at a soil temperature of 12.4°C and a soil moisture content of 14%. Basamid 

was applied to plots 3 ï 5 on 26/7/2006. The soil temperature was 10°C and average soil moisture content 
was 10.4%. 

The concentration of MITC was measured using gas analysis tubes (Gastec Corporation) supplied by the 

Victorian Department of Primary Industries. In treated plots, samples were taken at three distances from 

the application furrow: 

¶ 0 mm ï at depths of 25, 50, 75, 100 and 200 mm 

¶ 50 mm ï at depths of 100 mm 
¶ 100 mm ï at depths of 100 mm 

Samples were collected at three time intervals: 24, 48, and 72 hours after Basamid application. Three sets 

of replicates were collected from each plot. Control gas samples were collected from the untreated furrow 
line at depths of 25, 50, 75 and 100 mm. 

To assess broomrape seed viability, stainless steel seed sachets were prepared, containing approximately 

200- 500 seeds. Six sachets were buried at in each plot at four depths: 25, 50, 75 and 100 mm on the 

treated furrow. Two sachets were buried at the same depths on the untreated control furrow. Sachets 

were retrieved one month after treatment. Viability was assessed using germination and tetrazolium 
solution tests. The average seed viability was calculated for the six sachets within each plot. 

Results and Discussion 

Gas 

The lowest concentration of MITC as recorded at the shallowest depth, up to 48 hours after Basamid 

application (Fig. 1). However, there was little difference in MITC concentration at other depths in the soil 

profile or between control plots and Basamid treated plots after 72 hours. This indicates lateral and vertical 

movement of Basamid over this time period. The results indicate Basamid is resident in the soil profile for 
at least 72 hours after application and does not decrease over this time period. 
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Figure 1. Concentration of MITC measured on gas extraction tubes at different depths, distances 

and times after Basamid application. Basamid was applied at distance zero at a depth of 10 cm at 

time 0 to five plots with three samples collected in each plot. Bars are means ± 1 SE, n = 15. 

 

The concentrations measured in this experiment are comparable to those measured by Goldwasser et al 

(1994) in soils at similar depths. They measured concentrations of MITC of less than 5 ppm in the upper 

10 cm of soil after the application of metham sodium by drip irrigation to a sandy soil, with concentrations 

up to 20 ppm in a loamy soil. Most MITC had dissipated after 6 days at this depth.  

Seeds 

Seeds retrieved from Basamid-treated plots had lower viability than seeds retrieved from untreated control 

plots (ANOVA, p < 0.001). Although there was a trend for broomrape seed viability to decrease with depth 
into the soil profile to 75 mm in Basamid plots, this was not significant (Fig. 2). 

The gas results indicate that there is only a minor difference in MITC concentrations form 2.5 to 10 cm and 

this is correlated with no difference in the seed viability results. As MITC was detected in control plots, 

there may have been some loss of viability in control seed treatments. Seed viability for most broomrape 
seed lots is typically at least 90%. 

Under the conditions during this trial, Basamid has not been effective for destroying broomrape seed 

banks. This may have been the result of low temperatures and soil moisture levels following Basamid 
application which may have reduced the release of MITC.  
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Figure 2. Viability of broomrape seeds retrieved from soil at different depths, one month after 

Basamid treatment. Bars are means + 1SE, n = 5.  

Reference 

Goldwasser, Y., Kleifeld, Y., Golan, S., Bargutti, A. and  Rubin, B. (1994). Metham sodium's dissipation 

from the soil and its effect on the control of Egyptian broomrape (Orobanche aegyptiaca Pers.). In 'Biology 
and Management of Orobanche', p.  550-560. (Royal Tropical Institute, Amsterdam Netherlands). 
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5. MITC release in wet and dry soil at two rates of 

Basamid application 

Anna Williams 

Branched Broomrape Eradication Program 

December 2006 

Background 

The Younghusband Basamid trial, run during July 2006 (Section 8.4) generated the following questions: 

1. Were the gas tubes sensitive enough to detect the concentration of MITC being emitted from the 120 kg 

ha-1 rate used? 

2. Was the soil too dry? 
3. Was the temperature too cold? 

To answer some of these questions the following trail was done at the Mannum Trial Site: 

¶ 3 concentrations of Basamid: 0, 120 and 360 kg ha-1 

¶ Wet/dry conditions: dry = field conditions, wet = soil moistened to 50% holding capacity 

¶ 3 times of extraction of MITC: 24, 48 and 72 hours after application 
¶ 5 replications per treatment 

A plot measuring 5m by 7 m was marked out and divided into the treatment subplots, with 50 cm spacing  
between sub-plots. 

At each of the target timings a 5 cm soil core was collected from each plot and the allotted amount of 

Basamid added before the core was replaced and compacted by treading on it. Water was added to the 
wet treatments. 

Gastec tubes were used to sample MITC concentrations in the soil. 

Results 

There was no difference in the amount of MITC detected by the Gastec tubes among the three different 

Basamid rates, including controls (ANOVA, p = 0.35). This indicates there was movement of MITC from 

the treated plots into the control plots. Higher concentrations of MITC were sampled from the wet plots 

(ANOVA, p = 0.008). The highest concentrations of MITC were recorded 24 hours after Basamid 
application (ANOVA, p < 0.001).  

None of the interactions between treatments were significant but this was probably confounded by the 

movement of MITC between treatment plots and the variability in measurements that reduced the power of 

statistical tests to detect differences. From the chart (Fig. 1) it can be seen that after 72 hours, MITC was 

not detected in dry soils at the lower Basamid application rate or controls. MITC was still detected in the 
wet soils after 72 hours in all plots. MITC was only detected in control plots in dry soils at 24 hours. 

From this trial it can be concluded that for future trials plots need to be well spaced as there is 

considerable lateral movement of MITC in the soil, particularly in wetter soils. The Gastec tubes appear to 
lack the sensitivity required to detect differences between treatments. 
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Figure 1. MITC concentration measured by Gastec tubes over time in plots treated with Basamid 

at different application rates. Bars are means ± 1 SE, n =3.   
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6. Dose-response calculations for application of 

Basamid and Interceptor (pine oil) to branched 

broomrape seed 

Anna Williams 

Branched Broomrape Eradication Program 

November 2006 

Aims 

1. To determine the seed viability dose-response curve after application of the soil fumigant Basamid or 

the soil drench Interceptor 

2. To determine the rate of stimulation of suicidal germination after application of the soil fumigant 

Basamid or the soil drench Interceptor 

3. To determine the rate of DNA decay of Branched Broomrape seeds after treatment with Basamid or 

pine oil. This is to provide an indication of how long we need to wait after field application of Basamid 

or Interceptor before we should collect samples for DNA analysis. 

Methods 

Containers of broomrape infested soil were prepared by filling plastic containers to 2.5 cm deep x 8.6 cm 

diameter with 260 g of sterilised Tailem Bend sand (surface area of 58 cm2 = 0.00000058 ha). Exactly 100 

seeds were added to each container and mixed thoroughly through the soil. 21 ml of water was added to 

each container, which adjusted the soil moisture to ~60% field capacity. The lids were closed and the 
containers were kept at 20 OC in the dark for 10 days for the seeds to condition. 

Sachets of broomrape seed were prepared by placing approximately 50 branched broomrape seeds 

between two glass-fibre filters in petri-dishes. 0.3 ml of water was added to moisten the filter discs without 

runoff. The petri-dishes were sealed with parafilm and kept at 20 OC in the dark for 10 days for the seeds 
to condition.  

The containers of soil were placed in the fumigation chamber, which is not temperature controlled. 

Ambient temperature was logged throughout the experiment. 5 replicates of each of the following amounts 

of Basamid were added to vials: 1.08, 2.175, 8.7, 34.8, and 52.2 mg and stirred thoroughly through the soil 

with a fork. 30 replicates of each of the following amounts of Basamid were added to vials: 0, 4.35, 17.4 

mg and stirred thoroughly through the soil. 11.6 ml of water was added to each of the Basamid treatments 

so that the soil moisture was ~83% field capacity. 

5 replicates of each of the following rates of Interceptor were sprayed onto the surface of the soil: 0.116, 

0.29, and 1.16 ml each in water so that the total liquid applied was 11.6 ml. A volume of 11.6 mL is 

equivalent to application at 20,000 L/ha. This is based on current rates used in the field by the BB team. 

This will increase the soil moisture to ~83% field capacity. 

30 replicates of each of the following rates of Interceptor were sprayed onto the surface of the soil: 0, 0.58 

and 2.32 ml, each in water so that the total liquid applied was 11.6 ml. 

One broomrape seed sachet was placed approximately 1 cm below the soil surface in 5 replicates of every 

treatment. This was done by digging a shallow hole in centre of soil tub, placing a sachet in hole and 



  MAY 2014 BRANCHED BROOMRAPE RESEARCH PAGE 23 

gently covering the sachet with soil. 25 replicates of the 6 treatments with 30 replicates prepared do not 

have a sachet inserted. 

In all treatments the soil was squashed down to replicate rolling after application of a fumigant. 

All containers were left in the fumigation chamber for 1 week to allow the active compounds and all the by-

products to dissipate. During that week soil moisture levels were monitored to ensure that none of them 

dropped below 60% field capacity. 

After 1 week, the broomrape seed sachets were removed from the containers and each placed in a petri-

dish.  

The broomrape from the seed sachets were assessed for germination. A seed was regarded as 

germinated when the radicle had pierced the seed coat. Any non-germinated seeds were tested for 
viability using the method described below. 

12 g (one teaspoon) of sieved biologically active soil collected from outside the quarantine area at Murray 
Bridge was added to each container and thoroughly stirred in with a fork.  

5 replicates of the 0, 4.35 and 17.4 mg of Basamid and 0, 0.58 and 2.32 ml of Interceptor treatments were 
taken for DNA testing after; 0 days, 5 days, 10 days, 20 days, 40 days and 80 days. 

The other treatments were all taken for DNA testing after 40 days. 

Viability testing of BB seeds 

For two replicates of each treatment, the non-germinated seeds were put into a test tube and 1ml of 1% 

tetrazolium stain was added. For three replicates,   the tetrazolium solution was placed on filter papers but 

some of these dried out during incubation resulting in poor staining. These results are therefore not 
reported. The tubes were placed at 35 OC in the dark for 9 - 10 days. 

The seeds were sieved from the tetrazolium solution and immersed for 5 min in 4% NaOCl to bleach the 

seed coat. The seeds were then rinsed three times in water. Seeds were observed under a microscope. 
Embryos coloured red or pink were considered viable, those not coloured were non-viable or dead. 

(method modified from Lopez-Granados & Garcia-Torres (1999)) 

Analysis 

Ritz and Striebigôs (2005) procedure used for fitting dose response models to data is described in Section 
12.4. 

Results 

No germination was observed in any of the treatments. 

There was a significant treatment effect resulting in a decline in seed viability after the application of either 

Basamid ANOVA, F = 3.5, p < 0.001) or pine oil (ANOVA, F = 4.39, p < 0.001). The effectiveness of pine 

oil increased with increasing concentration from 1% to 20% with almost complete loss of viability at the 

highest concentration (Fig. 1). Basamid only reduced seed viability at application rates of 240 g ha-1 or 

more (Fig. 1). Applications of 360 g ha-1 reduced viability to 10%. 

Dose response curves were fitted to the data set for each product (Fig. 2). Logisitic models significantly 

fitted the data sets for both products (Table 2). These models were used to estimate doses required to 

reduce seed viability by 10, 50, 90 and 99% (Table 2). The dose required to achieve 99% seed kill,  over 
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550 g ha-1 for Basamid and greater than 38 % concentration of pine oil, was outside the range of 

concentrations tested in this study and may therefore be an over estimate. 

Counts of broomrape seeds using DNA bioassay found no detectable decline in seed number in samples 

collected up to 48 days after treatments were applied (Fig. 3). 

 

Figure 1. Viability of branched broomrape seeds after treatment with Basamid (B) or Pine Oil (PO). 

Each bar is mean ± 1 SE, n = 2.  

  

Figure 2. Dose response curves for Basamid and pine oil. Each data set has been fitted to a three-

parameter logistic model. Curves were fitted using the package drc in R v 2.15.2. 
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Table 1. Parameter estimates and fits of three-parameter logistic models in Fig. 2. The model is 

described by a shape parameter (b), the maximum viability (d) and the dose where viability is 

reduced to 50% (e).  

 parameter estimate Standard error t-value p-value 

Basamid b 4.65 0.89 5.24 <0.001 

 d 87.25 1.68 51.87 <0.001 

 e 251.02 9.28 27.05 <0.001 

 Residual standard 

error (df) 

 5.58 (13)   

Pine Oil b 1.61 0.26 6.29 <0.001 

 d 74.17 3.76 19.73 <0.001 

 e 3.72 0.47 7.93 <0.001 

 Residual standard 

error (df) 

 5.70 (9)   

 

Table 2. Estimated effective doses of Basamid and pine oil to reduce seed viability to given levels 

based on fitting of the three-parameter logistic models in Fig. 2. Estimate ± Standard error is 

shown. 

 Product  

Target seed viability (%) Basamid (kg/ha) Pine oil (%) 

10 156.4  ± 16.5 0.95 ± 0.28 

50 251 ± 9.3 3.72 ± 0.47 

90 402.8 ± 35.6 14.53 ± 2.89 

99 675 ± 123.4 64.28 ± 26.68 
 

Figure 3. Degradation of broomrape DNA after treatment with basamid (B) or pine oil (PO). Bars 

are mean ± 1 SE, n = 5.  
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