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Jane Prider and Anna Williams
Branched Broomrape Eradication Program

March 2010

An estimate of the persister@eotianche ramassed in the soil seed bank is an essential

requirement of the Branched Broomrape Eradication Program. Although two seed burial trials are current
underway to estimate seed longevity, the finallfestlevavailable for some time. We used an

accelerated or controlled aging test to rapidly determine theQongawigseed. The test

showed th&.ramoshad a gradual loss in seed viability over time with a 50% decline in seed viability

afte 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@sgit al2008) The results of our own seeidl 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 esti@atarabsseed longevity.

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 exten
the duration of an eradication program and maynuatettesseffort required for weed control

(Panetta 20Q7) is also essential for deciding whether eradication has been achieved or if monitoring
should contin(i@egaret al2006)

Reliable information about the long&uibpahche ramased was lacking when the Branched
BroomrawEradication Program was instigated in 198furbleth data suggested@haamosa

seed longevity was 13 years in th@é&igtdr and Riches 128®) data for oth@robanchsgpecies

is similarly anecddtabinet al1997; Parker and Riches 198@)e is only one kamgn field study
ofOrobancheeed longevity, which estimated that the vi@bititgredtaeed was reduced to less
than 1% after 12 yeugpezGranados and Gatt@res 19994 shorter term study over six months
indicates that viability in€s crenats similar 0. ramosaat least during the early stages of burial
(Grenz and 8Sarborn 20Q1)aboratory stor®@dobanchseed lost viability after 15 yeanise and
Saxena 1991)

Reattime trials of seed bank persistence in theditid most informative estimates of seed

persistence but for Kimgd 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
dueto natural aging procegBesberet al2009)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 Ebeadigorgstests 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



Method

Controlled aging test

The aging tests, conducted in 2008, co@paivadche ramasih a control speclgsgssica 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 SeegaADr\Res and Probert 2004k facilities of

the Adelaide Botanic Gardens were used for this study.

Samples of seed were ipitigtirated by incubating aC2ihd 47% relative humidity for two weeks.

After hydration the seeds were transferredjittgticeamber set at @ahd 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

Brassicaeeds we divided into two replicates of 50 seeds each, placed on 0.7ptafed\varadjar
incubated at 10/ZD dlternating temperature/light cycle (to mimic autumn/spring conditions).
Germination was scored twice weekly until no further germinaioadvaseolastwo week period.

Two replicates of Id@bancheeeds were placed on glass fibre filter papers, germination stimulant
(GR24) was addediglates were incubated af 2G&rmination was scored after two weeks and at
weekly intervals thereraintil no further germination was observed. Ungnoirzatesced was

tested for viability using a tetrazolium test. Seeds were bleached in 1% NaOCI for 5 minutes and then
thoroughly rinsed. Seeds were then immersed in a 1% setcdaizolifion 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 dBthmafits test for
and the second testJoramosarhe othetests fdD.ramosgave very poor results but the reasons
for this are not known.

Analysis

All viabl8rassicaeeds germinated, so germination was equivalent to ViatnbaeenEability

was calculated as the sum of the germinated seectplongefiatihated seed. A seed viability loss

curve was constructed and the time taken for seeds to decline to SQptvaisioitityulBted. Data

for each species was subject to probit analysis using Genstat Version 9.1. This analysis gives an estimats
of Rothrough fitting the viability equation:
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Viability = Initial viakiltyd ay s / @)

where 0 is the standard deviation of the nor mal

An experiment was also conducted to examinaggtbtesds 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 wereiagfiedseeds had been aged) as
severalq@ducts which have been shown to be effective in other studies did not kill seeds in this
experiment. These results are therefore not presented.

Viability loss @robancheeeds waisitially very variable (Bigr'2ere was a gradual logmbility
over time. TheoRalue (decline to 50% viabili@ydancheas 39.23 daye.contrast, there was
no marked declin®nassicaeed viability until day 20, after ibiehwtas a rapid decline (Fig. 3
The ByforBrassicavas 48.15 day
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Figure 2. Response ofDrobanche ramos&o controlled aging. The curve is cumulative percentage
normal germination.
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Figure 3. Response oBrassica napugo controlled aging. The curve is cumulative percentage
normal germination.

The results of the aging test@Ries) indicatatBrassicaeed has greater longevity@nabanche

seed, although more accurately, the curves indicate that viaDititydoshkignat least initially more

rapid thaBrassicaThere is no accurate means of converting the time in aging to a time scale of
persistence under field conditionsetalfg008jound a positive correlation betwgeailes 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 Queenslanc
and suggested that species wittbat®een 20 and 50 days haveliskdrseed banks, persisting

from 13 years. However the longest fielkelsstuely cited were only of four years duration and the

majority only ran for up to two years.

From field studiesoframosandB. napusa seed persistence of fr@wydars appears to be an
underestimate. Studies of volunteer canola emergeadteaBdicapuseed can persist for at least
9 to 10 yea(®'Hertefeldt al2008; Lutmaat al2005and our seed longevity experiment
demonstrates a decline of less than 50% vi&bilgynfisaeeds after 3 years. The controlled aging
tests do not give an accuratigtion dd. ramosseed longevity.

The shape of the viability curves is of some interest. It Ghosvadka¢eds have no initial

resilience against aging as appears to be the caBerfaptiszeds. The lack of a hard seed coat

may be oneason for this. ThgWlue 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. Kebreattoahd 888)sed the results of aging tests to

predict the declinédofcrenatander field conditions but they tested aging under a broad range of
temperature and humidity conditions. The single aging test we used here hasiimyjee afse for th
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 |@sgR2@@xtThe greatest utility of the

method is by usihg Bovalues 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
ofO.ramosseeds from different hosts or in different years.



A controlled aging test was not able to accurately predict theQongenaspedd. This may

change with the publication of further data comparing the results of controlled agitigrtasts with long
seed longevity trials. At best this yghanh 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.

We thank Dr Phil Ainsley the staff of the Millenium Seed Bank Project at the Adelaide Botanic
Gardens for their assistance in the design of this project, data collection and data analysis and for the use
of equipment.

D'Hertefeldt T, JargensdPeRersson L (2008) Ltamm persistence of GM oilseed rape in the
seedbaniBiology Letteis314317.

Davies H, Probert R (2004) Protocol for comparative seed longevity testing. Royal Botanic Garden, Kew.

Grenz JH, Sauerborn J (2007) MechanismdHeng@ographical range of the parasitic weed
Orobanche crenadgriculture Ecosystems & Enviroh2Bpa75281.

Holm L, Doll J, Holm E, Pancho JV, Herberger JP (1997) 'World Weeds: Natural Histories and
Distribution.' (John Wiley & Sons: New York).

Kebreab E, Murdoch AJ (1999) Effect of temperature and humidity on tBedbageksyeafs.
Weed Researdh 199211.

Linke KH, Saxena MC (1991) Study on viability and |@rgbueitglefeed under laboratory
conditions. In 'Progres8rimbacheResearch’ pp. 1104. (EberhakdrisUniversitat: Tubingen
Germany).

Long RL, Panetta FD, Steadman KJ, Probert R, Bekker RM, Brooks S, Adkins SW (2008) Seed
persistence in the field may be predicted by latomtadtind agingeed Scien&§ 23528.

LopezGranados F, GarTiarres L (1999) Longevity of crenate bro@mwbpadhe crenasged
under soil and laboratory conditieesl Sciendd, 161166.

Lutman PJW, BerryeKal(2005) Persistence of seeds from crops of converttiermtiaiedtolerant
oilseed rap8(assica napuProceedings of the Royal Society. Series B Biological BLiE9@s
1915.

Panetta FD (2007) Evaluation of weed eradication programs: containment Bt esitiramtibn.
Distributioris3 3341.

Parker C, Riches CR (1993) 'Parasitic Weeds of the World.' (CAB International: Wallingford, U.K.).

Probert RJ, Daws MI, Hay FR (2009) Ecological cosretatiseed longevity: a comparative study
on 195 speciednnals of Botah§4 5769.

Regan TMcCarthy MA, Baxter PWJ, Panetta FD, Possingham HP (2006) Optimal eradication: when to
stop looking for an invasive fleoibgy Letteds759766.



John Matthews, Darryl Meigel and Dorothee Hayton
The Universty of Adelaide

Orobanche ramadsa 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 orkdifseeDbaumented 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 theadication effort has to last and how long the farmers and managers within the
guarantine area will be affected.

Seed bank studies were begun in summer 2003 and 6 monthly assessments 11 data points in 5.5 years.
Orobanchseeds were calted 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 wa
sieved to pass through a 110u sieve to remove all fines and vegetSieledsnaumber 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 idtuence the results. Sachets were buried at 2 sites; at depths of 2and 5 cmon 1

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

The number of germinabéls 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 tfi¢cheopsehists, 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 elagsécidatetiprusportions
of viable seed remaining.

The viability of seeds in the sachets is the most influential parameter of the decline of viable seed numbe
The loss of viability contributes about 80% of the decline of viable seed bané&billtgadoss of vi

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 greate
importance in the loss of igabte 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 |
of critical imptance in reducing the potentially active seedbank.

! Later analysisf this data set (see Sectiom) indicates that tetrazoliurtests were only used after
2006 therefore this paper describes the resultgermination 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
ofseeds Site 2cm Site I5cm Sie 25 cm Site 210cm
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
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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.

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 shownbstdoatiquité lsel rate of

decline illustrated in figure 1 and caculated by regression in table 1 suggests that viable seed may be at
1/1000 of the initial level between 7 and 13 years from the start depending on the site and the depth.
There is more arsadyto 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 an
improvement in our understanding of the factogssaffelctiacline could be of help. Conversely any
management practice that reduces seed decline could be considered to be reducing the rate of eradicatic

The sensitivity of the calculated rate of decline to the last few datum needs to bahreed. The last

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 thi
type of experiment undertak 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 importaatritain 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 an
the standard is not maintained.

There is the possibility that clusters of setmjar@rate more rapidly than isolated seeds in the sail,

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, indicatimgfavsdilitglecl

more consistent with loss of integrity of the seed coat and subsequent infection. Factors affecting the los
of integrity of the seed coat and the potential rate of fungal infection are unknown, references in the
literature suggésisanmsp. 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 isolatechmstrite expected to still be germinable. Thus the prevention



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.

Acknowldgements
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Appendix

Seed viabilifyigure 2

Intercept equations and R2

Site 1 2 cm Y=0 + (78.7)/(1+10°(K)’88D.18)2r= 0.4511
Site 1 5 cm Y=((78.7)/(1+107((1-89810.62))2= 0.6570
Site 2 5 cm Y=0 + (78.7)/(1+10°K)*72®B48)2r= 0.3870

Site 2 10 cm Y=0 + (78.7)/(1+10MK)*62681)Rr= 0.5219
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Ray Correll

Rho EnvironmetricsPty Ltd
Prepared for Dr John Matthews
University of Adelaide

June 2009

This report describes f@nm 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 mamaga full report has been written to describe the analyses.

The data consisted of tables of percent of viabéecmddepovery 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 availab
Thos data are shown in Appendix B.

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

Ly = (1-09975"") x §
asused 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 vialde agedsa logistic curve which has the
form

@
p AgPQa o
where Yy is the viability of the seed at the time ok bantibls the rate of breakdowméreltime
the viability of the seeds has been reduced to half the initial value.

W

In fitting the model, the variability of the counting was assumed to betbernstnFovéow
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 woutddeedll three series to have a common intercept; that
should be done before these results are published.



Two approachegre used to assess seed recovery.

An analysis of variance was made on each seties basescovery 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

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

© wAIDQo+ error

whictcan be reformulated as

1T 11w Q& error

This is a simple model which has some useful properties

% should be approximately 100% and should be constant across all the series
kis a measure of the decay rate, and can be used to estilifatgaathalfelationship

om 1 4¢rQ

Furthermore an estimate of the confidence iktisragbdéble and that can be used to give an
estimate of the confidence intetyallofpractice we care concerned with only the upper confidence
intervabfto sso a onside interval has been used.

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 chang@&sénesiabiitylso 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 recoveryiahility was therefore a product of the models for viability and seed
recovery (rescaled to account for both components being on a percentage scale).

Data from the series for seed viability were found to fit a logistic curve as shown in



Figure 1. All four series at the most recent measuremeiatdiidyg afess than 50%. The samples at
Site 1 showed little change in viability followed by a rapid decline (refledtpdrantetenigh

Table 1By contrast there was an earlier start to reduction in viability at Site 2, but tHesste was then
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 theadgeis 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 asymii@@oBy contrast, the Site 2 data do not come off an
asymptote, so the model is pragmatic rather than mechanistic soyiqeBamattdrds not
the %viability at time Qpbas 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
Yo 75.8 14 |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
8_23<5~1
A
A
g 2
o _|
N l—a— sjte1.2cm
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Figure 1. Details of change of viability with time over current data range
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Figure 2. Details of change of viability with time over extended range
Seed recovery

The rate of seed recovery loss is shown in

Figure 3and described in

Tabé 2. Details of estimates of loss rates in branched broomrape from four series
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Series k (loss rate) Half Life R Adjusted R
Estimat§ SE | 6 t 6| Probability Estimatg Upper lim

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 5c¢n| -0.031 | 0.011] -2.921| 0.017 22.39 | 60 0.487| 0.43

Site 2 10c 9036 | 0.012 -2.886/ 0.018 | 19.29 | 533 0.481] 0.423

. The model fit was better for Site 2 than for Site 1lastebandjusted Rhe 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 Re Adjusted R
Estimat§ SE | 6 t 6| Probability Estimatd Upper lim
Site 1 2cm| -0.031 | 0.015 -2.076 0.068 22.6 193 0.324| 0.249
Site 1 5¢cm| -0.039 | 0.022 -1.751] 0.114 17.78 | undefined| 0.254| 0.171
Site 2 5¢n -0.031 | 0.011] -2.921| 0.017 22.39 |60 0.487| 0.43
Site 2 10ci 9,036 | 0.012 -2.886 0.018 | 19.29 | 533 0.481] 0.423
§ 1% N ﬁ A &
X i ~
& + ++§*\ﬂ%
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2 g1
o
8 g
3
o
2 |2 Site.1.2cm
—+— Site.1.5cm
= Sijte.2.5.cm
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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, sc
the fitted values at time zero should all be thessamneary of that regression is giVahlé.



A further simplification is to consider that each series has both a common intercept @ed a common slo
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.

Tabled. A comparison of these two regression was tested and yelget. 25 @ = 0.30).
Because there wassignificant difference between the slopes the poole.Sigpskodwn 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.

Tabled 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. tvalue | Pr(>|t|)
Error
(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 10cn -0.037 0.010 -3.583 | 0.001
§ B ittt ;\ ------ A "3 ----- R bbbty
R X% a
+ X% — ¢
8 + A
3 + 7
B g
g
— Pooled
o _|™ sSite.l.2cm
N | site.1.5cm
—<— Site.2.5.cm
Site.2.10cm
o -~ 100% limit
T T T T T T
0 1 2 3 4 5

Burial time (years)

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. tvalue | Pr(>|t|)
Error
(Intercept) | 4.549 0.023 201.9 0.000
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| Time | 0035 |0.008 |-4.605 |0.000 |

Combined seedability 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 puotion is also provided in Figure 6.

100
|

Site.1..2cm
Site.1..5cm
Site.2..5.cm
Site.2..10cm

Pt

60
|

% of seeds revoered and viable

20

Time from burial (years)

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 seedumbers over time in four trials over an extended range. The
fitted lines are logistic curves

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

Tables. Estimates of required time for lower proportions are provided by extrapolating. Estimates of the
combined estimates are shohabigs. The time required for a 50% reduction is less in the combined
model, but this is not always so for the lower probahititesnithgaraneetis consistently lower in

the combined data but the estim&tacedbwer in the estimates of the combined data.

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

Proportion| Site 1 Site 1 Site 2 5| Site 2
of seds 2cm 5cm cm 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 54
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 achievea given proportion of seed viability and recovery based on
logistic model

Proportion| Site 1 Site 1 Site 2 5| Site 2
of seeds | 2cm 5cm cm 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

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 assesse
although useful withi@ 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 viathinhrasiuced to 1%, 0.1% @B 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 raiséssseesta



A There are only a limited seeds still to be harthestgdt needs to be given as to when those
additional seed sets are recovered.

A The trial is longrm and ongoing. There needs to be careful archiving of the raw data so it is not
dependemn any single person.

Seed loss from the system is slow, witlfa digdipproximately 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 selegrahgesgof the Site) followed
by a rapid decay. It is projected that after 10 years theopxigioigiseeds will be less than 1%.

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.

Jan H. Grenz, Ahmad M. Manschadi, Peter DeVoil, Holger Meinke and Joat®5$auerborn
Assessig Strategies forobanchgp. Control Using a Combined Seedbank and Competition Model
Agron J 97:158559 (2005)

Seed number expressed as a % of amount at be  Seed viability expressed as a % of see

recovered.

Sitel Sitel Site25 Site 2 Sitel Sitel Site25 Site?2

2cm 5cm cm 10cm 2cm 5cm cm 10cm
Pre burial 100 100 100 100 787 787 787 78.7
Mar04 89.96 86.75 89.45 91.07 69 736 787 78.7
Oct04 91.75 78.83 87.20 85.57 73 75 74.7 78.7
Mar05 9458 89.21 84.79 9243 78.7 76.7 53 61.3
Nov05 96.92 81.38 8589 87.59 75 79.8 619 56
Mar06 100.08 76.85 95.19 82.20 7532 8152 5352 34.94
Nov06 100.25 92.60 90.13 87.95 75.63 83.23 4513  13.87
Mar07 98.92 100.00 89.20 90.36 795 794 4157 15.26
Nov07 88.13 8525 82.89 74.86 76.29 67.76 38 16.64
Mar08 77.63 67.42 77.00 74.63 63.98 5146 26.22 2098
Nov08 79.63 70.13 79.80 85.64 4572 363 1238 4.63

Calculated number of viable seeds, obtained by multiplyiregtsothgdbeer. Note that two data point
were excluded because seed recovery rate was apparently too high to be credible

Sitel, Sitel, Site2, Site 2,

2cm 5cm 5cm 10cm
Pre burial 78.7 78.7 78.7 78.7
Mar04 68.3 63.8 70.4 71.7




Oct04
Mar05
Nov05
Mar06
Nov06
Mar07
Nov07
Mar08
Dec08

67.0
74.4
72.7
75.4
75.8
78.6
67.2
49.7
36.4

59.1
68.4
64.9
62.6
omitted
omitted
57.8
34.7
25.5

65.1
44.9
53.2
50.9
40.7
37.1
31.5
20.2
9.9

67.3
56.7
49.1
28.7
12.2
13.8
12.5
2.2

4.0

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

tsir":‘]rgf"”g Sitel  Sitel  Sitel Sitel Site2  Site2  Site2
2cm 2cm 5cm 5cm 5cm 5cm 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
Mar03 69 4.9 73.6 105 n/a n/a
Oct03 *43.0 22.5 *32.3 28.4 *22.3 12 *30.33 84.3
Mar04 *59.0 12.4 *50.0 8.6 *35.3 29.9 *68.7 70.6
Oct04 73.3 14.4 86 1.7 74.7 7.2 n/a 96
Mar05 78.7 14.7 18.9 53 21 61.3 752.4
Nov05 75 7.9 79.8 2.6 61.9 7.7 56.1
Mar06 772.46
Nov06 75.63 4.62 83.23 7.71 45.13 23.03 13.87 264
Mar07 79.47 12.2 79.43 15.1 69.40 4.1 52.53 298
Nov07 76.3 412 67.8 15.4 56.9 16.2 16.64 399
Mar08 63.98 15.46 51.64 9.11 26.22 12.64 2.98 97
Dec08 45.72 5.85 36.3 8.6 12.38 4.67 4.63
Number of intact seeds retrieved from buried seed packets
Sampling Site 1 Site 1 Site 1 Site 1 Site 2 Site 2 Site 2 Site 2
times 2cm 2cm 5cm 5cm 5cm 5cm 10cm 10cm
Mean SD Mean SD Mean SD Mean SD
Pre burial 1200 1200 2800 2800 4.8
Mar04 959 300.1 882.7 303.5 2209 156 2301.3
Oct04 1144.33 415.1 1010.3 211.6 2674.3 464.8 24927 27.5
Mar05 1126.33 296.4 1131.3 169.9 2074 97 2684.6  23.29
Nov05 1241.3  38.07 822.3 398.5 2736 333.9 2221.33
Mar06 18.18
Nov06 1293.67 2125 1223.33 369.05 2453.33 750.85 2543 13.51
Mar07 1170 298 1398 470 2542 197 2517
Nov07 945 392 818 24 2100 428 1675 7.95
Mar08 918 338 772 297 2212 495 2504 29.9
Dec08 993 176 1191 258 2257 260 2292 14.3
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4.Analysis of 2010 branched broomrape seed

viability @ta

Ray Correll
Rho Environmetrics Pty Ltd
January 2011

Introduction

This is an updat edeedlongeVity tddiepreviolis adalydis iy Qdraetl (ROOH w 6
used germinatidataand a combination of viability and germination data. This report has used only the
viability datnd gives a complete description of the study. methods

Site Description

Sitel
Seeds were lied 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 CCAan&atechpipéofs were
covered with chicken wire to prevent interference from animals such as rabbits.

The plots have remained almost weed free throughothéhedilizd.a loasand. Samples at this
site were buried at 25 mm with black labels or 50 mm depth with red labels.

Site2

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

The experimental site was in grassland that was dyngirestsstipa variabswith 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 k
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a wire cage sem800 mm above the ground to prevent interference from animals suldieas rabbits.
plots contained weeds incl&tipgabout 5 clumps per plot) with an occasional plant of cape weed.
The soil is a loamy sand. Samples at this site were buriednathlWBitarabels 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 foragaretiowatisnbsample was

divided between 5 petri dishes). The subsampling method ngeknomated seeds were tested

for viability as below.

2009 method
We counted germinable seed and viable seed in each replicate as follows:

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

The seeds were surface sterilised in a 1% solution of sodium hypochlorite and rindéd in RO water.
recovered seeds were placed onto moistened 2.5 cm glass férseifil&cpapetri 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 inéGHatalvatv2@eks to

conditior200 pbf GR24 was added to each filter paper and they were resealed and iiiCubated at 20

for a further two wedksrminated seeds were counted under a dissecting niicrpscopeated

seeds were counted and then placed in eppendorf tubes with dgbri¥e @Atapolium salt

solution to assess viability of ungerminatdadisesdvere maintained in the dariCatd3@wo

weeksViable seeds were counted under a dissecting microscope as those seeds with the embryo stained
either red or pitkaviale or unstained seeds were also cddetdly. the number of unviable and

viable seeds should equal the number of ungerminated seeds (that were put in the tubes). There are son
minor eed losses or miscounts dprogessing so these numbers are oty éxasame.

2010 method

Final sacheivere collected from Siterlly two sachets were retrieved at the shallow depth and one of
these had very few se@tigSite Iseed samples from 5 cm depth were subdivided after retrieval into
three portions to provide further replicates for the next@we gahssimple was processed to

provide 2010 data. The other two subsamples wer&eshlipiertessing method as 2009
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