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Summary
A literature review was undertaken on aspects of the seed biology of some
broadleaved weeds that occur in South Australia. Species included in the search
were Bifora testiculata, Carrichtera annua, Convolvulus arvensis, Crassula
seiberana, Erodium spp, Fumaria spp, Gal ium tricornutum, Hypochoeris
radicata, Lactuca serriola, Malva parviflora, Matthiola longipetala, Myagrum
perfoliatur, Onupordum acaulon, Salvia verbenaca, Silene apetala, Stellaria
media, Urtica urens and Veronica hederifolia. No references were found for
some of these species. Most of the available information emanated from Britain
and Europe and, to a lesser extent, North America. Results obtained in these
regions have limited relevance to South Australia because of significant
differences in climate, soils and management practices. Very few references
were found from Australia and almost none from other Mediterranean -type regions
of the world.

Introduction
In response to a request from some District Agronomists of the South Australian
Department of Agriculture (SADA) , a literature review was undertaken on aspects
of the seed biology of some weeds of the State's cereal growing areas.

Some arbitrary decisions were necessary on which species to include in
the review. Only annual broadleaf weeds were included, apart from Hypochoeris
radicata L., which could be considered as an annual in cropping systems, and
Convolvulus arvensis L. , which is the subject of other research in SADA's Weed
Science Unit. With the exception of C. arvensis, the species are all listed
in SADA's Cereal Weed Spraying Guide (5) or the Supplement to Cereal Weed
Spraying Guide (13). Generally speaking, they are localised or spreading
problems which have a limited number of herbicide recommendations printed inthe Guide or Supplement.

A greater understanding of the biology of these species, including seed
behaviour, may help in the development of cultural or chemical controltechniques.

Bifora ( Bífora testiculata (L.) Sprengel in Roemer & Schultes).Umbelliferae
Buried bifora seeds remain viable in the soil for at least 10 years in southern
Europe and for approximately six years in northern Europe (R. Matic, pers.comm.).

In June -sown wheat in South
the crop is at the 4 -leaf stage
the seeds are readily shed on to
seed will germinate immediately,
(R. Matic, pers. comm.).

Field bindweed (Convolvulus arvensis L.). Convolvulaceae
Hot, dry summers promote seed production in field bindweed. Cloudy, cool
weather reduces the number of flower blossoms and seeds (44). Approximately
95% of mature seed is hard- coated and therefore impervious to water.

Australia, bifora generally germinates when
(end of July). Plants flower in spring and
the soil surface. Approximately 1% of fresh
and approximately 5% by the following autumn
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Field bindweed seed germinates in autumn and spring. Optimum temperature

is 30 °C with a range from 0.5 to 40 °C (44). Mature dry seed shows an initial

germination of less than 10% but this can be increased to over 90% when seed

is scarified with a file or immersed for 1 minute in boiling water. Pre- chilling

at 5 °C in the dark for 21 and 42 days increased germination to 55 and 85 %,

respectively (19). Scanning electron micrographs showed that the seed coats

of unchilled seeds were compact and non porous while those of seeds chilled

for 21 and 42 days were increasingly porous.
Hard - coated seed can lie dormant in the soil for many years. An average

of 2000 field bindweed seedlings ha -' emerged in a field from which the original

stand of bindweed had been eradicated 20 years earlier, and scattered emergence

occurred in each of the following 8 years (45). Seed buried deep in the soil

has an approximate viability of 62% after 50 years (44).

Field bindweed seeds can remain viable in the digestive tracts of birds

for up to 144 hours (31).

Storksbill (Erodium spp). Geraniaceae
More seeds of musky storksbill (E. moschatum (L. ) L'her. ex Aiton) become buried

on plant - littered ground than on bare soil (43). As soil compaction increases,

burial on littered surfaces declines. In a greenhouse experiment, 97 -100% of

buried seed germinated, compared with 58% germination of seed on the soil

surface. Furthermore, 35% of the germinating surface - placed seed subsequently

died.
Approximately 10% of freshly collected seed of common storksbill (E.

cicutarium (L.) L'her ex Aiton) will germinate (16). After 3 months in dry

storage at 5 °C, 32% will germinate and this can be increased to 80% if the

seed coat is scarified. Fresh seeds of long storksbill (E. botrys

(Cay.) Bertol . ) had a high level of innate dormancywhich was almost completely

lost after 2 years in storage (23).
In a buried seed experiment in England, emergence of E. cicutarium began

in mid - spring and continued sporadically throughout summer. No seedlings

emerged during winter or early spring. Flushes of seedlings did not appear

to be immediately associated with soil disturbance but rather with periods

of rainfall (33). E. cicutarium was the most persistent species in this

experiment. Emergence immediately following burial was 1% and, in the

succeeding 5 years, emergence was 15, 13, 9, 7 and 4 %, respectively. Persistence

may be at least partly associated with the presence of an impermeable seed

coat.
In South Australia a late (June) , as opposed to early (Feb.) , cultivation

of a volunteer medic pasture eliminated Erodium sp. for that season (22).

Fumitory (Fumaria spp). Fumariaceae
In Europe, common fumitory (F. officinalis L.) emerges mainly in spring with

a smaller peak in autumn (9). Very little emerges during summer.

In buried seed experiments of 5 -6 years duration, F. of ficinalis emerged

in each year of the studies and showed a relatively low level of seedbank decline

(38, 39). Greater total emergence and fewer remaining viable seeds occurred

in regularly cultivated soil as opposed to undisturbed soil. Shallow soil

disturbance caused a more rapid decline in the seed bank compared with deep

cultivation or minimum tillage (30). Under a grass sward, the seed bank of

F. officinalis has a half -life of more than 20 years (9).

Dense - flowered fumitory (F. densiflora DC) appears to be even more

persistent than F. officinalis in cultivated soil (34). Maximum emergence

tended to occur in spring or autumn but some seedlings appeared in all months
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artd there was a peak after soil disturbance. There is apparent innate dormancy
due to the seed coat.

In a pot experiment in Victoria, 10% of seeds of small - flowered fumitory
(F. parviflora Lam.) emerged in the year following burial, with nearly all
seedlings appearing from mid autumn to early spring (2). Soil disturbance in
autumn induced an emergence peak.

The innate dormancy of F. officinalis was overcome, and 90 -95% germination
was achieved, when imbibed seeds were stored at 4 °C for 60 days (18).

Three -horned bedstraw (Galium tricornutum Dandy). Rubiaceae
Very little information was found on bedstraw but the closely related cleavers
(G. aparine L.), which is one of the world's worst weeds (17), has been well
studied.

G. aparine emerges mainly in autumn and early winter (35) but germination
can extend into early summer, helping plants to escape herbicides and
cultivation (25). The species is well suited to arable situations.

Optimum depth of planting for G. aparine is 2 -5cm (25) but considerable
numbers can emerge from 10cm (14). Seeds which are harvested and dried for
1 month go into complete dormancy for a year or more, although dormancy
gradually decreases with long -term dry storage (17). Natural dormancy in the
soil is usually less than 2 years and seed banks can be rapidly depleted if
further seed production is prevented. In an English experiment, freshly buried
seed germinated readily and no seed remained after 12 months (14).

G. aparine can germinate over a wide temperature range, with optimum
temperatures of 0.5 -20 °C being reported from various experiments. G.
tricornutum has a low temperature requirement for germination (4). Some
germination occurs at 2 -5 °C, the optimum is between 7 and 13 °C and no germination
occurs at a constant 20 °C or above.

Catsear (Hypochoerís radicata L.). Compositae
Achenes of H. radicata exhibit no dormancy period and are immediately
germinable (47) . Light is required for germination (1) . A grooved soil surface
provides more favourable microsites for germination compared with a flat soil
surface (28) .

H. radicata has spring and autumn peaks of emergence in Canada. In England,
most germination occurs in spring (33) but, in south- eastern Australia, the
main peak occurs in autumn (7) . The species does not form a persistent seedbank.
When old grassland was cultivated, H. radicata was eradicated after 4 years
of cropping (8) and, in a buried seed experiment, emergence had dropped to
less than 1% in the second year after burial and no emergence occurred by the
fifth year (33).

Prickly lettuce (Lactuca serriola L.). Compositae
L. serriola seeds have no primary dormancy and plants can emerge throughout
the year with germination peaks in autumn and spring. Some authors have reported
greater emergence in spring (10, 33) whereas others observed greateremergence
in autumn (3, 26, 27). Optimum temperature is between 12 and 24 °C.

Light is necessary for germination but this requirement is lost during
burial (27). Seedlings do not emerge beneath leaf canopies.

L. serriola does not form a persistent seedbank. The half -life of buried
seed in Britain may be as little as 18 months (27) . In a buried seed experiment,
less than 1% of seed in regularly cultivated soil emerged in the third year
and none emerged in the fifth (33) . There was a strong tendency for germination
flushes to follow cultivation. In undisturbed soil, 67% of buried seeds were
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viable after 3 years but none survived after 6 years (46).

Small- flowered mallow (Malva parviflora L.). Malvaceae
No references were found for M. parviflora but limited information is available

on M. pusilla Sm. which is often confused with the former. Seeds of M. pusilla

are impermeable to water. They exhibit low germination unless scarified and

are therefore capable of remaining dormant for long periods (24). In a 100 -

year buried seed experiment, some seed recovered after 5 and 20 years germinated

(20) but none thereafter until, surprisingly, one seed germinated out of fifty

recovered after 100 years (21).
M. pusilla emerges throughout the entire growing season in Canada.

Germination occurs from 5 -30 °C but is optimal at 15-20°C (6). Emergence was

greatest at 0.5 -2cm and no emergence occurred from deeper than 8cm.

Muskweed (Myagrum perfoliatum L.). Cruciferae
In Victoria muskweed germinates in autumn and winter (29) but, in central Italy,

it emerges in spring and, to a lesser' extent, in autumn (11) . Some seeds show

extended dormancy.

Stemless thistle (Onopordum acaulon L.). Compositae

In Victoria seeds germinate after early autumn rains and develop slowly during

the winter as seedlings and small rosettes. Some seeds also germinate in winter

and spring but most of the resulting plants die without flowering (29) . Seeds

can survive in the soil for several years.

Chickweed (Stellaria media (L.) Villars). Caryophyllaceae
Seedlings of S. media emerge throughout the year with peaks in spring and

autumn. Optimum temperature appears to lie within the range of 12 -20 °C.

Germination can take place at 2 °C or even less, but high temperatures are

inhibitory and germination does not occur above 30°C (40). A proportion of

freshly harvested seed can germinate immediately (15, 38, 39). Germination

of freshly harvested seed does not seem to be promoted by light, but seeds

which have been buried in the soil for some time require exposure to light

before germination can take place (40, 48) . Germination is highest at the soil

surface or very close to the surface (17).
S. media is very widely adapted. When old grassland was cultivated and

cropped continuously, chickweed occurred in every year and became more

prevalent after the tenth year (8). Without seed replenishment, seed bank

decline of S. media is more rapid, and less viable seed remains, under

cultivation than in undisturbed soil (36, 38, 39). S. media has relatively

short natural dormancy (32). Germination of S. media seeds within a year of

shedding may be as high as 95% in the surface layer of frequently cultivated

soil, but a population may survive for more than 60 years when deeply buried

under grass (35). Climate may have a profound effect on seed longevity. In

a warm, humid environment no viable seed remained after 18 months in a buried

seed experiment (12), contrasted with 15 -30 years in cooler environments (20,

46)

Stinging nettle (Urtica urens L.). Urticaceae
U. urens germinates from spring to autumn with lower numbers in summer (32,

37). Optimum constant temperature is 25 °C (4). A significant proportion of

fresh seed is immediately germinable but some buried seed can remain viable

for at least 5 -6 years (38, 39) . Depletion of the seedbank is much more rapid

in cultivated soil than in undisturbed soil. Germination is significantly
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better in shade or dark than in light (16).

Ivy- leaved speedwell (Veronica hederifolia L). Scrophulariaceae
Emergence of V. hederifolia is restricted to the cooler parts of the year (32,
35, 37) . Fresh seed buried in the soil over summer loses its initial dormancy
and germinates with the onset of lower temperatures (2 -12 °C) in late autumn
(41, 42). Practically no seedlings emerge during summer (39).

V. hederifolia is particularly associated with autumn -sown crops in
Britain. A significant proportion of seed germinates in the first autumn and
winter after it is shed (38, 39, 41) . Without seed replenishment, the buried
seed reserves are virtually exhausted after 5 -6 years in cultivated soil but
a significant level of viable seed remains in undisturbed soil (38, 39).
Emergence can occur from seeds at more than 6cm and has been recorded from
11cm (35).

The following species were also included in the literature search but no
references were found:
Wards weed (Carrichtera annua (L.) DC.). Cruciferae
Australian stonecrop (Crassula sieberana (Schultes & Schultes f.) Druce).

Crassulaceae
Nightstock (Matthiola longipetala (Vent.) DC.). Cruciferae
Mallee catchfly (Silene apetala Willd.). Caryophyllaceae
Wild sage (Salvia verbenaca L.). Labiatae (Identified as S. lanigera Poiret

in Supplement to Cereal Weed Spraying Guide (13)).
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