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Summary   Control of summer fallow weeds can 
improve yield and grain quality of subsequent winter 
crops. In the majority of cases there has been an in-
crease in yield where summer weeds have been con-
trolled for the whole summer. This increase can be 
attributed to increased amounts of stored soil moisture 
in the profi le at the beginning of the growing season.
Keywords    Summer weeds,  soil moisture,  yield, 
 grain quality.

INTRODUCTION
There have been many reasons for controlling summer 
weeds including soil moisture and nutrient conserva-
tion, reducing pest and disease carryover, reducing 
wool contamination, avoiding the toxicity of some 
plants, and reducing the build up on fencelines. With 
the increased movement to no-till farming systems 
one of the foremost issues is the passage of seeding 
equipment.

It is important to identify the main reasons for 
controlling summer weeds as these can infl uence the 
timing of control. In the past there has been very little 
data available on the effects of summer weeds on stored 
soil moisture and nutrient levels at the time of sowing 
and the impact this has on crop yields and quality.

It is also important to determine the optimum time 
for control to commence. The number of subsequent 
control measures required is dependant on the number 
and size of summer rainfall events.

This paper reports the results of trials over the last 
four years that target innocent weed (Cenchrus long-
ispinus (Hackel) Fern.) (Site 07) and caltrop (Tribulus 
terrestris L.) (Site 18).

MATERIALS AND METHODS
Field trials commenced in October 1999 with the 
establishment of long term monitoring sites in the 
Murray Mallee and upper Yorke Peninsula of South 
Australia.

Treatments   The treatments applied at each of the 
monitoring sites depended on the farming system 
being used by the cooperator. The timing of the treat-
ments was dependent on rainfall events. If possible 
the early treatments were applied prior to the end of 
December and the late treatments in either February 

or March. Refer to Table 1 for summer and growing 
season rainfall for each site. The summer rainfall is 
the total for November, December, January, February 
and March. The growing season rainfall (GSR) is the 
total from April to October inclusive.

The experimental design was a randomised com-
plete block with four replicates. The plot sizes were 8 
× 35 m (Site 07) and 8 × 40 m (Site 18).

Site 07 – Innocent weed   This site was established 
on a yellow-brown sand grading to a loamy sand and 
a clayey sand.

Treatments were as follows:
• Treatment 1: Untreated control.
• Treatment 2: Herbicides applied as necessary.
• Treatment 3: Late herbicide application.
• Treatment 4: Early herbicide application.
• Treatment 5: Untreated + trifl uralin in crop.
• Treatment 6: Herbicide as necessary + trifl uralin 

in crop.
Treatments applied during the four summers are 
summarised in Table 2. The herbicide used for all 
treatments was glyphosate at 900 to 980 g a.i. ha-1. 
All broadleaf weeds were controlled over the whole 
site as required. In the cropping phase trifl uralin was 
applied to Treatments 5 and 6 at 400 g a.i. ha-1 and 
incorporated by the seeding operation within four 
hours of application.

This site was sown to triticale in 2000, it regener-
ated naturally as pasture in 2001, and was sown to 
wheat in 2002 and wheat in 2003.

The effect of summer weed management on grain yield and quality

 Graham M. Fromm and  Vanessa L. Grieger
Rural Solutions SA, PO Box 469, Murray Bridge, South Australia 5253, Australia

Table 1.   Rainfall (mm) at Sites 07 and 18.

Season Site 07 Site 18

Summer 99/00 152.8 (Jan–Mar) 84.5

GSR 2000 247.4 314.0

Summer 00/01 70.8 46.0

GSR 2001 222.4 260.5

Summer 01/02 58.4 61.5

GSR 2002 85.6 124.2

Summer 02/03 121.4 106.4

GSR 2003 212.2 228.8
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Site 18 – Caltrop   This site was established on a 
deep yellowish-brown sand over a yellowish-red 
sandy clay loam.

Treatments were as follows.
• Treatment 1: Untreated control.
• Treatment 2: Herbicide as necessary.
• Treatment 3: Late herbicide application.
• Treatment 4: Early herbicide application.
Treatments applied during the four summers are sum-
marised in Table 3. The herbicides used were glypho-
sate (450 to 540 g a.i. ha-1) and 2,4-D as the ethyl or 
iso-octyl ester (400 to 800 g a.i. ha-1).

This site was regenerated pasture in 2000, sown 
to triticale in 2001, regenerated pasture in 2002 and 
sown to triticale in 2003.

Assessments   Seedling populations of the weeds were 
assessed after each germination (refer to Fromm and 
Grieger 2004). Soil moisture was determined imme-
diately prior to seeding by taking four cores from each 
plot up to a depth of 70 cm where possible. These cores 
were divided into 0–10, 10–20, 20–30, 30–45, 45–60 
and 60–70 cm segments and oven dried to determine 
soil moisture content. Soil nitrate nitrogen was meas-
ured in the top 45 cm of Treatments 1 and 2 from a 
composite sample of all four cores from each plot. 
Grain yield was determined by harvesting one or two 
1.6 m strips from the total length of each plot. Grain 
samples were tested at AusBulk Limited grain receival 
terminals for grain protein, screenings and test weight 
using the same equipment used to test commercial 
grain samples.

RESULTS
Site 07 – Innocent weed
Summer 1999/2000 and Season 2000   There were 
no signifi cant differences in the total amount of stored 
soil moisture between 0 and 70 cm. There was no 
signifi cant difference in the amount of soil nitrogen 
between 0 and 45 cm. In yield, only Treatment 6 was 
signifi cantly different to Treatment 1. Treatment 6 
was signifi cantly different in test weight and protein 
to Treatment 1. Treatment 2 was signifi cantly higher 
in protein compared with the Treatment 1. See Table 
4 for grain yield and quality results.

Summer 2000/2001 and Season 2001   There were 
no results from 2001 due to the paddock being regen-
erated pasture.

Summer 2001/2002 and Season 2002   The total 
amount of stored soil moisture between 20 and 70 cm 
was signifi cantly higher in Treatment 2 and 6 com-
pared with Treatment 1. There was an extra 10.5 mm 

Table 2.   Treatments applied, Site 07.

Treatment

Summer

99/00 00/01 01/02 02/03

1 – – – –

2 T1, T2 T1 T1 T1, T2, T3

3 T2 T2 – T2, T3

4 T1 T1 – T1

5 – – – –

6 T1, T2 T1 T1 T1, T2, T3

Date treatments applied

T1 1/12/99 8/12/00 14/11/01 13/12/02

T2 29/2/00 5/4/01 13/1/03

T3 7/3/03

Table 3.   Treatments applied, Site 18.

Treatment

Summer

99/00 00/01 01/02 02/03

1 – – – –

2 T1, T2 T1 T1, T2 T1, T3

3 T1 T2 – T2, T3

4 – T2 T1 T1

Date treatments applied

T1 31/1/00 23/11/00 9/1/02 10/1/03

T2 8/3/00 6/4/01 4/2/02 3/2/03

T3 3/3/03

Table 4.   Yield and grain quality, Site 07, 2000.

Treatment
Grain yield 

kg ha-1

Grain 
protein %

Test weight 
kg HL-1

Screenings 
%

1 744 7.8 73.4 2.5

2 772 8.7 73.5 2.7

3 824 8.3 73.7 2.8

4 741 8.3 73.4 3.1

5 865 8.0 73.6 2.7

6 1195 8.6 74.3 2.4

LSD 
(P = 0.05)

307.7 0.43 0.84 0.66

of moisture in Treatment 2 and an extra 11.2 mm of 
moisture in Treatment 6 compared with Treatment 1. 
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There was no signifi cant difference in the amount of 
soil nitrogen between Treatments 1 and 2. The yield 
and test weight in Treatments 2 and 6 were signifi cantly 
higher compared with Treatment 1 but the protein was 
signifi cantly lower. There were no signifi cant differ-
ences in screenings. See Table 5 for the yield and grain 
quality results.

Summer 2002/2003 and Season 2003   There were 
signifi cant differences in the amount of stored soil 
moisture in the profile. Treatments 2 and 6 had 
significantly more stored moisture for all depths 
compared with Treatment 1. Treatment 2 had an 
extra 10.5 mm and Treatment 6 an extra 12.4 mm. 
Treatment 3 had signifi cantly more stored moisture 
for most depths compared with Treatment 1 (an extra 
8.1 mm in total). Treatment 5 had signifi cantly more 
moisture from 30 cm and below whereas Treatment 
4 had signifi cantly less soil moisture between 20 and 
60 cm compared with Treatment 1. There were no 
differences in nitrogen.

Treatment 2 and 3 had signifi cantly higher yield 
than Treatment 1. There were no differences in test 
weight for any of the treatments. Treatments 2, 5 and 6 
had signifi cantly higher protein compared with Treat-
ment 1. Treatments 3, 5 and 6 had signifi cantly lower 
screenings compared to Treatment 1. Refer to Table 6 
for grain yield and quality.

Site 18 – Caltrop
Summer 1999/2000 and Season 2000   There were 
no results from 2000 due to the paddock being regen-
erated pasture.

Summer 2000/2001 and Season 2001   The only 
signifi cant difference in stored soil moisture was in 
Treatment 2 between 45 and 70 cm compared with 
Treatment 1. There was an extra 8.3 mm of moisture at 
this depth. There were no differences in soil nitrogen. 
Treatment 2 and 3 had signifi cantly higher yield and 
test weight compared with Treatment 1. Treatment 
3 was the only treatment with signifi cantly lower 
protein than Treatment 1. There were no signifi cant 
differences in screenings. Refer to Table 7 for grain 
yield and quality.

Summer 2001/2002 and Season 2002   There were 
no results from 2002 due to the paddock being regen-
erated pasture.

Summer 2002/2003 and Season 2003   Treatment 
2 had signifi cantly higher moisture for all depths 
compared with Treatment 1, there was an extra 
19.4 mm stored in Treatment 2. Treatment 3 was 

Table 5.   Yield and grain quality, Site 07, 2002.

Treatment
Grain yield 

kg ha-1

Grain 
protein %

Test weight 
kg HL-1

Screenings 
%

1 41 13.4 79.1 8.2

2 311 12.4 82.5 9.9

3 41 13.3 79.7 7.9

4 40 13.4 80.2 8.7

5 35 13.6 79.2 9.1

6 249 12.5 82.1 9.7

LSD 
(P = 0.05)

46.0 0.3 1.74 1.9

Table 6.   Yield and grain quality, Site 07, 2003.

Treatment
Grain yield 

kg ha-1

Grain 
protein %

Test weight 
kg HL-1

Screenings 
%

1 1682 9.0 80.0 5.3

2 2024 9.8 82.2 4.5

3 2043 9.2 81.4 4.1

4 1855 9.1 81.1 5.6

5 1753 10.1 82.2 3.9

6 1797 10.2 82.2 4.0

LSD 
(P = 0.05)

300.3 0.41 1.24 1.12

Table 7.   Yield and grain quality, Site 18, 2001.

Treatment
Grain yield 

kg ha-1

Grain 
protein %

Test weight 
kg HL-1

Screenings 
%

1 312 9.9 54.7 13.7

2 578 9.9 58.9 10.9

3 496 9.4 59.7 9.3

4 341 9.9 56.2 12.6

LSD 
(P = 0.05)

82.4 0.49 3.9 4.89

signifi cantly higher between 10 and 45 cm. There were 
no differences in soil nitrogen.

Treatment 2 had signifi cantly higher yield and 
protein compared with Treatment 1. Treatment 3 had 
signifi cantly higher protein only compared with Treat-
ment 1. There were no signifi cant differences in test 
weight or screenings between any of the treatments. 
Refer to Table 8 for grain yield and quality.
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DISCUSSION
The results from Site 07, 2000 were confounded by a 
large brome grass population. The trifl uralin applica-
tion in Treatment 6 suppressed the brome which lead 
to an increase in yield, test weight and protein. There 
were no differences in stored moisture between any of 
the treatments due to a large rainfall event (56 mm) 
towards the end of February. Treatment 2 had similar 
protein to Treatment 6 but was limited in yield and test 
weight by brome grass competition.

In 2002, Site 07, stored soil moisture was the main 
contributing factor for the increase in yield and test 
weight for Treatments 2 and 6. A possible explanation 
for the decrease in protein in these treatments is an 
insuffi cient supply of available soil nitrogen to convert 
to protein. The soil nitrogen that was available at the 
beginning of the season was used more in the vegeta-
tive phase than during grainfi ll.

In 2003, Site 07, Treatment 2 again had enough 
extra stored moisture to lead to an increase in yield 

and protein. Treatments 5 and 6 had no yield increase 
due to trifl uralin damage. The increase in protein and 
decrease in screenings in Treatments 5 and 6 can be 
attributed to more soil nitrogen being available during 
grain fi ll because of the reduced amount of vegetative 
growth from trifl uralin damage.

In Site 18, 2001, Treatment 2 had enough extra 
stored moisture to have an increase in yield and 
protein. This also occurred at this site in 2003 for 
Treatment 2.

Generally there is no difference in the amount of 
stored soil nitrogen at the beginning of the growing 
season between plots where summer weeds have been 
controlled or left untreated.

In the majority of cases, if Treatment 2 has a 
signifi cant increase in stored soil moisture then there 
will also be an increase in yield and either protein or 
test weight, but not both.
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Table 8.   Yield and grain quality, Site 18, 2003.

Treatment
Grain yield 

kg ha-1

Grain 
protein %

Test weight 
kg HL-1

Screenings 
%

1 512 9.6 66.4 5.2

2 651 10.6 66.1 4.2

3 571 10.4 66.3 4.5

4 471 10.0 66.2 4.9

LSD
(P = 0.05)

118.0 0.40 1.16 1.05




