
347

Fifteenth Australian Weeds Conference

Summary   Several row spacing experiments with and 
without weeds have been conducted in sorghum and 
sunflower in Queensland during the past five years. 
Specifically, these experiments were designed to de-
termine the impact of manipulating row spacing on 
weed growth and weed seed production as a means to 
improve crop competitiveness. The experiments were 
also used to determine the impact of weed growth in 
terms of crop yield penalties for narrow through to 
wide inter-row spaces. 

In sorghum, as row spacing widens weed growth 
and seed production increases; however, crop yield 
penalties due to weeds decrease. This trend was also 
evident in sunflower, but only with moderate or high 
weed pressure. At low weed pressure, reducing the 
row spacing in sunflower produces no competitive 
advantage. Stark differences in sorghum responses 
were also recorded for two regions where this crop 
was studied, reflecting the seasonal and marginality 
characteristics of the areas.
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INTRODUCTION
Sorghum and sunflower are important crops in dry-
land rotations in the north-east Australian grain and 
oilseed production region. Since both are grown during 
the summer, the benefits and shortfalls of any weed 
management regime will have impacts in future sum-
mer crops or fallows of the rotation. It is important 
therefore to ensure that weed management in sorghum 
and sunflower is optimal to reduce the potential future 
weed burdens. While herbicides are the mainstay, 
better weed management can be achieved when the 
competitiveness of sorghum or sunflower is optimal. 

Combining herbicides with crop competition 
provides an integrated approach to reducing weed 
seed set. The added benefit/value of crop competition 
takes some of the pressure off herbicides, covering 
when herbicides fail or under-perform. Manipulating 
agronomy by altering row spacing, crop density and 
cultivars can often improve the competitiveness of 
crops (Lemerle and Murphy 2000).
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In recent years, there has been a move to wide-row 
cropping technologies, particularly in sorghum, to gain 
yield advantage in water limiting environments and 
seasons. The impact of this practice on weed control 
and subsequent weed seed banks, in these situations is 
not fully known, but these impacts will have flow-on 
effects in the farming system. This paper focuses on the 
row spacing aspect on weed management in sorghum 
and sunflower undertaken in Queensland during the 
past four years.

MATERIALS AND METHODS
Sorghum studies   Five sorghum experiments were 
conducted in dryland production areas of the eastern 
Darling Downs in southern Queensland (SQ) and the 
Central Highlands of central Queensland (CQ) since 
2002. All experiments examined the impact of solid, 
single-skip and double-skip sorghum row configura-
tions (based on 1 m spacing) on weed growth and seed 
production, as well as the impact of uncontrolled weeds 
on the crop (Table 1). In a solid planting arrangement, 
rows are consistently spaced 1 m apart with no rows 
missing; in single-skip, rows are planted 1 m apart 
but every third row is missing; and with double skip, 
rows are again planted 1 m apart but every third and 
fourth row are missing.

Four of the experiments (both SQ and two of the 
CQ experiments) followed very similar protocols 
and utilised a common model weed, Japanese millet 
(Echinochloa esculenta (A.Braun) H.Scholtz), to 
mimic barnyard grass (Echinochloa spp.), a major 
summer grass weed of both regions. These experiments 
used the same cultivar ‘MR Buster’. The other CQ 
experiment used mungbean as a model broadleaf weed 
and had more than one sorghum cultivar. However, data 
presented for this experiment was pooled for cultivar. 
All experiments included weed-free treatments for 
each row spacing treatment. 

All experiments were planted to achieve estab-
lished crop populations of 50,000 to 60,000 plants 
ha-1. The SQ experiments were grown in moderate to 
high yielding environments and both experiments ex-
perienced very favourable seasons. These were planted 
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in October/November of each year and harvested in 
the following February/March. The CQ experiments 
were grown in moderate yielding environments and 
three variable seasons were experienced with 2003 
being excellent; 2004 was average; 2005 season started 
well but finished very dry. All CQ experiments were 
planted late January/early February and harvested in 
June/July.

Sunflower studies   The three sunflower experiments 
(2003, 2004 and 2006) were conducted in CQ only at 
the same site each year. The cultivar ‘Hysun 38’ was 
planted each year in February/March on 0.5, 1 and 1.5 
m solid row spacings for the latter two experiments. 
No skip-row configurations were used. The initial 
experiment did not include the widest spacing. In 
each experiment different crop populations (20,000 
to 60,000 plants ha-1) were examined, but the data 
presented here have been pooled for population. Weedy 
and weed-free treatments were included for all row 
spacings examined, and the natural weed populations 
of the paddock were utilised. Experiments were har-
vested in the following June/July, although the 2006 
experiment is still in progress and crop yields are not 
yet available.

Data collected   In the sorghum experiments, weed 
biomass was measured at 12–17 weeks (SQ) or 5–7 
weeks (CQ) after sorghum planting. Weed seed pro-
duction was measured in four of the experiments, again 
12–17 weeks after crop planting (SQ) and 9–10 weeks 
(CQ). Grain yields were measured in all treatments, 
and the percentage yield loss or yield penalty due to 
weeds was calculated using the difference between the 
weedy and weed-free treatments for each correspond-
ing row spacing.

In the sunflower experiments, weed biomass was 
measured 5–7 weeks after crop planting. Sunflower 
seed yields were measured in all treatments, and the 
yield penalty due to weeds was calculated using the 
difference between the corresponding weedy and 
weed-free treatments for each of the row spacings 
studied.

Analysis of variance was performed on all crop 
yield data only. LSD values are provided where F tests 
were significant. Yields are not available yet in the 
2006 sunflower trial. Weed data in the sorghum trials 
have not been fully analysed. The data presented are 
a very simplified summary. 

RESULTS AND DISCUSSION
Sorghum studies   The results (Table 1) generated in 
the SQ trials were consistent, while those in CQ were 
variable, reflecting the different seasons encountered. 

However, there were some consistent outcomes across 
all trials. 

Row spacing had a marked impact on weed growth 
and weed seed production. Double skip configurations 
generally had greater weed growth and much greater 
weed seed production per unit area than the narrower 
(solid and single skip) configurations. SQ, with the 
more favourable environment, had the propensity to 
produce the greatest weed seed loads and biomass. 
In SQ, average weed seed production across all trials 
and treatments was 100,500 seeds m-2 and biomass 
(dry weight data only) was 620 g m-2, compared with 
grass weed seed production of average 15,700 seeds 
m-2 and biomass average 275 g m-2 in CQ.

Weeds caused sorghum yield reductions of 7 to 
81% depending on region, the season and row spacing. 
Weed-free yields (across trials and treatments) ranged 
from 3.3 to 7.4 t ha-1 (SQ), and 2.1 to 4.6 t ha-1 (CQ), 
while weedy yields ranged from 3.1 to 5.4 t ha-1 (SQ) 
and 0.5 to 2.2 t ha-1 (CQ). In SQ the average yield 
penalty due to weeds across all trials and treatments 
was 20% (range 7 to 27%); while in CQ the average 
yield penalty was 41% (range 13 to 81%).

In favourable growing seasons, 1 m solid row 
spacing had the greatest potential to achieve highest 
yields even under moderate to high weeds pressure. 
When sorghum was sown at 60,000 plants ha-1 across 
all row spacings, the greatest yield reductions due 
to weeds occurred in the 1 m solid rows in all trials 
for both regions. The least yield penalty occurred in 
double skip row spacing (four out of the five trials). 
Greater competition was occurring under the solid row 
configuration and less under the double skip. Under 
favourable conditions double skip sorghum does not 
fully utilise the available resources in the skip rows.

Sunflower studies   The impact of row spacing for the 
three sunflower experiments are provided in Table 2. In 
all experiments, row spacing had no significant impact 
on weed biomass, although a trend was evident with 
less weeds measured in the narrower rows.

Weed-free sunflower yields ranged from 0.9 to 
2.2 t ha-1, while the weedy yields ranged from 0.8 to 
2.3 t ha-1. Average yield penalty across all experiments 
was very low and approximately 5% (range from 0 
to 17%). The 2003 experiment showed the greatest 
response to weeds with yield penalties of 17% on the 
narrowest row spacing compared to 11% on the widest. 
This particular experiment had low weed pressure. In 
the 2004 experiment, weed pressures were very low 
(about half the pressure of the 2003 experiment) and 
this is reflected in the weed biomass data presented. In 
the 2006 experiment, yield is yet to be measured and 
early crop biomass data are presented in lieu. Weed 
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Table 1.   Impact of row spacing on sorghum yields (weed-free and weedy), weed biomass (dry weight) and 
weed seed production for five experiments in central (CQ) and southern Queensland (SQ).

Row spacing Weed-free yield
(t ha-1)

Weedy yield
(t ha-1)

Yield penalty (%) 
due to weeds

Weed biomass
(g m-2)

Weed seed production
(number m-2)

2003 CQ experiment

1 m solid 4.6 1.9 58 230 nm
1 m s-skip 3.8 1.6 57 241 nm
1 m d-skip 2.9 1.8 39 174 nm

LSD (P = 0.05) 0.55

2004 CQ experiment

1 m solid 3.0 2.0 33 268 11,788
1 m s-skip 2.6 1.9 29 259 7,526
1 m d-skip 2.7 2.2 19 302 37,462

LSD (P = 0.05) 0.45  

2005 CQ experiment

1 m solid 3.2 0.6 81 172 2,843
1 m s-skip 2.7 1.2 56 323 13,353
1 m d-skip 2.1 0.5 76 484 20,999

LSD (P = 0.05) 1.09

2004 SQ experiment

1 m solid 7.4 5.4 27 933fw 55,897
1 m s-skip 5.4 4.1 23 1400fw 100,565
1 m d-skip 3.3 3.1 7 2008fw 130,840

LSD (P = 0.05) 1.1

2005 SQ experiment

1 m solid 6.9 5.2 25 390 70,427
1 m s-skip 4.9 3.8 21 615 92,577
1 m d-skip 3.7 3.1 17 854 152,631

LSD (P = 0.05) 0.4
fw = fresh weight, s-skip = single skip, d-skip = double skip, nm = not measured.

Table 2.   Impact of row spacing on sunflower yields (weed-free and weedy) and weed biomass (dry weight) in 
three experiments in central Queensland.

Row spacing Weed-free yield
(t ha-1)

Weedy yield
(t ha-1)

Yield penalty (%) due 
to weeds

Weed biomass
(g m-2)

2003 experiment

0.5 m solid 1.2 1.0 17 84.6
1.0 m solid 0.9 0.8 11 97.5

LSD (P = 0.05) 0.24 ns

2004 experiment

0.5 m solid 2.1 2.3 0 34.6
1.0 m solid 1.5 1.5 0 27.1
1.5 m solid 1.4 1.3 7 49.5

LSD (P = 0.05) 0.25 ns

2006 experiment

0.5 m solid 25.6A 28.4A 0 76.0
1.0 m solid 22.0A 26.8A 0 70.3
1.5 m solid 25.6A 23.5A 8 103.7

LSD (P = 0.05) na na
A sunflower biomass (dry weight) as g m-2 measured in lieu of yield since experiment is still in progress and crop has not 
yet flowered; ns = not significant; na = not available.
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pressure in the current experiment is similar to that 
of 2003, although the response in early crop biomass 
(biomass penalty due to weeds) has not followed the 
yield penalty responses of 2003. Instead the responses 
are similar to that of the 2004 experiment. These 2006 
responses may or may not carry through to yield.

At very low weed pressures, weeds have virtually 
no impact on sunflower grown in narrow (0.5 to 1 m) 
row spacings, and only slight impact (7 to 8% yield 
penalty) at the wide (1.5 m) spacing. As weed pressure 
increases, impacts on the crop become more evident 
with greater yield penalties sustained on the nar-
rower rows. Manipulating sunflower crop agronomy 
by reducing row spacing produces no real competitive 
advantage when weed pressures are low.

CONCLUSIONS
In sorghum, good weed management becomes para-
mount when wide-row configurations such as double 
skip are used in northern cropping systems. Under 
wide rows, uncontrolled weeds reduce crop yield by 
less, but weed seed burdens can dramatically increase 
creating future weed problems and costs in other sum-
mer crops and fallows. Where favourable cropping 
conditions exist, solid rows on 1 m spacing provide 
the best competition and potential yield, even though 
penalties due to weeds may be greater. Also there is a 
stark difference in responses between the two regions. 
In CQ, sorghum suffers twice the yield penalty from 
55% less weeds compared to SQ, but the SQ weeds 
produce nearly 6.5 times the amount of seed. These 
differences can be explained by the less favourable 

(marginal) cropping environment of CQ where the 
season starts later, there is less chance of in-crop rain 
and crops are not able to compensate as well as their 
southern counterparts.

The response in sunflower is less clear and limited 
in these studies by the low weed pressures encountered. 
Very low weed pressures have minimal impact on 
sunflower and no significant competitive advantage 
is gained by reducing row spacings. As weed pressure 
increases, the yield penalty trend as seen in sorghum 
also occurs in sunflower. As row spacing widens, 
penalties decrease; however, this is based on the re-
sponses measured in the 2003 experiment only. The 
2006 experiment, which had similar weed pressure, is 
yet to be harvested.

ACKNOWLEDGMENTS
We thank the GRDC for funding the sunflower studies 
through the Central Queensland Sustainable Farming 
Systems Project. Funding for the sorghum studies was 
provided through the CRC for Australian Cotton, the 
CRDC and the CRC for Australian Weed Manage-
ment. We are also grateful to Megan McCosker, John 
Ladewig and Geoff Robinson for technical support, 
and the staff and resources of the QDPI&F Emerald 
and Kingsthorpe Research Stations.

REFERENCE
Lemerle, D. and Murphy, C.E. (2000). Cultural man-

agement methods. In ‘Australian weed manage-
ment systems’, ed. B.M. Sindel, pp. 123-38. (R.G. 
and F.J. Richardson, Melbourne).




