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Abstract   Wild radish (Raphanus raphanistrum) is a
weed throughout the southern cropping region of
Australia.  Its significance as a weed is considered to
be due to its lengthy period of emergence, its com-
petitiveness and more recently to herbicide resistance.

In order to manage this weed, more detailed informa-
tion is required on its seedbank dynamics.  Knowl-
edge of the factors regulating germination and emer-
gence of wild radish will allow the development of
models to predict emergence and determine the dy-
namics of seedbank reserves from particular manage-
ment strategies.  This paper describes our work, which
fills gaps in our understanding of germination and
emergence regulation in wild radish.

Our results show that a sizeable proportion of seeds
are not dormant but capable of germinating through-
out the year, even seeds from depths up to 80 mm.  In
this paper we present results on the role of the enclos-
ing pod structure and seed coat on seedling emergence,
the effect of soil water potential on germination and
the seasonal changes in germination due to light and
temperature.  The effect of these germination-regu-
lating factors on management options are discussed.

INTRODUCTION

The management of wild radish (Raphanus
raphanistrum L.) has been predominantly through the
use of post-sowing herbicides.  Other pre-crop man-
agement options that have been suggested include
early summer shallow burial (Cheam 1986), and
mouldboard ploughing followed in subsequent sea-
sons by minimum tillage or very shallow tillage (Code
and Donaldson 1996).  The CRC for Weed Manage-
ment Systems has several project that are investigat-
ing methods to decrease the wild radish seedbank, in-
cluding decreasing seed rain (Madafiglio et al. 1997)
and acceleration of seedbank decline (e.g. Murphy et
al. 1999).  This paper looks at the factors that affect
gemination and emergence of wild radish and in turn
the effectiveness of alternative pre-sowing manage-
ment options.

FACTORS AFFECTING GERMINATION

Depth of burial   Seeds have a greater chance of emer-
gence if buried than left on the soil surface, though
seedling emergence and depth of seed burial are in-
versely proportional (Reeves et al. 1981, Cheam 1986).
A survey across the south eastern wheat belt showed
that seedlings of wild radish rarely emerged from depths
greater than 50 mm, with the average emergence depth
being 16 mm (Young and Cousens 1998).

Table 1. The effect of pod removal and depth of burial
on emergence.

Depth of Cumulative seedling Time to 50%
 burial emergence  after 120 emergence

days (days)

With Without With Without
Pod  Pod Pod Pod

10 mm 253 (84.3) 258 (86.0) 57 18
20 mm 141 (47.0) 139 (46.3) 62 27
40 mm 68 (22.7) 138 (46.0) 86 19
80 mm 13 (4.3) 49 (16.3) 91 22

Cumulative emergence after 120 days SE = 15.
Time to 50% emergence SE = 3.7.
Percentage emergence of seeds sown are shown in pa-
rentheses.

Role of pod and seed coat   The seeds of wild radish are
enclosed by a hard pod.  This pod breaks into segments
each containing a single seed.  The pod segment was
thought to cause seed dormancy (Cheam, 1986, Mekenian
and Willemsen 1975), but work by Young and Cousens
(1998) showed that germination did not occur until the
seed coat was damaged.  However, the pod does have a
delaying effect on emergence and, at depth, the total emer-
gence number (Table 1).  Seeds extracted from pods had
similar times to 50% emergence regardless of depth of
burial, though the magnitude of this emergence decreased
with depth of burial.  At shallower depths there was no
difference in cumulative emergence between seeds with
or with out pods, after 120 days.  At 40 and 80 mm depths,
extraction from the pod resulted in a significantly greater
number of seedlings.
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Table 2. Temperature ranges (\C) for germination of
wild radish stored at different depths.

(a) Greater than 10% germination

Feb 98 Apr 98 Jun 98 Aug 98Nov 98Jan 99

Germination in darkness

surface 24 9-34 4-34 - - -
10 mm 4-9 4-24 4-24 4-24 4-14 -
20 mm 4-9 4-24 4-24 4-24 4-19 -
40 mm 4-14 4-24 4-24 4-24 4-24 4-14
80 mm 4-14 4-24 4-24 4-24 4-24 4-14

Germination in light

surface - 4-24 14 - - -
10 mm 4-24 4-24 4-24 4-24 4-24 4-19
20 mm 4-24 4-24 4-24 4-24 4-24 4-19
40 mm 4-24 4-24 4-24 4-24 4-24 4-24
80 mm 4-24 4-24 4-24 4-24 4-24 4-24

(b) Greater than 40% germination

Feb 98 Apr 98 Jun 98 Aug 98Nov 98Jan 99

Germination in darkness

surface - - 9 - - -
10 mm - - 4-14 4 - -
20 mm - - 4-19 4-14 4 -
40 mm - 9 4-14 4-19 - -
80 mm - 9-14 19 - - -

Germination in light

surface - - - - - -
10 mm - 9 9-14 4-19 4 -
20 mm 4 4-19 4-24 4-24 4-14 -
40 mm 9 4-24 4-14 4-19 4-19 4-9
80 mm - 9-24 4-14 4-14 4-19 4-9

Seed was buried in December 1997 and recovered in
the months indicated.  Recovered seeds where then
subjected to 6 temperature regimes for a period of 21
days in the presence or absence of light.  Temperature
is calculated as an average temperature from diurnal
fluctuations of 10°C  on a 10/14 hour day/night re-
gime (i.e. 4°C  = 10 - 0°C , 9°C  = 15 - 5°C , 14°C  =
20 - 10°C , 19°C  = 25 - 15°C , 24°C  = 30 - 20°C  and
34°C  = 40 - 30°C )

Seasonal germination responses   Radish seeds are
capable of germinating throughout the year (Table 2)

with a greater temperature range for germination
occurring during the middle of the year.  Seeds stored
on the soil surface have a limited magnitude of germi-
nation and period for germination (February to June),
with a preference for darkness.  Buried seeds, how-
ever can germinate throughout the year and have a
higher magnitude of germination (Table 2b).  The pe-
riod of germination and the temperature range for ger-
mination is increased when buried seeds are exposed
to light.  While seeds are capable of germinating from
4 - 24°C, lower temperatures favour germination at all
depths over a longer time period.  The widest tem-
perature range and magnitude of germination occurred
at 20 mm during the winter period.

While there is the potential for germination at depths
greater than 20 mm, there was little emergence from
these depths (not reported), although the water and the
temperature regimes in the field during the winter pe-
riod were within the optimum ranges for gemination.
As we recovered greater than 85% of seeds from these
depths during the length of the experiment, little fatal
germination or loss of seeds occurs at these depths.
Hence, there must have been other limiting require-
ments stopping germination of seeds at depth.  The
role of the gaseous environment has been studied as a
cause to germination inhibition in several species (e.g.
Benvenuti and Macchia, 1995).

Soil Water Potential   Germination is also regulated
by soil water potential (e.g. Finch-Savage and Phelps
1993, Grundy 1997).  In wild radish, there is little ger-
mination when the water potential exceeds -0.4 MPa
(Table 3).  Temperature also affected magnitude of
gemination, with less germination occurring with
higher water potential at 5°C and 20°C,  but no differ-
ences between water potential treatments at 10°C.  Rate
of germination was slowed with decreasing tempera-
ture. While there was also a trend of slowing the rate
of germination with increasing soil water potential, this
was not significant.

Soil nitrate levels  Some brassicaceae have been shown
to respond to nitrate (Steinbauer et al. 1955).  Pod
enclosed radish seeds showed limited germination re-
sponse to nitrate (Table 4).  The response was popula-
tion dependent, with not all populations responding to
different rates of nitrate (e.g. La Trobe University
populations).  As the level of germination was low
(<30%), it appears that other germination regulating
factors play a more dominant effect. The greatest re-
sponse occurred with nitrate levels at 1 -10 ppm.
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Table 3. The effect of temperature and soil water po-
tential on germination of wild radish seeds with the
seed coat removed.

Water Temperature
Potential
(MPa) 5°C 10°C 20°C

0 84.4 (18.7) 82.0 (9.4) 81.6 (2.8)
-0.1 84.9 (21.2) 83.1 (12.2) 76.7 (3.8)
-0.2 71.3 (22.4) 84.3 (12.3) 66.0 (4.6)
-0.4 44.6 (28.0) 81.6 (13.1) 41.8 (6.4)
-0.8 0.2 (44.8) 4.7 (41.8) 2.4 (24.1)

Figures in parentheses are the number of days to 50%
of maximum germination.
Germination % SE = 3.4.
Days to 50% germination SE = 3.8.
Soil water potential were made from solutions of PEG
6000 adjusted for temperature.

Table 4. The effect KNO
3
 levels on germination of

four populations of pod enclosed radish seed.

KNO
3
 rate (mmol)

Population 0 1 10 100Means

Curyo, Vic 0 0 0 0 0
Gillingara, WA 1.2 1.3 10 4 4
La Trobe 4 9 12 9 9
University, Vic
Yuna, WA 11 27 24 4 17

Means 4 9 11 4

Population × KNO
3
 SE = 3.39.

Population and KNO
3
 main effects SE = 1.69.

MANAGEMENT OPTIONS

Early shallow burial    Cheam (1986) suggested that
early summer shallow burial will enhance dormancy
breakdown.  Our results concur, with burial of seeds
increasing the germinable proportion of the seed popu-
lation (Table 2).  Burial should not go deeper than 20
mm in order to achieve greatest emergence prior to
herbicide application and crop sowing (Table 1).  As
seeds in this top soil layer will germinate with early
summer rainfall, care should be taken to kill these
emerged plants before they become harder to kill and
produce more seeds (Reeves et al. 1981)

Light autumn cultivation (autumn tickle)   The ef-
fect of autumn tickle operations to decrease the
seedbank is being investigated by CRC for Weed Man-
agement Systems researchers. Early indications show

an increase in emergence, and hence a decline in the
seedbank.  While our results indicate that cultivation
(germination under light, Table 2) will improve emer-
gence, this is only the case when soil temperatures are
below 20°C  in the shallow depths (Table 2) and the
soil water potential is less than -0.4 MPa (Table 3).
Timing of an autumn tickle operation should take both
temperature and soil water potential factors into con-
sideration to obtain maximum germination prior to crop
sowing.

Deep burial   The best method to decrease seedling
emergence is deep burial of seed at depths greater than
40 mm (Table 1).  However, this seed is viable and can
still germinate if brought to the surface by further cul-
tivations (Table 2).

Trash or no trash    Maintaining surface organic mat-
ter will increase the moisture levels of both the soil
and the surface layer and decrease soil temperatures
(e.g. Teasdale and Mohler 1993).  These conditions
increase the germination window for seeds on the soil
surface and buried seeds (Table 2 and 3). If trash re-
moval is necessary, in order to sow the crop, trash re-
moval should be left until the last, to allow maximum
seed germination, early in the season. Control can be
then achieved through cultivation or pre-crop herbi-
cides.

Nitrogen Fertiliser    Although Murphy et al. (1999)
have shown an increase in emergence of wild radish
with the addition of 50 kg ha-1 of urea, our populations
differed in response, with some populations not re-
sponding to nitrate at all (Table 4). As our studies were
conducted using dry stored seed, there maybe more
response with buried seed.  Endogenous nitrate levels
have been shown to affect germination of Sisymbrium
officinale, with the higher the level of seed nitrate the
higher the germination response (Bouwmeester 1990).

CONCLUSIONS

To enhance seed germination, hence seedbank decline,
our results suggest that it is best if seeds are buried
within the top 20 mm.  Any mechanism that can in-
crease pod removal or breakdown will decrease the
period of emergence (Table 1). This will allow better
timing of control techniques such as cultivation or
herbicide application.

To decrease seedling emergence, burial of seed below 40
mm is required.  These seeds should then not be further
disturbed, otherwise emergence will occur.  Seed at these
depths is still viable for at least four years (Code et al.
1981) and capable of germinating (Table 2).
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Our results demonstrate that seeds at depth are capa-
ble of germinating throughout the year within limited
temperature and soil water potential ranges.  However,
little germination of seeds at these depths occurs in
the field (Code et al. 1981, Young and Cousens 1998).
There is potential to deplete the seedbank by up to 70%
if stimulation of seeds at depth can be achieved.  Meth-
ods to stimulate the germination of the seeds at depth
still need to be investigated and should include stud-
ies in manipulating the gaseous environment.
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