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Summary Management of weed species is hindered
by our inability to quickly assess the persistence of
seeds in soil environments. The purpose of this study
was to apply techniques used to assess potential
lifespan and germinability of crop seeds under control-
led storage conditions to the less predictable environ-
ment of the soil seedbank. In particular, this study
investigated the effect of rainfall events on the seed
longevity of the weed Gomphocarpus physocarpus
E.Mey. (Apocynaceae/ Asclepiadaceae; balloon cotton
bush, swan plant). Priming — the hydration of seeds to
a sub-germination moisture level followed by drying
back to the initial moisture content — is a technique
commonly used to promote uniform field germination
of commercial seeds; limited studies have investigated
its influence on seed longevity. In this study, seeds of
G. physocarpus were aged at 45°C and 60% RH in the
laboratory (‘standard’ treatment). Once germination
had declined to ~50%, three priming treatments were
introduced: —1MPa, —10MPa and unprimed. Germi-
nation was improved immediately after priming, and
the seeds maintained viability for longer when subse-
quently put back in the ageing environment compared
to the unprimed standard and control treatments. It can
be inferred that priming enabled germination of seeds
that were marginally alive but unable to germinate,
probably through repair reactions that are favoured
at raised hydration levels. This result indicates that
rainfall events are capable of enhancing the persistence
of weed seeds in the environment.
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INTRODUCTION
Two factors are believed to be the primary determi-
nants of seed longevity: temperature and moisture
content (Priestley 1986). As seeds persist in natural
soil environments, they are exposed to daily and
seasonal variations in soil temperature and relative
humidity. These variables directly influence the activ-
ity and efficiency of metabolic enzymes and repair
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antioxidants, thus affecting seed health and ability to
persist (Walters et al. 2005). For conservation seed
banks such as the Millennium Seed Bank at Royal
Botanic Gardens, Kew, a blanket optimal temperature
and RH regime for maximising seed longevity is ap-
plied for all orthodox (desiccation-tolerant) seeds, that
being —20°C and 15% RH. Even under these condi-
tions, seed ageing does occur. It is typically agreed
that higher moisture levels, at least within Hydration
Levels 2 and 3 (~8 to ~45% moisture content (MC),
~30to ~98% RH —see Figure 1) reduce seed longevity
(Roberts and Ellis 1989, Vertucci 1989, Walters 1998),
but at very high moisture contents (>45% MC or ~98%
RH) there is sufficient water for repair enzymes to be
active (Walters er al. 2005). The question posed by
this study is whether longevity of aged seeds can be
extended using wetting and drying cycles that mimic
the natural environment experienced by seeds ageing
in soils subject to intermittent rainfall events.

Previously reported experiments that have tested
the effect of priming on seed longevity have produced
conflicting results, even for the same species (Brug-
gink et al. 1999, Gurusinghe and Bradford 2001,
Probert e al. 1991). This may be explained by the lack
of consistency in the methods used between different
studies, particularly in terms of the hydration levels,
media, and ageing environment used. This study has
elected to follow a standard accelerated ageing proto-
col as designated by the Royal Botanic Gardens, Kew,
and hydration levels commensurate with reasonable
lower and upper water potentials (but not inducing
germination) experienced by seeds in natural soil
environments.

MATERIALS AND METHODS
Plant materials Seeds of G. physocarpus were col-
lected from naturalised plants growing at Pepper’s Hid-
den Vale Resort, Grandchester, south-east Queensland
(27.72°S, 152.43°E) on 3, 15, 29 and 30 June 2004.
Seeds were stored, clean of trash, in paper bags within
a sealed container until 3 December 2004 when they
were placed in a drying chamber at 15°C and 15% RH
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Figure 1. The relationship between different levels of hydration and ageing and repair processes in seeds after
Walters et al. (2005). This study involved accelerated ageing of seeds in Hydration Level 2, and priming in
Hydration Levels 3 and 5. % = percentage relative humidity; MPa = water potential (units as MPa).

to dry in preparation for hermetic storage. Following
drying for 14 days, seed moisture content was deter-
mined gravimetrically by weighing three seed samples
then oven drying them at 103°C for 17 hours. Seeds
were calculated to have reached moisture contents of
~7% and were subsequently vacuum-sealed in foil
bags and placed in a freezer at —20°C. When required,
bags were retrieved from the freezer and allowed to
equilibrate to room temperature prior to opening to
prevent condensation gathering on the seeds.

Accelerated ageing Ageing of G. physocarpus seeds
was conducted according to the standard protocol of
The Millennium Seed Bank (Davies and Probert 2004).
Forty-eight replicates (12 replicates per treatment) of
50 seeds were placed in individual open glass vials over
a 47% RH lithium chloride (LiCl) solution (37 g per
100 mL deionised H,O) within a sealed electrical box
at 20°C to rehydrate for 14 days. Following rehydra-
tion, vials were transferred to a second electrical box
at 60% RH (30 g LiCl per 100 mL deionised H,O)
in an oven set at 45°C. This latter box formed the
accelerated ageing environment used throughout this
study, and provided the environment for the standard
accelerated ageing curve (‘Standard’ treatment). For
priming treatments, seeds were aged for 17 days prior
to priming, with standard and control vials withdrawn
intermittently during this period for viability assess-
ment using a standard germination test.

Table 1. Treatments applied in this study: —1 MPa,
—10 MPa and —75 MPa (=75 MPa termed ‘control’
and ‘standard’ throughout this paper). WP = Water
potential of priming environment; Hyd. level = seed
moisture level according to Walters et al. (2005);
Media = priming media used to hydrate seeds: PEG =
PEG8000, LiCl = atmosphere above lithium chloride
solution; Conc. = concentration of media (g 100 mL"!
dH,0); RH = relative humidity.

WP Hyd. Media Conc. RH
(MPa) level (%)
-1 5 PEG 29.5 99.3
-10 3 PEG 97.4 92.9
-75 2 LiCl 30.0 60

Priming Priming treatments (Table 1) were applied
following 17 days of accelerated ageing, by which time
germination had reached ~50%. Seeds were primed
by placing in individual Petri dishes to which 5 mL of
PEG 8000 (Polyethylene glycol, m.w. =8000) had been
applied to two layers of Whatman No. 1 filter paper.
Petri dishes were sealed and placed in an incubator at
20°C for four days. Following this period, seeds were
rinsed for five seconds in deionised H,O and patted
dry with a tissue to remove excess PEG and water.
Priming was followed by two days in a ‘desiccation’
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Figure 2. Logistic regression curves fitted to results of priming trial. =1 MPa, —10 MPa and control treat-
ments were removed from the standard ageing environment for six days to allow for priming (‘six day hydration

cycle’).

environment (20°C over a solution of LiCl (370 g L™
deionised H,0, 47% RH)), thus the total duration of
the hydration cycle was six days. Control treatments
were also removed from the accelerated ageing envi-
ronment for six days and were stored in the ‘desicca-
tion” environment to maintain seed moisture content
at a level equivalent to that experienced in the ageing
environment. Germination tests were carried out im-
mediately following the six day hydration cycle, then
every three to four days thereafter for all treatments
until the supply of vials for a particular treatment was
exhausted.

Germination testing All germination testing was
conducted using 1% agar media in sealed Petri dishes
for 30 days. A 12 hour photoperiod with alternating
temperatures (15/25°C) was used, this being most
efficient for germination of G. physocarpus seeds.
Dishes were scored daily for 30 days and seeds were
declared germinated when radicles had protruded
>1 mm. Seedlings were monitored for 10 days after
germination to establish whether they were normal;
abnormal germinants were counted and deducted from
total germination scores.
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Statistical analysis For each treatment, measure-
ments of normal germination (out of 50 seeds) were
plotted against time (days), and a logistic regression
curve fitted to approximate the sigmoidal ageing of
each species. P50 values (time to 50% germination) for
each treatment regression were subsequently compared
using Bonferroni-adjusted multiple two-sample t-tests
at the overall 10% significance level.

RESULTS

In a standard ageing environment G. physocarpus
seed viability declined according to a typical negative
sigmoidal form (Figure 2). For the —1 MPa treatment,
Day 23 data was excluded due to the excessive fungal
contamination of the germination plate for this time
point, as it affected normal germination. All other time
points for this treatment, —10 MPa and the control
and standard curves were included in the analysis.
To test for any effect of temperature change during
the 6 day priming period, the control treatment was
first compared to the standard treatment (Table 2 and
Table 3); thereafter, finding no significant difference
between the standard and control curves, P50 values
for priming treatments were compared to the standard
curve only.



Table 2. Results of logistic regression analysis of —10
MPa, —1 MPa and control treatments: P50 = parameter
describing approximate time to 50% viability; SE =
standard error of fit; DFE = degrees of freedom error
for a treatment; SSR = sum of squares residuals for
curve fit.

Treatment P50 SE DFE SSR
—10 MPa 28.16 2.678 7 50.2
—1 MPa 32.42 2.716 7 51.6
control 17.72 2.438 8 47.5
standard 20.57 2.086 9 39.2

Table 3. Multiple comparisons were conducted using
the P50 values derived from the logistic regression
analysis. T-values, total degrees of freedom error
(Total DFE) and P-values (Bonferroni-adjusted (o/n
=0.025)) for each comparison are presented here. —10
=—10 MPa treatment; —1 =—1 MPa treatment; cont =
control treatment; * denotes a significant difference.

P50-value contvs. *—10vs. *-1vs. —10vs.

comparisons std std std -1

t-value 1.260 3.217 4.978 1.579

Total DFE 17 16 16 14

P-value 0.194 0.020 0.002 0.142
DISCUSSION

All priming treatments in this study significantly
enhanced the longevity of G. physocarpus seeds,
relative to the standard accelerated ageing curve for
this seed lot (Figure 2, Table 2, Table 3). Although the
curves appear to be different, according to the analysis
priming to —1 MPa did not confer significant benefits
to seed longevity relative to the effect of the —10 MPa
treatment. In terms of seed Hydration Levels (Figure
1), priming seeds to Level 5 and 3 significantly en-
hanced seed germinability and longevity relative to
the standard treatment (Level 2).

Germination levels immediately following prim-
ing were significantly greater than for the standard.
It is known that by hydrating mature seeds to water
levels under which repair reactions occur in preference
to, or in excess of, degradative reactions, viability can
be improved (Walters et al. 2005). From the rise in
germination subsequent to priming, it can be inferred
that seeds that were marginally alive but unable to
germinate were enabled by the treatment, through
repair reactions, to germinate.
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From the results of this study, we can theorise
that rain events in the natural environment could, in
isolation of other soil effects, enhance the longevity
of weed seeds in the soil seedbank. This finding will
influence the development of a laboratory-based test
for the prediction of weed seed persistence in soil
environments.
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