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Summary   An experiment to determine water and 
nitrogen use by summer fallow weeds and the im-
pact these have on subsequent wheat crops, has been 
implemented in three cropping areas of Australia. 
While extensive data have been collected during the 
fi rst fallow and cropping phases, it is too premature 
to draw conclusions. Seasons have been different and 
responses have been variable across the trial sites. 
Some similar trends have been noted in responses for 
some variables at two but not all three sites. Weeds on 
wet fallows reduced yields in following wheat crops in 
Queensland and West Australia, but not in New South 
Wales. In both Queensland and Western Australian 
trials, soil nitrogen was signifi cantly reduced where 
weeds were left to fl ourish under wet conditions.
Keywords    Weeds,  fallow,  water,  nitrogen,  wheat.

INTRODUCTION
In 2002 the Cooperative Research Centre for Austral-
ian Weed Management provided three years funding 
for a national project to quantify the impacts of sum-
mer fallow weeds. Increased incidences of summer 
rainfall in the temperate Australian cropping zones 
has meant farmers are faced with the need to man-
age fallow weeds in order to save valuable stored soil 
water. Growers in the subtropical zones have always 
faced this challenge.

This project is quantifying fallow water and nitro-
gen use of summer weeds and the impact these have 
on subsequent wheat crops. Weed seed bank contribu-
tions and dynamics are also being determined but are 
not included in this paper. This paper outlines some 
aspects of this work in the fallow and crop phases of 
the fi rst year. It is intended to provide some awareness 
and preliminary results of the project.

MATERIALS AND METHODS
A uniform protocol of treatments and data collec-
tion was developed and implemented at three sites 
– Emerald (central Queensland, QLD), Wagga Wagga 
(southern New South Wales, NSW) and Merredin 
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(southern Western Australia, WA) in January 2003. 
Each trial has identical treatments of four summer 
imposed fallow regimes (two × two factorial), repli-
cated six times – plus and minus weeds (W), and plus 
and minus irrigation (I) giving treatment descriptors 
of: (1) +I+W or wet weedy; (2) +I−W or wet clean; 
(3) −I+W or dry weedy; and (4) −I−W or dry clean. 
In the ‘clean’ treatments, weed-free conditions have 
been maintained using glyphosate. Irrigation (+I) has 
been applied by either trickle tape permanently in place 
during the fallow but removed during the cropping 
phase (QLD and WA trials) or by sprinklers (NSW 
trial). The individual plot size is 6 m by 15 m and all 
trials have been maintained as zero till. 

The natural suite of weeds present in the paddocks 
is being studied.

In the fi rst fallow phase, stored soil water for the 
depth of the profi le, was measured (gravimetrically) 
at the start of fallow, mid-fallow and at the end. Soil 
nitrogen for the profi le depth was measured at the start 
and end of the fallow. Soil depths varied between the 
three sites (90 cm in QLD to 120 cm in WA).

One wheat cropping phase has been implemented 
to date. Crop measurements included establishment, 
early tillering, biomass, leaf nitrogen, grain yield, grain 
protein and screenings. Crop agronomy, in terms of 
cultivar, sowing date, seeding rate and row spacing, has 
differed between the sites but is refl ective of district 
practices for the respective locations.

Fallow weed biomass, changes in fallow water 
and nitrogen, and some of the crop data collected for 
the fi rst fallow and crop phases for all three trial sites 
are included.

RESULTS AND DISCUSSION
Weeds   Weed biomass (Table 1) measured two 
months into the fallow varied between the three sites 
due to differences in the weed species, density and the 
seasonal conditions. Hairy panic (Panicum effusum 
R.Br.), goosefoot (Chenopodium sp.) and wireweed 
(Polygonum aviculare L.) were the main weeds in 
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the NSW trial. In WA, caltrop (Tribulus terrestris L.) 
dominated (90%) followed by Afghan melon (Citrullus 
lanatus (Thunb.) Matsum. & Nakai) at 9%. Volunteer 
chickpea (Cicer arietinum L.), bladder ketmia (Hibis-
cus trionum L.), native jute (Corchorus trilocularis 
L.) and a spurge (Euphorbia vachellii) dominated in 
the QLD trial.

In the dry weedy (−I+W) treatment, no weed 
biomass was recorded in the NSW trial due to very 
little rain falling during the fallow. In the WA and 
QLD trials, the wet weedy (+I+W) treatment produced 
2.5 and 3.4 times the weed biomass of the dry weedy 
treatment respectively.

Soil nitrogen   Changes in nitrogen (Table 2) over the 
fallow period were similar in QLD and WA. Greatest 
mineralisation occurred in the wet clean (+I−W) treat-
ment in WA (64%) and QLD (42%). Nitrogen reduc-
tion in the wet weedy (+I+W) treatment in WA (42%) 
was similar to that in QLD (35%). Weeds in the dry 
weedy (−I+W) treatment, where biomass was 0.5 t ha-1 
or less (QLD and WA, Table 1), did not signifi cantly 
reduce soil nitrogen.

In the NSW trial, soil nitrogen increased during 
the fallow in all treatments. Mineralisation occurred 
across all treatments and most occurred in the wet 
weedy treatment (86%). This is in contrast to that 
which occurred in the WA and QLD trials, considering 
also, that weed biomass was greater in the NSW trial. 
It is diffi cult to explain this response. Soil type may be 
infl uencing the nitrogen dynamics. The anomaly may 
also be an artifact of the sampling and/or analysis.

Soil water   Change in water status from the start to 
the end of the fallow was calculated (Table 3). In all 
treatments across all sites, soil water was greater at the 
end of the fallow compared with the start. There were 
no other similar trends between treatments or sites.

The greatest increase in soil water was recorded in 
the wet clean (+I−W) treatment for QLD (47%), in the 
wet weedy (+I+W) at 38% for NSW, and 19% in the 
dry clean (−I−W) treatment in WA. The QLD response 
was not unexpected – a lot of water was added through 
irrigation and there were no weeds present to consume 
it. Why this did not occur in WA or NSW could be a 
refl ection of soil type, where soils are generally much 
lighter textured. In the WA trial, irrespective of fallow 
weed condition, the irrigated or wet (+I) treatments had 
smaller increases (7 and 3%) in soil water compared 
with the dry (−I) treatments (10 and 19%).

Water use by the weeds has been estimated for 
the QLD trial. The formula derived by Norris (1996) 
was used: water use by weeds in mm = (transpiration 
coeffi cient × weed biomass in kg ha-1)/10,000, where 

the coeffi cient assigned to C4 plants is 300 and C3 plants 
is 666. For the QLD suite of weeds, a coeffi cient of 
593 was assumed (to refl ect a 20% C4 and 80% C3 
species composition); biomass was measured as 1690 
kg ha-1 in the wet treatment and 500 kg ha-1 in the dry 
treatment. Hence, water used by weeds was calculated 
(estimated) to be 100 mm in the wet treatment, and 
30 mm in the dry treatment. These data have meaning 
when volumetric water lost from the profi le is known 
(Table 4). In the QLD trial, a total of 144 mm was lost 
in the wet weedy (+I+W) and 41 mm was lost in the 
dry weedy (−I+W) treatments up to the mid-fallow 
time point. In both instances, this suite of weeds ac-
counted for 70–75% of the total water lost from the 
profi le. Remaining water loss is more than likely due 
to evaporation and deep drainage.

Table 1.   Mean weed biomass at mid fallow across 
the three sites. 

Treatment 
(fallow regime)

Weed biomass at mid-fallow (t ha-1)

QLD NSW WA

+I+W 1.69 1.99 1.00

+I−W 0 0 0

−I+W 0.50 0 0.44

−I−W 0 0 0

LSD (P = 0.05) 0.40 na 0.18

Table 2.   Mean change in soil nitrogen from the start 
to the end of fallow for each treatment at the three 
sites.

Treatment 
(fallow regime)

Change in fallow soil nitrogen 
(% ↑ or ↓)

QLD NSW WA

+I+W 35% ↓ 86% ↑ 42% ↓
+I−W 42% ↑ 55% ↑ 64% ↑
−I+W 32% ↑ 77% ↑ 16% ↑ 
−I−W 32% ↑ 33% ↑ 33% ↑ 

Table 3.   Mean change in soil water from the start to 
the end of fallow for each treatment at three sites. 

Treatment 
(fallow regime)

Change in fallow soil water 
(% ↑ or ↓)

QLD NSW WA

+I+W 13% ↑ 38% ↑ 7% ↑ 
+I−W 47% ↑ 24% ↑ 3% ↑ 

−I+W 15% ↑ 18% ↑ 10% ↑ 
−I−W 18% ↑ 19% ↑ 19% ↑ 
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Impact on following wheat crops   Shortly after the 
fallows were terminated, wheat was sown into the fal-
low treatment plots.

In the NSW and QLD trials, none of the fallow 
treatments signifi cantly impacted on wheat establish-
ment or tillering. A non-signifi cant trend (data not 
presented) was noted in establishment in the QLD 
trial, where a reduction of 9% occurred in the wheat 
sown into +I+W fallow treatment. In WA, signifi cant 
responses in establishment and tillering (Table 5) were 
recorded. 

Establishment and tillering were signifi cantly 
reduced in the plots which had previously been wet 
and weedy (+I+W) during the WA summer fallow. 
The highest levels of establishment and tillering were 
recorded for the treatment which was dry and clean 
(−I−W) during the fallow. 

Both the non-signifi cant (QLD trial) and the sig-
nifi cant (WA trial) reductions in crop establishment in 
the wet weedy (+I+W) fallow treatment are potentially 
a refl ection of the reduced nitrogen available (refer 
Table 2) in that treatment. Crop emergence may also 
have been impeded by the bulk of dead weed mate-
rial left on the surface of this treatment. However, the 
NSW trial recorded greater weed biomass yet crop 
establishment was not affected. 

No adverse effects were measured in early crop 
growth or grain yield in the NSW trial (full data not 
presented). Grain yields across the four treatments 
ranged from 2.44 to 2.65 t ha-1. In QLD, early crop 
growth in the treatment which had previously been 
wet but clean (+I−W), signifi cantly exceeded all other 
treatments (Table 6). In WA, signifi cantly better crop 
growth occurred in the dry clean (−I−W) treatment, 
and signifi cantly reduced growth resulted in the wet 
weedy (+I+W) treatment. This response trend followed 
through for yield in both the QLD and WA trials.

These data are preliminary and generated from 
one season, hence making it too premature to draw 
fi rm conclusions at this stage. Drawing together the 
nitrogen and the water impacts rather than looking at 
them in isolation is also warranted. In considering data 
collected to date for the particular seasons encountered, 

it is fair to say that at the majority of test sites, sum-
mer fallow weeds had a greater impact on the nitrogen 
(compared with the water) which in turn infl uenced 
growth and yield of the following crop. In wet summers 
it defi nitely pays to keep summer fallows clean. 
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Table 4.   Volumetric soil water data for the QLD trial indicating starting water, water inputs up to mid fallow, 
mid fallow water, and water lost (calculated) for each fallow regime. Treatment means presented.

Fallow regime
Starting H2O 

(mm)

Inputs 
(irrigation and/or rain) 

(mm)
H2O at mid fallow 

(mm)
H2O lost during fallow 

(mm)

+I+W 284 240 380 144

+I−W 270 240 415 95

−I+W 256 96 311 41

−I−W 252 96 315 33

Table 5.   Impacts of preceding fallow treatments on 
mean wheat establishment and tillering in WA.

Treatment 
(fallow regime)

Establishment 
(plants m-2)

Tillers 
(number plant-1)

+I+W 125 3.7

+I−W 137 4.4

−I+W 130 4.5

−I−W 160 5.1

LSD (P = 0.05) 16 0.6

Table 6.   Impacts of preceding fallow treatments on 
early wheat growth (biomass) and grain yield in QLD 
and WA. Treatment means presented.

Treatment 
(fallow regime)

Early crop biomass 
(t ha-1)

Grain yield 
(t ha-1)

QLD WA QLD WA

+I+W 0.85 1.28 1.52 1.81

+I−W 1.27 2.09 2.60 2.91

−I+W 1.01 2.08 1.37 2.66

−I−W 1.01 3.02 1.50 3.02

LSD (P = 0.05) 0.21 0.40 0.38 0.20




