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Abstract   Wild radish (Raphanus raphanistrum L.),
a member of the Brassicaceae family, is one of the most
widespread and competitive weeds of winter crops in
southern Australia.  Current control methods are unre-
liable and the development of herbicide resistance and
environmental concerns regarding pesticide use have
warranted new approaches to wild radish management.
A possibility for reducing future wild radish
populations is to accelerate the decline of the soil
seedbank, by enhancing recruitment or seed mortality.
Initial results of long-term research aimed at manipu-
lating wild radish emergence to accelerate seedbank
decline using different tillage disturbance levels, dif-
ferent nitrogen fertiliser rates and placement and soil
solarisation are presented.

Preliminary results found no response in wild radish
emergence to tillage.  The greatest emergence occurred
under direct drilling and emergence was lowest under
scarifying and disc ploughing.  The poor response to
these tillage treatments might be explained by a high
proportion of seed being placed below the optimal soil
depth for germination to occur.  Wild radish emergence
was greatly enhanced by the addition of nitrogen ferti-
liser at 50 kg ha-1, irrespective of the placement.  How-
ever, high rates of nitrogen fertiliser (100 kg ha-1) re-
duced emergence, possibly as a result of germination
inhibition.  A low emergence response from soil
solarisation was measured.  It remains to be seen
whether this reduction is permanent (due to seed mor-
tality) or whether high soil temperatures have induced
seed dormancy.  The management implications of these
results are discussed.

INTRODUCTION

Wild radish (Raphanus raphanistrum L.), a member
of the Brassicaceae family is an intractable, broadleaf
weed in winter crops of southern Australia.  Wild rad-
ish is strongly competitive with cereals, resulting in
major yield losses (Poole and Gill 1987).  Similar high
yield losses have been measured in canola (Blackshaw
et al. in press).  Attributes contributing to the persist-
ence of wild radish are flexible germination require-

ments, high reproductive capacity, seed dormancy and
seed longevity (Cheam and Code 1995), as well as its
crop mimicry.  Its protracted germination pattern makes
it very difficult to target control effectively.  Further-
more, because of the development of resistance to her-
bicides (notably Group B, ALS inhibitors), and the
general environmental concerns regarding pesticide
use, a re-assessment of wild radish management strat-
egies has become necessary.

The proportion of wild radish germination from the
seedbank between seed dispersal and the break of the
season in autumn may vary from 10 to 30% (Cheam
and Code 1995) depending on depth of seed burial
(Code et al. 1987), diurnal temperature fluctuations
and soil moisture (Piggin et al. 1978).  Consequently,
a large proportion of seed remain dormant within the
soil providing the primary source of new infestations
each year.

Previous studies on wild radish emergence have shown
a marked response to tillage disturbance levels, with
confounded effects of depth of burial (e.g. Code et al.
1987) and light (Mekenian and Willemsen 1975).  Pro-
vided soil moisture is adequate, buried wild radish seed
requires an exposure to light to stimulate germination
(Young and Cousens 1999).  Whilst the effect of other
edaphic factors on wild radish emergence are currently
under investigation (e.g. Young and Cousens 1997),
the impact on wild radish emergence and seedbank
decline under conventional agronomic practices such
as fertiliser type and placement and alternative prac-
tices such as solarisation, remain unclear.

This paper reports the initial results of research aimed
at testing the influence of traditional and alternative
agronomic practices on enhancing losses of wild rad-
ish seed from the soil.  The objective is to influence
the environmental and edaphic conditions in such a
way as to promote seed loss primarily through germi-
nation, emergence or seed mortality, while excluding
seed production.  Preliminary results of this long-term
study will be shown and implications for wild radish
management discussed.
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MATERIALS AND METHODS

Site   The experiment began in August 1997 at a site
adjacent to the Wagga Wagga Agricultural Institute
NSW, which contained a natural low density infesta-
tion of wild radish.  The surface soil type (0 to 10 cm)
was a fine sandy clay loam with a pH of 4.5, 1.5%
organic carbon and 0.1% total nitrogen.  The site was
in fallow in 1996 and wheat in 1995.

Treatments   The experiment involved 18 treatments
of different types of tillage to compare levels of soil
disturbance, fertiliser type, rate and placement, forage
conservation, and alternative weed control practices
such as solarisation.  The control treatment is a wheat
crop, direct drill sown into chemical fallowed soil with-
out prior tillage.  The same drill was used to sow all
plots following the undertaking of their respective till-
age treatments.  The experimental design was a
randomised block with three replicates.  Plot size was
10 m wide by 20 m long.  Herein we concentrate on
the effects of tillage, nitrogen fertiliser treatments and
solarisation on wild radish emergence (Table 1).

Table 1. Details of tillage, nitrogen fertiliser and
solarisation treatments.

Treatment

Control - Direct drill Disturbance to 5 cm

Scarify Disturbance to 5 cm
Disc plough Cultivated 7 to 10 cm
Mouldboard plough Cultivated 10 to 15 cm
(1997 only)

50 kg ha-1 urea Incorporated by sowing
broadcast
50 kg ha-1 urea Placed at sowing depth
banded
100 kg ha-1 urea Incorporated by sowing
broadcast
100 kg ha-1 urea Placed at sowing depth
banded

Solarisation Clear polyethylene
sheets during summer

Treatments were imposed after chemical control of the
fallow using 2.5 L ha-1 glyphosate.  Cultivation was
carried out prior to sowing in September 1997 and May
1998.  Nitrogen fertilisers were either broadcast by
hand and incorporated by sowing or banded at sowing
depth (7 cm).  In 1997 and 1998, the paddock was

oversown with wheat (cv. Dollarbird and cv. Swift re-
spectively) at 100 kg ha-1 and 120 kg ha-1 of single
superphosphate.  Solarisation plots were direct drilled
during the growing season.  In December 1997, these
plots were prepared by flattening stubble with prickle
harrows.  After a rainfall event, 5 strips of 0.1 æm-
thick clear polyethylene plastic, 2 m wide and 20 m
long were placed along each plot.  The edges and ends
were buried in trenches 10 cm deep and covered with
soil for 70 days.

Seedbank sampling procedures   Soil seedbank sam-
ples were measured in August 1997 and April 1998.
A modified tractor, with 2 hydraulic rams mounted at
the rear, was used for soil sampling.  Fifty 7.5 cm di-
ameter by 10 cm deep cores were removed from each
plot and bulked.  The total area sampled from each
plot was 0.11%.  The extraction method, followed the
methodology of Medd (1992) and involved a system
of wet sieving, flotation using calcium chloride (spe-
cific gravity 1.36) and winnowing.  The remaining
vegetative material was dried and full pod segments
and/or viable seed (seed which resisted gentle pres-
sure from forceps) were removed and counted.

Seedling emergence   Wild radish seedling populations
were counted in ten randomly placed quadrats (0.3 m
by 0.3 m) and expressed on a per m2 basis.  Emergence
counts, were undertaken during October 1997 and in
April, June and September 1998, depending on the
incidence of rainfall and the occurrence of recruitment.
To eliminate seed input, plots were treated in 1997 with
triasulfuron (Logran®) at 15 g ha-1 and in 1998 with
flumetsulam (Broadstrike®) at 25 g ha-1 + 400 mL
MCPA amine and MCPA + diflufenican (Tigrex®) at 1
L ha-1, followed by hand roguing to control escapes.

Statistical analyses   To test the effect of treatments
imposed in May 1998, the estimates of seedbanks made
in August 1997 and April 1998 were consolidated.
Seedbank density and seedling emergence data were
transformed to log (x + 1), prior to analysis.  Treat-
ment effects on the cumulative emergence measured
between June and September 1998, were analysed by
a general linear model, with a log link, Poisson errors
(McCullagh and Nelder 1989).   The log-transformed
seedbank data was used as a covariate for the analysis
of emergence data to adjust for variability in the
seedbank density.  For the covariance analysis, the
mean wild radish seedbank population (August 1997
+ May 1998) was 57 seeds m-2.  Approximate LSDs
for back transformed emergence means were calculated
by:
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RESULTS

The analysis showed highly significant treatment ef-
fects on wild radish seedling emergence (p<0.001).
The details of the emergence response to tillage, nitro-
gen fertiliser rate and placement and solarisation are
presented below.

Tillage response   Overall, emergence response under
the direct drilled control treatment was significantly
greater than all tillage treatments.

Table 2.  Effects of tillage systems on the back-trans-
formed average of wild radish plants emerged between
June 1997 and September 1998.

Treatment Emergence % of
 pl m-2 control

Direct drill (control) 25 100
Scarify 4 14
Disc 7 27
Mouldboard 10 40

Wild radish emergence was lowest under a light soil
disturbance (scarifying) (14% emergence relative to
the control) and moderate soil disturbance (disc) (27%
emergence relative to the control treatment).  Emer-
gence following mouldboard ploughing, regarded as a
high level of soil disturbance, was 60% less than the
direct drill control but significantly greater than disc
or scarifying.

Nitrogen response     Significantly more wild radish
emergence resulted from the application of nitrogen
fertiliser.  Nitrogen fertiliser (urea) applied at 50 kg
ha-1 led to a two and a half to almost three-fold in-
crease in seedling emergence, compared with the di-
rect drilled control treatment, irrespective of its place-
ment which had no significant effect (Table 3).  In con-
trast, urea when band applied at 100 kg ha-1 signifi-
cantly reduced, or when broadcast, had no significant
effect on emergence.

Table 3. Effects of nitrogen fertiliser on the back-
transformed average of wild radish plants emerged be-
tween June 1998 and September 1998.

Treatment Emergence % of
pl m-2 control

Direct drill 25 100
50 kg ha-1 broadcast 72 284
50 kg ha-1 banded 63 248
100 kg ha-1 broadcast 6 24
100 kg ha-1 banded 22 88

Effect of solarisation   Solarisation over summer sig-
nificantly reduced wild radish emergence during June
and September 1998 to 3 pl m-2, 12% of the direct drill
control treatment.

DISCUSSION

Influence of tillage   Results from this study showed
the emergence of wild radish between June 1998 and
September 1998 was two times greater under direct
drilling (25 pl m-2) compared with mouldboard culti-
vation (10 pl m-2) and four-fold greater than disc culti-
vation (7 pl m-2).  The lowest emergence (4 pl m-2) was
measured under a light disturbance tillage treatment,
effected using a scarifier.

Studies have shown emergence is greatest if seeds are
shallowly buried.  That is, the greatest proportion of
germinations occurred when buried between 1 and 5
cm (e.g. Reeves et al. 1981, Cheam 1986, Code et al.
1987).  The lack of emergence response from scarify-
ing and disc ploughing might be explained by the treat-
ments placing a high proportion of seed below the
optimal 5 cm soil layer, in less favourable germination
conditions.  Higher emergence from mouldboard
ploughing may be due to having placed deeper buried
seeds within the optimal soil depth for germination
(above 5 cm) with less risk of re-burial under direct
drilling.

The results suggest that under reduced tillage systems
wild radish emergence may be enhanced.  Thus, pro-
vided seedlings are effectively controlled and prevented
from producing seed, such tillage systems will achieve
a more rapid depletion of viable seeds in the soil than
others involving higher levels of soil disturbance.
However, caution  is required in drawing such a con-
clusion since variable responses in wild radish emer-
gence to direct drilling are reported in the literature.
Likewise to the present study, Donaldson and Code
(1981) and Reeves et al. (1981) found a greater
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emergence response to direct drilling compared with
deeper burial, whereas Piggin et al. (1978) measured
lower emergence under direct drilling.  More detailed
analyses to characterise seed distribution in the
seedbank and studies to understand the mechanisms
are needed to clarify these relationships.

Influence of nitrogen rate and placement      Studies
have shown that nitrogenous fertilisers promote emer-
gence of other members of the Brassicaceae family e.g.
Capsella bursa-pastoris (Popay and Roberts 1970) and
Sisymbrium officinale (Karssen and Hilhorst 1992)
The preliminary results from this study also indicate a
positive relationship between soil nitrate and wild rad-
ish emergence  The greatest influence on wild radish
emergence was at the lowest rate of urea (50 kg ha-1)
placed at the soil surface and buried at sowing depth.
These treatments led to significantly higher emergence
(72 and 63 pl m-2 respectively) than the 100 kg ha-1

nitrogen treatments.

The promotive effect of nitrate will be influenced by
environmental factors, such as soil temperature and
light.  The greater response to surface applied nitro-
gen fertiliser at 50 kg ha-1 compared with buried urea
at the same rate, suggests both exposure to light and
nitrogen stimulates germination in wild radish.  The
low response to high concentrations of nitrate is pos-
sibly due to a toxic effect on wild radish seed and ger-
mination inhibition.  Similarly, Young and Cousens
(1999) report a significant reduction in wild radish
germination at high concentrations of KNO

3
.  Germi-

nation inhibition due to high rates of nitrates has been
measured in other Brassicaceae family members (e.g.
Sinapis arvensis, Goudey et al. 1988).  These results
suggest that the application of nitrogen fertiliser can
play an important role in promoting wild radish ger-
mination and wild radish seedbank decline in the fu-
ture.

Influence of soil heating     An alternative approach
to accelerating wild radish seedbank decline was tested
using solarisation.  Rather than promote losses from
the viable seedbank through seed germination and
emergence, this technique aims to enhance seedbank
losses due to seed mortality.  Solarisation, a method of
heating moist soil by covering it with plastic sheets to
trap solar radiation, can raise summer temperatures in
the top 5-10 cm of the soil by 7-9°C (Kumar and
Yaduraju 1992) and subject surface lying seeds to
maximum temperatures of over 70°C.  While
solarisation has proven successful for controlling weeds

in vegetable crops (e.g. Elmore 1983), its use in broad-
acre cropping has not been formally investigated.

Early research by Cartia (1985) measured a reduction
in the viable wild radish seed in the soil using
solarisation.  Similarly, results from this study showed
that direct drilled plots covered with clear polyethylene
for 10 weeks during summer, decreased wild radish
emergence to only 12% of the uncovered direct drill
control.  It remains to be seen whether this reduction
in wild radish seedling emergence is caused by seed
mortality or induced dormancy and therefore, whether
the germination inhibition is permanent.  While the
practical use of plastic sheets on large paddocks is
questionable, soil heating as process of reducing seed-
ling emergence is unequivocal.  In large paddocks, the
response to soil heating might best be achieved using
stubble burning in the early phases of a management
programme.

REFERENCES

Blackshaw, R., Lemerle, D. and Mailer, R. (in press).
Wild radish interference in canola.  International
Rapeseed Congress, Canberra, ACT, Australia.

Cartia, G. (1985).  Solar heating of the soil for control
of soil pests and perennial weeds.  Colture Protette
14, 37-42.

Cheam, A.H. and Code, G.R. (1995).  24. Raphanus
raphanistrum L.  In ‘The Biology of Australian
Weeds’ Vol. 2.  eds F.D. Panetta, R.H. Groves and
R.C.H. Shepherd, pp. 207-24. (R.G and F.J.
Richardson, Melbourne).

Code, G.R., Walsh, M.J. and Reeves, T.G. (1987).  Ef-
fect of depth and duration of burial of wild radish
seed on seed viability and seedling emergence.  Pro-
ceedings of the Weed Seed Biology Workshop, Or-
ange, NSW, pp. 136-8.

Donaldson, T.W. and Code, G.R. (1981).  Effect of cul-
tural treatment on wild radish density in wheat.
Proceedings of the Sixth Australian Weed Confer-
ence,  Vol. 1, pp. 79-80.

Elmore, C.L. (1983).  Solarization for weed control in
vegetable crops.  Meeting of the Weed Science So-
ciety of America 32.

Goudey, J.S., Saini, H.S., and Spencer, M.S. (1988).
Role of nitrate in regulating germination of Sinapis
arvensis L. (wild mustard).  Plant Cell Environ. 11,
9-12.



Twelfth Australian Weeds Conference

260

Karssen, C.M. and Hilhorst, H.W.M. (1992).  Effect of
chemical environment on seed germination.  In
‘Seeds - Ecology of Regeneration in Plant Com-
munities,’ ed. M. Fenner (CAB International,
Wallingford UK).

Kumar, B. and Yaduraju, N.T. (1992).  Effects of
solarisation on the temperature and physico-chemi-
cal properties of soils.  Plasticulture 94, 13-20.

McCullagh, P. and Nelder, J.A. (1989).  ‘Generalised
Linear Models.’ (Chapman and Hall, London UK).

Medd, R.W. (1992).  Techniques for monitoring seed
banks of annual grass weeds on arable soils.  Pro-
ceedings of the First International Weed Control
Congress,  Vol. 2,  pp. 333-5.

Mekenian, M.R. and Willemsen, R.W. (1975).  Germi-
nation characteristics of Raphanus raphanistrum L.
Laboratory studies.  Bulletin of the Torrey Botani-
cal Club 102, 243-52.

Piggin, C.M., Reeves, T.G., Brooke, H.D. and Code,
G.R. (1978).  Germination of wild radish (Raphanus
raphanistrum L.).  Proceedings of the First Confer-
ence of the Australian Weed Science Society,  pp.
233-40.

Poole, M.L. and Gill, G.S. (1987).  Competition be-
tween crops and weeds in southern Australia.  Plant
Proection Quarterly, 2, 86-96.

Popay, A.I. and Roberts, E.H. (1970).  Ecology of
Capsella bursa-pastoris (L.) Medik. and Senecio
vulgaris L. in relation to germination behaviour.
Journal of Ecology 58, 123-39.

Reeves, T.G., Code, G.R. and Piggin, C.M. (1981).  Seed
production and longevity, seasonal emergence and
phenology of wild radish (Raphanus raphanistrum
L.).  Australian Journal of. Experimental Agricul-
ture and Animal Husbandry, 21, 524-30.

Young, K. and Cousens, R.D. (1998).  Predicting the
emergence of wild radish (Raphanus raphanistrum).
Aspects of Applied Biology 51, Weed seedbanks:
determination, dynamics and manipulation.  pp.
69-74.

Young, K.R. and Cousens, R.D. (1999).  Factors af-
fecting the germination and emergence of wild rad-
ish (Raphanus raphanistrum L.) and their effect on
management options. Proceedings of the Twelfth
Conference of the Australian Weed Science Soci-
ety, pp. 179-82.




