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Summary   Experiments at Tamworth in 2001, 2002 
and 2003 with chickpea, fababean, canola and wheat 
sown at row spacings of 32 and 64 cm examined com-
petition by ‘weeds’ at densities of nil, 3, 9, 27 and 81 
m-2. Triticale was used as a mimic weed to simulate 
competition by wild oat. Weeds were more competitive 
in chickpea than fababean and canola, and least com-
petitive in wheat. However, differences varied between 
years. In weed free treatments wide row spacing did 
not reduce the yield of chickpea, fababean or canola. 
Wide rows reduced wheat yield in 2002 and 2003. 
Row cropping is increasing in popularity to enhance 
management options such as no-tillage, band- and 
inter-row spraying. However, farmers must be more 
diligent to effectively control weeds with wide row 
agronomy.
Keywords    Weed competition,  pulses,  canola,  wheat, 
 row spacing.

INTRODUCTION
Including pulses in cropping systems in northern 
NSW enhances the performance of no-tillage (Felton 
et al. 1998). Experiments also demonstrated increased 
chickpea and fababean yield under no-tillage com-
pared with a cultivated fallow. However, slow early 
crop vigour particularly with chickpea can increase 
problems with weeds. Chickpea can be grown in 50–75 
cm rows without reducing yield (Felton et al. 1996) but 
weeds have more opportunity to be a problem. 

This paper reports the effect of weeds on the 
yield of chickpea, fababean, and canola, compared 
with wheat when the crops are grown under no-till in 
32 and 64 cm rows. 

MATERIALS AND METHODS
Sunstate wheat, Howzat chickpea, Fiord fababean and 
Oscar canola at 40, 70, 100, and 3 kg ha-1, respectively, 
were sown at row spacings of 32 (9 rows plot-1) and 
64 cm (5 rows plot-1) on 31 May 2001, 2 June 2002, 
and 28 May 2003. Granulock Z (NPS 11:16.5:4.5) 
was applied at 80 kg ha-1, between the crop rows in 
2001, and with the crop in 2002 and 2003. In 2003 
the wheat and canola treatments also had 50 kg N ha-1 
as urea drilled into the plots two days before sowing. 
Triticale was sown as ‘weeds’ (Haigh et al. 2004) im-
mediately prior to sowing the crops in 2001 and 2002, 
or at the same time as the crops in 2003. These were 

in six rows each 16 cm from the centre crop rows to 
establish weed densities of nil, 3, 9, 27, and 81 plants 
m-2. Each 8 × 3.5 m sub sub-plot was randomised in 
three complete blocks. 

The area used for each experiment had been sown 
to wheat in the previous year and managed as a no-till 
fallow using applications of glyphosate as required 
for the control of summer and autumn weeds. The 
experiments were sprayed prior to sowing with trial-
late to control wild oats. A post-emergence application 
of fenoxyprop also was used, as were insecticide and 
fungicide applications as required.

Weed density and biomass, and crop biomass were 
determined approximately one month before harvest. 
The harvested area for grain yield was 10 m2 for each 
sub sub-plot.

The crop yield data were plotted against ‘weed’ 
density and curves fi tted using the rectangular hyper-
bolic equation:

(1) YL = iD/(1 + iD/A)
which in terms of yield can be expressed as:

(2) Y = Ywf [1 – iD / (100 (1 + iD/A))]
where YL is the percentage loss in yield; i is the initial 
slope at low weed density; D is the weed density (plants 
m-2), and A is the asymptotic yield loss (%). Y is the 
yield (t ha-1) and Ywf is the weed-free yield (t ha-1). 
(Cousens 1985a and b).

Equation 2 was tried to compare treatments but 
could not be used for all of the year and spacing 
combinations, so equation 1 was used. The yield loss 
was estimated in relation to the zero weed density 
treatments.

Equation 1 was fi tted to the data for each crop 
type using the non-linear mixed-effects (nlme) func-
tion in S-plus, allowing the A and i parameters to vary 
for each of the six year × row spacing combinations. 
Successively simpler models (for example, A or i only 
with years) were fi tted and compared with the initial 
model using a likelihood ratio test (LRT). The simpler 
model was preferred if the LRT was not signifi cant 
(P ≤0.05).

RESULTS
In-crop rainfall for 2001, 2002 and 2003 was 178, 
113, and 230 mm, respectively, highlighting that 
2002 was substantially driest. In 2003 October was 
mild, and with 76 mm rain, conditions were ideal for 
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higher yields but also greater competitiveness from 
weeds.

In each year weed biomass increased with weed 
density and this reduced crop biomass (data not 
presented). The weed density data taken each year 
in September or October indicated that there were 
fewer weeds m-2 than were sown for the higher den-
sity treatments. Competition between the weeds may 
have accounted for some reduction in density but it 
was virtually impossible to identify individual weeds. 
Therefore, some of the differences between sown and 
measured densities were related to the latter.

In 2001 there was no yield penalty with wheat in 
wide rows and nil weeds. In 2002 and 2003 wheat yield 
was signifi cantly less (Table 1). In all years wide row 
spacing did not disadvantage chickpea, fababean and 
canola where no weeds were present (Table 1). 

There were signifi cant differences in crop yields 
between years but in all years increasing weed density 
reduced yield for each crop, with weeds having the 
least effect on wheat and the greatest on chickpea 
(Figure 1). In most cases weeds were more competi-
tive when the crops were sown in 64 cm rows, par-
ticularly in the better seasons of 2001 and 2003. In the 
dry season of 2002 the highest weed density (81 m-2) 
reduced crop yields by 0.7, 0.7, 1.4, and 0.8 t ha-1 for 
wheat, canola, chickpea, and fababean, respectively, 
with little difference between 32 and 64 cm row spac-
ing. The dry season in 2002 produced less even crop 
establishment with canola and this is probably the 
reason for the poorer fi t for the yield loss data in that 
season (Figure 1).

Comparing the initial slope (i values) of the yield 
loss relationships demonstrates the competitiveness of 
low densities of weeds for each crop and row spacing 
(Table 2). There were signifi cant differences in the i 
values for each crop in each year, row spacing was 
signifi cant for canola, chickpea and fababean, and 
there were signifi cant year × row spacing interactions 
for canola and chickpea. There were no signifi cant 
year, spacing, or year × spacing effects for per cent 
yield loss (A parameter). 

DISCUSSION
Because weeds are more competitive in chickpea, 
canola and fababean than wheat, better weed man-
agement is required in these crops. These alternative 
crops should be sown no-till into cereal stubble but 
all provide poor ground cover after harvest compared 
with cereals. Therefore, wide-row agronomy should 
be employed with the alternative crops to preserve the 
cereal stubble. But this means that weeds have a greater 
opportunity to be a problem and more attention must 
be directed to this aspect of management. 

Even though weeds have more time to establish in 
crops sown in wider rows, there are more opportunities 
to employ band and inter-row spraying (Felton 2002). 
Ultimately, inter-row spot spraying will become a more 
common practice that will lead to signifi cant cost sav-
ings in herbicide required and greater fl exibility in the 
herbicides that can be used.

Another important consideration with weed com-
petition is fertiliser placement. In separate experiments 

Table 1.   The effect of crop row spacing on weed-free grain yield (t ha-1).

2001 2002 2003

Row spacing 32 cm 64 cm 32 cm 64 cm 32 cm 64 cm

Wheat 3.6 3.6 2.8 2.2 4.4 4.0

Canola 1.9 2.0 1.1 1.1 2.3 2.5

Chickpea 3.0 3.2 2.2 2.1 4.1 3.9

Fababean 2.3 2.8 1.6 1.9 4.5 4.2

LSD (P = 0.05) ns 0.3 0.3

Table 2.   The yield loss (per cent) per weed m-2 at low 
weed density (i values).

Crop Year

Row spacing

32 cm 64 cm

Canola 2001 5.1 12.9

2002 1.4 1.9

2003 0.3 1.1

Chickpea 2001 7.4 12.1

2002 2.7 2.5

2003 5.7 8.1

Fababean 2001 6.0 6.5

2002 1.1 1.7

2003 0.6 1.2

Wheat 2001 2.6 2.6

2002 0.4 0.4

2003 0.1 0.1
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Figure 1.   The effect of triticale density on yield loss in canola, chickpea, fababean, and wheat.
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in 2001 and 2002 weeds were sown with wheat or 
chickpea at 10 plants m-2 and 80 kg ha-1 of Granulock 
12Z fertiliser was banded with the crop, with the 
weeds, half with the crop and half with the weeds, or 
no fertiliser was applied (Felton 2002)

In this work there was more weed growth in 
chickpea than wheat and these were more competi-
tive in chickpea. In each year this experiment was done 
weeds were signifi cantly more competitive in chickpea 
if fertiliser placement favoured the weeds rather than 
the crop. Therefore, wider row spacing provides more 
opportunity for fertiliser to be strategically placed to 
benefi t the crop more than weeds and to increase crop 
yield (Felton 2002).

Fertiliser placement probably has infl uenced the 
results in this study. Clearly, weeds were the most 
competitive in 2001, especially in wheat (Figure 1). 
Also, the initial slope of the yield loss response, or i 
value (Table 2), was higher in 2001 than 2002 or 2003. 
This was when the fertiliser was applied between the 
crop rows rather than with the crop.

Inter-row spraying is facilitated by wider rows, 
and inter-row spot spraying can substantially reduce 
the amount of herbicide applied without compromising 
control. Banding fertiliser with the crop, or immedi-
ately adjacent to the crop row, reduces competition 
from weeds. If weeds are not controlled they are more 
competitive when the crop is sown in wider rows.
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