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Summary   Two trials were conducted at Wongan 
Hills and Mullewa, Western Australia to (1) examine 
the effect of wild radish (Raphanus raphanistrum L.) 
sown at different densities on the yield and quality 
of three cultivars of lupin (Lupinus angustifolius L.) 
and (2) elucidate the mechanism of such competition. 
The trials were conducted in a factorial randomised 
complete block design with four densities of radish 
(0, 2, 10 and 20 plants m-2) and three cultivars of 
lupins (Belara, Tallerack and Tanjil). Results showed 
that even two radish plants per square metre in lupin 
crop reduced lupin grain yield by 4 to 15% and grain 
size by 4%. Presence of 20 radish plants m-2 reduced 
lupin yield by 48 to 59% and grain size by 11%. Rad-
ish canopy was 54 to 60 cm taller than lupin canopy 
at flowering stage, resulting in 77% reduction of 
photosynthetically active radiation available to lupin 
canopy in presence of 20 radish plants m-2. A regres-
sion model predicted that the accumulation of 1 g 
m-2 dry biomass of wild radish in a lupin crop would 
reduce lupin dry biomass at fl owering stage by 0.67 
g m-2. Competition from radish signifi cantly reduced 
grain yield, grain size, and biomass of lupins mainly by 
reducing available photosynthetically active radiation 
during reproductive stage. Lupin cultivar Belara was 
the strongest competitor with minimum loss in grain 
yield due to competition from 10 to 20 radish plants 
m-2. However, Tanjil was the strongest competitor with 
minimum loss in grain yield due to competition from 
2 radish plants m-2.
Keywords    Radish/lupin competition,  biomass, 
 photosynthetically active radiation,  yield,  yield loss, 
 lupin grain size.

INTRODUCTION
Wild radish (Raphanus raphanistrum L.) is a very 
competitive weed to cereals and other winter crops 
(Cheam and Code 1995). It grows profusely in deep 
sand plains particularly in the northern agricultural 
regions of the WA wheat belt. Its seed bank life could 
be as long as seven years under continuous cropping 
systems such as a wheat-lupin rotation (Hashem et 
al. unpublished data). This weed is a major threat 
to production of canola (Brassica napus L.), lupins 

(Lupinus spp.), and other pulses in the Western Australia 
(WA) wheatbelt. This weed has evolved widespread re-
sistance to acetolactate synthase-inhibiting herbicides 
(Hashem et al. 2001, Walsh et al. 2001) in WA. This 
has also evolved resistance to photosystem II-inhibitors 
such as simazine and atrazine (Hashem et al. 2001), 
carotenoid synthesis inhibitors such as difl ufenican 
(Cheam et al. 2000) and 2,4-D (Walsh et al. 2003) 
within the WA wheat belt. Wheat yield was reduced 
by about 50% due to competition from 200 plants m-2 

of radish in Victoria (Code et al. 1978). Presence of 10 
to 75 plants m-2 of radish at the reproductive stages of 
crops could reduce wheat yield by 7 to 56%, lupin yield 
by 28 to 92% and increased wheat screenings up to 9.5% 
in the WA wheat belt (Hashem and Wilkins 2002).

Although some consequences of radish competi-
tion on lupin in WA have been reported from Merredin, 
WA (Hashem and Wilkins 2002), the mechanism of 
such competition and infl uence of lupin cultivar on 
the competitive outcome are yet to be established. Two 
trials were conducted at the Wongan Hills Research 
Station and Mullewa Research Station in 2003 to (1) 
examine the effect of radish sown at different densities 
on the yield and quality of three cultivars of lupin; and 
(2) elucidate the mechanism of such competition.

MATERIALS AND METHODS
The trial was conducted on a deep sandy loam soil at 
Wongan Hills and red sandy soils at Mullewa, WA. 
Four densities of radish (0, 2, 10 and 20 plants m-2) 
were combined with three lupin cultivars (Belara, 
Tallerack, and Tanjil) to achieve 12 treatments. Rad-
ish density was historically low in both the trial sites. 
The radish densities were achieved by sowing radish 
pod segments before sowing lupin. The radish-free 
control was achieved by not introducing any radish pod 
segments. Any radish plants that emerged from natural 
seed bank and were visible in the radish-free plots were 
hand-pulled at vegetative and fl owering stages. Basal 
simazine at 550 g a.i. ha-1 was sprayed before sowing 
lupin. The number of radish pod segments sown was 
adjusted to allow for some mortality from the basal 
simazine based on previous experiences and seed 
germination percentage of radish seeds used. Lupin 
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was sown at 100 kg ha-1 in 25 cm wide rows on a unit 
plot size of 2 m × 20 m in May 2003 in both the loca-
tions. Radish was the dominant broadleaf weed species 
while annual ryegrass (Lolium rigidum Gaudin) was 
the dominant grass weed species in both the locations. 
Grass weeds were controlled by clethodim 60 g a.i. ha-1 
at the two tiller stage of ryegrass in both the locations. 
No post-emergent herbicides were sprayed to control 
broadleaf weeds in either location.

Measurements   Radish emergence was good at Won-
gan Hills but very low at Mullewa probably due to 
drier conditions. As such, all measurement procedures 
described here refer to Wongan Hills site except for 
lupin yields. Radish density after emergence and at 
fl owering stage of lupin were recorded from two 100 
cm × 50 cm fi xed quadrats per plot. Aboveground dry 
biomass of radish and lupin was recorded from the 
same quadrats at fl owering stage of lupin. To elucidate 
the mechanism of competition, canopy heights and 
photosynthetically active radiation (PAR) above rad-
ish canopy and above lupin canopy were measured at 
fl owering stage of radish when the difference between 
radish and lupin canopies was maximum. At harvest, 
lupin yield and grain size were recorded.

Design and analysis   The trials were laid out in a 
factorial randomised complete block design with 
four replications in each site. Data were subjected to 
ANOVA or regression and means were compared by 
least signifi cant difference (LSD).

RESULTS
Yield, yield loss and grain size of lupins   Lupin 
yields decreased linearly with increases in radish 
density except in Tallerack. Highest lupin yields in 
Belara and Tanjil were obtained from radish-free plots 
followed by two radish plants m-2 and the lowest yield 
in these cultivars was obtained from 20 radish plants 
m-2 (Table 1).

In Tallerack, yield was too low even in radish-free 
plots probably due to a severe infestation by aphids 
that reduced plant growth and pod formation in this 
cultivar.

Substantial loss in lupin yield occurred due to 
competition from radish. In Belara, yield loss was 
15, 33 and 48% and in Tanjil yield loss was 4, 42 and 
59% in presence of 2, 10 and 20 radish plants m-2 
respectively (Figure 1).

Lupin grain size was signifi cantly reduced by an 
increase in initial density of radish in lupin (Figure 2).

Observed initial density of radish was highly cor-
related to target density of radish (r2 = 0.74), indicat-
ing that the target density predicted the competitive 

outcome as adequately as observed initial density. 
Regardless of cultivars, the largest lupin grain size 
(72.4 g 500-grain-1) was found in radish-free plots. 
Increases in observed initial radish density from nil 
radish to 1.7, 10.1 and 22 plants m-2 reduced lupin grain 
sizes by 4, 7 and 11% respectively (Figure 2).

Table 1.   Effect of radish densities on the grain yield 
(kg ha-1) of three lupin cultivars at Wongan Hills and 
effect of cultivars on lupin yield at Mullewa, WA in 
2003.

Lupin 
cultivar

Wongan Hills

Mullewa 
(kg ha-1)

Radish density (plants m-2)

0 2 10 20

Belara 1352 1146 910 698 2288
Tallerack 558 518 318 485 2155
Tanjil 1338 1290 772 547 2123

LSD.05 167.3 106.7

Figure 1.   Effect of observed initial radish density 
on the yield loss of two cultivars of lupins at Wongan 
Hills in 2003.

Figure 2.   Effect of target radish plant density on the 
observed initial plant density and lupin grain size at 
Wongan Hills in 2003.
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Biomass production of lupin and radish   Lupin 
dry biomass in 2003 measured at its fl owering stage 
was almost linearly reduced as target density of radish 
increased from 2 to 20 plants m-2 (Table 2). Lupin cul-
tivars Belara and Tanjil produced 46% and 62% greater 
lupin biomass than Tallerack respectively (data not 
presented), indicating that these cultivars were stronger 
competitors in the presence of radish than Tallerack. A 
regression model (Y = 774.16 − 0.6659x, R2 = 0.71, 
n = 87) predicted that the accumulation of 1 g m-2 
dry biomass (x) of wild radish in a lupin crop would 
reduce lupin dry biomass (Y) at fl owering by 0.67 g 
m-2. Although lupin biomass was reliably predicted 
by wild radish biomass, lupin grain yield (Belara and 
Tanjil only) was not reliably predicted by lupin biomass 
(Y = 941.49 − 0.582x, R2 = 0.23, n = 32). 

Canopy height and radiation interception   Canopy 
heights of lupin cultivars Tanjil and Belara measured 
at fl owering stage of lupin and radish were 59 cm as 
compared to 51 cm of Tallerack (Figure 3). Radish 
canopy heights were 118, 113 and 105 cm in lupin 
cultivar Belara, Tanjil and Tallerack respectively. Rad-
ish canopy heights were 54 to 60 cm taller than lupin 
canopy heights at fl owering stage of lupins.

In mixtures 67, 41 and 25% PAR was available in 
presence of 2, 10 and 20 radish plants m-2 respectively 
regardless of cultivars (Figure 4).

DISCUSSION
Lupin yield was drastically reduced by an increase 
in radish density in lupins. Although the yield results 
in lupin cultivar Tallerack were confounded by aphid 
infestation at Wongan Hills, yield losses in Belara and 
Tanjil were 48 and 59% respectively in presence of 20 
radish plants m-2. Grain yield loss in Belara and Tanjil 
was 4 to 15% in presence of two radish plants m-2 and 
33 to 48% in presence of 10 radish plants m-2. These 
results indicate that radish was highly competitive to 
lupins at Wongan Hills. Hashem et al. (2002) found 
up to 56% yield loss of lupin in presence of 25 radish 
plants m-2 at Merredin. In contrast, as there were few 
wild radish plants present in lupins at Mullewa and rad-
ish density was disproportional to its expected density, 
yield reduction of lupin due to wild radish density was 
not signifi cant. Based on the grain yield performance, 
Belara appeared to be the most competitive and pro-
ductive cultivar among the three lupin cultivars, both 
at Wongan Hills and Mullewa.

The high correlation between the target and ob-
served initial densities of radish (r2 = 0.74) at Wongan 
Hills, clearly indicated that observed radish density 
explained the variation in lupin grain yield and biomass 
as adequately as target radish density. Regardless of 

cultivars, lupin grain size was reduced by 11% in pres-
ence of 20 radish plants m-2. This reduction in grain 
size directly contributed to a reduction in lupin grain 
yield. Hashem et al. (2002) predicted a 6% reduction 
in lupin grain size due to competition from 20 radish 
plants m-2 at Merredin, WA. 

Lupin cultivars Belara and Tanjil produced 46% 
and 62% greater lupin biomass than Tallerack re-
spectively (data not presented), indicating that these 

Table 2.   Effect of radish density on the dry biomass 
of lupin and radish plants at fl owering stage of lupin 
at Wongan Hills in 2003.

Dry biomass 
(g m-2)

Radish plants m-2

0 2 10 20

Radish 10 99 339 521
Lupin Belara 799 832 494 358

Tallerack 630 564 275 251
Tanjil 800 910 651 440
Mean 743 769 485 350

LSD.05 220.9

Figure 4.   Effect of observed initial radish density on 
available photosynthetically active radiation on lupin 
canopy at Wongan Hills in 2003.

Figure 3.   Effect of lupin variety on the canopy 
heights of lupin and radish at Wongan Hills in 2003.
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cultivars were stronger competitors in the presence of 
radish than Tallerack. Wild radish biomass in Belara 
and Tanjil was 6 and 24% lower than in Tallerack re-
spectively (data not presented, suggesting that Tanjil 
was the strongest competitor to suppress radish.

As radish density in mixtures increased from 2 
to 10 and 20 plants m-2, radish dry biomass at the 
fl owering stage of lupin increased by 71% and 426% 
respectively. In contrast, as radish density in mixture 
increased from 2 to 10 and 20 plants m-2, lupin biomass 
at its fl owering stage was reduced by 37 and 54% re-
spectively. Lupin grain yield was not reliably predicted 
by an increase in radish biomass due to an increase in 
radish density even though lupin biomass was reliably 
predicted by radish biomass. These results suggest that 
competition from radish primarily reduced biomass of 
lupin, and a reduction in the grain yield and size of 
lupin was probably only a partial consequence of such 
a reduction in biomass.

Based on canopy heights, lupin cultivars Belara 
and Tanjil were 8 cm taller than Tallerack, and radish 
canopy in Tanjil and Tallerack was 8 to 13 cm taller 
than radish canopy in Tallerack. These results indicate 
that taller radish canopy was associated with taller lu-
pin cultivars. Faster stem elongation in the taller lupin 
variety may have accentuated stem etiolation in radish 
to be able to expand leaf area through the process of 
shade avoidance to maximise capture of light, usually 
PAR (Ballaré et al. 1991). Radish canopy in mixtures 
was 54 to 60 cm taller than lupin canopy during repro-
ductive stages even though lupin canopy was taller than 
radish during early vegetative stages. Such dynamics 
in canopy heights in a mixture of wheat and radish 
was reported by Cousens et al. 2001. Radish density 
signifi cantly reduced PAR available to lupin canopy. 
Available PAR on lupin canopy was reduced to 51 to 
79% in presence of 2 radish plants m-2, 36 to 48% in 
presence of 10 plants m-2 and 23 to 29% in presence of 
20 radish plants m-2. Such a drastic reduction in PAR 
on lupin canopy in presence of high radish density 
probably reduced formation and development of lupin 
pods resulting in low lupin yield.

The results of this study demonstrated that radish 
was highly competitive to lupins. Even 2 radish plants 
m-2 reduced lupin yield by 4 to 15% at Wongan Hills. 
Taller radish plants reduced biomass, grain yield, and 
grain size of lupin, mainly by reducing the availability 
of PAR to lupin plants by as much as 77%. Belara was 
the strongest competitor of the three lupin cultivars in 
presence of high radish density in mixtures.
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