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1. Determining Orobanche ramosa seed longevity 

by accelerated aging  

Jane Prider and Anna Williams  

Branched Broomrape Eradication Program  

March 2010          

 

Summary 

An estimate of the persistence of Orobanche ramosa seed in the soil seed bank is an essential 

requirement of the Branched Broomrape Eradication Program. Although two seed burial trials are currently 

underway to estimate seed longevity, the final results will not be available for some time. We used an 

accelerated or controlled aging test to rapidly determine the longevity of O.  ramosa seed. The test 

showed that O.ramosa had a gradual loss in seed viability over time with a 50% decline in seed viability 

after 39 days. There is currently no accurate method of converting the aging time to a time in years that 

seeds will persist under field conditions. A published study suggests that this decline equates with a seed 

persistence of less than 3 years in the soil (Long et al. 2008). The results of our own seed burial trials do 

not support this result, with more than 50% of seeds remaining viable after 3 years. The controlled aging 
test does not accurately given an estimate of O. ramosa seed longevity. 

Introduction 

Prediction of seed longevity is important for any weed eradication program and this often needs to be 

determined when the program commences. Inadequate information about seed bank longevity can extend 

the duration of an eradication program and may underestimate the effort required for weed control 

(Panetta 2007). It is also essential for deciding whether eradication has been achieved or if monitoring 

should continue (Regan et al. 2006). 

Reliable information about the longevity of Orobanche ramosa seed was lacking when the Branched 

Broomrape Eradication Program was instigated in 1999. Non-sourced data suggested that O. ramosa 

seed longevity was 13 years in the field (Parker and Riches 1993) and data for other Orobanche species 

is similarly anecdotal (Holm et al. 1997; Parker and Riches 1993). There is only one long-term field study 

of Orobanche seed longevity, which estimated that the viability of O. crenata seed was reduced to less 

than 1% after 12 years (Lopez-Granados and Garcia-Torres 1999). A shorter term study over six months 

indicates that viability loss in O. crenata is similar to O. ramosa, at least during the early stages of burial 

(Grenz and Sauerborn 2007). Laboratory stored Orobanche seed  lost viability after 15 years (Linke and 
Saxena 1991).  

Real-time trials of seed bank persistence in the field give the most informative estimates of seed 

persistence but for long-lived seeds there may be a considerable time delay before seed persistence can 

be estimated. Controlled or accelerated aging tests provide a means of estimating loss of seed viability 

due to natural aging processes (Probert et al. 2009). In this technique, seeds are subject to temperature 

and moisture conditions that accelerate seed aging. Enzymatic degradation and free radical production 

are aging processes that are favoured by moist, warm conditions. The aging tests therefore measure the 

inherent resilience of seeds to moisture and temperature stresses.  

The aim of this project was to use a controlled aging test to rapidly estimate the seed longevity of 

Orobanche ramosa. 
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Method 

Controlled aging test 

The aging tests, conducted in 2008, compared Orobanche ramosa with a control species, Brassica rapus. 

The testing procedure is a standard developed by the Royal Botanic Gardens, Kew, that is used by the 

Adelaide Botanic Gardens in their Millenium Seedbank Project (Davies and Probert 2004). The facilities of 
the Adelaide Botanic Gardens were used for this study. 

Samples of seed were initially hydrated by incubating at 20 °C and 47% relative humidity for two weeks. 

After hydration the seeds were transferred to the aging chamber set at 45 °C and 60% relative humidity 

(Fig. 1). Subsamples were retrieved from the chamber at set times (1, 2, 5, 10, 20, 30, 75, 100, and 125 
days) to conduct germination tests. 

 

 

 

 

 

 

 

 

Figure 1. Accelerated aging chamber 

 

Brassica seeds were divided into two replicates of 50 seeds each,  placed on 0.7% (w/v) agar plates and 

incubated at  10/20 °C alternating temperature/light  cycle (to mimic autumn/spring conditions). 
Germination was scored twice weekly until no further germination was observed over a two week period. 

Two replicates of 100 Orobanche seeds were placed on glass fibre filter papers, germination stimulant 

(GR24) was added and plates were incubated at 20 ºC. Germination was scored after two weeks and at 

weekly intervals thereafter until no further germination was observed. Ungerminated Orobanche seed was 

tested for viability using a tetrazolium test. Seeds were bleached in 1% NaOCl for 5 minutes and then 

thoroughly rinsed. Seeds were then immersed in a 1% tetrazolium solution for two weeks. Viable seeds 

that had reacted to the tetrazolium by staining red were scored. 

The tests were repeated three times and the results presented are the results of the first test for B. napus 

and the second test for O. ramosa.  The other tests for O.ramosa gave very poor results but the reasons 
for this are not known. 

Analysis 

All viable Brassica seeds germinated, so germination was equivalent to viable seed. Orobanche viability 

was calculated as the sum of the germinated seed plus viable ungerminated seed. A seed viability loss 

curve was constructed and the time taken for seeds to decline to 50% viability (P50) was calculated. Data 

for each species was subject to probit analysis using Genstat Version 9.1. This analysis gives an estimate 
of P50 through fitting the viability equation: 
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Viability = Initial viability ï (days/ů) 

where ů is the standard deviation of the normal distribution of seed deaths in time.  

Seed destruction of aged seeds 

An experiment was also conducted to examine whether aged seeds were more susceptible to seed 

destruction products. The products tested were Pine Oil, Niproquat and Basamid. There may have been 

problems with the application of the products (which were applied in vitro after seeds had been aged) as 

several products which have been shown to be effective in other studies did not kill seeds in this 
experiment. These results are therefore not presented.  

Results 

Viability loss in Orobanche seeds was initially very variable (Fig. 2). There was a gradual loss in viability 

over time. The P50 value (decline to 50% viability) for Orobanche was 39.23 days. In contrast, there was 

no marked decline in Brassica seed viability until day 20, after which there was a rapid decline (Fig. 3). 
The P50 for Brassica was 48.15 days. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Response of Orobanche ramosa to controlled aging. The curve is cumulative percentage 

normal germination. 
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Figure 3. Response of Brassica napus to controlled aging. The curve is cumulative percentage 

normal germination. 

 

Discussion 

The results of the aging test (P50 values) indicate that Brassica seed has greater longevity than Orobanche 

seed, although more accurately, the curves indicate that viability loss in Orobanche is at least initially more 

rapid than Brassica. There is no accurate means of converting the time in aging to a time scale of 

persistence under field conditions. Long et al. (2008) found a positive correlation between P50 values and 

seed persistence in several European species but their data set was geographically and taxonomically 

limited. They also compared results of aging tests with field burial trials in some species from Queensland 

and suggested that species with a P50 between 20 and 50 days have short-lived seed banks, persisting 

from 1-3 years. However the longest field studies they cited were only of four years duration and the 
majority only ran for up to two years.  

From field studies of O. ramosa and B. napus, a seed persistence of from 1-3 years appears to be an 

underestimate. Studies of volunteer canola emergence indicate that B. napus seed can persist for at least 

9 to 10 years (D'Hertefeldt et al. 2008; Lutman et al. 2005) and our seed longevity experiment 

demonstrates a decline of less than 50% viability for O.ramosa seeds after 3 years. The controlled aging 
tests do not give an accurate prediction of O. ramosa seed longevity.  

The shape of the viability curves is of some interest. It shows that O. ramosa seeds have no initial 

resilience against aging as appears to be the case for the B. napus seeds. The lack of a hard seed coat 

may be one reason for this. The P50 value is not very revealing as under field conditions there will be 

considerable variation in seed persistence in relation to seed burial depth, soil temperature and moisture 

status, seed lot and disturbance regimes. Kebreab and Murdoch (1999) used the results of aging tests to 

predict the decline of O. crenata under field conditions but they tested aging under a broad range of 

temperature and humidity conditions. The single aging test we used here has limited use for this type of 
prediction.   

Controlled aging tests were developed by Kew to test the longevity of seed in storage and have more 

recently been used to test the vigour of different seed lots (Probert et al. 2009). The greatest utility of the 

method is by using the P50 values as relative scores to make comparisons between different species or 

seed lots. For the broomrape program the technique may be useful for making comparisons of the vigour 
of O.ramosa seeds from different hosts or in different years.  
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Conclusions 

A controlled aging test was not able to accurately predict the longevity of O. ramosa seed. This may 

change with the publication of further data comparing the results of controlled aging tests with long-term 

seed longevity trials. At best this will only give a range (in years) for seed persistence and is not likely to 

give a precise estimate. 

 

The method may provide a useful tool for making relative comparisons of the vigour of different seed lots.  
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2. Broomrape seed bank studies, 2003-2008 

John Matthews, Darryl Meigel and Dorothee Hayton 

The University of Adelaide 

 

Background 

Orobanche ramosa is a species that can produce seeds in profusion and the seeds are reputed to persist 

in the soil for many years.  Management of the species and commitment to eradication requires a sound 

appreciation of the period of retained seed viability or the seedbank life.  Documented seedbank life 

values from overseas could not be relevant here due to Australian conditions and so seed bank studies 

were begun in summer 2003.  A good appreciation of the seedbank life is essential to understand the 

period of time the eradication effort has to last and how long the farmers and managers within the 
quarantine area will be affected. 

General methods 

Seed bank studies were begun in summer 2003 and 6 monthly assessments 11 data points in 5.5 years.  

Orobanche seeds were collected from a single site of about 2.4ha in size in the previous summer, dried, 

cleaned and mixed with 5g of sieved sandy soil and were placed in stainless steel sachets.  The sand was 

sieved to pass through a 110µ sieve to remove all fines and vegetable matter.  Seeds number for burial 

was assessed by volume, about 1200 seeds were installed at site 1 and 2800 at site 2.  Seed numbers 

were expected to show small variability due to the enumeration method, but it was anticipated that small 

variations would not influence the results.  Sachets were buried at 2 sites; at depths of 2 and 5 cm on 1 

site and 5 and 10cm at site 2.  Sachets were retrieved on a six monthly schedule for the first 5.5 years and 
visibly intact seeds counted and the viability determined by tetrazolium staining after germination studies.1  

Seedbank decline 

The number of germinable seeds is a combination of the number of intact seeds and the viability of those 

seeds.  Each parameter has been assessed separately and the resultant population of viable seeds was 

calculated.  The pattern of decline and visual assessment of the contents of the packets, the seedbank 
decline is shown in Figure 1. 

The projections on Figure 1 are for illustration only and the anticipated seedbank life is shown in Table 1.  

The table shows the number of years since the start of the trial to elapse for various calculated proportions 
of viable seed remaining.  

The viability of seeds in the sachets is the most influential parameter of the decline of viable seed number.  

The loss of viability contributes about 80% of the decline of viable seed bank.  The loss of viability is 

shown in Figure 2.  The number of intact seeds retrieved from the sachets has shown a slight decline 

indicating that seed coat integrity is robust and supporting the observation that loss of viability is of greater 

importance in the loss of germinable seeds from a seed bank.  Intact seed number has declined by an 

average of 20% in the sampling period, data shown in Figure 3. 

The number of intact seeds has not exhibited much decline over time but it has shown that seed viability is 

of critical importance in reducing the potentially active seedbank. 

                                                             

1 Later analysis of this data set (see Section 5.4) indicates that tetrazolium tests were only used after 
2006 therefore this paper describes the results of germination and not viability  
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Figure 1. Germinable seed bank 

Table 1. Projections of the number of years before the seed bank declines to a specified proportion 

 Years to specified proportion of viable seeds 

Proportion 

of seeds 

 

Site 1 2cm 

 

Site 1 5cm 

 

Site 2 5 cm 

 

Site 2 10cm 

0.5 4.6 4.3 2.2 1.8 

0.05 6.1 6.1 7.0 4.1 

0.01 6.8 7.0 9.5 5.2 

0.001 7.6 8.1 12.9 6.8 

0.0001 8.5 9.2 16.3 8.4 

 

 

 

 

  

 

 

 

 

 

 

Figure 2. Viability of seeds from seed sachets over time.  
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Figure 3. Number of intact seeds from seed sachets over time. 

Discussion 

The decline in the number of viable seed in the quarantine area as indicated by the combined loss of 

viability and the loss of intact seeds from seed sachets was shown to be quite substantial.  The rate of 

decline illustrated in figure 1 and caculated by regression in table 1 suggests that viable seed may be at 

1/1000th of the initial level between 7 and 13 years from the start depending on the site and the depth.  

There is more analysis to be done to determine the range of variability around this single mean estimate.  

On a more practical issue, the role of loss of seed viability in overall decline is of great importance and any 

improvement in our understanding of the factors affecting seed decline could be of help.  Conversely any 
management practice that reduces seed decline could be considered to be reducing the rate of eradication. 

The sensitivity of the calculated rate of decline to the last few datum needs to be noted.  The last three 

data points in all series has produced the declining trend.  More data will always reinforce the veracity of 

the trend; that may be viewed with scepticism, but the truth of it cannot be disputed.  This is the first of this 

type of experiment undertaken in this novel programme with much riding on the trend.  Caution is advised 
until the trend is established.   

There will be a need preserve the integrity of the data gathered so far and also for new data as it is 

generated.  Also it will be important to maintain some consistency in gathering seed samples, storing of 

seed in the laboratory and processing the seed.  Long term experiments can quickly fail if the impetus and 

the standard is not maintained.   

There is the possibility that clusters of seed may degenerate more rapidly than isolated seeds in the soil, 

this has been canvassed in the literature.  That may be the case but the total loss of viability within 

sachets is not rapid, certainly not within 1 or even 2 sampling periods, indicating a slow decline of viability 

more consistent with loss of integrity of the seed coat and subsequent infection.  Factors affecting the loss 

of integrity of the seed coat and the potential rate of fungal infection are unknown, references in the 
literature suggest Fusarium sp. are frequently isolated from infected seed and plants. 

In many cases within the quarantine area, if this experiment has relevance, the seedbank life of paddocks 

without fresh seed return is approaching a low level.  The threat of large numbers of broomrape emerging 

in these areas is reducing but isolated plants may be expected to still be germinable.  Thus the prevention 
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effort needs to be maintained or increased on areas approaching the 10+ years of freedom.  An accurate 

assessment of the real seedbank in these paddocks has not been undertaken to date. 
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Appendix 

Seed viability Figure 2 

Intercept equations and R2 

Site 1 2 cm Y=0 + (78.7)/(1+10^((1.880-X)* -12.18)) r2 = 0.4511 

Site 1 5 cm Y=0 + (78.7)/(1+10^((1.858-X)* -10.62)) r2 = 0.6570 

Site 2 5 cm Y=0 + (78.7)/(1+10^((1.790-X)* -2.848)) r2 = 0.3870 

Site 2 10 cm Y=0 + (78.7)/(1+10^((1.646-X)* -3.981)) r2 = 0.5219 
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3. Analysis of branched broomrape seedbank data 

Ray Correll 

Rho Environmetrics Pty Ltd 

Prepared for Dr John Matthews 

University of Adelaide 

June 2009 

 

Introduction 

This report describes long-term seed viability trial conducted under Branched Broomrape Eradication 

Program. The available data are described and included in this report. 

The request from the client was for diagrams with fitted lines. In view of the importance of the data to 

branched broomrape management, a full report has been written to describe the analyses. 

Data 

The data consisted of tables of percent of viable seed, percent recovery of seeds, and percent of 
recovered and viable seeds. The actual data are shown in Appendix A. 

The raw data were not available at the time of analysis, but means and standard deviations were available. 
Thos data are shown in Appendix B. 

Statistical Methods 

Change in viability 

The viability of seeds for the first four years showed little change, but then declined rapidly. An exponential 
decay model was not adequate for describing the change in viability with time. Other models such as  

 

as used by Grenz (2005) also do not allow for a period when there is little or no decline ii seed viability. 

A simple alternative model for the proportion of viable seeds y at age t is a logistic curve which has the 

form 

ώ
ώ

ρ ÅØÐ Ὧά ὸ
 

where  y0  is the viability of the seed at the time of burial, k controls the rate of breakdown and m the time 
the viability of the seeds has been reduced to half the initial value.  

In fitting the model, the variability of the counting was assumed to be constant over the trial. For low 

counts this approximation will breakdown because when there are no more viable seeds remaining, there 

will be no (or little) measurement error. A weighted model should be used at that time. 

An enhancement to the current model would be to force all three series to have a common intercept; that 

should be done before these results are published. 
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Change in seed recovery 

Two approaches were used to assess seed recovery. 

Analysis of variance 

An analysis of variance was made on each series based on the recovery means and their standard 

deviations as supplied. This approach does not allow an investigation of individual data points. The test is 

not very powerful because it uses a global test for differences between time periods. The approach is 
report for completeness 

Decay rate approach 

This approach assumes that there is some decay rate that remains constant over the measurement period. 
Formally the number of seeds recovered is expressed as  

ὼ ὼÅØÐ Ὧὸ + error 

which can be reformulated as 

ÌÎὼ ÌÎὼ Ὧὸ + error 

This is a simple model which has some useful properties 

xo should be approximately 100% and should be constant across all the series 
k is a measure of the decay rate, and can be used to estimate a half life via the relationship 

ὸͅπȢυ ÌÎςȾὯ 

Furthermore an estimate of the confidence interval of k is available and that can be used to give an 

estimate of the confidence interval of t0.5. In practice we care concerned with only the upper confidence 
interval of t0.5 so a one-side interval has been used. 

Change in recovery and viability 

The change in recovery and viability (the product of the two variables) gives a useful measure of the 

decline of the seedbank. The changes were dominated by changes in viability. There was also a loss even 

from the beginning due to seed loss even though seed viability was maintained. It is noted that if the 
decline in viability is logistic, the product of recovery and viability cannot be logistic. 

The model used for recovery and viability was therefore a product of the models for viability and seed 
recovery (rescaled to account for both components being on a percentage scale). 

Results 

Seed viability 

Data from the series for seed viability were found to fit a logistic curve as shown in  
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Figure 1. All four series at the most recent measurement had a viability of less than 50%. The samples at 

Site 1 showed little change in viability followed by a rapid decline (reflected in the high k parameter in 

Table 1. By contrast there was an earlier start to reduction in viability at Site 2, but the rate was then less, 
particularly in the 2.5 cm series. 

The projection of the model beyond the current data is shown in  

 

 

 

 

 

 

 

 

 

 

Figure 2. Projection of curves beyond the data range is uncertain, but it provides the best estimate 

available and has therefore been included with the caveat that there is no guarantee that the logistic 
model will be appropriate beyond the current data. 

The data from Site 1 show an upper asymptote of 75.8%. By contrast, the Site 2 data do not come off an 

asymptote, so the model is pragmatic rather than mechanistic so for Site 2 the y0 parameter is not 
the %viability at time 0, so y0 has no ecological interpretation at Site 2. 

Table 1. Parameter estimates of logistic model fitted to viability data 

 Site.1.2cm Site.1.5cm Site.2.5.cm Site.2.10cm 

 Estimate SE Estimate SE Estimate SE Estimate SE 

Y0 75.8 1.4 79.0 1.8 88.9 14.3 84.2 6.4 

m 5.23 0.10 4.93 0.10 3.10 0.63 2.31 0.19 

k 2.61 0.78 1.98 0.42 0.64 0.19 1.43 0.28 
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Figure 1. Details of change of viability with time over current data range 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Details of change of viability with time over extended range 

Seed recovery 

The rate of seed recovery loss is shown in  

 

 

 

 

 

 

 

Figure 3 and described in  

 

Table 2. Details of estimates of loss rates in branched broomrape from four series 
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Series k (loss rate) Half Life R2 Adjusted R2 

Estimate SE ótô Probability Estimate Upper limit   

Site 1  2cm -0.031 0.015 -2.076 0.068 22.6 193 0.324 0.249 

Site 1  5cm -0.039 0.022 -1.751 0.114 17.78 undefined 0.254 0.171 

Site 2  5 cm -0.031 0.011 -2.921 0.017 22.39 60 0.487 0.43 

Site 2  10cm -0.036 0.012 -2.886 0.018 19.29 533 0.481 0.423 

 

 

. The model fit was better for Site 2 than for Site 1 as shown by the adjusted R2. The model was in fact not 

significant for Site 1 2 cm series. The half life for each series were all approximately 20 years, but the 
upper bound (one sided) was much higher. Site 1 5 cm series did not have a defined upper limit.  

 

Table 2. Details of estimates of loss rates in branched broomrape from four series 

Series k (loss rate) Half Life R2 Adjusted R2 

Estimate SE ótô Probability Estimate Upper limit   

Site 1  2cm -0.031 0.015 -2.076 0.068 22.6 193 0.324 0.249 

Site 1  5cm -0.039 0.022 -1.751 0.114 17.78 undefined 0.254 0.171 

Site 2  5 cm -0.031 0.011 -2.921 0.017 22.39 60 0.487 0.43 

Site 2  10cm -0.036 0.012 -2.886 0.018 19.29 533 0.481 0.423 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Recovery rates of branched broomrape in four trials. The fitted lines are negative 

exponentials 

An alternative model recognises that the same seed numbers were meant to be buried in each packet, so 
the fitted values at time zero should all be the same. A summary of that regression is given in Table 3.  
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A further simplification is to consider that each series has both a common intercept and a common slope. 

That regression is shown in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of time on percent recovery of seeds. Two points above 100% recovery were 

excluded from the regrsssions. 

 

Table 4. A comparison of these two regression was tested and yielded an F(3,37) = 1.25 (p = 0.30). 
Because there was no significant difference between the slopes the pooled slope of -0.035 shown in  
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Figure 4. Effect of time on percent recovery of seeds. Two points above 100% recovery were 

excluded from the regrsssions. 

 

Table 4 was therefore used. 

 

Table 3. Coefficients of regression of log recovery against time with a common intercept and 

separate slope for each series 

 Estimate Std. 

Error 

t value Pr(>|t|) 

(Intercept) 4.551 0.022 203.735 0.000 

Site 1 2cm -0.023 0.011 -2.192 0.035 

Site 1 5cm -0.046 0.010 -4.486 0.000 

Site 2 5 cm -0.032 0.010 -3.152 0.003 

Site 2 10cm -0.037 0.010 -3.583 0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of time on percent recovery of seeds. Two points above 100% recovery were 

excluded from the regrsssions. 

 

Table 4. Coefficients of regression of log recovery against time with a common intercept and a 

pooled slope 

 Estimate Std. 

Error 

t value Pr(>|t|) 

(Intercept) 4.549 0.023 201.9 0.000 
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Time -0.035 0.008 -4.605 0.000 

 

Combined seed viability and seed recovery 

Data on the combined recovery and viability are shown in Figure 5 and Figure 6 and summarised in Table 

5. The proportions shown are lower than those shown in Figure 1 over the time of the data recording. For 
completeness, a projection is also provided in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Changes in viable seed numbers over time in four trials. The fitted lines are logistic 

curves. 
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Figure 6. Changes in viable seed numbers over time in four trials over an extended range. The 

fitted lines are logistic curves 

 

Estimated time required for seed bank reduction 

An estimate of the time required to decrease viability to 50% is shown in  

Table 5. Estimates of required time for lower proportions are provided by extrapolating. Estimates of the 

combined estimates are shown in Table 6. The time required for a 50% reduction is less in the combined 

model, but this is not always so for the lower probabilities. The m or mid parameter is consistently lower in 
the combined data but the estimated of k are lower in the estimates of the combined data.  

 

Table 5. Years required to achieve a given proportion of seed viability based on logistic model 

Proportion 

of seeds 

Site 1  

2cm 

Site 1  

5cm 

Site 2  5 

cm 

Site 2  

10cm 

0.5 5.0 4.7 2.7 2.0 

0.05 6.2 6.3 7.5 4.2 

0.01 6.9 7.1 10.1 5.4 

0.001 7.7 8.3 13.7 7.0 

0.0001 8.6 9.4 17.3 8.6 

 

Table 6. Years required to achieve a given proportion of seed viability and recovery based on 

logistic model 

Proportion 

of seeds 

Site 1  

2cm 

Site 1  

5cm 

Site 2  5 

cm 

Site 2  

10cm 

0.5 4.6 4.3 2.2 1.8 

0.05 6.1 6.1 7.0 4.1 

0.01 6.8 7.0 9.5 5.2 

0.001 7.6 8.1 12.9 6.8 

0.0001 8.5 9.2 16.3 8.4 

 

Discussion 

The information obtained from this trial will be critical in the management of release from quarantine, and 

provides estimates of seed viability under field conditions. However the range of field conditions assessed, 

although useful within the available resources, cannot be considered typical of all soils in the quarantine 

area. While the analysed in this report are the best available, an extrapolation to other soil types will be 
required. 

The projections to times when seed viability has been reduced to 1%, 0.1% and 0.01% are very model 

dependent. There was evidence of model failure at Site 2. While the models are currently useful, they will 
be enhanced by the incorporation of future data. 

The requirement for future data points raises several issues.  
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Å There are only a limited seeds still to be harvested ï thought needs to be given as to when those 

additional seed sets are recovered. 

Å The trial is long-term and ongoing. There needs to be careful archiving of the raw data so it is not 

dependent on any single person. 

Conclusions 

Seed loss from the system is slow, with a half-life of approximately 22 years. 

Loss of seed viability can be describes using a logistic model.  

There would appear to be little loss of viability of seeds for several years (depending on the Site) followed 
by a rapid decay. It is projected that after 10 years the proportion of viable seeds will be less than 1%. 

Recommendations 

The projections of decay rates should be reviewed following as each new set of data become available. 

A robust archival system should be established for the data 
Careful attention should be given as to when future bags of seeds should be removed.  
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Appendix A Data used in analyses as supplied. 

 

Seed number expressed as a % of amount at beginning  Seed viability expressed as a % of seed 
recovered. 

 

Site 1 
2cm 

Site 1 
5cm 

Site 2 5 
cm 

Site 2 
10cm  

Site 1 
2cm 

Site 1 
5cm 

Site 2 5 
cm 

Site 2 
10cm 

Pre burial 100 100 100 100  78.7 78.7 78.7 78.7 
Mar-04 89.96 86.75 89.45 91.07  69 73.6 78.7 78.7 
Oct-04 91.75 78.83 87.20 85.57  73 75 74.7 78.7 
Mar-05 94.58 89.21 84.79 92.43  78.7 76.7 53 61.3 
Nov-05 96.92 81.38 85.89 87.59  75 79.8 61.9 56 

Mar-06 100.08 76.85 95.19 82.20  75.32 81.52 53.52 34.94 

Nov-06 100.25 92.60 90.13 87.95  75.63 83.23 45.13 13.87 

Mar-07 98.92 100.00 89.20 90.36  79.5 79.4 41.57 15.26 

Nov-07 88.13 85.25 82.89 74.86  76.29 67.76 38 16.64 

Mar-08 77.63 67.42 77.00 74.63  63.98 51.46 26.22 2.98 

 Nov-08 79.63 70.13 79.80 85.64  45.72 36.3 12.38 4.63 

 

Calculated number of viable seeds, obtained by multiplying both data sets together. Note that two data points 
were excluded because seed recovery rate was apparently too high to be credible 

 
Site 1, Site 1, Site 2, Site 2, 

 
2 cm 5 cm 5 cm 10cm 

Pre burial 78.7 78.7 78.7 78.7 

Mar-04 68.3 63.8 70.4 71.7 
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Oct-04 67.0 59.1 65.1 67.3 

Mar-05 74.4 68.4 44.9 56.7 

Nov-05 72.7 64.9 53.2 49.1 

Mar-06 75.4 62.6 50.9 28.7 

Nov-06 75.8 omitted 40.7 12.2 

Mar-07 78.6 omitted 37.1 13.8 

Nov-07 67.2 57.8 31.5 12.5 

Mar-08 49.7 34.7 20.2 2.2 

Dec-08 36.4 25.5 9.9 4.0 

 

Appendix B Raw means and supplied standard deviations 

Seed viability of seeds  retrieved from buried packets as a % of seeds recovered 

Sampling 
times 

Site 1 Site 1 Site 1 Site 1 Site 2 Site 2 Site 2 
 

 
2 cm 2 cm 5 cm 5 cm 5 cm 5 cm 10cm Site 2 

 
Mean  SD Mean  SD Mean  SD Mean 10cm 

Pre burial 78.7 4.8 78.7 4.8 78.7 4.8 78.7 SD 

Mar-03 69 4.9 73.6 10.5 n/a 
 

n/a 
 

Oct-03 *43.0  22.5 *32.3 28.4 *22.3  12 *30.33 84.3 

Mar-04 *59.0  12.4 *50.0  8.6 *35.3 29.9 *68.7 70.6 

Oct-04 73.3 14.4 86 1.7 74.7 7.2 n/a 96 

Mar-05 78.7 14.7 
 

18.9 53 21 61.3 752.4 

Nov-05 75 7.9 79.8 2.6 61.9 7.7 56.1 
 

Mar-06 
       

772.46 

Nov-06 75.63 4.62 83.23 7.71 45.13 23.03 13.87 264 

Mar-07 79.47 12.2 79.43 15.1 69.40 4.1 52.53 298 

Nov-07 76.3 4.12 67.8 15.4 56.9 16.2 16.64 399 

Mar-08 63.98 15.46 51.64 9.11 26.22 12.64 2.98 97 

Dec-08 45.72 5.85 36.3 8.6 12.38 4.67 4.63 
 

         
 Number of intact seeds retrieved from buried seed packets 

Sampling 
times 

Site 1 Site 1 Site 1 Site 1 Site 2 Site 2 Site 2 Site 2 

2 cm 2 cm 5 cm 5 cm 5 cm 5 cm 10cm 10cm 

 
Mean  SD Mean  SD Mean  SD Mean SD 

Pre burial 1200 
 

1200 
 

2800 
 

2800 4.8 

Mar-04 959 300.1 882.7 303.5 2209 156 2301.3 
 

Oct-04 1144.33 415.1 1010.3 211.6 2674.3 464.8 2492.7 27.5 

Mar-05 1126.33 296.4 1131.3 169.9 2074 97 2684.6 23.29 

Nov-05 1241.3 38.07 822.3 398.5 2736 333.9 2221.33 
 

Mar-06 
       

18.18 

Nov-06 1293.67 212.5 1223.33 369.05 2453.33 750.85 2543 13.51 

Mar-07 1170 298 1398 470 2542 197 2517 
 

Nov-07 945 392 818 24 2100 428 1675 7.95 

Mar-08 918 338 772 297 2212 495 2504 29.9 

Dec-08 993 176 1191 258 2257 260 2292 14.3 
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4. Analysis of 2010 branched broomrape seed 

viability data 

 

Ray Correll 

Rho Environmetrics Pty Ltd 

January 2011 

 

Introduction 

This is an updated analysis of John Matthewôs seed longevity trial. The previous analysis by Correll (2009) 

used germination data and a combination of viability and germination data. This report has used only the 

viability data and gives a complete description of the study methods. 

Site Description  

Site 1 

Seeds were buried in sachets of approximately 100 mm by 100 mm of stainless steel mesh. 

The experimental site was approximately 10 m from some mallee, and consists of three adjacent plots 

each being approximately 1.2 m square. The plots are defined by CCA treated pine planks. The plots were 
covered with chicken wire to prevent interference from animals such as rabbits. 

The plots have remained almost weed free throughout the trial. The soil is a loamy sand. Samples at this 
site were buried at 25 mm with black labels or 50 mm depth with red labels. 

 

  

Site 2 

Seeds were buried in sachets of approximately 50 mm by 35 mm of stainless steel mesh. 

The experimental site was in grassland that was dominated by grass (Stipa variabilis?) with occasional 

broad leafed weeds including capeweed. The site consists of three adjacent plots each being 

approximately 1.2 m square. The plots are defined by CCA treated pine planks. The plots were covered by 
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a wire cage some 600 mm above the ground to prevent interference from animals such as rabbits. The 

plots contained weeds including Stipa (about 5 clumps per plot) with an occasional plant of cape weed. 

The soil is a loamy sand. Samples at this site were buried at 100 mm with white labels or 50 mm depth 
with red labels. 

 

  

 

Laboratory Methods 

2008 method 

In 2008 seeds were separated from the sand in the sachets under a microscope. The recovered seeds 

were counted and a subsample of these seeds was tested for germination as below (subsample was 

divided between 5 petri dishes). The subsampling method is unknown. Ungerminated seeds were tested 
for viability as below. 

2009 method  

We counted germinable seed and viable seed in each replicate as follows: 

Seeds were separated from sand in the sachets by floating out in 40% w/w solution of calcium chloride. 

The seeds were surface sterilised in a 1% solution of sodium hypochlorite and rinsed in RO water. All 

recovered seeds were placed onto moistened 2.5 cm glass fibre filter papers in 6 cm petri dishes. Each 

replicate was divided between 4 dishes for ease of counting and to minimise risk of loss of entire replicate 

due to fungal infection in a dish. The dishes were sealed and incubated at 20 ϊC for two weeks to 

condition. 200 µl of GR24 was added to each filter paper and they were resealed and incubated at 20 ϊC 

for a further two weeks. Germinated seeds were counted under a dissecting microscope. Ungerminated 

seeds were counted and then placed in eppendorf tubes with approx. 200 µl of 1% tetrazolium salt 

solution to assess viability of ungerminated seed. Tubes were maintained in the dark at 30 ϊC for two 

weeks. Viable seeds were counted under a dissecting microscope as those seeds with the embryo stained 

either red or pink. Unviable or unstained seeds were also counted. Ideally the number of unviable and 

viable seeds should equal the number of ungerminated seeds (that were put in the tubes). There are some 

minor seed losses or miscounts during processing so these numbers are not exactly the same.  

2010 method 

Final sachets were collected from Site 1. Only two sachets were retrieved at the shallow depth and one of 

these had very few seeds. The Site 1 seed samples from 5 cm depth were subdivided after retrieval into 

three portions to provide further replicates for the next two years. One subsample was processed to 
provide 2010 data. The other two subsamples were reburied. Seed processing method as 2009. 




































































