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Abstract
A four year field experiment commenced at Meckering, Western Australia, in October 2013, to evaluate 
the potential of a summer active C4 sub-tropical grass, millet, and a C3 sub-tropical legume, cowpeas, as 
cover/break crops to improve wheat growth and yields. In the first season (2013/14) the summer crops were 
sown on the 25th October after a wet spring period and the harvest of a hay crop, then managed as short or 
long-season cover crops before herbicide was applied to terminate their growth.  Treatments with summer 
crops were compared with no summer crop, where weeds were either controlled with herbicides or left 
unmanaged. Above ground summer biomass production was low (<0.5 t/ha) as a consequence of one of the 
driest summers on record. With less than 10mm of in-crop rainfall over summer, the crops were nonetheless 
able to survive on stored soil moisture until herbicides were applied. Despite additional water and nitrogen 
use compared to fallow, all of the summer crop treatments had a similar, positive effect on the early growth 
of the following wheat crops. Wheat biomass at tillering was 26% (0.17 t/ha) higher on average after summer 
crops than after summer chemical fallow. Improved early growth didn’t result in higher grain yields, possibly 
because of below average winter rainfall and a higher presence of pythium root rot in the soil compared with 
the chemical fallow.
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Introduction
It is well documented that crops sown into their own residues can yield less than crops that are sown into the 
residues of another ‘break’ crop species (Malik et al., 2015). Yet, crop rotations include successive wheat 
crops in the central cropping belt of Western Australia because wheat is considered the most reliable and 
profitable crop. There is widespread recognition amongst farmers that the sustainability of cropping systems 
could be improved through the inclusion of alternative crops in rotation with cereals (Carmody and Prichard, 
2009). However, break crops remain underused (Robertson et al., 2010; Seymour et al., 2012), with benefits 
that are variable (Lawes et al., 2013) and opportunity costs from replacing higher value cereal crops that can 
be too high. One option to increase the number of break crops in rotations that has been given little attention 
is to replace a summer fallow with a summer-active crop species i.e. when the opportunity cost of growing 
a break crop is comparatively low. This tactic has largely been disregarded because of the difficulties of 
establishing summer crops with low and variable rainfall, low yield potential, and the potential consequences 
of summer growth depleting stored soil water before a winter crop. Such challenges might be overcome with 
different management strategies should it first be demonstrated that low yielding summer crops can increase 
the yields of following wheat crops. This paper reports results from the first year of a four-year experiment 
comparing the observed impacts of a chemical fallow, millet or cowpea summer crops on the following 
wheat crop.

Materials and methods
Site, soil and treatments
A field experiment commenced in 2013 at Meenaar (116°86´E, 31°62´S) in the central cropping zone of 
south-east Western Australia. The site had been previously cropped with wheat in 2011, canola in 2012 and 
wheat in 2013. Average annual rainfall at Meenaar is 382mm with ~80% received from May and October, 
which is the winter growing season. The duplex type soil was sandy on top with 59g/kg clay increasing 
to159g/kg clay in the subsoil layers (10-30cm). Wheat was sown into four randomised summer treatments, 
each replicated four times. These were:



© 2015 “Building Productive, Diverse and Sustainable Landscapes “
Proceedings of the 17th ASA Conference, 20 – 24 September 2015, Hobart, Australia. Web site www.agronomy2015.com.au

1. chemical fallow (weeds controlled with herbicides as early as possible); 
2. weedy fallow (herbicides applied to kill weeds 21 weeks after treatments commenced); 
3. millet (Panicum miliaceum) killed with herbicides after 16 weeks; and 
4. cowpea (Vigna unguiculata) or millet killed with herbicides after 21 weeks. 

Main field activities
The site was prepared on 24 October 2013. The wheat growing at the site was cut for hay and weeds were 
sprayed with 1140g ai/ha of the broad spectrum herbicide glyphosate (Roundup Ultramax®570 g/L). Millet 
and cowpeas were sown into wet soil (7.31% v/v) the following day with no-tillage knife-points on 0.22m 
row spacing at a seed rate of 8kg/ha and 11kg/ha, respectively. The cowpea seed was treated with a peat 
based Group I innoculant (Nodulaid®) on the day that the summer crops were sown. Superphosphate fertiliser 
was applied with the seed at a rate of 100kg/ha. The summer crop growth was terminated with the same rate 
of glyphosate, after the specified growth period (i.e. 16 or 21 weeks after sowing). Wheat (cv. Corack) was 
sown into the treatment plots on the 9th June 2014 with no-tillage knife-points on 0.22m row spacing. The 
sowing rate was 75kg/ha with 80kg/ha NPKS fertiliser (10.2% N, 13.1% P, 12% K, 7.2% S) deep banded 
below the seed at 10-15 cm. Urea was broadcast at 6 weeks after sowing at 100kg ha-1.

Crop biomass, litter estimates and grain yields
‘Out of season’ biomass (summer crops etc.) was estimated from 1-4 April and growing season biomass 
from 3-6 August at the wheat tillering crop growth stage (Z18, 13 wks). A rapid, visual assessment technique 
(Tothill et al., 1992) was used to estimate separately the components of above ground biomass (total crop 
biomass, weed biomass and soil surface residues) in each treatment plot. For calibration, the weights from 
40 crop cuts (two crop cuts were taken per treatment plot) were plotted against the visual estimates (40 
fixed observation points spaced 1m apart along a diagonal transect in each plot) such that regression (linear 
mixed model) results were used to convert visual estimates into biomass values (Genstat V17, April Adj. 
R2 = 0.70, August Adj. R2 = 0.82). Grain was harvested with a small plot header over the full length of the 
each treatment plot (40m) and dried to a constant weight. A subsample of grain from each treatment plot was 
analysed for grain protein and screenings.

Soil water and nitrogen
Soil cores 40 mm in diameter were sampled from each treatment plot in April after all the summer crops 
had been killed with herbicides. The cores were collected in 10cm increments to a depth of 50cm with an 
electrically driven auger bit and vacuum to suck the disturbed soil into a sample collection bucket (Andrew 
and Gazey, 2010)Western Australia</title><secondary-title>19th World Congress of Soil Science</
secondary-title></titles><dates><year>2010</year><pub-dates><date>1-6 August 2010</date></pub-
dates></dates><pub-location>1-6 August, Brisbane, Australia</pub-location><urls></urls></record></
Cite></EndNote>. Eight soil cores were collected from each depth and bulked together. The wet and dry 
weight of the soil and the bulk density were used to calculate the total volumetric soil water content. Crop 
available soil water was calculated as the amount of water above the crop lower limit measured at the site 
(Dalgliesh and Foale, 1998). 

Soil pathogens
Five soil samples (0-5cm) were taken from the start and end of each treatment plot when wheat was tillering 
and flowering. The soil from each location was bulked together and submitted to the Predicta B® root 
disease testing service for analysis of soilborne disease innoculum. Data were analysed with a linear mixed 
model (Genstat v.17) following transformation (log10).

Results
Rainfall
There was above average spring rainfall prior to sowing the summer crops in late October 2013. There was 
then only 12.5mm of out of season rainfall which is well below the long term average of 61mm. Autumn 
rainfall (115mm) was above average, prior to sowing the 2014 wheat crop in early June. The wheat crops 
then received 157mm of rainfall from June through to August, which was 43mm less than the long term 
average rainfall for that winter period. Late growing season rainfall (Sept-Nov) was 76mm which is about 
average for the region. 
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Soil water, nitrogen and wheat residue cover following summer crops
Available soil water and nitrogen (mm, NH4

+ + NO3
-, 0-50cm) in April was highest in the chemical fallow 

(14mm, 31kg N/ha) followed by millet (16/wks growth) and weedy fallow (11-12mm, 26-28kg N/ha), 
cowpea and millet killed after 21 weeks growth (4-7mm, 18-19kg N/ha) (soil water p=0.023, nitrogen 
p=0.006). The amount of crop residue in the chemical fallow and weedy fallow was similar (2.66t and 
2.36t/DM/ha respectively). This was higher than the amount of crop residue observed in the summer crops 
treatments (p=0.008). The lowest residue amount was after cowpea which had 1.1t/DM/ha. The two millet 
treatments were similar with 1.4t and 1.7t/DM/ha. The amount of crop residue was not related to differences 
in summer crop biomass production which was low (<0.05t/DM/ha) in all of the treatments.

Wheat yields and presence of soil pathogens
Wheat biomass at tillering was 26% higher on average in the summer crop treatments compared to the 
chemical fallow treatment and there was no effect of type of summer crop or its duration (Figure 2a). The 
trend for higher growth after summer crops was evident at flowering but wasn’t significant (data not shown). 
Wheat grain yields (~2.3t/ha) and protein (~10.3%) were similar in all treatments, with higher screenings in 
the weedy fallow (5.4%) compared with summer crops (4.8%) and chemical fallow (4.3%) (p=0.044, l.s.d = 
0.77).

Figure 2. a) Wheat biomass at tillering in the treatments on the 6th August, b) Predicta B levels of pythium 
root rot at the wheat tillering and flowering crop growth stages. Error bars are the mean standard error of the 
estimates.

Common soil pathogens at the site were below the detection limit. However, there was evidence of higher 
presence of pythium root rot (Pythium clade F) at wheat flowering in the summer crop treatments compared with 
chemical fallow (Figure 2b). The weedy fallow also had higher levels of root rot detected than chemical fallow.

Discussion
There was an early break crop effect in the following cereal crop when preceded by summer crops. The 
benefit for early wheat growth (+26%) was higher than the early growth benefits in wheat reported in 
another study (Kirkegaard et al., 1994) that compared wheat growth after Brassica break crops. In the latter 
study, a 14-15% average increase in shoot biomass was observed at wheat stem elongation following winter 
break crops. There was up to 60% less crop residue (mainly wheat) present at the soil surface in autumn 
after summer crops as a result of incorporation of old wheat residue at summer sowing and perhaps a faster 
rate of decomposition. On the one hand, the lesser amount of residue implies a reduction in the source of 
innoculum for leaf diseases and less early infection of the leaves of wheat seedlings after rainfall (Krupinsky 
et al., 2007). However, wheat residue incorporated in the soil with summer sowing, and perhaps the living 
plants, appears to have hosted higher levels of pythium root rot in the soil compared to chemical fallow. This 
combination of disease impacts might explain why the early growth benefits for wheat following summer 
crops weren’t sustained and didn’t translate into higher grain yields. However, the benefits for wheat after 
a break crop are often evident at an early growth stage but improved early growth doesn’t always result 
in higher grain yields (Kirkegaard et al., 2008). Therefore, low available soil water after below average 
rainfall in winter might have been the dominant factor preventing the better growing wheat crops achieving 
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their higher yield potential. The results suggest that an integrated management approach will be required to 
achieve a wheat yield increase in rotations with the inclusion of a summer break crop. Aspects that farmers 
might consider are the rotation with summer crops (e.g. alternative cereals like oats and barley), residue 
management at winter harvest (cutting height and spread), the level of soil disturbance at sowing times, 
weed/disease host control within summer crops and the use of cereal fungicide options (Malik et al., 2015) to 
suppress soil-borne disease.

Conclusions
There was evidence to conclude that summer crops can provide a break effect for following crops. However, 
it is too early to conclude whether summer break crops have a fit in crop rotations dominated by winter 
cereals. Both soil water availability and crop residue management may have impacted wheat crops reaching 
their higher yield potential. The effects of these aspects need to be separated in future research.  
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