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Summary   Three trials were conducted at Merredin 
and Mullewa to compare wheat grain yields and an-
nual ryegrass suppression in cross sowing with those 
in five other sowing methods at two sowing rates. In 
2001 at Merredin, cross sowing did not increase wheat 
yield over single conventional sowing at 19 cm spac-
ings due to 25 to 27% lower emergence of wheat in 
cross sowing than in conventional sowing. However, 
this method produced 5 and 23% greater grain yield 
than single conventional sowing at 19 cm spacings at 
Mullewa and Merredin respectively in 2003. In 2003 
at Merredin, the number of annual ryegrass heads was 
28% less and number of wheat heads was 5% greater 
in the cross sowing than in the conventional sowing. 
Broadcasting wheat did not increase yield at either 
location compared with conventional sowing at 19 cm 
mainly due to trifluralin damage to the crop. Increases 
in wheat sowing rate increased wheat grain yield by 9 
to 32% and suppressed annual ryegrass head numbers 
by 6 to 54% in 2001. Single conventional sowing at 19 
cm with one pre-sowing working, simulating double 
disturbance similar to cross sowing, did not increase 
wheat yield. Cross sowing was more productive in two 
of the three trials in this study. The greater productivity 
of cross sowing was more likely to be due the improved 
spatial arrangements of wheat plants in cross sowing 
than increased mineralisation of soil nitrogen.
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INTRODUCTION
Annual ryegrass ( Lolium rigidum Gaudin) is a seri-
ous weed of southern Australian cropping systems. 
Resistance to ACCase-inhibiting herbicides in annual 
ryegrass was common in WA (Gill 1995). Chlorsul-
furon-resistant annual ryegrass populations have de-
veloped widespread cross-resistance to imidazolinone 
herbicides (Hashem and Dhammu 2001). In WA, 46% 
of the annual ryegrass populations were resistant to 
diclofop-methyl, 64% to chlorsulfuron, and 37% to 
both herbicides (Llewellyn and Powles 2001). Growers 
are finding it difficult to selectively control herbicide 
resistant annual ryegrass populations in crops. Com-
petition from fop-resistant annual ryegrass reduced 
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wheat yield by up to 70% at Wongan Hills (Hashem 
et al. 2000). 

In the wake of such widespread resistance in 
annual ryegrass and loss in wheat grain yield, use of 
non-chemical weed control methods is becoming im-
portant in WA cropping systems. Sowing methods such 
as narrow row spacing, broadcasting and cross sowing 
may alter the competitive ability of wheat grown in 
high annual ryegrass situations (Hashem and Borger 
2004, Riethmuller 2004). The cross sowing method 
was more productive than single conventional sowing 
at high sowing rates of wheat (Hashem et al. 2001). 
However, it was not clear if the increased productivity 
was due to the increased mineralisation of soil nitrogen 
resulting from double disturbance of soils in cross 
sowing. The aim of this study was to compare wheat 
grain yields and annual ryegrass suppression in cross 
sowing with those in five other sowing methods at two 
sowing rates of wheat.

MATERIALS AND METHODS
Two rates (50 and 100 kg ha-1) of wheat (cv. Westonia 
or Wyalkatchem) were sown in six sowing methods 
at Merredin in 2001 and at Merredin and Mullewa in 
2003. The sowing methods were as follows: 
1. Single conventional sowing at 19 cm row spac-

ing.
2. One pre-sowing working at 19 cm tine spacing plus 

single conventional sowing at 19 cm row spacing 
(simulation of double disturbance).

3. Cross sowing (50% seed and fertiliser in one direc-
tion and the remaining 50% at right angles) at 19 
cm row spacing in each direction.

4. Single conventional sowing at 9.5 cm spacing.
5. Broadcast (hoses removed from 19 cm spaced seed 

metering, dropping seed and fertiliser) 100% seed 
followed by one working at 9.5 cm tine spacing.

6. Broadcast (hoses removed from 19 cm spaced seed 
metering, dropping seed and fertiliser) 50% seed 
and 50% fertiliser, and sow the remaining 50% 
seed and 50% fertiliser in one pass at 19 cm row 
spacing.

Wheat was sown in May 2001 and 2003 by a combine 
with 12 mm wide knife points following standard 
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agronomic practices including Agras No. 1 (17.5, 
7.6, 0, 17, 0.06 N P K S Zn%(w/w)) at 99 kg ha-1 at 
Merredin and diammonium phosphate at 90 kg ha-1 

at Mullewa. Annual ryegrass seedlings that emerged 
before sowing wheat were controlled by Spray.Seed® at 
2 L ha-1. Trifluralin was sprayed across all plots at 570 
g a.i. ha-1 at Merredin and 720 g a.i. ha-1 at Mullewa. 
Treatments were laid out in a randomised complete 
block design with three replications in each trial.

In 2001, wheat density at three weeks after emer-
gence (WAE), grain yield and seed size of wheat after 
harvest, and annual ryegrass heads at maturity were 
recorded at Merredin. In 2003, wheat grain yields 
were recorded at Merredin and Mullewa, and heads of 
wheat and annual ryegrass were recorded at maturity 
at Merredin.

Data on grain yield, seed size, heads of wheat 
and annual ryegrass, and plant density was subjected 
to ANOVA using GENSTAT (6th edition) and means 
compared by LSD. In 2003, data were averaged over 
sowing rates.

RESULTS
Wheat and annual ryegrass density   In 2001 at 
Merredin, emergence of wheat was nearly twice as 
high at 100 kg ha-1 sowing rate compared with 50 kg 
ha-1. At 50 kg ha-1 sowing rate, the highest wheat plant 
emergence was found in single conventional sowing 
at 19 cm (Treatment 1) and the lowest in Treatment 
5 where crop seed and fertiliser were broadcast fol-
lowed by one working at 9.5 cm spacing (Treatment 
5) (Table 1). At 100 kg ha-1 sowing rate, the broadcast 
sowing method had lower emergence than cross sow-
ing method. Cross sowing had 25 and 27% lower 
emergence than single sowing at 19 cm at 50 and 100 
kg ha-1 respectively (Table 1). 

In 2001 at Merredin, the number of annual rye-
grass heads counted at maturity was 6 to 54% less 
at 100 kg ha-1 than at 50 kg ha-1 sowing rate, except 
in the single conventional sowing method at 9.5 cm 
(Treatment 4) (Table 1). For example, in Treatment 6 
(50% seeds broadcast and 50% sown in 19 cm row 
spacing), the number of annual ryegrass heads in 
wheat was 54% less at 100 kg ha-1 than at 50 kg ha-1. 
The number of annual ryegrass heads in cross sowing 
(Treatment 3) was similar to single conventional sow-
ing at both sowing rates in 2001 (Table 1). However, 
in 2003 at Merredin, the number of annual ryegrass 
heads was 28% less and the number of wheat heads was 
5% more in cross sowing than the single conventional 
sowing (Table 2).

Table 1.   Effect of different sowing methods of wheat sown at 50 and 100 kg ha-1 with trifluralin on wheat and 
annual ryegrass at Merredin in 2001.

Treatment 
No.

Wheat yield
(t ha-1)

Wheat plants m2 at 
3 WAEA

Seed size
(g 1000 seed-1)

Annual ryegrass head m-2 
at maturity

50 100 50 100 50 100 50 100

1 3.51 3.82 52.0 92.3 47.5 48.7 313 228

2 2.99 3.50 46.0 99.7 45.2 51.3 123 115

3 3.44 3.34 39.0 67.0 52.3 48.3 256 178

4 3.12 3.73 41.7 84.0 49.0 46.1 257 263

5 2.66 3.52 36.3 53.0 49.7 47.2 323 261

6 3.46 3.43 47.3 82.7 48.1 45.6 492 226

LSD (P = 0.05) 0.500 13.61 nsB 120.0
A WAE = weeks after emergence, B ns = not significant.

Table 2.   Effect of sowing methods of wheat on wheat 
grain yields at Merredin and Mullewa and number of 
wheat and annual ryegrass heads at Merredin in 2003, 
averaged over sowing rates at 50 and 100 kg ha-1.

Treatment
No.

Wheat yield 
(t ha-1)

Heads m-2 at 
Merredin

Merredin Mullewa Annual 
ryegrass

Wheat

1 2.72 1.56 214 217

2 2.65 1.48 225 237

3 3.36 1.66 154 230

4 2.44 1.64 332 215

5 2.95 1.38 304 212

6 2.77 1.62 258 211

LSD 
(P = 0.05)

0.607 0.076 91.2 23.2
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Wheat grain yield and grain size in 2001 at Merre-
din   Wheat grain yields at the 100 kg ha-1 crop seed-
ing were 9 to 32% greater in four of the six sowing 
methods compared with the corresponding sowing 
methods at 50 kg ha-1 (Table 1). The largest grain yield 
was obtained from single conventional sowing at 19 cm 
row spacing (Treatment 1) at 100 kg ha-1. Broadcasting 
100% seed (Treatment 5) at 50 kg ha-1 produced the 
lowest wheat grain yield. However, at the 100 kg ha-1 
sowing rate, yield in the broadcast method (Treatment 
5) was not different to other methods. At the 50 kg ha-1 
sowing rate, the single conventional sowing at 19 cm 
(Treatment 1) produced greater wheat grain yield than 
single conventional sowing at 19 cm with one pre-sow-
ing working (Treatment 2) (Table 1). However, at the 
100 kg ha-1 sowing rate, these two treatments produced 
similar grain yields. Grain size was not affected by 
sowing methods or sowing rates. 

Wheat grain yields in 2003   The greatest grain 
yields were obtained from cross sowing (Treatment 
3) at both locations (Table 2). Cross sowing produced 
six and 23% greater yields than single conventional 
sowing at 19 cm row spacing at Mullewa and Merre-
din respectively. Broadcasting 100% seed (Treatment 
5) produced 16 and 27% less grain yields than cross 
sowing at Mullewa and Merredin respectively. Single 
conventional sowing at 19 cm row spacing (Treatment 
1) and single conventional sowing at 19 cm row spac-
ing with one pre-sowing work (Treatment 2) produced 
similar grain yields at Merredin while Treatment 2 
produced less grain yield than Treatment 1 at Mullewa 
(Table 2). However, cross sowing (Treatment 3) pro-
duced greater grain yield than single conventional 
sowing at 19 cm row spacing with one pre-sowing 
work (Treatment 2) at both locations.

DISCUSSION
This study has compared cross sowing with five other 
sowing methods for wheat sown at two densities. 
Emergence of wheat plants in cross sowing was 25 to 
27% less than single conventional sowing at 19 cm row 
spacing in 2001 at Merredin, probably due to the deep 
burial of wheat seeds sown in the first pass of cross 
sowing in a moist sandy loam soil. Wheat seedlings 
that emerged late in cross sowing plots were weaker 
because of deeper burial of wheat seed sown in the first 
pass. Despite this low emergence, the grain yield in 
cross sowing was similar to single conventional sowing 
at 19 cm in 2001 at both sowing rates (Table 1). 

In 2003, wheat grain yields were six and 23% 
greater in the cross sowing treatment than single sow-
ing at 19 cm row spacing at Mullewa and Merredin 
respectively. Hashem et al. (2001) obtained greater 

wheat yield in cross sowing than with single con-
ventional sowing. Cross sowing may increase the 
competitive ability of wheat through improved spa-
tial arrangements that will reduce the rectangularity 
between wheat plants (Fischer and Miles 1973). As 
wheat emergence in cross sowing was lower than sin-
gle conventional sowing in this study, the yields from 
cross sowing in the 2001 trial should be cautiously 
compared with other treatments. Lower emergence in 
the broadcast treatment could be attributed to the dam-
age of the germinating wheat seedlings by trifluralin 
due to shallow burial of seed.

The higher sowing rate of 100 kg ha-1 increased 
wheat yields and suppressed annual ryegrass head 
numbers compared to the 50 kg ha-1 sowing rate. 
Minkey et al. (2000) also reported greater grain yield 
at higher wheat sowing rates. One of the possible 
reasons for higher yields obtained previously in cross 
sowing (Hashem et al. 2001) may have been due to 
an increased mineralisation of soil nitrogen resulting 
from double soil disturbance. There was no difference 
in the grain yields between single conventional sow-
ing at 19 cm and single conventional sowing at 19 cm 
with one pre-sowing working regardless of locations or 
seasons. Cross sowing produced a greater grain yield 
than Treatment 2 (single conventional sowing at 19 
cm row spacing with one pre-sowing work) at both the 
locations in 2003. Thus, it appears that greater wheat 
grain yield in cross sowing was more likely to be due 
to the improved spatial arrangements of wheat plants 
than an increased mineralisation of nitrogen caused 
by double disturbance of soil.

The results of this study showed that cross sow-
ing was a more productive sowing method of wheat 
than single conventional sowing at 19 cm in two of 
the three trials. The grain yield increase of wheat in 
cross sowing was likely due to the improved spatial 
arrangements of wheat plants. Also broadcasting is a 
highly risky sowing method if trifluralin is used for 
pre-emergence weed control.
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