
395

Fifteenth Australian Weeds Conference

Summary   National research to quantify nitrogen use 
by summer fallow weeds and the impact this has on 
subsequent wheat crops has been conducted across the 
Australian grain region during the past three and a half 
years. Identical, simple design, long term experimental 
protocols were followed at three sites. Three fallow and 
three cropping phases were studied.

Soil nitrogen was measured incrementally and 
tallied for the depth of the profile at the start and end 
of each fallow period. Weed biomass was measured 
during the fallows. Each year the sites were recropped 
to wheat with grain yields and proteins recorded. No 
specific treatments were applied during the cropping 
phases.

Where summer weeds were permitted to flourish, 
nitrogen was moved out of the profile to the surface 
where it was rendered unavailable to following wheat 
crops. The amount of nitrogen affected depended on 
the fallow weed biomass. Similarly, the degree of 
negative impact in the wheat depended on the amount 
of nitrogen consumed and moved by these weeds. 
Weed dry matter levels above 2500 kg ha-1 resulted in 
net decreases in the inherent soil nitrogen. All weed 
levels consumed some degree of the nitrogen miner-
alised during the fallow. Wheat grain yield losses of 
up to 40% occurred when fallow weed biomass was 
measured at around 3000 kg ha-1. Weedy fallow treat-
ments resulted in grain protein reductions of 3–5% on 
average across all sites. 

Keywords    Fallow weeds,  nitrogen,  wheat,  yield, 
 protein.

INTRODUCTION
Late in 2002, the Cropping Program of the CRC for 
Australian Weed Management provided funds to a 
three and a half year national research program to 
study the dynamics of summer fallow weeds and 
their impacts on following wheat crops. The study 
was developed in response to the emerging southern 
and western Australian grain belt issue centred on the 

Impacts of summer fallow weeds on soil nitrogen and wheat in the southern, 
western and northern Australian grain regions

 Vikki Osten1,6,  Abul Hashem2,6,  Eric Koetz3,  Deirdre Lemerle4,6,  Shahab Pathan5 and  Glen Wright1

1 Department of Primary Industries and Fisheries, LMB 6, Emerald, Queensland 4720, Australia
2 Department of Agriculture and Food, PO Box 483, Northam, Western Australia 6401, Australia

3 Department of Primary Industries, PMB, Wagga Wagga, New South Wales 2650, Australia
4 Charles Sturt University, Wagga Wagga, New South Wales 2650, Australia

5 Department of Agriculture and Food, Dryland Research Institute, Merredin, 
Western Australia 6415, Australia 

6 CRC for Australian Weed Management

increasing incidences of opportunistic summer fallow 
weeds. The northern grain region has always faced the 
challenge of dealing with these weeds since rainfall is 
dominant in summer.

The research was conducted in Merredin (WA), 
Wagga Wagga (NSW) and Emerald (QLD) using 
an identical long-term experimental protocol. The 
experiments quantified fallow water and nitrogen use 
by summer weeds and the effects these have on sub-
sequent wheat growth and grain yield and quality, for 
each of the regions. Weed seedbank contributions and 
dynamics were also determined. Preliminary insights 
into national results and outcomes have been reported 
previously (Osten et al. 2004). A wealth of data has 
been collected and this paper highlights national results 
relating to the soil nitrogen aspect only of this work. 
Data and discussion have been confined to the impacts 
on wheat grain yield and quality, even though several 
other parameters were studied.

MATERIALS AND METHODS
At each site (WA, NSW and QLD) a simple and identi-
cal complete randomised design experiment with six 
replicates was implemented in January 2003. Four 
factorial treatments (wet and weedy, wet and clean, 
dry and weedy, dry and clean) were imposed in the 
fallow. Dry treatments received only rainfall inherent 
for the sites, while wet treatments received rainfall and 
irrigation (to simulate wet seasons). Sequential irriga-
tions were applied throughout the fallow in amounts 
to reflect regional storm events. Plot integrity was 
maintained throughout the project timeframe, allow-
ing for three fallow and three cropping phases. At the 
end of each fallow period, the experimental areas were 
recropped to wheat.

During the fallow period, weed biomass (dry mat-
ter) was measured in all weedy treatments and in one 
weed-free treatment in WA in 2004. At the start and 
end of each fallow, soil samples were taken within each 
plot for the full depth of the profile and divided into 



396

Fifteenth Australian Weeds Conference

increments. Samples were dried according to protocols 
and analysed for available nitrogen (N). Both total 
profile and incremental N were determined allowing 
calculation of net changes in N for each treatment in 
each fallow period. The impact of these changes was 
then measured in the following wheat crops (grain 
yields and quality). District agronomic practices in 
relation to the wheat cropping phases were followed 
for each region and differed (as expected) between the 
sites. No specific experimental treatments were ap-
plied in the wheat phases, so wheat crops were treated 
uniformly across the plots at each site each year.

RESULTS AND DISCUSSION
Where summer fallow weeds were permitted to flour-
ish, nitrogen was moved out of the soil profile. While 
the N was not completely lost from the system, it was 
moved to the surface and rendered unavailable for a 
period due to tie up in the organic matter remaining 
when the weeds senesced.

The amount of N affected depended upon the bio-
mass of fallow weeds. Figure 1 shows the relationship 
between the N removed with varying levels of weed 
growth. This relationship was generated from data 
collected at all sites over the three year period. One 
limitation to this relationship was the starting N for 
each site. At the site which grew over 11,000 kg ha-1 
weed biomass, the N depletion was approximately 15 
kg ha-1, and this 15 kg represented over 90% of total 
profile N (data not provided). It is plausible that had 
N levels been higher to start with, then this level of 
weeds may have had the potential to utilise more N 
given that water was not limiting at this site.

Figure 1 also shows that in the presence of weeds, 
a positive contribution to N due to mineralisation still 
occurred. Plots with weed growth producing around 
500 kg ha-1 dry matter produced net increases of 15 
to 20 kg ha-1 N. At this weed biomass, weeds did not 
consume all the N that was mineralised. Once the weed 
growth reached 2500 kg ha-1 dry matter or more, the 
change in soil N became negative. At this point, the 
weeds had consumed all the N that was mineralised 
during the fallow and losses in the inherent N had 
started. In the absence of weeds, the fallows produced 
average net increases of around 30 kg ha-1 N across 
the sites (data not presented).

Data in Table 1 are a summary of the mean weed 
biomass measured (in the weedy treatments) during 
the fallow periods, along with the corresponding mean 
weed-free and weedy wheat grain yields and proteins. 
These are presented individually for sites and seasons, 
and further separated according to fallow condition 
(whether fallow was wet or dry). Figure 2 shows the 
relationship between levels of fallow weed growth 

and resultant wheat yield penalties. Yield penalties 
were calculated from the weed-free and weedy grain 
yields in Table 1.

At the NSW site, wet weedy fallows produced 
1535 to 3274 kg ha-1 weed biomass resulting in 
0–37% grain yield penalty and 1–4% grain protein 
reduction. 

The dry weedy fallows had 0 to 293 kg ha-1 weed 
biomass which produced 0–8% yield penalty and 
the same grain protein reductions as the wet fallows. 
Averages for NSW over the three years were 1270 kg 
ha-1 fallow weed biomass producing 12% grain yield 
penalty and 4% reduction in grain protein.

In WA, the wet weedy fallows produced 553 to 
2250 kg ha-1 weed biomass resulting in 0 - 38% grain 
yield penalty and 1–18% grain protein reduction. The 
impact of the dry weedy fallows was less with 0 to 444 
kg ha-1 weed biomass producing 0–10% yield penalty 
and 0–6% protein reduction. WA averages were 708 kg 
ha-1 fallow weed biomass with 9% grain yield penalty 
and 5% protein reduction.

There were several occasions, one in WA and two 
in NSW, where no grain yield penalties occurred in the 
weedy fallows. This lack of response could be due to 
the addition of nitrogen fertilisers applied at or after 
planting at the WA site and the initial very high inher-
ent nitrogen level in the soil at the NSW site.

At the QLD site, wet weedy fallows produced 1689 
to 11,535 kg ha-1 weed biomass resulting in 32–100% 
yield penalty and 3–5% reduction in grain protein 
(where grain was produced). In the dry weedy fal-
lows, 494 to 6425 kg ha-1 weed biomass was produced, 
resulting in 7–100% grain yield penalty and protein 
reductions of 4%. In the two instances where grain 
yield penalties were 100% no grain was harvested, as 
the crop could not emerge. The very high weed cover 
levels caused physical impedance problems. The QLD 
site average over the three years was 4244 kg ha-1 
fallow weed biomass with 52% grain yield penalty 
and 4% reduction in grain protein. If the extreme 
responses are removed (weed level and penalty), the 
QLD average changes to 1876 kg ha-1 weed biomass 
with 27% grain yield penalty. The grain protein reduc-
tion remained at 4%.

Considering all sites together, fallow weed 
biomass of 2000 kg ha-1 resulted in up to 30% grain 
yield reduction, while 3000 kg ha-1 dry matter weeds 
produced penalties of 40% (R2 = 0.89, Figure 2). These 
weeds have indirectly impacted on the wheat through 
soil nitrogen depletion during the fallow. Confidence 
that the impact is nitrogen related is very high, since 
the water use by these fallow weeds (data not pre-
sented) was negated by good season breaks in the south 
and west, and by the addition of full profile planting 
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Table 1.   Wheat data (grain yield and protein) measured at each site for the three years, separated for weed-
free and weedy fallow (pre-crop) treatments, and wet or dry fallow condition, with corresponding measured 
fallow weed biomass.

Location 
and year

Fallow 
condition

Fallow weed 
biomass 
(kg ha-1)

Wheat data

Grain yield (t ha-1) Grain protein (%)

Weed-free fallow Weedy fallow Weed-free fallow Weedy fallow

NSW 2003 wet 2,538 2.7 2.7 10.9 10.8
dry 293 2.4 2.5 12.1 11.9

2004 wet 1,535 2.9 2.6 10.5 10.1
dry 0 2.4 2.2 11.4 11.3

2005 wet 3,274 2.7 1.7 9.5 9.2
dry 0 2.4 2.2 11.2 10.8

WA 2003 wet 1,001 2.9 1.8 9.2 7.5
dry 444 3.0 2.7 9.9 9.3

2004 wet 553 1.5 1.4 8.2 8.1
dry 0 1.6 1.7 8.7 8.9

2005 wet 2,250 1.4 1.4 9.0 8.4
dry 0 1.4 1.5 9.9 9.9

QLD 2003 wet 1,689 2.6 1.5 11.6 11.3
dry 494 1.5 1.4 13.1 12.6

2004 wet 11,535 1.7 0A nm –
dry 6,425 1.6 0A nm –

2005 wet 2,727 5.0 3.4 11.3 10.7
dry 2,593 4.8 3.5 11.6 11.1

A Nil yield recorded as no crop emerged due to physical impedance problems caused by the massive levels of weed cover 
remaining on the soil surface; nm = not measured.

Figure 1.   Changes in total N for the soil profile from the start to the end of the fallow in the presence of 
varying levels of weed growth. The relationship has been generated from data collected at the three sites (WA, 
NSW and QLD). 

y = −9.2296Ln(x) + 72.709
R2 = 0.8506
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irrigation in the north. In most instances (seven out of 
the nine crops), reasonable to good in-crop rain was 
also received.

CONCLUSIONS
Summer fallow weeds use nitrogen and remove it from 
the soil profile to the surface where it is rendered una-
vailable. It is tied up in the organic matter remaining 
when these weeds senesce. This subsequently impacts 
on following wheat crops by reducing grain yield and 
protein. The level of impacts in wheat can be related 
to the amount of nitrogen affected, which is related to 
levels of weed growth during the fallow.

Generally, impacts in wheat were more noticeable 
(greater magnitude) in grain yield than in grain protein. 
While average grain protein reductions across all sites 
and years was 3–5%, this small relative reduction could 
mean the difference between a grain harvest being 
classified as Australian prime hard and one that only 
reaches Australian hard standard. This can mean loss 
of dollar returns when premium quality standards are 
not obtained.

A further aspect to consider is the weeds’ use of the 
nitrogen that is mineralised during the fallow period. 

Mineralised nitrogen is a ‘freebie’ in the cropping 
system and if the weeds use it before any crop can, it 
becomes a cost. 

There is merit in controlling summer fallow weeds 
irrespective of the cropping region in which they are 
encountered. The costs of controlling these weeds will 
be far less than the costs if they are left to survive.
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Figure 2.   Wheat yield penalties resulting from various levels of weed growth during the preceding fallow. The 
relationship was generated from the weed-free and weedy yields of the three trial sites (WA, NSW and QLD) 
over the three year study period.
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