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Summary   Salsola tragus is a summer annual weed 
found throughout Australia. The characteristics of the 
seed bank, including seed viability and dormancy, 
were investigated for populations from the south-west 
of Western Australia. Seed bank characteristics were 
investigated for seeds that are released from the ma-
ture plants as well as for seeds that remain attached. 
Average seed viability ranged from 40% to less than 
2% for seed collected at plant maturity. Seed viability 
levels were the same for attached seed and released 
seed, but a higher proportion of attached seeds were 
dormant. The portion of dormant seed produced was 
also variable between populations, and was higher for 
plants in stressful environments.

Keywords    Salsola tragus,  seed viability,  dor-
mancy.

INTRODUCTION
Salsola tragus L. (Chenopodiaceae) is a summer an-
nual weed in agro-ecosystems in the south-west of 
Western Australia. The climate is Mediterranean and 
summer rainfall is sporadic and very low on average. 
Summer annual weeds usually survive these conditions 
by producing and dispersing dormant seeds, which 
establish a viable soil seed bank (Salisbury 1961).

Seed dispersal ensures that seeds germinate in 
spatially separated environments. Seed dormancy 
ensures that seeds will grow in different years, in 
temporally separated environments. The combina-
tion of both strategies ensures that the seedlings face 
heterogenous environments and the likelihood of all 
seedlings facing an unsuitable environment is reduced 
(Fenner and Thompson 2005, Rees 1993).

Some species of the Salsola genus engage in broad 
seed dispersal (Mallory-Smith et al. 1993, Stallings 
et al. 1995). Following senescence, a specialised layer 
of cells at the base of the stem degrades, allowing the 
plant to break free of its roots (Young 1991). Pushed 
by the wind, the freed plants may move considerable 
distances (average of 3–4 km) (Stallings et al. 1995). 
Some seed is released from the plants easily and some 
seed is retained and gradually released through the 
tumbling motion of the plants (Stallings et al. 1995).

The key to control of S. tragus includes the 
management of both the soil seed bank, consisting of 

seeds that are released from the mature plants, and the 
mobile seed bank, consisting of the seeds that remain 
attached to the plant. The purpose of this study was to 
investigate seed viability and seed dormancy aspects of 
the seed bank of S. tragus populations being targeted 
for management in cropping environments of south-
west of Western Australia.

MATERIALS AND METHODS
Seed source – UWA seed   Seed were harvested 
from field populations of S. tragus in the Shires 
of Morawa (28°50.065'S, 115°46.580'E), Merre-
din (31°30.094'S, 118°13.397'E) and Lake Grace 
(33°7.426'S, 118°28.592'E) in autumn 2004. Seeds 
from each population were planted in 10 pots (194 
mm diameter, 205 mm tall) filled with potting mix 
(50% mulched pine bark, 25% sand, 25% peat moss) 
on 20 January 2005 and placed in an outdoor net-
ted enclosure at the University of Western Australia 
(UWA), Nedlands Campus. Seedlings were thinned to 
two plants per pot following establishment, and were 
fertilised and watered as required to ensure healthy 
growth. Populations were spatially separated (3.6 km) 
to prevent pollen flow between them.

The Morawa population was harvested on 11 May 
2005, the Lake Grace population on 30 May 2005 and 
the Merredin population on 7 June 2005. Plants were 
threshed using a Perspex thresher (Kingaroy Engineer-
ing Works Pty Ltd) to release seed. Despite threshing, 
some S. tragus seed remained attached to the parent 
plant following senescence. The threshed material 
from each population was sieved to separate the loose 
seeds from the seeds attached to plant material.

Seed source – field seed   Salsola tragus plants were 
harvested from the above Morawa, Merredin and Lake 
Grace field sites in May 2005. Plants were threshed 
and processed as for the UWA populations. This 
second seed source was used to obtain seed from the 
three populations produced under field conditions to 
compare to seed that was produced under controlled 
conditions at UWA.

Seed viability   Three samples of 100 loose and 100 
attached seeds were removed from each field and 
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UWA population. The samples were placed in Petri 
dishes on wet filter paper. The Petri dishes were sealed 
in plastic bags to retain moisture, and incubated in 
a growth cabinet with a 12 h temperature cycle of 
25/15°C. Germinated seeds were scored as viable 
and removed daily for one week. These seeds were 
classified as non-dormant. The remaining seeds were 
removed from the fruiting perianth and exposed to 1% 
2,3,5-triphenyltetrazolium chloride (Sigma-Aldrich 
Co.) for 48 h at 30°C (TZ test) (International Seed 
Testing Association 1999). Seeds containing embryos 
that turned purple were scored as viable. These seeds 
were classified as dormant.

The data were analysed using ANOVA. The 
proportion of non-dormant seed and dormant seed 
were compared for free and attached seed, within and 
between populations. Means that were significantly 
different were separated by LSD values.

RESULTS
Total seed viability was highest in the Morawa popu-
lation and in Morawa seed produced at UWA. Seed 
dormancy was higher for attached seed than loose 
seed, and higher in field seed than UWA seed (Table 
1). Seed of the Morawa population was significantly 
more viable than that of the Lake Grace and Merredin 
populations (P0.05 <0.001, LSD: 2.47). The majority of 
seed produced by the Morawa population was non-dor-
mant. The percent of dormant seeds was significantly 
higher in seed from Lake Grace population (P0.05 = 
0.036, LSD: 2.084).

For all three populations the attached seed had 
a higher proportion of dormant seeds than the loose 
seed samples (P0.05 <0.001, LSD: 1.701). There was 
no significant difference between viability of attached 
and loose seeds. 

The UWA plants generally produced seed with 
higher viability than the field plants, although the 
reverse was evident in the Lake Grace population 
(P0.05 <0.001, LSD: 1.191). However, field populations 
produced a higher proportion of dormant seed (P0.05 
= 0.023, LSD: 1.701). The Merredin field plants pro-
duced 100% dormant seed, while the Merredin UWA 
plants produced an average of 29% dormant seed. The 
Lake Grace field and UWA plants produced an average 
of 88% and 46% dormant seed. The Morawa field and 
UWA plants both produced very little dormant seed 
(8% and 5%). 

DISCUSSION
The proportion of dormant seed produced was very 
low for the Morawa population. The bulk of the seed 
produced by Morawa population germinated as soon 
as sufficient moisture was available and did not have 
sufficient dormancy to prevent germination until the 
following summer growing season. This suggests 
that this population relies on seed dispersal rather 
than seed dormancy to ensure that the seed encoun-
ters sufficiently heterogenous environments to allow 
some seeds to germinate and establish themselves 
successfully each year. The Lake Grace and Merre-
din populations often produced more dormant seed 
than non-dormant seed, and, therefore, are capable of 
establishing a seed bank. Clearly, reducing the seed 
bank through persistent, annual weed control will be 
more effective against S. tragus populations that do 
not establish long term seed banks.

Dormancy was higher for attached seeds than 
loose seeds. Attached seeds obviously require higher 
dormancy levels, as a seed that germinates while 
attached to the parent plant would have a very poor 

Table 1.   Mean seed viability of three replications of 100 loose and 100 attached seed for each population, 
grown in field conditions or at UWA. Total viable seed refers to the dormant and non-dormant viable seed in 
each sample.

 Population Seed type Field seed UWA seed

  Total viable seed Dormant seed Total viable seed Dormant seed

Morawa Attached 43.67 4.00 77.00 5.33

Lake Grace Attached 15.33 13.67 2.33 1.67

Merredin Attached 1.33 1.33 26.00 10.00

Morawa Loose 39.33 4.00 91.33 0.67

Lake Grace Loose 9.33 8.00 3.33 0.67

Merredin Loose 1.33 1.33 10.67 2.00

LSD (P = 0.05) 4.94 4.17 4.94 4.17
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chance of survival (Wallace et al. 1968). Given that 
the attached seeds are equally viable and more likely 
to be dormant than the loose seeds, they may be as 
important to seedling recruitment as the released 
seeds in the soil seed bank. Therefore, the removal and 
destruction of mature plants is necessary to manage 
the seed bank.

The higher proportion of dormant seed produced 
by the field plants compared with the UWA plants 
was probably in response to the harsher environment 
experienced by field plants. Populations growing in 
the field may need a dormant seed bank to ensure 
survival, whereas a population growing at UWA in 
conditions with plentiful resources and no competition 
from other plants are less likely to require a dormant 
seed bank. Therefore, S. tragus plants may produce 
seeds adapted to the environment that the seeds are 
likely to encounter.

Seed viability was unusually low in all three 
populations, since other studies on seed viability of 
S. tragus (misclassified as S. kali) plants in the USA 
indicate that viability usually ranges from 80–100% 
(Evans and Young 1972, Ignaciuk and Lee 1980, Young 
1991). Either environmental factors such as climate 
or pathogens adversely affected the seed viability, 
or a genetic factor such as altered ploidy levels was 
affecting viability.
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